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ABSTRACT 
This synthesis builds on the preceding articles of this Special Section and has three goals. We first review the nascent literature that addresses indirect effects of hunting 
for tropical forest plant communities. Next, we highlight the potential indirect effects of hunting for other groups of organisms. Our final goal is to consider what 
could be done to ameliorate the demographic threats to harvest-sensitive game species caused by unsustainable hunting. Three conclusions are possible at this time 
concerning the impact of hunting for tropical forest plant communities: (1) Hunting tends to reduce seed movement for animal-dispersed species with very large 
diaspores; (2) Hunting reduces seed predation by granivorous vertebrates for species with large seeds; and (3) Hunting alters the species composition of the seedling 
and sapling layers. The cascading effects of hunting are already known to affect bruchid beetles and dung beetles and are likely to affect other, nongame taxa. To 
ameliorate these problems, several lines of research should be further explored to facilitate the development of game management plans including: (1) alternative use of 
sources of animal protein; (2) income supplementation for local people from sources other than wild meat; (3) outreach and extension activities for communities; (4) 
recognition and facilitation of the shifting of attitudes towards hunting; (5) implementation of community-based wildlife management programs in regulated-use areas 
such as extractive reserves; and (6) landscape-scale conservation planning that maximizes the source-sink dynamics of harvested and unharvested game populations 
and enforces game regulations in strictly protected areas. 

Abstract in French is available at http://www.blackwell-synergy.com/loi/btp. 
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THE HUMAN HARVEST OF WILD FOREST VERTEBRATES for subsis- 

tence or commerce has profound implications for the structure 

and dynamics of tropical forests. The harvest of preferred game 

species is unsustainable virtually throughout the tropics (Milner- 

Gulland et al. 2003). Game harvest studies in tropical forests have 

shown that most unregulated, commercial hunting for wild meat 

is unsustainable (Robinson & Bennett 2000), and that even subsis- 

tence hunting driven by local demand can severely threaten many 

medium to large-bodied vertebrate populations (Corlett 2007, Peres 

& Palacios 2007). Preferred game species have been extirpated from 

many tropical forests, and widespread local extinction events seem 

to be inevitable outside the most effectively protected areas unless 

their harvest can be controlled (Bodmer et al. 1997, Fa et al. 2001, 

Corlett 2007, Peres & Palacios 2007). Nongame species are also in- 

directly affected wherever hunting disrupts ecological interactions 

with game species (Peres & Dolman 2000). The preceding arti- 

cles in this special section have quantified the impact of hunting 

for preferred game species and other vertebrates of Southeast Asian 

and Amazonian forests (Corlett 2007, Peres & Palacios 2007) and 

documented indirect impacts of hunting for plant regeneration in 

Cameroon, Mexico, Panama, and Peru (Beckman & Muller-Landau 

2007, Dirzo et al. 2007, Nunez-Iturri & Howe 2007, Wang et al. 
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2007, Wright et al. 2007). This synthesis builds on these articles 

and has three goals. 

We first review the nascent literature that addresses indirect 

effects of hunting for tropical forest plant communities. Where 

sufficient data are available, we extract quantitative metrics from 

each study to evaluate whether hunting has consistent effects across 

sites and species. Our second goal is to highlight the potential 

indirect effects of hunting for other groups of organisms including 

invertebrates. Our final goal is to consider policies and actions to 

ameliorate the demographic threats to harvest-sensitive game species 

caused by unsustainable hunting. 

INTERACTIONS AMONG HUNTING, GAME 
SPECIES, AND PLANTS 

We ask whether hunting has consistent effects on plants that can be 

generalized and identify areas where additional studies are needed. 

We limit consideration to studies that compare 'protected' forests, 

with limited hunting and relatively intact vertebrate faunas, to 

'hunted' forests, with more intense hunting and more disturbed 

vertebrate faunas. We exclude forest fragments smaller than 100 ha 

because fragmentation alters forest microclimates and leads to the 

extirpation of species that are not hunted such as forest interior 
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insectivorous birds {e.g., Laurance et al. 2002, Lees & Peres 2006). 

The arbitrary 100-ha threshold should help to isolate the effects of 

hunting from these and additional effects of fragmentation. We are 

aware of only 12 studies that compare some aspect of tropical plant 

biology in protected and hunted forests within areas larger than 

100 ha. 

Four of these studies evaluate community-level properties of 

the seedling or sapling layers. Hunting invariably alters seedling 

and sapling species composition (Dirzo & Miranda 1991, Roldan 

& Simonetti 2001, Nunez-Iturri & Howe 2007, Wright et al. 

2007); however, hunting has inconsistent effects on other, emer- 

gent community-level metrics. Seedling density increases (Dirzo & 

Miranda 1991), decreases (Roldan & Simonetti 2001), or is un- 

changed (Wright et al. 2007) by hunting. Seedling and sapling di- 

versity decreases (Dirzo & Miranda 1991) or is unchanged (Roldan 

& Simonetti 2001, Wright et al. 2007) by hunting. These inconsis- 

tent community-level responses suggest that similar inconsistencies 

are likely to characterize the interspecific interactions that relate 

hunting and plant responses despite pervasive changes in seedling 

and sapling species composition. 

We distinguish between direct interactions of plants and the 

vertebrate species persecuted by hunters and indirect interactions 

between plants and animal species that hunters ignore. Published 

studies focus largely on direct interactions including predispersal 

seed predation, primary and secondary seed dispersal, postdisper- 

sal seed predation and leaf herbivory or browsing (but see Dirzo 

2001, Wright 2003). Predispersal seed predators consume devel- 

oping or mature seeds taken directly from the fruit-bearing plant. 

Browsers remove leaf tissue, which reduces plant carbon balance 

and often kills seedlings. The largest browsers can also break and 

uproot saplings and even trees. We are aware of only one study 

that addresses hunting and predispersal seed predation (Beckman 

& Muller-Landau 2007) and two studies conducted at Las Tuxtlas, 

Mexico, which address browsing (Dirzo 2001, Dirzo & Miranda 

1991). In each case, the effect of hunting is large with browsing 

damage and predispersal seed predation by game species both de- 

creasing where hunters are active; however, single-site comparisons 

preclude generalization. New studies are needed to evaluate hunting 

effects for browsing and predispersal seed predation. 

The remainder of this brief review examines effects of hunting 

for seed dispersal and postdispersal seed predation. Two studies have 

evaluated the impact of hunting for plant species composition with 

respect to seed dispersal modes. Where hunters are active, species 

with seeds dispersed by game species are less abundant, whereas 

species with seeds dispersed by abiotic means and by small animals 

that are not hunted are more abundant in the seedling and sapling 

layers (Nunez-Iturri & Howe 2007, Wright et al. 2007). Once again, 

two site comparisons preclude generalization, and new studies are 

needed to evaluate hunting effects with respect to seed dispersal 

modes. 

Seven studies address additional effects of hunting for animal- 

mediated seed dispersal. We used data from these seven studies to 

evaluate the general hypothesis that reductions in seed dispersal as- 

sociated with hunting fall disproportionately on species with larger 

diaspores. This is largely because large diaspores are primarily dis- 

persed by a small subset of large-bodied frugivores {e.g., Peres & 

Roosmalen 2002, Poulsen et al. 2002). These large-bodied frugi- 

vores bear a disproportionately heavy fraction of the hunting pres- 

sure at any given site (Jerozolimski & Peres 2003, Fa etal. 2005) and 

succumb to the most severe population declines in overhunted areas 

(Peres & Palacios 2007). We extracted average proportions of seeds 

removed at protected and hunted sites to calculate a seed removal 

ratio (defined as the average proportion removed at hunted sites di- 

vided by the average proportion removed at protected sites). Hunt- 

ing is associated with a reduction in seed removal when this ratio is 

less than one. We were able to calculate this seed removal ratio for 

16 plant species across 14 comparisons between protected sites and 

paired sites with similar, nonzero hunting intensities (Fig. 1). The 

symbol types in Figure 1 capture an important methodological dif- 

ference among studies. Seed removal was from fruiting trees, which 

incorporates primary and secondary dispersal (circles in Fig. 1), or 

from randomly located depots of 20—40 seeds, which captures sec- 

ondary dispersal only (triangles). Seed removal incorporates seeds 

that are deposited when viable and are successfully dispersed as well 

as seeds that are consumed and killed. The fate of removed seeds was 
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FIGURE 1. The relationship between diaspore mass and the impact of hunting 

for seed removal. The vertical axis captures the relative impact of hunting as a 

ratio of the proportion of seeds removed for hunted sites relative to protected 

sites. Hunting reduced seed removal when this ratio is less than one. Seeds 

were removed from the seed-bearing tree (circles) or from randomly located, 

experimental depots (triangles). Two studies compared seed removal for multiple 

levels of hunting intensity for three species, and numbers located beside symbols 

represent differences in ranked hunting intensity for these three species (each 

species has a single diaspore mass). Four studies compared seed removal for 

multiple species for the same hunted and protected sites (data points connected 

by solid lines for two-species comparisons; solid triangles for a seven-species 

comparison). The integers beside symbols represent between-ske differences in 

ranked hunting intensity for the three species evaluated in these two studies, 

where each species is characterized by a single diaspore mass. Data are taken 

from Beckman & Muller-Landau (2007), Forget & Jansen (2007), Galetti etal. 

(2006), Guariguata etal. (2000, 2002), Roldan & Simonetti (2001) and Wright 

ff d6 (2000). 
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unknown for most studies, and we therefore refer to seed removal 

rather than seed dispersal. 

The seed removal ratio varied widely across species and sites 

(Fig. 1). This variation is caused in part by uncontrolled differences 

among studies in hunting intensity between protected and hunted 

sites. Two studies evaluated hunting intensity at multiple sites and 

illustrate the effect of differences in hunting intensity for the seed 

removal ratio (Wright et al. 2000, Galetti et al. 2006). The seed 

removal ratio declines as hunting intensity increases for all three 

species. 

To control for variation associated with differences in hunting 

intensity, we used comparisons among species for the same pro- 

tected and hunted sites to evaluate the hypothesis that reductions 

in seed removal associated with hunting are greater for species with 

larger diaspores. In four two-species comparisons, the seed removal 

ratio was invariably smaller for the species with the larger diaspore 

(symbols connected by solid lines in Fig. 1). In a seven-species com- 

parison, the seed removal ratio and diaspore mass were negatively 

correlated (solid triangles in Figure 1; Spearman rank correlation co- 

efficient = —0.87; P < 0.05, Guariguata et al. 2000). These results 

support the hypothesis that species with larger diaspores suffer dis- 

proportionate reductions in animal-mediated seed dispersal where 

hunting occurs. This effect of seed size presumably holds because 

hunters at these four forest sites target primarily large-bodied fru- 

givore species that are more likely to disperse large diaspores from 

woody liana and tree species (cf. Peres & Roosmalen 2002, Poulsen 

ffaZ2002). 

This suggests an apparent paradox. Despite reduced seed dis- 

persal, species with large diaspores tend to become more abundant 

not less abundant in the seedling layer where hunters are active in 

Mexico and Panama (Dirzo & Miranda 1991, Dirzo et al. 2007, 

Wright etal. 2007). The resolution of this apparent paradox lies with 

seed predators. Hunting is widely predicted to lead to reductions 

in postdispersal seed predation by granivorous vertebrates for large- 

seeded species. Seven studies now support this prediction (Wright 

et al. 2000, Roldan & Simonetti 2001, Wright & Duber 2001, 

Guariguata et al. 2002, Galetti et al. 2006, Beckman & Muller- 

Landau 2007, Dirzo et al. 2007; for Dipteryx). Hence, reduced 

seed predation increases seed survival, and this will tend to offset 

the negative consequences of reduced seed dispersal for seedling 

densities of species with large diaspores. There is a further compli- 

cation, however, because total seed predation incorporating all seed 

predators might actually increase with hunting (Guariguata et al. 

2002, Galetti et al. 2006 for Carapd). This effect is possible when 

other seed predator species that are spared from hunting increase in 

numbers where hunting occurs. 

INTERACTIONS AMONG HUNTING, 
INVERTEBRATES, AND PLANTS 

Two well-documented examples illustrate how hunting can indi- 

rectly affect populations of invertebrates and plant species. In the 

first example, the seeds of three coccosoid palm species are killed 

by granivorous mammals (agoutis, peccaries, and squirrels) that 

hunters pursue and by bruchid beetles that hunters ignore (Fig. 2). 

Bruchid larvae develop inside and kill seeds (Johnson & Romero 

2004). Granivorous mammals respond differently to larval-infested 

seeds with some species consuming infested and uninfested seeds 

in proportion to their abundance and other species consuming in- 

fested seeds in preference to uninfested seeds (Silvius 2002, Galvez 

& Jansen 2007). Each grub-infested seed consumed by a mammal 

kills a larval bruchid. Hence, the number of bruchids that survive 

to recruit to the adult population increases where hunters reduce 

mammal abundances. This increase (expressed as the ratio of the 

mean proportion of bruchid-infested seeds at hunted to protected 

sites) ranges from fourfold to 70-fold for the three coccosoid palms 

illustrated in Figure 2 (panels D—F). This increase in the population 

of insect seed predators raises the possibility that total seed predation 

might increase even where seed predation by mammals decreases. 

Many insects develop inside seeds, and increased abundances of 

such seed predators might be a widespread indirect consequence of 

hunting. 

Hunting also indirectly impacts invertebrate seed dispersers, 

such as dung beetles. Dung beetles have interacted with vertebrate 

frugivores for as much as 80 Myr (Chin & Gill 1996). Dung beetles 

inadvertently benefit seeds when they bury dung that contains seeds, 

which protects the buried seeds from predators and fungi (Estrada & 

Coates-Estrada 1991, Vulinec 2000). Dung beetle abundance and 

diversity both decline wherever dung-producing vertebrates decline 

(Nichols et al, in press). Several studies demonstrate that habitat 

degradation reduces dung beetle populations (Vulinec 2002, Feer & 

Hingrat 2005, Harvey etal. 2006, Nichols etal, in press). Andresen 

and Laurance (2007) recently demonstrated that hunting-induced 

declines in mammal abundances have similar negative effects on 

dung beetles even when the forest itself is undisturbed. The cascad- 

ing effects of hunting are already known to affect bruchid beetles 

and dung beetles and are likely to affect other nongame taxa. Peres 

& Dolman (2000), Dirzo (2001), and Wright (2003) outline many 

other possible indirect consequences of hunting for animals and 

plants in tropical forests. 

Three conclusions are possible at this time concerning the im- 

pact of hunting for tropical forest plant communities. First, hunting 

tends to reduce seed movement for animal-dispersed species with 

very large diaspores (Fig. 1). Second, hunting reduces seed preda- 

tion by granivorous vertebrates for species with large seeds (N = 7 

studies); however, indirect changes in the abundances of other seed 

predators can offset the decrease in predation by granivorous ver- 

tebrates (Fig. 2). Many other possible interactions between plants, 

game species, and nongame species remain entirely unexplored. 

Finally, hunting alters the species composition of the seedling 

and sapling layers each time this possibility has been considered 

(N= 4 studies). Altered plant species composition seems inevitable 

given the wide range of strengths of interaction between particular 

game species, particular plant species, and other interacting species. 

Future studies that capitalize on the large-scale manipulation of 

vertebrate abundances being maintained by hunters throughout the 

tropics will provide additional insight into these interspecific inter- 

actions and their role in determining the structure and dynamics of 
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FIGURE 2. The proportion of palm seeds killed by rodents declines with the severity of poaching (panels A—C) and the proportion killed by bruchid beetles 

increases (D—F) for three coccosoid palm species. Some of the principal rodent seed predators (agoutis, peccaries, and squirrels) are hunted. Astrocdryum aculeatissim 

is from the Atlantic coastal forest of Brazil. Astrocdryum standleyanum and Attaled butyraceae are from central Panama. The histograms and error bars represent means 

over sites ± one standard deviation. Data are taken from Galetti et al. (2006) and Wright etal. (2000). 

tropical forest plant communities. Research also has an important 

role to play if hunting is to be changed from an unsustainable to a 

sustainable basis in the tropics. 

A SUSTAINABLE FUTURE FOR GAME SPECIES 
IN TROPICAL FORESTS 

OBSTACLES TO SUSTAINABLE HUNTING.—Several obstacles that are 

rather unique to the tropics must be overcome before hunting can 

become a sustainable activity. These problems include individual 

poverty, weak governance, workforce and infrastructure associated 

with enforcement of hunting laws, and poor knowledge of hunted 

species' density. In developed countries, hunting is largely a suc- 

cessfully regulated and sustainable recreational activity. In contrast 

to this scenario, in many developing countries hunting is largely 

a livelihood necessity involving many poorly known species, with 

little or no regulations, and is unsustainable. 

Poverty limits the successful regulation of hunting in many 

ways. Furthermore, ethical issues of regulating hunting in regions 

where poverty holds are a serious concern. Hunting often provides 

a significant source of protein for otherwise impoverished people 

(Peres 2000, Hill 2002). The harvest, transport, and marketing 

of wildlife species also provide a significant source of household 

income at all stages of the supply chain (Cowlishaw et al. 2005). 

Efforts to control the wild meat trade must examine and address all 

levels of the supply chain (Cowlishaw etal. 2005). Poor rural people 

are only likely to reduce hunting if they do not suffer short-term 

economic loss (Bodmer 1995). Poverty also influences the types of 

regulations that are likely to be successful. Quotas or bag limits 

related to the sex or age of game species may be impractical when 

the hunter's livelihood is at stake, and a more profitable alternative 

prey item might not be encountered that day (Noss & Cuellar 

2001). As an example, the harvest of wild species at one site in Peru 

is related to reproductive productivity and abundance and not to 

hunter preference (Bodmer 1995). Poverty creates an imperative to 

harvest every valuable animal encountered. 

Weak governments and limited availability and institutional 

enforcement of game management regulations present a second, 

related problem that will limit the successful management of game 

harvest. Many tropical countries have no restrictions or poorly en- 

forced restrictions on hunting (Verdade & Campos 2004). Hunting 

is often considered a birthright and is tolerated by local law enforce- 

ment. For example, Brazil has banned hunting since 1967, yet local 

people often discuss hunting openly (Vulinec et al. 2006, Peres 

& Palacios 2007). Elsewhere enforcement can be entirely absent 

(Anadu et al. 1988). Governments often lack the capacity or politi- 

cal will to enforce game laws in many developing tropical countries. 

The lack of information about population densities of game 

species in tropical regions poses a further challenge to develop- 

ing management programs. The successful regulation of hunt- 

ing requires biological information provided by wildlife managers 

(Mugisha & Jacobsen 2004). Reproductive rates and carrying ca- 

pacities of game species must be known to set sustainable yields 
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(Caughley 1985, Bodmer & Puertas 2000). Even where hunting 

is strictly regulated, the timing and length of hunting seasons and 

limits on the ages, sex, and overall harvest must be monitored and 

readjusted on a regular basis (Kokko & Lindstroem 1998, Bieder- 

beck etal. 2001). In most developed countries, sport hunters pursue 

game species under strict regulations that have been tried and tested 

over many years and population densities are constantly monitored. 

The successful management of game in tropical forests will require 

sustained implementation of game monitoring programs. 

POSSIBLE SOLUTIONS TO THESE PROBLEMS.—The most frequently 

proposed solutions to these problems fall into two broad cate- 

gories. The first is to restrict who can hunt at the local level. In 

the Bolivian Chaco, for example, local communities favor prohibit- 

ing hunting by outsiders, banning commercial hunting, protecting 

plants important to wildlife, and establishing hunting zones, but 

oppose proposals to limit hunting to the more abundant species 

(Noss & Cuellar. 2001). In western Amazonian forests, multiple-use 

zones allow local populations economic benefits from hunting and 

other extractive activities (Naughton-Treves et al. 2003). However, 

throughout Central and South America, rural people are often un- 

aware of wildlife management regulations (including the boundaries 

of multiple-use zones), or the regulations are ignored due to lack 

of enforcement. More importantly, preferred game species includ- 

ing large herbivores, large carnivores, and many primates are often 

harvested at unsustainable rates in otherwise successful multiple-use 

zones (Bodmer et al. 1997, Altrichter & Almeida 2002, Naughton- 

Treves et al. 2003, Peres & Nascimento 2006). Attempts to restrict 

who hunts where have often met with limited success. 

The second broad category of proposed solutions focuses on 

offsetting the economic loss incurred when hunting is restricted. 

For example, Bodmer and Lozano (2001) evaluated the relation- 

ship between rural development and sustainable wildlife use in the 

Peruvian Amazon. They proposed a management plan that would 

reduce the current harvest rate of some species causing short-term 

economic losses for hunters and long-term economic gains as hunt- 

ing became sustainable. Bodmer and Lozano (2001) also suggest 

economic compensation to offset the short-term losses including 

payments to people who do not hunt, payment to patrol and prevent 

outsiders from hunting, and for transportation and health services. 

Other proposals that compensate local people to limit hunting or 

shift the costs to their wealthy neighbors include trophy-hunting 

programs (Lewis &Alpert 1997), hunting restrictions for large land- 

holders (Hoogesteijn & Chapman 1997), and payments for wildlife 

damage to crops and domestic animals (Verdade & Campos 2004). 

Funding limits all proposals to regulate hunting through payments 

to offset the opportunity costs of reduced protein acquisition or 

economic losses through crop damage. 

SUCCESS STORIES OF WILDLIFE MANAGEMENT IN THE TROPICS.—De- 

spite the widespread lack of resources to redress the problems that 

lead to unsustainable hunting, several programs showcase the sus- 

tainable management of tropical forest game species. Malaysia has 

a relatively strong economy that provides economic alternatives to 

hunting for livelihoods of people in many rural communities. Fur- 

thermore, Malaysia has relatively strong government institutions 

that allow them to enforce environmental regulations. For example, 

the national parks of Malaysia are among the most effective in the 

wet tropics at reducing the incidence of forest fires (Wright et al, 

in press). Kawanishi and Sunquist (2004) found no evidence of 

poaching and observed signs of all the medium-to-large terrestrial 

mammals expected to occur in the well-protected Taman Negara 

National Park of peninsular Malaysia. A master plan is in place to 

manage wildlife throughout Sarawak, Malaysia (Wildlife Conserva- 

tion Society & Sarawak Forest Department 1996). The Master Plan 

for Wildlife in Sarawak included the enactment and strict enforce- 

ment of a new law that bans trade in wild animals and their parts, 

controls the availability of shotgun cartridges, and bans hunting in 

logging concessions. The management plan also includes education 

programs, involves local communities in management of protected 

areas, and shares financial benefits from protected areas with local 

communities. 

Another success story comes from the People's Republic of 

Congo (Elkan 2000, Elkan et al. 2006). The Congolese Govern- 

ment, a private timber company, and the World Conservation So- 

ciety are working together to control hunting within a large log- 

ging concession adjoining the Nouabale Ndoki National Park. This 

program is largely successful due to the efforts of trained forest 

guards who prevent hunters from using wire snares and high-caliber 

firearms, enforce no-hunting zones, and prohibit any harvest of en- 

dangered species. Wildlife transportation is only allowed within the 

concession; wildlife cannot be transported out of the concession. 

Education programs are provided for logging company staff and lo- 

cal communities, and the economic feasibility of alternative protein 

sources is being evaluated. Similar suggestions have been made for 

managing the bushmeat crisis throughout the Congo Basin (Wilkie 

& Carpenter 1999). The success of this approach in the logging 

concession adjoining the Nouabale Ndoki National Park is evident 

from the now frequent observations of gorillas and chimpanzees in 

the area (Elkan 2000). As in Malaysia, the application of unusual 

levels of resources led to the successful management of hunting. 

DIRECTIONS FOR FUTURE RESEARCH 

EFFECTS OF HUNTING ON TROPICAL FORESTS.—Based on our review 

in the first section of this synthesis, we present three recommenda- 

tions to increase the value of future studies evaluating the effect of 

hunting on tropical forest plant communities. First, the intensity 

and duration of hunting should be quantified for each site to facili- 

tate future comparisons across studies. Hunting intensity might be 

quantified by recording the presence/absence of species most sus- 

ceptible to hunting or the abundances of species less susceptible to 

hunting (see Bodmer et al. [1997] for hunting susceptibility). The 

duration of hunting is also crucial, because the long lifetimes of 

many forest organisms will introduce time lags after hunting alters 

interspecific interactions. Our second recommendation concerns 
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the plant species chosen for study. To date, there is an intense bias 

toward species with the largest diaspores (Fig. 1). For example, the 

two lightest diaspores in Figure 1 are heavier than the diaspores 

of 47 and 90 percent of 252 woody species with known diaspore 

masses from Barro Colorado Island, Panama (S. J. Wright, pers. 

obs.). A more representative sample of plant species will be required 

to evaluate many possible impacts of hunting; even the relationship 

between diaspore mass and the impact of hunting for seed move- 

ments might change when a more representative sample of plant 

species has been studied. Ideally, plant species would be chosen at 

random or in proportion to their abundances. Our final recom- 

mendation concerns plant species descriptions. There is a growing 

consensus concerning a modest number of functional plant traits 

that provide insight into the ecology of plant species (Cornelissen 

et al. 2003). These traits include seed mass, wood density, specific 

leaf area, and adult height among others. The inclusion of these 

traits in future studies would facilitate answers to several interest- 

ing problems. As an example, does hunting favor light-demanding 

pioneer species at the expense of shade-tolerant, climax species? 

Recommendations for future research may be summarized 

from the papers presented in this Special Section as follows. (1) 

More studies need to document the effect of selective defauna- 

tion on tropical forests (Peres & Palacios 2007); (2) Ecological 

redundancy needs to be evaluated in nonhunted vertebrates within 

any particular community to recognize compensatory behavior that 

may help deter some of the negative effects of hunting of large and 

medium vertebrates (Stoner et al. 2007); (3) More research on the 

mechanisms structuring plant communities need to be compiled 

in order to help us predict how plant species respond when their 

seed dispersers are extirpated (Beckman & Muller-Landau 2007); 

(4) Long-term demographic and genetic impact of the loss of ver- 

tebrate dispersal agents need to be evaluated for more species and 

locations (Wang et al. 2007); (5) Long-term studies with compara- 

ble methodologies in sites representing different positions along the 

defaunation gradient are crucial for recognizing general emerging 

patterns of consequences of mammal defaunation; this informa- 

tion will be valuable in developing conservation, management, and 

restoration programs (Dirzo et al. 2007); and (6) Studies should be 

designed to take advantage of landscape-scale variation in the den- 

sity of plant species and guilds, and in community composition, to 

investigate the density dependence and composition-dependence 

of ecological processes. These types of studies will provide infor- 

mation to quantify to what degree plant abundance affects seed 

predation and seed dispersal, mortality due to other natural ene- 

mies, life history transition rates, and ultimately reproductive rates 

(Muller-Landau 2007). Finally, a deficiency of studies from the 

Paleotropics restrict our ability to evaluate the effect of hunting 

on tropical forests; we therefore identify Paleo tropical studies as a 

future research priority. 

DEVELOPING HUNTING MANAGEMENT PLANS FOR TROPICAL 

AREAS.—In a global review Milner-Gulland et al. (2003) evalu- 

ate overhunting of wildlife for bushmeat and conclude that this 

issue must be addressed within a larger economic and institutional 

context that runs all the way from household economics to global 

trade. They emphasize that the successful conservation and sustain- 

ability of hunted wildlife would involve the collaboration of local 

people, resource extraction companies, governments, policymakers, 

and researchers. Corlett (2007) suggests that the control of hunting 

and trade in wildlife should be the first priority for governments, 

NGOs, and individual conservationists in tropical and subtropical 

Asia. Several lines of research that need to be further explored to 

facilitate the development of game management plans in tropical 

forests include: (1) alternative use of terrestrial and aquatic sources 

of animal protein, including small domestic livestock and aqua- 

culture; (2) income supplementation for local people from sources 

other than wild meat; (3) outreach and extension activities for lo- 

cal communities; (4) recognition and facilitation of the shifting 

of attitudes towards hunting throughout tropical landscapes; (5) 

implementation of sound community-based wildlife management 

programs in regulated-use areas such as extractive reserves; (6) ap- 

propriate landscape-scale conservation planning that can maximize 

the source-sink dynamics of harvested and unharvested game popu- 

lations; and (7) enforcement of game regulations in strictly protected 

areas, which are an essential component to any landscape manage- 

ment plan. Finally, hunting management plans will depend upon 

the target region; thus, specific data will need to be collected for 

each site. Resources are needed to develop similar plans appropriate 

to local culture and species and to implement those plans. 

Ecological theory suggests that large areas of tropical forests 

will tend to return to their original structure and species compo- 

sition wherever hunting can be controlled (Muller-Landau 2007); 

however, the funding to successfully control hunting remains at 

issue. We echo the recommendations of Bennett and Robinson 

(2000)— governments, aid agencies, policy makers, and conserva- 

tion organizations need to incorporate hunting management into 

their development planning. For example, most timber certification 

programs do not directly consider wildlife or explicitly consider the 

harvest of game animals in their detailed guidelines. The Forest 

Stewardship Council (FSC), which perhaps has some of the highest 

standards for timber certification, is no exception (Bennett 2000). 

It is imperative that FSC and other similar programs in the certified 

tropical timber industry begin to explicitly include game manage- 

ment regulations as a requirement in logging concessions and other 

forestry operations before these can be defined as sustainable and 

gain access to more lucrative markets. 
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