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Abstract This paper evaluates the ecological conse-

quences of hunting by comparing mammalian densities,

biomass, relative energy consumption and community

structure between sites with different levels of hunting

pressure. Hunting is carried out mainly by colonists

who farm on the edge of Atlantic forest fragments in the

State of SaÄo Paulo, Brazil. Mammals were studied over a

period of 18 months, along 2287 km of line transects.

Transects were distributed among two protected sites,

one slightly hunted site and two heavily hunted sites.

Tapirs, the two peccary species, brocket deer, armadillos

and agoutis are preferred by hunters in the region.

Primates are not hunted in the region. Hunting has

affected community structure, with ungulates domin-

ating mammalian biomass at protected sites and pri-

mates dominating at hunted sites. This has caused an

ecological inversion in the hunted areas of the Atlantic

forests. In Amazonian regions of the Neotropics hunting

is more evenly distributed among primates, large

rodents, and ungulates and has resulted in an opposite

inversion, with hunted sites having lower primate

biomass. Atlantic forests are very susceptible to the

possible ecological imbalances induced by hunting by

humans, and this must be considered for management

and conservation programmes.

Keywords Atlantic Forest, biomass, Brazil, density,

hunting, mammals.

Introduction

Overhunting reduces the populations of the speci®c

species hunted, changes the composition of animal

communities, and in¯uences relationships of predation

and competition (Peres, 1990; Bodmer et al., 1997).

Overhunting also causes ecological changes in habitat

through altered interactions of seed dispersal, seed

predation and folivory. Terborgh (1988) has shown

evidence that the `big things' such as the large herbiv-

ores play an important role in the structure and

dynamics of tropical forests. Overhunting, therefore,

not only reduces populations of speci®c species, but

causes landscape-level changes in habitats and faunal

assemblages that must be considered for wildlife con-

servation and management.

Measuring ecological changes caused by overhunting

is dif®cult and cumbersome because of the vast number

of ecological interactions that can result in countless

different outcomes. However, the ecological impact of

overhunting can be estimated through measures of

density and biomass. Density looks at variation in

numbers of individuals, and biomass provides insights

to the relative importance (i.e. dominance), trophic

structure and ecological impact (i.e. food consumption

and nutrient cycling) of animal populations (Eisenberg,

1980).

In the Neotropics most studies on density and

biomass of non-¯ying mammals are in areas dominated

by evergreen forests (Eisenberg & Thorington, 1973;

Emmons, 1984; Janson & Emmons, 1990; Peres, 1990).

Studies in semideciduous areas of the Neotropics show

lower arboreal biomass of mammals than evergreen

forests, presumably because drier semideciduous habi-

tats have periods of seasonal drought, whereas ever-

green forests have less seasonal variation in plant

productivity (Eisenberg et al., 1979; Eisenberg, 1980;

Schaller, 1983). The semideciduous Atlantic forests

should show similar patterns to other semideciduous

areas, and have a lower biomass of arboreal mammals

and a higher biomass of terrestrial mammals such as

ungulates and large rodents.

Ungulates are heavily hunted and even extirpated in

some Atlantic forest fragments (Cullen, 1997; Cullen

et al., 2000), and hunting might be causing ecological

changes by altering the mammalian biomass in hunted

fragments. To evaluate the ecological impact of this

overhunting we studied the density and biomass

differences between hunted and protected sites. We

examined how hunting affects density and biomass of

large- and medium-sized mammals in the semidecidu-

ous forests of the Atlantic forests. Mammals were

censused in ®ve forest fragments during an 18-month

period.
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Methods

Study sites

From May 1995 to December 1996 ®ve forest fragments

were studied in the Plateau (Mata de Planalto) range in

the interior of the State of SaÄo Paulo, Brazil (Fig. 1).

Three of the sites were in the western part of the state

(Fazenda Tucano, Fazenda Mosquito and Morro do

Diabo State Park) and two sites were in the central part

(Fazenda Rio Claro and Caetetus Ecological Station).

The greatest distance between sites was 300 km.

Quantitative hunting pressure was not recorded

during this study. As an alternative we used a series

of measures that were recorded during the censuses,

including number of shots heard, number of active

hunting platforms seen, number of hunting dogs seen

and number of hunters encountered. These measures

were used to de®ne areas as `protected', `slightly

hunted' and `heavily hunted'. The protected sites were

Morro do Diabo State Park and Caetetus Ecological

Station, the slightly hunted site was Fazenda Mosquito,

and the heavily hunted sites included Fazenda Rio Claro

and Fazenda Tucano (Table 1).

Plateau forests are a transitional ecosystem, bordered

by tropical evergreen broadleaf forest to the east, which

originally covered the Atlantic coastline, and the dry

cerrado vegetation to the north and west (Ab'Saber,

1977). Cerrado is a tall dense semideciduous xeromor-

phic savanna vegetation (Baitello et al., 1988). The region

is characterized by a pronounced dry season with

annual precipitation averaging between 1200 and

1260 mm of which 30 per cent falls between April and

September (Valladares-Padua, 1987, 1993). Most of the

emergent trees lose their leaves during the dry months

(Hueck, 1972). The region is also known for its general

nutrient-poor sand soils (Setzer, 1949).

Density and biomass estimates

Densities of species were estimated using censuses

along line transects (Glanz, 1982; Emmons, 1984). Four

to eight transects were placed in each fragment. Forest

fragments are de®ned here as continuous blocks of

forest surrounded by open pastureland or other types of

agricultural lands. Each transect ranged from 0.5 to

8 km in length and was surveyed several times. The

cumulative distance censused at each fragment ranged

from 161 to 618 km (mean � 381 km), with a total of

Fig. 1 Map of forest fragments in the Plateau region of SaÄo Paulo state, Brazil. The ®ve sites used in this study are labelled as: 1 Caetetus

Ecological Station, 2 Fazenda Rio Claro, 3 Fazenda Mosquito, 4 Morro do Diabo State Park and 5 Fazenda Tucano.
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2287 km censused. Each forest fragment was surveyed

on average 5 days per month and sampling effort was

about 70 days for each site during the 18-month study.

Transects were censused between 06.00 and 10.00 hrs

and again from 15.00 to 19.00 hrs. Sampling effort was

greatest for diurnal species, but also included crepus-

cular and some nocturnal animals. Censuses were done

by walking slowly (approximately 1 km per hour,

following Emmons, 1984) and stopping brie¯y every

50±100 m. The time, species, location along the trail,

group size, sighting angle and sighting distance from

the trail were recorded for each sighting. For social

animals the group was the sample unit and the ®rst

animal seen was used as the sighting distance. Only

accurate counts were used to estimate average group

size. Densities were estimated using the `DISTANCE

sampling' method and computer software developed by

Buckland et al. (1993) and Laake et al. (1994).

Line transect sampling is currently the most common

method used to estimate densities of large- and medium-

sized Neotropical mammals (Peres, 1990, 2000; Bodmer

et al., 1997; Hill & Padwe, 2000). The reliability of line

transects to estimate density depends largely on the

sample size of observations (Burnham et al., 1980; Buck-

land et al., 1993; Wilson et al., 1996). All species were

observed on more than 20 occasions, ranging from 23 for

the lowland tapir to 285 for the brown capuchin monkey

(Table 2). The number of observations per site were less

than the species total, but were only less than 15 on a few

occasions. We nevertheless included these smaller sam-

ple sizes, because our analyses are relative comparisons

between sites.

Crude biomass was calculated for each species using

the average body weight of adult individuals (BW)

multiplied by the estimated densities of individuals (D)

as (BW ´ D � kg per sq km). Metabolic biomass was

also calculated for each species using the average body

weight of adult individuals raised to the 0.75 power

(BW0.75) and multiplied by the estimated individual

densities (D) as (BW0.75 ´ D � kg per sq km). Mean

body masses were taken from the literature (Robinson

& Redford, 1986), with the exception of peccaries and

the black lion tamarin where data were available from

the study sites. Percentage contribution (%) is the

Table 1 General characteristics and qualitative measures to assess hunting in the ®ve study sites.

General characteristics Assessment of hunting

Morro do Diabo State Park (35,000 ha)

Established 1985 Protected from hunters

Semideciduous Atlantic forest 0 gunshots heard during censuses

1200 mm annual precipitation 0 hunting platforms found during censuses

50 per cent mature forest, 20±30 m canopy height 0 encounters with hunters during censuses

50 per cent undisturbed forest, 30±40 m canopy height 0 hunting dogs seen during censuses

Caetetus Ecological Station (2178 ha)

Established 1977 Protected from hunters

Semideciduous Atlantic forest 0 gunshots heard during censuses

1260 mm annual precipitation 0 hunting platforms found during censuses

50 per cent mature forest, 20±30 m canopy height 0 encounters with hunters during censuses

50 per cent undisturbed forest, 30±40 m canopy height 2 hunting dogs seen during censuses

Fazenda Mosquito (2100 ha)

Private cattle ranch Slightly hunted

Semideciduous Atlantic forest 3 gunshots heard during censuses

1200 mm annual precipitation 3 hunting platforms found during censuses

50 per cent mature forest, 20±30 m canopy height 2 encounters with hunters during censuses

50 per cent undisturbed forest, 30±40 m canopy height 1 hunting dog seen during censuses

Fazenda Tucano (2000 ha)

Private cattle ranch Heavily hunted

Semideciduous Atlantic forest 5 gunshots heard during censuses

1200 mm annual precipitation 5 hunting platforms found during censuses

50 per cent mature forest, 20±30 m canopy height 8 encounters with hunters during censuses

50 per cent undisturbed forest, 30±40 m canopy height 4 hunting dogs seen during censuses

Fazenda Rio Claro (1700 ha)

Private cattle ranch Heavily hunted

Semideciduous Atlantic forest 5 gunshots heard during censuses

1260 mm annual precipitation 4 hunting platforms found during censuses

50 per cent mature forest, 20±30 m canopy height 12 encounters with hunters during censuses

50 per cent undisturbed forest, 30±40 m canopy height 4 hunting dogs seen during censuses
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relative contribution of a species to the total biomass of

the large and medium body-sized mammalian commu-

nity in each study site.

Metabolic biomass takes into consideration the rela-

tionship between body weight and metabolic rate

(Peters, 1983). Metabolic biomass should re¯ect the

relative ecological importance of species in terms of

energy consumption. For this reason, we used metabolic

biomass to compare the ecological impact of hunting

between the study sites.

We recognize that there are possibly differences in the

soils and structure of the forests between sites, which

could cause distinct patterns of species densities

between forest patches independent of hunting pressure.

Local differences in soil and vegetation are important,

although all of the patches were once part of the same

continuous forest and have the same geological origins.

Many of the wildlife species examined have large

geographical ranges and broad ecological tolerances

(Eisenberg, 1980), therefore, we assumed that soil and

habitat heterogeneity would not lead to gross differences

in wildlife densities, and that local differences in hunting

would override differences in habitat.

Results

Density

Density, crude biomass, and metabolic biomass of large-

and medium-sized mammals varied between sites.

Densities of lowland tapir and white-lipped peccary

were greater in the protected sites, compared with the

slightly hunted sites, and both species were extirpated

from the heavily hunted sites (Table 3). Brocket deer

had similar densities between the protected and slightly

hunted sites and were rare in the heavily hunted sites.

Collared peccary, Azar's agouti, the nine-banded arma-

dillo, South American coati, and the Guianan squirrel all

had considerable variation in their densities between

sites and were often just as abundant in one of the

heavily hunted sites as the protected sites. Likewise, the

three primate species ± brown capuchin monkey, brown

howler monkey and black lion tamarin ± did not show

any consistent trend in their densities between the ®ve

sites and were often just as abundant in the heavily

hunted sites as the protected sites.

Crude biomass

The protected sites had the greatest crude biomass of the

large- and medium-sized mammals, with 646 kg per

sq km at Morro do Diabo State Park and 600 kg

per sq km at Caetetus Ecological Station (Table 4). The

Table 2 Mammal species sighted and number of observations

recorded during line transect sampling.

Number of

observations

Lowland tapir (Tapirus terrestris) 23

White-lipped peccary (Tayassu pecari) 25

Collared peccary (Tayassu tajacu) 52

Brocket deer (Mazama spp.) 33

Azara's agouti (Dasyprocta azarae) 119

Nine-banded armadillo (Dasypus novencintus) 40

South American coati (Nasua nasua) 37

Guianan squirrel (Sciurus aestuans) 76

Brown capuchin monkey (Cebus appela) 285

Brown howler monkey (Allouata fusca) 162

Table 3 Density of large- and medium-sized mammals in the ®ve study sites of the Plateau. Values are in individuals per sq km.

Species/sites

Morro do Diabo

State Park

(Protected)

Caetetus

Ecological Station

(Protected)

Fazenda

Mosquito

(Slightly hunted)

Fazenda

Tucano

(Heavily hunted)

Fazenda

Rio Claro

(Heavily hunted)

Lowland tapir 0.41 0.47 0.30 Extirpated Extirpated

White-lipped peccary 6.94 6.30 3.60 Extirpated Extirpated

Collared peccary 5.67 6.41 0.81 2.21 5.63

Brocket deer 1.13 1.82 1.75 P P

Azara's agouti 26.80 P 0.39 4.10 0.91

Nine-banded armadillo 0.80 23.63 16.97 9.60 P

South American coati 4.20 4.47 3.40 3.11 5.20

Guianan squirrel 0.37 11.31 20.20 3.91 2.71

Brown capuchin monkey 9.96 17.64 8.31 8.57 10.18

Brown howler monkey 15.66 0.60d 36.30 10.91 16.27

Black lion tamarin 2.66a 1.71 0.25b 1.00a 3.66c

aDensity estimates from Valladares-Padua (1993).
bRepresents the density from the only ®ve individuals translocated to the area in 1996.
cDensity estimate from Valladares-Padua & Cullen Jr (1992).
dDensity estimate from the three groups known to occur in the area.

P = Present, but not seen during census.
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slightly hunted site of Fazenda Mosquito had slightly

lower crude biomass at 557 kg per sq km. Crude bio-

mass was considerably lower at the two heavily hunted

sites with 201 kg per sq km at Fazenda Tucano and

273 kg per sq km at Fazenda Rio Claro. In the protected

sites white-lipped and collared peccary had the greatest

crude biomass, whereas in the slightly hunted and

heavily hunted sites the primates had greater crude

biomass than the peccaries. Lowland tapir biomass was

greatest in the protected sites.

The crude biomass of non-hunted species varied

among sites, but showed no clear trend between

protected, slightly hunted and heavily hunted areas. In

contrast, there was a clear negative relationship between

crude biomass of hunted species and hunting pressure,

with crude biomass of hunted species greatest in the

protected sites, less in the slightly hunted site, and even

lower in the heavily hunted sites.

Metabolic biomass

The greatest metabolic biomass of the large- and medium-

sized mammals was at Morro do Diabo State Park

(Table 5). At the protected Caetetus Ecological Station

the metabolic biomass of the large- and medium-sized

mammals was 91 per cent of Morro do Diabo State Park

and at the slightly hunted Fazenda Mosquito the meta-

bolic biomass was 95 per cent of Morro do Diabo State

Park. In contrast, the metabolic biomass of the large- and

medium-sized mammals at the heavily hunted sites of

Fazenda Tucano and Fazenda Rio Claro were only 38 and

48 per cent of Morro do Diabo State Park, respectively.

Ungulates dominated the metabolic biomass at the two

most protected sites and made up 51 per cent at Morro do

Diabo and 58 per cent at Caetetus Ecological Station,

whereas ungulates at the slightly hunted and heavily

hunted sites contributed less to the metabolic biomass,

with only 26 per cent at Fazenda Mosquito, 15 per cent at

Fazenda Tucano and 31 per cent at Fazenda Rio Claro.

Primates at the two protected sites made up only 26 per

cent at Morro do Diabo and 15 per cent at Caetetus

Station. Conversely, primates represented more than half

of the metabolic biomass at the slightly hunted and

heavily hunted sites, with 52 per cent at Fazenda

Mosquito, 50 per cent at Fazenda Tucano and 57 per cent

at Fazenda Rio Claro. At the two protected sites, white-

lipped and collared peccaries had the greatest metabolic

biomass. At the slightly hunted site the brown capuchin

monkeys, brown howler monkeys, nine-banded arma-

dillos and white-lipped peccaries had the greatest meta-

bolic biomass, whereas at the two heavily hunted sites

brown capuchin monkeys, brown howler monkeys and

collared peccaries had the greatest metabolic biomass.

When combined, metabolic biomass of non-hunted

species had a more homogeneous distribution across all

sites. Metabolic biomass of hunted species decreased

Table 4 Crude biomass (CB) estimates of large- and medium-sized mammals in the ®ve study sites of the Plateau. Values are

in kg per sq km.

Mean

body

weight

Morro do Diabo

State Park

(Protected)

Caetetus Ecolo-

gical Station

(Protected)

Fazenda Mos-

quito (Slighted

hunted)

Fazenda Tucano

(Heavily

hunted)

Fazenda Rio

Claro (Heavily

hunted)

Species (kg) CB % CB % CB % CB % CB %

Lowland tapir 148.95 61 9 70 11 44 8 0 0 0 0

White-lipped peccary 31.67a 219 34 199 33 114 20 0 0 0 0

Collared peccary 19.10a 108 16 122 20 15 3 42 21 107 39

Brocket deer 21.72b 24 3 39 6 38 7 P P P P

Azara's agouti 2.84 76 11 P P 1 0.1 11 5 2 1

Nine-banded armadillo 3.54 2 0.4 83 14 60 10 34 16 P P

South American coati 3.88 16 2 15 2 13 2 12 6 20 7

Guianan squirrel 0.38 0.1 0.02 4 0.7 7 1 1 0.7 1 0.3

Brown capuchin monkey 3.44 34 5 60 10 29 5 30 14 35 13

Brown howler monkey 6.46 101 15 4 0.6 234 42 70 33 105 38

Black lion tamarin 0.60c 1 0.2 1 0.1 0.1 0.02 0.6 0.3 2 1

Total biomass 646 % 600 % 557 % 201 % 273 %

Total biomass of primates 137 21 65 10 263 47 100 49 142 52

Total biomass of ungulates 413 64 431 71 212 38 42 20 107 39

Total biomass of nonhunted species 137 21 69 11 270 49 102 50 143 52

Total biomass of hunted species 508 78 530 88 286 51 99 49 130 45

aMean body weights are from peccaries captured by Alexine Keuroglian at Caetetus Ecological Station n = 6 for both species.
bAverage of mean body weights of Mazama americana and M. gouazoubira taken from Robinson & Redford (1986).
cMean body weight estimates taken from Valladares-Padua (1993).

% = Percentage contribution to total biomass.

P = Present, but not seen during census.

Ecological consequences of hunting 141

Ó 2001 FFI, Oryx, 35(2), 137±144



with hunting pressure. Not surprisingly, at the slightly

hunted site there was greater evenness in the relative

contribution of hunted and non-hunted species. Hunt-

ing has clearly inverted the relative contribution of

species to metabolic biomass, especially when ungulates

and primates are considered. That is, primates dominate

the metabolic biomass or relative energy consumption at

hunted sites, whereas ungulates comprise the bulk of

the metabolic biomass or relative energy consumption at

protected sites.

Discussion

The energy consumed by mammals, as measured by

metabolic biomass, in the protected sites is dominated

by terrestrial ungulates and in the hunted sites by

arboreal primates. This has caused an ecological inver-

sion. The ecological consequences of this inversion

should be re¯ected in numerous ecological interactions,

including seed dispersal and seed predation, herbivory,

and predator±prey interactions, among others. This

suggests that hunting is changing the ecological struc-

ture at hunted sites by depriving these areas of much of

the terrestrial mammalian biomass.

The ecological consequences can be seen in the

ungulates, which include the lowland tapir, brocket

deer and peccaries. For example, brocket deer and

peccaries are important seed predators and tapirs

important seed dispersers (Bodmer, 1989; Fragoso,

1998). The seed predators can alter the survival rates

of fruit-producing trees, whereas the seed dispersers can

transport seeds away from the mother tree and enhance

seed recruitment and survival. Ungulates are probably

important `engineers' in affecting forest composition

and structure, and their depletion by hunting could lead

to community changes in hunted forest fragments. This

is especially true for the white-lipped peccary, because

of its larger group size (Fragoso, 1998; Painter, 1998).

Palm trees are an important and sometimes key

resource for peccaries in the Neotropics (Bodmer, 1991;

Fragoso, 1998). The palm tree Syagrus romanzo®anna is

very common throughout the Plateau range. This palm

species might explain the high densities of white-lipped

peccaries in the Plateau area. Syagrus romanzo®anna has

densities of around 20 individuals per hectare and occurs

either as isolated individuals or clumps (Lorenzi, 1992).

These palms produce hundreds to thousands of fruits,

each averaging 2.5 ´ 1.5 cm and with bright yellow,

sweet, and ®brous pericarp (Sanchotene, 19851 ; Olmos

et al., 1999). Syagrus romanzo®anna produces fruits all year

around and might be a key resource for the white-lipped

peccary during periods when other fruits are less avail-

able. Indeed, during the dry season herds of white-lipped

peccaries are frequently encountered under clumps of

S. romanzo®anna (L. Cullen, pers. observ.). The large herd

size and the aggressive behaviour of white-lipped

Table 5 Metabolic biomass (MB) estimates of large- and medium-sized mammals in the ®ve study sites of the Plateau. Values are

in kg per sq km.

Mean

metabolic

body

weight

Morro do Diabo

State Park

(Protected)

Caetetus Ecolo-

gical Station

(Protected)

Fazenda Mos-

quito (Slighted

hunted)

Fazenda Tucano

(Heavily

hunted)

Fazenda Rio

Claro (Heavily

hunted)

Species (kg) MB % MB % MB % MB % MB %

Lowland tapir 42.43 17 5 20 6 12 4 0 0 0 0

White-lipped peccary 13.35 92 27 84 27 48 15 0 0 0 0

Collared peccary 9.10 51 15 58 19 7 2 20 15 51 31

Brocket deer 10.06 11 3 18 5 17 5 P P P P

Azara's agouti 2.18 58 17 P P 0.8 0.2 8 6 2 1

Nine-banded armadillo 2.58 2 0.6 60 19 43 13 24 19 P P

South American coati 2.76 11 3 12 4 9 3 8 6 14 9

Guianan squirrel 0.48 0.1 0.05 5 1 9 3 2 1 1 0.8

Brown capuchin monkey 2.52 25 7 44 14 21 6 21 16 25 15

Brown howler monkey 4.05 63 18 2.43 0.8 147 46 44 34 66 40

Black lion tamarin 0.68 1.8 0.5 1.16 0.4 0.1 0.05 0.6 0.5 2 1.5

Total metabolic biomass 335 % 307 % 317 % 130 % 163 %

Total metabolic biomass of primates 90 26 48 15 168 53 66 50 94 57

Total metabolic biomass of ungulates 172 51 181 58 85 26 20 15 5 31

Total metabolic biomass of non-

hunted species

90 27 53 17 177 56 68 52 95 58

Total metabolic biomass of hunted

species

244 73 254 82 139 43 62 47 67 41

% = Percentage contribution to total large- and medium-sized mammal metabolic biomass.

P = Present, but not seen during census.
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peccaries could give them a competitive advantage

during feeding interactions with other species.

Hunting and biomass inversions

In the Plateau, hunting is carried out mainly by colonists

who encroach on forest fragments. Results of this study

suggest that hunting is probably the main process

altering the ecological relationships within fragments

and causing an ecological inversion of mammalian

biomass in forest fragments surrounded by humans. It

is widely known that numerous proximate fragmenta-

tion factors can affect small and fragmented animal

populations (Lawton, 1995). Hunting, however, clearly

prevails over these proximate factors and seems to be

the ultimate factor responsible for the extirpation of

large- and medium-sized mammals from forest frag-

ments and, in turn, altering ecological relationships.

The impact of hunting on the mammalian community

structure in the Plateau forests differs from other

Neotropical sites. In many Neotropical areas hunting

is more evenly distributed among primates, large

rodents and ungulates (Bodmer et al., 1997; Alvard,

1998; Peres, 2000) than in the Plateau forest where

hunting concentrates heavily on ungulates. Indeed, in

Amazonian sites where primates are frequently hunted,

the impact of hunting is opposite to what we found in

the Plateau forests. In Amazonian forests, primate

biomass is greatly reduced and peccary, deer and large

rodent biomass does not change much between non-

hunted vs. hunted sites (Bodmer et al., 1997; Alvard,

1998). Both the Plateau region and Amazonia show

biomass inversions as a result of hunting, but in

completely different directions, with ungulate biomass

being reduced in hunted Plataeu forests and primate

biomass being reduced in hunted Amazonian forests.

Implications for conservation

Hunting in forest fragments of the Atlantic forests is

currently illegal. However, recent legislation will set the

stage for legalizing hunting under a series of manage-

ment controls. This will allow people to hunt legally if

the hunting is sustainable and has been authorized by

appropriate of®cials. Studies such as this one can help

government authorities evaluate the impact of hunting

in forest fragments. Hunting in small forest fragments

can be detrimental to the wildlife and the ecosystem's

functions. Alternatives to hunting clearly need to be

found to manage the remaining forest fragments in a

manner consistent with conservation.

Plateau forests are probably the most fragmented and

most threatened ecosystem within the Atlantic forests.

They harbour a rich ¯ora and fauna with many endemic

and endangered species. Biologically these fragments

are highly valued because they represent the last

remaining `seeds' of the endangered Atlantic forest

ecosystem. Future conservation measures will have to

take a metapopulation approach along with eco-regional

planning.
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