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Abstract We report a range-wide status assessment of a key

Neotropical ecosystem architect, the white-lipped peccary

Tayassu pecari, categorized as Near Threatened on the

IUCN Red List, using published information and unpub-

lished data from 41 scientists in 15 range countries. We

estimate that the white-lipped peccary has been extirpated

in 21% of its historical range over the last 100 years, with

reduced abundance and a low to medium probability of

long-term survival in another 48% of its current range. We

found major range declines in Argentina, Paraguay, south-

ern Brazil, Colombia, Venezuela, north-east Brazil, Mexico

and Costa Rica. This species is particularly at risk in more

xeric ecosystems, especially the caatinga, cerrado and pam-

pas. Hunting and habitat destruction are the most severe

threats, although there are also unexplained sudden die-offs

suggestive of disease. We evaluate our results in light of this

species’ important interspecific interactions and its role as

an ecosystem architect. One of our recommendations is that

conservation efforts should focus on landscape conservation

of large, continuous and ecologically intact areas containing

a mosaic of different habitat types.
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Introduction

Loss of ecological interactions of key species is an in-

creasing threat to ecosystem structure and function

(Redford & Feinsinger, 2001; Soule et al., 2003), especially

given the current declines in biodiversity (Secretariat of the

Convention on Biological Diversity, 2010) and ecosystem

services (MEA, 2005). Loss of interactions inevitably follows

extinction but may also be lost before a species becomes

demographically extinct, a situation known as ecological

extinction. This occurs when a species no longer interacts

significantly with other species, often due to a large reduction

in its abundance (Estes et al., 1989). Ecological extinction may

have far-ranging consequences if a species has unique and

critical ecosystem functions (Novaro et al., 2000), such as

is the case with the white-lipped peccary Tayassu pecari

(Cetartiodactyla, Tayassuidae).

The white-lipped peccary is a social ungulate that forms

large and cohesive groups which range widely in Neotropical

forests from Argentina to Mexico. The species’ highly fru-

givorous habit and group behaviour affects plant survival,

recruitment and spatial distribution through seed predation,

dispersal, trampling and rooting (Beck, 2005, 2006; Desbiez

et al., 2009; Keuroghlian & Eaton, 2009). By creating and

maintaining wallows, which are critical aquatic habitat for

many species, the white-lipped peccary also functions as an

ecosystem engineer (Beck et al., 2010). This species is also

important prey for large carnivores such as puma Puma

concolor and jaguar Panthera onca (Sowls, 1997; Aranda, 2002)

and is widely recognized for its considerable socio-economic

importance to poor forest-dwelling peoples (Bodmer et al.,

1993; Sowls, 1997), providing meat, hides, cash income

(Stearman, 1992) and sport (Reyna-Hurtado et al., 2010).

The loss of the white-lipped peccary has been documented

from extensive areas (March, 1993; Peres, 1996; Fragoso, 1997,

1999, 2004; Cullen et al., 2000; Reyna-Hurtado & Tanner,

2007). The species faces multiple threats across its geograph-

ical range including wide-scale habitat destruction and

degradation, commercial harvesting, unsustainable levels of

subsistence hunting and zoonotic diseases (probably spread

from domestic livestock; Fragoso, 1997, 2004; Altrichter &

Boaglio, 2004; Herrera et al., 2008; Freitas et al., 2010). The

white-lipped peccary is highly vulnerable to overexploitation

and habitat fragmentation because it requires large and ecol-

ogically intact areas to maintain viable populations (March,
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1993; Keuroghlian & Eaton, 2008b), which is especially

problematic given the expanding industrial–agriculture

frontier and elongating road networks across the Neo-

tropics. The species is listed on Appendix II of CITES and

classified as Near Threatened on the IUCN Red List

(Reyna-Hurtado et al, 2008).

The ecological importance of the white-lipped peccary,

combined with its importance to human communities, its

wide geographical range, diversity of habitats and national

and cultural contexts, creates a broad set of rationales for

conserving the species, analogous to other large-bodied

herbivores such as bison Bison bison (Sanderson et al.,

2008) and elephants Loxodonta africana (Alexander, 2000;

Blake & Hedges, 2004). Conservation priorities for individ-

ual species need to be developed on a scale commensurate

with that of the taxa being considered (Sanderson et al.,

2002a; IUCN/SSC, 2008). Planning only within protected

areas is unlikely to be sufficient when populations span

a variety of habitats and land-use types beyond protected

area boundaries (Sowls, 1997; Woodroffe & Ginsberg, 1998).

Landscape-scale approaches have therefore been recommen-

ded for the conservation of such wide-ranging species

(IUCN/SSC, 2008; Redford et al., 2010).

A major problem confronting conservation of the white-

lipped peccary is the lack of recent and reliable information on

its ecology, biology and population status synthesized across

its range. The last assessment was over 15 years ago (Oliver,

1993). Data are difficult to obtain because of the remoteness of

much of the species’ distribution, the large home ranges of

peccary populations, lack of technical and management

capacity, and low levels of government and international

support for long-term studies. As a result, it is unclear why

the white-lipped peccary has recently disappeared from vast

areas (March, 1993; Peres, 1996; Fragoso, 1997, 2004; Reyna-

Hurtado, 2007).

We therefore carried out a range-wide status assessment,

starting in 2005, followed by . 3 years of additional data

acquisition and analyses. We employed the range-wide

priority-setting methodology first described for jaguars

(Sanderson et al., 2002b) and later applied to other species

in Latin America, including the tapir Tapirus terrestris

(Taber et al., 2008) and American crocodiles Crocodylus

acutus (Thorbjarnarson et al., 2006), and recently adopted in

part by the IUCN Species Survival Commission in its

guidelines on species conservation planning (IUCN/SSC,

2008). This methodology explicitly addresses how the

distribution of a species varies across national and ecological

geographies, based on a synthesized assessment of status

across the species’ historical range. It also enables quantifi-

cation of range changes over time and assessment of un-

known areas. Our objectives were to: (1) update historical

(c. 1900) and current distribution maps for the white-lipped

peccary, (2) estimate its status across its range in terms of

both political and ecological geographies, (3) identify key

conservation areas for conservation action and monitoring,

(4) identify and rank threats, and (5) synthesize information

for conservation planning and action at national and inter-

national scales.

Methods

Forty-one researchers from 15 countries (Appendix 1)

provided original survey data and expert opinion in

a workshop process (described below) and subsequent

contributions (Taber et al., 2008). Researchers provided

the following information: (1) areas for which they had

information about the species’ presence and status (area of

knowledge), (2) coordinates of localities where the presence

or absence of the species had been documented during the

last 20 years, (3) the current and historical distribution of

the species within areas of knowledge, and (4) key areas for

the conservation of the species (peccary conservation units;

Table 1). Each locality was defined as a circle of 10-km

radius (315 km2). Additional points were obtained from the

literature and incorporated into the database. The research-

ers also provided information for each locality and for

peccary conservation units, including hunting pressure,

deforestation, non-timber resource extraction, peccary

population size and trends, herd size, land tenure, land

use and effectiveness of protection. Assessments for some

of these categories were subjective but because these

researchers have the best information available given their

experience in each area we included such information in

the analysis, making qualifications as appropriate.

Of the potential geographies for analysing range in-

formation and constructing conservation priorities we used

the political geography of nations and an ecologically-based

approach of regional habitat types, modified from globally

delineated ecoregions (Dinerstein et al., 1995) and Latin

American habitat units (Anon., 1995), based on the principle

that it is important to ensure the long-term survival of

ecologically distinct populations of the white-lipped peccary.

We identified and mapped 32 eco-geographical regions

within the species’ range, and six principal habitat types,

by further grouping similar eco-geographical regions. Each

eco-geographical region indicates the region where it is found

and the predominant habitat (e.g. SE Amazon/Tropical Moist

Lowland Forest).

The workshop, held on 3–9 April 2005 in Santa Cruz de

la Sierra, Bolivia, brought together 25 researchers, selected

to maximize geographical coverage. During the workshop

we revised each data layer (area of knowledge, localities,

historical and current distribution, and peccary conserva-

tion units) separately. Modifications were incorporated

using georeferenced digital photographs.

Distribution polygons were classified as containing peccary

populations with one of three long-term survival prospects:

high (populations relatively stable, with long-term survival
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likely in a large portion of the polygon; polygons. 1,000 km2);

medium (most populations decreasing with their viability

threatened by landscape transformation and/or other

human activities); low (populations small and isolated,

for the most part persisting in scarce habitat fragments).

We also estimated the area of each distribution polygon

where the species was subject to various threats and then

totalled this information across the whole range.

Peccary conservation units were defined as ‘an area

currently known or believed to contain a resident population

of peccaries large enough to be potentially self-sustaining

over the next 100 years, or an area containing fewer peccaries

currently but with adequate habitat and a stable and diverse

food base, such that the population could increase if threats

were alleviated’. We identified the most relevant factors

affecting peccary survival and qualitatively assessed their

intensity within each peccary conservation unit by classifying

it using a Likert scale as high, medium, none, or no in-

formation available. Experts were asked to assess each threat

in each peccary conservation unit in terms of its intensity

and the breadth of its geographical distribution; these data

were then summarized at the range-wide level. Peccary

conservation units were weighted according to the following

algorithm: peccary conservation unit size was considered

most important (weight5 31), followed by habitat destruc-

tion (25), hunting (20), disease (10), habitat quality (6),

connectivity (4), and lack of resources (4).

During the workshop, participants assigned each factor

a relative weighting such that their sum equalled 100. The

intensity previously assigned to each factor was multiplied by

the weight of that factor, and the resulting number was used

to estimate the relative conservation status of each peccary

conservation unit (Taber et al., 2008). This provided

a continuum of estimators for conservation status, from poor

to excellent, representing the combination of the weight of

diverse factors important for the species’ survival within

peccary conservation units. We later grouped peccary conser-

vation units into low, medium, and high conservation status.

Results

Area of knowledge and data points

A total of 936 localities containing 6,378 detection records

of the white-lipped peccary for 1985–2005, in combination

with researchers’ knowledge, were used to map the current

distribution of the species. At the time of the workshopwe did

not have any peccary locality data for FrenchGuiana, Panama

and Surinam. Large ecological areas for which we lack status

information are the lowland rainforest of the Chocó-Darién

andCentralAmerica (79,692km2, 12%of the combinedareaof

both eco-geographical regions). Status information was also

lacking for approximately half the Amazonian mangroves

(14,670 km2, 56% of the eco-geographical region; Table 2).

Distribution and conservation status

We estimate that the historical range of the white-lipped

peccary was 14,220,461 km2, encompassing 32 eco-geographical

regions (Appendix 2; Table 2) in six principal habitat types

(Appendix 3; Table 3). The current distribution extends

over 11,177,435 km2 (79% of the historical range; Fig. 1;

Table 2). The largest eco-geographical region polygons are

in the upper Amazon, cerrado and north-east and south-east

TABLE 1 Definitions of geographical data types used in this study.

Data Definition Type of data Information source

Historical distribution Area where species was found c. 100 years

ago (1900). Altitudinal range 0–2,000 m.

Polygon Redford & Eisenberg (1992),

Eisenberg & Redford (2000),

Parera & Erize (2002)

Eco-geographical regions Regional habitat types within historical

distribution

Polygon Anon. (1995), Dinerstein et al.

(1995)

Area of knowledge Area for which participant researchers

provided information on species

Polygon This article

Area without information Area for which information was not available

during workshop

Polygon This article

Current distribution Area where species’ presence during previous

20 years was confirmed

Polygon This article

Extinct Area where species has disappeared within

previous 20 years

Polygon This article

Conservation units Areas that have or could have a self-sustaining

population based on area of habitat & quality

of food resources (see text for details)

Polygon This article

Data points Locality points where presence or absence of

species was confirmed for 1985–2005.

Each point represents one or more records

within a circle of 10-km radius.

Point This article
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TABLE 2 For each eco-geographical region (see text for details) the area of historical range, area (and percentage) in which the white-

lipped peccary Tayassu peccari is extinct, for which there is no status information and of the current range, percentage of current range

in which the species is considered to have high, medium and low probabilities of long-term survival, and area (and percentage) of

peccary conservation units.

Eco-geographical

region

Historical

range

(km2)

Range assessment, km2 (%) Survival probability (%) Peccary

conservation

unit, km2 (%)Extinct No info. Current High Medium Low

Upper Amazon/Tropical

Moist Lowland Forest

2,962,615 30,870 (1) 0 2,931,745 (99) 79 21 0 1,881,608 (64)

Atlantic/Tropical Moist

Lowland Forest

949,837 105,576 (11) 0 844,26 (89) 5 4 91 59,197 (7)

NE Amazon/Tropical Moist

Lowland Forest

1,515,831 35,733 (2) 1,300 (0) 1,478,799 (98) 79 20 0 1,233,678 (83)

SE Amazon/Tropical Moist

Lowland Forest

1,355,333 13,849 (1) 5,826 (0) 1,335,658 (99) 31 56 13 389,073 (29)

Chocó-Darién/Tropical Moist

Lowland Forest

220,527 125,172 (57) 40,551 (18) 54,804 (25) 8 92 0 50,261 (92)

Brazilian Araucaria/Tropical Moist

Lowland Forest

220,916 71,162 (32) 0 149,755 (68) 5 7 88 11,691 (8)

Subtropical Andean Forest 82,402 49,268 (60) 0 33,123 (40) 71 1 28 9,600 (29)

Tropical Andes/Tropical

Moist Montane Forest

315,790 129,059 (41) 259 (0) 186,473 (59) 80 16 4 77,412 (42)

Guyana Montane Forest/Tropical

Moist Montane Forest

333,373 6,906 (2) 0 326,467 (98) 97 3 0 326,174 (100)

Venezuelan Coastal Montane

Forest/Tropical

Moist Montane Forest

14,296 3,707 (26) 0 10,589 (74) 0 0 100 0

Western Andes/Tropical Dry Forest 40,359 30,963 (77) 12 (0) 9,383 (23) 100 0 0 0

Cerrado/Tropical Dry Forest 2,284,304 62,642 (3) 0 2,221,663 (97) 21 11 68 406,043 (18)

Chaco/Tropical Dry Forest 607,309 223,498 (37) 0 383,811 (63) 69 19 12 221,545 (58)

N South America/Tropical Dry Forest 119,486 74,668 (62) 0 44,817 (38) 25 20 55 7,426 (17)

Caribbean/Xeric Forest 97,289 61,207 (63) 0 36,082 (37) 0 6 93 0

Caatinga/Xeric Forest 758,961 738,820 (97) 0 20,141 (3) 95 0 5 19,074 (95)

Pantanal–Humid Chaco/Seasonally

Flooded Savannah Grassland

503,442 152,038 (30) 0 351,403 (70) 60 13 28 215,012 (61)

Llanos–Gran Sabana/Herbaceous

Lowland Grassland

491,927 268,674 (55) 78 (0) 223,175 (45) 53 37 10 170,114 (76)

Pampas/Herbaceous

Lowland Grassland

242,288 241,405 (100) 0 883 (0) 0 0 100 0

Amazonian Savannah/Herbaceous

Lowland Grassland

157,402 274 (0) 2,234 (1) 154,893 (98) 72 28 0 86,458 (56)

Beni Savannah/Herbaceous

Lowland Grassland

127,119 0 0 127,119 (100) 91 9 0 94,368 (74)

Pantepui/Herbaceous

Montane Grassland

37,531 0 0 37,531 (100) 98 2 0 37,531 (100)

Amazonia/Mangrove 26,341 6,501 (25) 14,670 (56) 5,170 (20) 75 25 0 3,755 (73)

E South America/Mangrove 8,477 3,580 (42) 7 (0) 4,891 (58) 16 0 84 1,290 (26)

N South America/Mangrove 11,090 4,476 (40) 3,465 (31) 3,149 (28) 0 75 25 1,482 (47)

Central America/Tropical

Moist Lowland Forest

434,279 230,636 (53) 39,141 (9) 164,502 (38) 40 48 11 75,566 (46)

Central America/Tropical

Moist Montane Forest

126,631 111,641 (88) 5,646 (4) 9,344 (7) 17 12 71 2,946 (32)

Mexican Pine-Oak/Temperate Forest 1,363 1,031 (76) 0 333 (24) 93 0 7 310 (93)

Central America/Tropical Dry Forest 52,107 46,224 (89) 5,118 (10) 765 (1) 100 0 0 0

Mexico/Tropical Dry Forest 72,295 72,011 (100) 0 285 (0) 100 0 0 285 (100)

Central American Pine

Savannah/Herbaceous

Lowland Grassland

18,311 0 0 18,311 (100) 17 83 0 4,835 (26)

Central America/Mangrove 31,229 18,670 (60) 4,428 (14) 8,111 (26) 39 53 8 3,669 (45)

Total 14,220,4612,920,260 (21) 122,734 (1) 11,177,435 (79) 53 22 26 5,390,403 (48)
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Amazon (Table 2). The largest principal habitat type is the

Tropical and Subtropical Moist Broad-leaf Forest (Table 3),

covering 62% of the current range. Brazil contains the largest

range of the species (Table 4), comprising 66% of the total

distribution. The largest percentage reductions in the species’

range have occurred in Central America, north-west South

America, the arid regions of north-east Brazil and the fringe

of the species’ southern range in Argentina and Brazil. In

terms of total area lost, the largest reductions have occurred

in the caatinga. The current range remains essentially intact

in the Central American/Herbaceous Lowland Grassland,

the Beni Savannah/Herbaceous Lowland Grassland, and the

Pantepui/Herbaceous Montane Grassland eco-geographical

regions (Table 2). In the principal habitat types the largest

reduction has occurred in the Tropical and Subtropical Dry

Forests, Savannahs and Shrublands and, in percentage terms,

in the Mangroves (Table 3).

By country, the largest reduction in range area has

occurred in Brazil, in 13% of the historical distribution of

the species. The species has disappeared from all or

a majority of its historical range in El Salvador (extinct),

Costa Rica (89%), Guatemala and Mexico (84%) and

Argentina (63%; Table 4).

The largest eco-geographical regions containing pec-

cary populations with high probabilities of long-term

survival are the Upper and North-east Amazon/Tropical

Moist Lowland Forests (c. 79% of each region’s total area).

The Cerrado/Tropical Dry Forest has the largest area

containing small, fragmented, and isolated peccary pop-

ulations with low survival probabilities. The Atlantic/

Tropical Moist Lowland Forest also has large extensions

containing populations with low survival probabilities

(Fig. 1; Table 2).

The Tropical and Subtropical Moist Broad-leaf Forests is

the principal habitat type with the largest absolute and

percentage (53%) of its area considered to have peccary

populations with high survival probabilities. The Tropical

and Subtropical Dry Forests, Savannahs and Shrublands

have the largest area comprising populations with low

probabilities of survival (Table 3). Brazil has the largest area

containing populations with high and medium probabilities

of survival. However, 2.6 million km2 of the peccary

distribution in Brazil contains populations with low survival

probabilities. Peru and Bolivia have the largest percentage of

the peccary distribution with high survival probabilities

(100 and 88% respectively). Belize and Costa Rica each

contain , 10,000 km2 with populations with high survival

probabilities. In Nicaragua only 16% of the current peccary

range contains populations with high survival probabilities.

The two major threats to the white-lipped peccary are

deforestation and habitat transformation, affecting 40% of

its range. Hunting and human population growth have

each affected c. 30% of the peccary distribution. Only 1% of

the total range is considered to be unaffected by human

activities (Table 5). These estimates reflect the area affected

but not the intensity of the various threats.

Peccary conservation units

Wemapped 57 peccary conservation units covering 5,390,403

km2, (48% of the species’ current distribution; Table 6; Fig. 1).

A larger number of units were classified as medium (n5 26)

than as high (n5 19) or low (n5 8) conservation status but

65% of the total area assigned to the units was classified as

being of high conservation status. The status of four small

peccary conservation units could not be classified.

TABLE 3 For each principal habitat type (see text for details) the area of historical range, area (and percentage) in which the white-lipped

peccary is extinct, for which there is no status information and of the current range, percentage of current range in which the species is

considered to have high, medium and low probabilities of long-term survival, and area (and percentage) of peccary conservation units.

Principal habitat type

Historical

range (km2)

Range assessment, km2 (%) Survival probability (%) Peccary

conservation

unit, km2 (%)Extinct No info. Current High Medium Low

Tropical & Subtropical

Moist Broad-leaf

Forests

7,659,338 612,997 (8) 86,818 (1) 6,959,523 (91) 58 26 16 3,701,075 (53)

Tropical & Subtropical

Moist to Seasonally

Moist Montane

Forests

873,855 301,611 (35) 5,904 (1) 566,329 (65) 87 7 6 416,441 (74)

Tropical & Subtropical

Dry Forests, Savannahs

& Shrublands

4,032,110 1,310,033 (32) 5,131 (0) 2,716,946 (67) 28 12 59 654,371 (24)

Tropical & Subtropical

Seasonally Moist

Grasslands & Savannahs

1,540,490 662,392 (43) 2,312 (0) 875,785 (57) 64 22 14 570,788 (65)

Montane Grasslands 37,531 0 (0) 0 (0) 37,531 (100) 98 2 0 37,531 (100)

Mangrove 77,136 33,227 (43) 22,569 (29) 21,320 (28) 37 37 26 10,197 (48)
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Peccary conservation units varied in size from 119 km2 to

. 2million km2. The largest units are in central and northern

South America and the smallest in Central America and

south-eastern Brazil. The Upper and North-eastern Amazon/

Tropical Moist Lowland Forests has almost 2 million and

1.3 million km2, respectively, designated as conservation

units (Table 2). All other eco-geographical regions contained

, 500,000 km2 in peccary conservation units. The greatest

number of units, and the largest total area designated as units

(68% of total), are in the Tropical and Subtropical Moist

Broad-leaf Forests principal habitat type (Table 3). Brazil had

the largest area designated as peccary conservation units

(3,064,819 km2; Table 4), larger than all other units combined.

Bolivia, Venezuela, and Colombia also have large areas

designated as peccary conservation units (c. 400,000 km2

each), whereas Belize, Costa Rica, and Panama each have

, 10,000 km2 of peccary conservation units.

Peccary herd sizes were estimated to be . 20 in 49% of

the peccary conservation units. In about half of the total

peccary conservation unit area the units were considered to

contain populations of . 5,000. However, in 33% of units

peccary population sizes were estimated to be 1,000–5,000

(Table 7). There was a relationship between peccary conser-

vation unit size and the estimated peccary population: the

mean peccary conservation unit size (248,769 km2) with

. 5,000 peccaries was 100 times larger than the mean peccary

conservation unit size with , 500 individuals. A similar

relationship was observed between herd and peccary conser-

vation unit sizes: the mean peccary conservation unit size

(155,424 km2) with herds of . 20 individuals was 40 times

larger than the mean peccary conservation unit size with

smaller herds. Almost 70% of the total peccary conservation

unit area was considered to contain stable peccary popula-

tions. However, only one peccary conservation unit (0.1% of

the combined area of all peccary conservation units; Table 8)

was considered to have a population that is increasing.

A larger number of peccary conservation units had

medium rather than high or low levels of hunting (Table 9).

Subsistence and opportunistic hunting pressure, respec-

tively, were considered high in 28 and 16% of the units.

Only two units were unaffected by subsistence hunting.

Sport hunting was less prevalent. Approximately a third of

the units had medium levels of deforestation pressure,

whereas only 5% were unaffected by deforestation. Slightly

FIG. 1 Assessment of the

white-lipped peccary Tayassu

pecari range and conservation

units (PCUs; see text for defi-

nition) as of high, medium or

low conservation status (see

text for details), and areas of

the historical range where the

species is now extinct or for

which there is no information.
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more than half of the units (58%) had medium levels of

extraction of natural resources (Table 10). More of the land

area in peccary conservation units (32%) was under common

property than other tenure regimes and c. 30% of the total

peccary conservation unit area was protected as of 2005 under

one of the IUCN (1994) protected area categories (Table 11).

About 60% of the total peccary conservation units have

partial protection, principally on common property lands.

However, only 9% of the combined peccary conservation unit

area was considered to provide effective protection despite the

much higher percentage coverage in protected areas.

Discussion

Conservation status

Conservation of wide-ranging species such as the white-

lipped peccary requires a broad geographical perspective.

Our synthesis of observations across the range of this

species (. 14,097,695 km2) shows that it has lost . 21% of

its range since the beginning of the 20th century. Major

range reductions have occurred in Central America,

Mexico, north-west South America, the arid region of

north-east Brazil and along the species’ southern limit in

Argentina. The species is now extinct in El Salvador and its

range has been reduced by . 60% in several other

countries. Brazil, Peru and Bolivia are particularly impor-

tant for this species; combined, they account for . 78% of

the species’ current range.

White-lipped peccary populations in more xeric environ-

ments have been particularly affected. For example, 25% of

TABLE 4 For each range country the area of historical range, area (and percentage) in which the white-lipped peccary is extinct, for

which there is no status information and of the current range, percentage of current range in which the species is considered to have

high, medium and low probabilities of long-term survival, and area (and percentage) of peccary conservation units.

Country

Historical

range (km2)

Range assessment, km2 (%) Survival probability (%) Peccary

conservation

unit, km2 (%)Extinct No info. Current High Medium Low

Argentina 679,610 430,186 (63) 0 249,423 (37) 26 17 57 82,785 (33)

Bolivia 793,343 88,367 (11) 0 704,975 (89) 88 12 0 466,23 (66)

Brazil 8,455,977 1,095,666 (13) 24,114 (0) 7,336,197 (87) 41 24 35 3,064,819 (42)

Colombia 1,005,098 383,756 (38) 19,395 (2) 601,946 (60) 75 24 1 393,417 (65)

Ecuador 148,934 46,306 (31) 15,821 (11) 86,807 (58) 66 34 0 34,540 (40)

French Guiana 82,526 5,543 (7) 0 76,982 (93) 75 25 0 68,177 (89)

Guyana 211,508 12,240 (6) 0 199,268 (94) 75 25 0 171,654 (86)

Paraguay 399,757 55,677 (14) 0 344,081 (86) 56 29 15 194,722 (57)

Peru 744,209 13,599 (2) 0 730,610 (98) 100 0 0 320,328 (44)

Surinam 145,626 10,434 (7) 0 135,192 (93) 63 37 0 103,385 (76)

Venezuela 805,578 298,158 (37) 0 507,42 (63) 77 5 18 403,960 (80)

Belize 21,798 12,531 (57) 0 9,268 (43) 91 2 8 8,396 (91)

Costa Rica 48,272 43,057 (89) 0 5,216 (11) 69 14 18 3,797 (73)

El Salvador 20,644 20,646 (100) 0 0

Guatemala 97,524 82,303 (84) 0 15,222 (16) 81 14 5 12,322 (81)

Honduras 112,462 63,162 (56) 0 49,300 (44) 44 12 44 23,317 (47)

Mexico 255,569 213,544 (84) 2,221 (1) 39,804 (16) 39 61 0 18,205 (46)

Nicaragua 119,225 40,565 (34) 0 78,660 (66) 16 84 0 18,860 (24)

Panama 72,702 4,405 (6) 61,183 (84) 7,114 (10) 79 0 21 1,490 (21)

TABLE 5 The main threats to the white-lipped peccary, with the

area (and percentage) of the current range affected.

Threat Affected area, km2 (%)

Habitat

transformation/

deforestation

2,816,535 (39)

Hunting 2,277,963 (32)

Human-population

growth

2,244,864 (31)

Resource extraction 1,456,439 (20)

Livestock ranching 1,273,168 (18)

Small population 599,754 (8)

Low connectivity 337,714 (5)

Other 290,346 (4)

Disease 36,888 (0.5)

No threat 70,993 (1)

TABLE 6 Number (and percentage) and area (and percentage) of

white-lipped peccary conservation units categorized by conservation

status (see text for details).

Conservation status No. (%) Area (%)

High 19 (33) 3,524,988 (65)

Medium 26 (46) 1,796,911 (33)

Low 8 (14) 63,415 (1)

No information 4 (7) 5,089 (0.1)

Total 57 5,390,403
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the overall range loss has occurred in the Caatinga/Xeric

Forest eco-geographical region of north-east Brazil, where

the species persists in a fragmented area of , 20,000 km2.

Other eco-geographical regions with poor prognoses for

population survival are the Pampas/Herbaceous Lowland

Grassland, where the peccary persist in , 900 km2, and

the Cerrado/Tropical Dry Forest, where only 18% of the area

is in peccary conservation units and most of the remaining

area has populations rated with low and medium probabil-

ities of survival. However, prospects for the species survival

are better in other eco-geographical regions, including the

Upper Amazon, which contains the largest contiguous range

polygon and where this species is judged to have a medium

to high probability of survival across the entire area.

Could the white-lipped peccary become ecologically

extinct?

Given the vast range loss, representing local extinctions, and

reductions in many of the remaining populations, we are

concerned that this major ecosystem architect of the Neo-

tropics could become ecologically extinct. Although 70% of

the peccary conservation units are considered to have stable

populations, only 1% of the species’ range was assessed as

completely free from anthropogenic threat (not considering

effects of climate change such as changes in rainfall).

Habitat loss and hunting accounts for threats in 70% of

the species’ range, in agreement with previous studies

(Fragoso, 1997; Cullen et al., 2000; Peres, 2001; Altrichter

& Boaglio, 2004; Reyna-Hurtado, 2009; Reyna-Hurtado et.

al, 2009). A serious problem is the low effectiveness of

protection for this species across its range. Although partial

protection exists in 60% of the combined area of all peccary

conservation units, in only 9% of this area (the key

strongholds for this species’ survival) does the white-lipped

peccary appear to be adequately protected. Furthermore,

although 30% of the total peccary conservation unit area is

within IUCN protected area categories, in only 20% of this

area is protection considered effective for the species. These

findings underline the limitations of protected areas in

Latin America for conserving large, wide-ranging species.

Any ecological extinction of the white-lipped peccary

could have far reaching consequences given their role as

ecological architects and ecosystem engineers in Neotropical

forests (Beck, 2008; Keuroghlian & Eaton, 2009; Beck et al.,

2010). At high densities this species may have the highest

total vertebrate species biomass, reaching up to 230 kg km-2

(Peres, 1996; Silman et al., 2003). Many ecosystem changes

have been documented following local extinction of the

white-lipped peccary (Silman et al., 2003; Wyatt & Silman,

2004). The species consumes . 144 plant species of 38

families, in addition to a variety of invertebrates, bird eggs,

fishes, snakes, frogs and small mammals (Bodmer, 1989;

Altrichter et al., 2001; Beck, 2005, 2006; Keuroghlian &

Eaton, 2008a; Desbiez et al., 2009). It is an important seed

predator and, together with tapirs, is the only species that can

crush many hard nuts (Kiltie, 1981, 1982; Beck, 2005;

Keuroghlian & Eaton, 2008a). It also disperses many small-

seeded species (e.g. Ficus spp.; Altrichter et al., 1999; Beck,

2005) and mycorrhizae spores, crucial to maintaining

TABLE 7 Number, percentage, mean area and total area of peccary

conservation units containing different herd and population sizes

of white-lipped peccary.

No. of individuals No. % Mean area (km2) Total area (km2)

Estimated herd size

. 20 28 49 155,424 3,131,743

11–20 1 2 802 802

5–10 7 12 6,901 44,153

, 5 1 2 3,863 3,863

No information 20 35 49,278 2,209,841

Estimated population size

. 5,000 11 19 248,769 2,736,459

1,001–5,000 19 33 118,999 2,260,981

500–1,000 6 10 29,418 176,509

, 500 8 14 2,347 14,622

No information 13 23 15,206 201,832

TABLE 8 Number (and percentage) of peccary conservation units,

and their area (and percentage) exhibiting increasing, decreasing

or stable population trends or for which there is no information.

Population trend No. (%) Area, km2 (%)

Increasing 1 (2) 3,153 (0.1)

Decreasing 24 (42) 1,326,735 (25)

Stable 16 (28) 3,757,551 (70)

No information 16 (28) 302,964 (6)

Total 57 5,390,403

TABLE 9 Number (and percentage) of peccary conservation units

under four types and intensity of hunting.

Intensity

of hunting

Hunting type

Subsistence Opportunistic Commercial Sport

High 16 (28) 9 (16) 2 (3) 3 (5)

Medium 24 (42) 28 (49) 20 (35) 14 (25)

None 2 (4) 3 (5) 14 (25) 17 (30)

No information 15 (26) 17 (30) 21 (37) 23 (40)

TABLE 10 The percentage of peccary conservation units under

various deforestation and resource-extraction regimes

Regime Deforestation (%) Resource-extraction (%)

High 19 4

Medium 37 58

Low 14 0

None 5 12

No information 25 26
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symbiotic relationships with many plant species (H. Beck,

unpubl. data). Trampling by large groups of foraging white-

lipped peccary can affect seedling densities (Asquith et al.,

1997; Roldan & Simonetti, 2001; Keuroghlian & Eaton, 2009).

Given its high biomass and diverse consumption of fruit and

seeds, this species may regulate populations of numerous

terrestrial frugivores via exploitative and interference com-

petition (Beck, 2005, 2006; Keuroghlian & Eaton, 2008a).

White-lipped peccary are also important prey for jaguars and

pumas (Kiltie & Terborgh, 1983; Aranda, 2002). Increased

carnivore–livestock conflicts have been documented where

white-lipped peccaries have disappeared, presumably because

of prey-switching by carnivores (Azevedo & Conforti, 2008;

Cavalcanti & Gese, 2010).

However, we do not know how these numerous ecological

interactions with other species and the abiotic environment

change with variations in white-lipped peccary population

density. Such information is required for a full examination

of whether the white-lipped peccary is threatened with

ecological extinction. The data and analyses presented here

do, nevertheless, demonstrate major contractions in the

species’ range, which suggest declines, or at least modifica-

tions, of the various ecological roles of the white-lipped

peccary in places where the species is now absent.

Conservation of the white-lipped peccary

The size of peccary conservation units and the risk of

deforestation and hunting appear to be critical factors for the

survival of this species. White-lipped peccaries use habitats

non-randomly, underlining their need for a variety of ecosys-

tem types and their associated fruiting species (Keuroghlian &

Eaton, 2008a; Lee & Peres, 2008; Galetti et al., 2009;

Keuroghlian & Eaton, 2009). Genetic studies in the Brazilian

Pantanal have demonstrated that the white-lipped peccary

must be managed at the scale of landscapes and metapopu-

lations (Biondo et al., 2008). Recent data indicate a low

degree of genetic differentiation between two populations 80

km apart (Biondo et al., 2010). Individual groups also range

over very large areas (from , 40 km2 to 120–200 km2;

Fragoso, 1998; Carrillo et al., 2002; Reyna-Hurtado et al.,

2010). Accordingly, conservation efforts need to focus on

landscape conservation of large, continuous and ecologically

intact areas containing a mosaic of habitat types, as defined

by the peccary conservation units.

The range-wide assessment presented here will allow

national-level conservation planners to appreciate the

range of major habitat types utilized by the white-lipped

peccary. Conservation action for this species, primarily

habitat protection and improved management of hunting

(including total prohibition in some places), and policy

changes, are urgently required (Galetti et al., 2009). Our

findings emphasize, in particular, the need to focus on the

conservation of the ecologically distinct populations in dry

forests, savannahs and shrublands.

We identified several regions where the distribution and

conservation status of the white-lipped peccary is un-

known. In addition, even though the major part of this

species’ distribution is in the Tropical Moist Lowland

Forest of the Upper Amazon and the adjoining Cerrado

eco-geographical regions, status and ecological studies in

these areas are sparse, with a density of detection locality

points of , 1 per 23,000 km2 (Taber et al., 2008). These

geographies should be research priorities in future studies.
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ALTR ICHTER , M., S Á ENZ , J. & CARR ILLO , E. (1999) Chanchos

cariblancos (Tayassu pecari) como predadores y dispersores de

semillas en el Parque Nacional Corcovado, Costa Rica. Brenesia,

52, 53–59.

ANON. (1995) A Regional Analysis of Geographic Priorities for Bio-

diversity Conservation in Latin America and the Caribbean.

Biodiversity Support Program, Conservation International, The

Nature Conservancy, Wildlife Conservation Society, World

Resources Institute, and WWF, Washington, DC, USA.

ARANDA , M. (2002) Importancia de los pecarı́es para la conservación
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