Hunting and the conservation of a social ungulate:
the white-lipped peccary Tayassu pecari in

Calakmul, Mexico
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Abstract The white-lipped peccary Tayassu pecari is a social
ungulate that forms the largest groups documented for any
tropical forest ungulate species. Since the 1950s the species
has become increasingly rare in Mesoamerica, and the more
frequent reporting of smaller groups may be related to in-
creased hunting pressure. Here we address the conservation
status of this species in terms of its group size and structure,
breeding season, population density, and relationship with
hunting patterns in the Calakmul region of southern Mexico.
Group sizes, age structure and breeding season were re-
corded in one large non-hunted site (Calakmul Biosphere
Reserve) and four adjacent hunted sites. Population density
was estimated in the Reserve and hunting patterns were
recorded from three adjacent villages. Results indicate that
hunting pressure affects peccary populations by reducing
group size. White-lipped peccary groups were larger in the
Reserve (median = 25) than in the hunted areas (median = 16)
but groups were generally smaller than those reported in
other forests. These smaller group sizes indicate conserva-
tion concern for this species in the Calakmul region. In
addition, the estimated population (0.43 km?) is one of the
lowest reported for this species. Hunting occurs mainly in
the dry season, which is the peak of the breeding season and
when peccary groups visit water bodies, where they are more
easily hunted.
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Introduction

he white-lipped peccary Tayassu pecari, a Neotropical,
social ungulate, forms large groups of typically 20-300,
although anecdotal sightings of > 1,000 have been reported
(Leopold, 1959; Emmons & Feer, 1990; Alvarez del Toro,
1991; Bodmer et al., 1997; Sowls, 1997; Fragoso, 1998). This is
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an exceptional behaviour for an ungulate that lives in dense
tropical forests (Caldecott et al., 1993). The white-lipped
peccary is a mobile species that performs large-scale move-
ments searching for food patches and water bodies.
Recorded white-lipped peccary home range size is 18.7
(Keuroghlian et al., 2004) to > 200 km” (Fragoso, 2004).

Since the 1950s white-lipped peccaries have become
increasingly rare in Mexico and Central America. They have
disappeared from the Mexican states of Tabasco, Veracruz
and Yucatan, and survive only in Oaxaca, Chiapas, Campeche
and Quintana Roo (March, 1993; Taber et al., 2008). In areas
where this species seems to be disappearing, herds of <10
are common (Emmons & Feer, 1990). March (1993) sug-
gested that frequent sighting of smaller groups is probably
related to increased hunting pressure.

The Calakmul region in the state of Campeche is one
of the few places where this species survives in Mexico.
However, in the same area the white-lipped peccary is
among the top five species preferred by subsistence hunters
(Escamilla et al., 2000; Weber, 2000; Reyna-Hurtado, 2002).
The relative abundance of this species was previously
estimated in the Calakmul Biosphere Reserve and three
community forests where hunting occurs, and found to be
three times lower in hunted areas than in the protected area
(Reyna-Hurtado & Tanner, 2007). Additionally, legal sport
hunting for this species is taking place under the UMA
scheme (Units for Wildlife Management and Conservation;
SEMARNAT, 1997). However, there is evidence that many
UMAs are poorly administered, that population estimates
are inaccurate, and that there is a lack of information
regarding breeding season and other biological data that are
essential for management of this species (Weber et al., 2006).

To provide information on the natural range of white-
lipped peccary group sizes and to contribute to under-
standing the effects of hunting on group size, we quantified
white-lipped peccary group sizes in the largest protected
tropical forest in Mexico, the Calakmul Biosphere Reserve,
where hunting and other human activities have been offi-
cially prohibited since 1989, and in three adjacent commu-
nal forests (ejidos) where subsistence hunting, as well as
logging and other extractive activities, are currently taking
place. A fourth hunted area (Calakmul-border), located
between the reserve and one ejido, where hunting has
been documented, was included. Additionally, we estimated
white-lipped peccary density in the Reserve and collected
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information on reproductive season and age structure of
white-lipped peccary groups in all areas. These data con-
stitute the first report of white-lipped peccary group size,
density, breeding season and age structure for the area, and
one of the few for Mexico (Leopold, 1959; Alvarez del Toro,
1991; March, 1993; Naranjo, 2002).

Study area

The municipality of Calakmul is in the south-central part of
the Yucatan Peninsula, in Campeche state, Mexico (Fig. 1).
The climate is warm and sub-humid, with a mean annual
temperature of 24.6°. Seasonal rain occurs mainly in summer
and early autumn, with a mean annual total of 1,076 mm. A
clearly defined humidity gradient increases from north-west
to south-east. Calakmul is a mosaic of various forest types
ranging from Medium Semi-Perennial Forest, with trees
15—25 m tall, to Low Flooded Forest, with trees 5-15 m tall
(Pennington & Sarukhan, 1998). Topography is flat and
water resources derive from precipitation because there
is no permanent river system. Most of the rainfall percolates
through the limestone but some drains superficially into
ponds, which are the only water source for wildlife in the dry
season.

Mexico
Xbonil
gjido
Nuevo Becal
Calakmul-border gjido
20 de Noviembre
gjido
Area surveyed
in the CBR
N
0 20 40 80km A

Fig. 1 The Calakmul region, Campeche, Mexico, with the five
ovals indicating the areas surveyed in Calakmul Biosphere
Reserve (CBR; shaded area on the inset), the three ejidos
(communal forests), and the Calakmul-border area.
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This region remained largely undisturbed after the Mayans
abandoned it 1,100 years ago until government-encouraged
colonization in the 1970s resulted in the establishment of
114 municipalities with 35,000 people within the Calakmul
region and concomitant environmental changes (INEGI,
2005). In 1989 7,232 km® of the forests in the region were
decreed as the Calakmul Biosphere Reserve, which is the
largest protected tropical forest in Mexico. Sport and sub-
sistence hunting are now common activities along with other
subsistence activities outside the Reserve (Weber, 2000;
Escamilla et al., 2000; Reyna-Hurtado, 2002).

Methods

Group sizes, age structure and breeding season

Group sizes, age structure and the breeding season of the
white-lipped peccary were recorded at five sites (Fig. 1):
three communal forests (ejidos: Nuevo Becal, 520 km? 20
de Noviembre, 280 km? Xbonil, 400 km?®) where subsis-
tence and sport hunting are common; a site that we refer
to as Calakmul-border, which encompasses some ponds
located at the border between the southern core of the
Calakmul Biosphere Reserve and an ejido in which hunting
occurs; and the southern core area of the Reserve (c. 3,500
km?). The latter site was at least 40 km south of the nearest
human settlement and no hunting occurs there because of
the isolation of the area and the fact that there are two
check points along the only road accessing the area; during
18 months of fieldwork we did not detect any signs of human
presence outside the areas visited by tourists.

Group size and age structure of white-lipped peccary
groups were collected for each area. Age was based on body
size categorized as: juvenile (from 1 day old to 50% of adult
size), subadult (from 50% of adult size to slightly smaller
than adults), and adults. We recorded reproductive season
by noting the first time newborns were observed and, on
a few occasions, by examining the developmental stage of
foetuses from animals taken by hunters.

Data on group sizes were obtained from various sources.
Firstly, we searched for groups of white-lipped peccaries in
the Reserve and Calakmul-border with the assistance of two
local resident hunters. Searches were in January-May 2001
and March 2005-August 2006 (Reyna-Hurtado et al,
2009). In the Reserve sightings were made by waiting for
groups, from early morning to midday, to arrive at several
water sources, especially during the dry season, and
opportunistically in the main square of the archaeological
site of Calakmul Old Mayan City.

We captured and radio-collared 17 individuals in four
groups that were living sympatrically in the core area of the
Reserve during 2005-2006, following a protocol previously
established (IACUC permit no. D594; Reyna-Hurtado et al,,
2009). We were able to differentiate groups by having 2-3
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individuals radio-collared in each group. After 18 months
and c. 700 localizations we found that, in the Reserve, there
was a spatial and temporal overlap of the groups’ home
ranges. Despite having large home ranges (120 km®, Reyna-
Hurtado et al., 2009) these groups remained close to the
centre of the Reserve and never travelled beyond it. We
found groups to be cohesive, without exchange of individ-
uals (Reyna-Hurtado et al., 2009). To reduce the possibility
of counting the same group twice only sightings made at
different locations were recorded. When several groups
were seen at the same time and place only those that could
clearly be differentiated (by observation or because they
were radio-collared) were counted.

In addition to our field observations, information on
group sizes was collected from hunters in the three ejidos
(January-May 2001) and from observations made by our
field assistants (during March 2005-August 2006) whilst
performing their daily subsistence activities (e.g. farming
corn and collecting honey). We only considered observa-
tions made by hunters and assistants in openings (e.g.
ponds, forest clearings) or when, based on a structured
interview, we concluded that the observer was confident of
group size. Finally, one sighting of a group made in May
2000 by RR-H at one of the water sources in the Reserve
was also included in the results, as well as an observation of
a group made by a field assistant in 2007 at another pond in
the Reserve.

Density estimation

We estimated white-lipped peccary density for the Reserve
based on a minimum convex polygon constructed from
locations obtained while searching the area intensively every
month during March-December 2005 to make contact with
the four radio-marked groups (named Red, Blue, Green and
Yellow). We used this estimate because during these 10
months we had continuous contact with the four groups and
precise counts of their group size. During this period we did
not find signs of other groups. Every time we encountered
a white-lipped peccary sign we were able to confirm the
identity of the group using the radio-marked animals in each
group. Group observations for > 200 days confirmed high
fidelity of marked individuals to their respective group
(Reyna-Hurtado et al., 2009).

After this 10-month period we lost radio-contact with
Yellow, and two groups (Green and Red) left the area and
travelled to an unidentified area during the dry season of
2006. Therefore, we calculated a maximum density estimate
by dividing the sum of individuals from the four groups
over the whole area searched (encompassing the four
groups’ home ranges). Considering this estimate as a max-
imum density we extrapolated the density to the southern
area of the Reserve, with the exception of a 5 km buffer at
the border with the ejidos. This larger area has similar
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protection status and habitat types as the area occupied by
the four monitored groups.

Seasonality of hunting patterns

Data on subsistence and sport hunting in the three ejidos
were collected mainly by field assistants who lived there
during 2005-2006 and by informal talks with subsistence
hunters, who were visited every month from May 2005 to
May 2006. We also included data that were collected in
2001 (Reyna-Hurtado, 2002) in systematic surveys that
consisted of interviews of hunters from these three com-
munities. Finally, we consulted the person in charge of the
sport-hunting programme in Campeche (SEMARNAT, 1997).

Statistical analyses

A Mann-Whitney U test was used to compare white-lipped
peccary group size between non-hunted and the combined
hunted areas (hunted and Calakmul-border). Comparison
of group sizes between the three types of areas (non-hunted,
hunted and Calakmul-border) was made with a Kruskal
Wallis test. The proportion of individuals belonging to
different age groups in hunted and non-hunted areas were
tested with a contingency table and y* tests. Home range
estimates were determined using the geographical informa-
tion system ArcView v. 3.3 (ESRI, Redlands, USA) with the
Animal Movement Analyst Extension (Hooge & Eichenlaub,
1997; Reyna-Hurtado et al,, 2009). All statistical analyses
were performed with SPSS v. 11.5 (SPSS, Chicago, USA).

Results

Sizes of 24 white-lipped peccary groups were recorded in the
four sites during 2000-2007 (Table 1). Ten observations were
obtained from ejidos, nine from Calakmul Biosphere Re-
serve, and five from Calakmul-border. Considering Calak-
mul-border as a hunted site, groups were significantly larger
in the non-hunted area (median = 25, range = 19-35,n = 9)
than in the hunted areas (median = 16, range = 11-35,n = 15;
Mann-Whitney test P=0.02, n=24). If the ejidos,
Calakmul-border and the Reserve are compared separately,
groups were significantly smaller in Calakmul-border (me-
dian = 15, range = 11-16, n = 5; Kruskal Wallis test P = 0.01,
df =2) than in the ejidos (median = 20, range =12-35,
n=10) and in the Reserve. Group size in ejidos was not
significantly different from in the Reserve (Mann-Whitney
test P = 0.18, n = 19).

Age structure was recorded accurately for 21 white-
lipped peccary groups (444 observed individuals). Adults
comprised 90.3% (401) of the total, subadults 3.2% (14) and
juveniles 6.5% (29). Eight of these groups contained only
adults. In six groups we observed three age classes: 78.9%
adults, 8.8% subadults and 12.3% juveniles. In six more we
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TasLeE 1 Group size, group age composition, and date, place and source of observations of white-lipped peccaries Tayassu pecari
observed in non-hunted areas in the Calakmul Biosphere Reserve (CBR), close to hunted areas, and hunted areas in the Calakmul region
(Fig. 1), including the four radio-collared groups.

Group size Group composition* Date Place Source
Non-hunted areas
30 25 ad,, 5 juv. 3 Apr. 2001 Pond near km 46 Biologist, students,
on road to Calakmul custodian
Archaeological Site
35 30 ad., 2 subad,, 3 juv. 25 Apr. 2001 Pond 2 km S of Calakmul R. Reyna-Hurtado
Archaeological Site
26 26 ad. 27 Apr. 2001 Pond near km 46 on R. Reyna-Hurtado
road to Calakmul
Archaeological Site
20 18 ad., 2 juv. 3 May 2000 Pond in heliport R. Reyna-Hurtado & others
31 28 ad,, 2 subad,, 1 juv. 7 Mar. 2005 Pond in heliport R. Reyna-Hurtado & others
25 20 ad., 3 subad.,, 2 juv. 7 Mar. 2005 Pond in heliport R. Reyna-Hurtado & others
25 20 ad., 2 subad.,, 3 juv. 7 Mar. 2005 Pond in heliport R. Reyna-Hurtado & others
20 18 ad,, 2 juv. 7 Mar. 2005 Pond in heliport R. Reyna-Hurtado
19 19 ad. 18 Dec. 2005 Pond in heliport R. Reyna-Hurtado
Close to hunted areas
14 8 ad,, 1 subad,, 5 juv. 28 Feb. 2001 Pond 2 km E of checkpoint R. Reyna-Hurtado & others
at km 20 on road to
Calakmul Archaeological
Site (Calakmul limit)
11 10 ad., 1 juv. 14 Apr. 2001 Pond 2 km E of checkpoint Field assistant
at km 20 on road to
Calakmul Archaeological
Site (Calakmul limit)
16 16 ad. Apr. 2005 Ramonal pond (Calakmul limit) Biologist
15 12 ad,, 2 subad,, 1 juv. Apr. 2006 Oxpemul pond (Calakmul limit) R. Reyna-Hurtado
15 14 ad., 1 juv. Feb. 2007 Oxpemul pond (Calakmul limit) Field assistant
Hunted areas
25 25 ad. Mar. 2001 El Verdin pond in Local hunter
communal forest of 20 de
Noviembre ejido
12 12 ad. 15 Apr. 2001 Los Muiiecos pond in Local hunter
communal forest of
Xbonil ejido
15 15 ad. May 2001 El Giiiro pond in communal Field assistant
forest of Xbonil ejido
30 27 ad,, 3 juv. Oct. 2004 Nosaya pond, Nuevo Becal ejido Local & sport hunters
13 11 ad., 2 subad. 6 Apr. 2005 Chumakil pond in communal Field assistant
forest of Nuevo Becal ejido
20 20 ad. 15 Apr. 2005 Dos Guineas pond in Field assistant
communal forest of Nuevo
Becal ejido
35 Undetermined Nov. 2005 Area known as Area Semillera, Local hunter
Nuevo Becal ejido
20 Undetermined 26 Dec. 2005 Area of El Naranjalito, Local hunter
Nuevo Becal ¢jido
27 27 ad. Apr. 2006 Pond located 400 m to Local hunter
S of km 92 of road
Escarcega-Chetumal,
Xbonil ejido
17 Undetermined 25 Apr. 2006 Aguada 2 Lagartos, Nuevo Field assistant

Becal ejido

*ad., adult; juv., junvenile; subad., subadult (see text for definitions)
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observed only adults (89.4%) and juveniles (10.6%), and in
just one group we observed adults (84.6%) and subadults
(15.4%) without juveniles (Table 1). All groups with juve-
niles and newborns were sighted in the dry season (late
December to early May) in both the hunted and non-
hunted areas, with a single exception of a group with
newborns in October. Although not statistically significant
(x> =168, df =1, P = 0.195) a larger proportion of groups
with juveniles and subadults was sighted in the non-hunted
(77%) than in the hunted areas (50%).

From 2001 to 2007 we recorded 19 births within at least
17 different groups from all study sites except from one of
the ejidos (20 de Noviembre). In 18 cases births took place
in the dry season between late December and March, with
a peak of births in January-February (Fig. 2). On five
occasions we observed females with pairs of newborns.

We recorded 21 hunting events in January-May 2001
and March 2005-August 2006; however, it is likely that
some hunting events were undetected during these periods.
The recorded hunting events were primarily by subsistence
hunters (19) in the three ejidos and sport hunters (two) in
one ejido. All but three of the hunting events took place
during the dry season. The legal hunting season is from
early April to mid May (Direccion General de Vida
Silvestre, Campeche, pers. comm.). Of the 21 events, 17
were successful and hunters took 66 peccaries with a mean
of three per event (SE = 0.66, n = 21, range = 0-13). Sport
and subsistence hunters did not discriminate against females,
or whether they were lactating or pregnant (R. Reyna-
Hurtado, pers. obs.). In one example, combined subsistence
and sport hunters harvested 27 white-lipped peccaries from
a group of 29 individuals in only 2 months in 2005, leaving
alive a single mother and her newborn (Weber et al., 2006).
This event represented the almost complete elimination of
one of three or four groups known from that ejido in the
previous months (R. Reyna-Hurtado, unpubl. data).

For 10 months (March-December 2005) we had contin-
uous radio contact with the four groups and searched

No. of groups with newborns

| i

0 v T T T T T

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
FiG. 2 Monthly frequency of births observed in groups of white-
lipped peccaries Tayassu pecari in the Calakmul region (Fig. 1)

during 2000-2007.
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intensively an area of 236.7 km* (minimum convex poly-
gon). During this time no other white-lipped peccary
groups were detected in this area. The sizes of the four
groups were 31, 25, 25 and 20 at the beginning of the radio-
telemetry study. The estimated density was one white-
lipped peccary per 2.34 km* (or 0.43 km™). We used this
density to estimate white-lipped peccary density for the
whole southern area of the Reserve. This area comprises
3,509.41 km® and has the same status of legal protection,
similar level of isolation and similar proportions of forest
types (according to analyses performed with ArcView v 3.3
using the classification made in 1995 by ECOSUR, G.
Garcia-Gil, unpubl. data; Table 2). Assuming that white-
lipped peccaries are uniformly distributed in this area and
that the area sampled represents the whole of the southern
part of the Reserve, we estimate a maximum number of
1,493 individuals. Considering that the median size of the
nine groups recorded in the Reserve was 25 individuals,
then a maximum of 60 groups is estimated to exist in the
southern area of the Reserve.

Discussion

Groups of white-lipped peccary in Calakmul are smaller
than those recorded in Peru, Brazil and Bolivia, where
group sizes of >100 individuals are relatively common
(Kiltie & Terborgh, 1983; Peres, 1996; Sowls, 1997; Fragoso,
1998). However, group sizes in Calakmul are within the
range reported for groups in a seasonally dry forest of
Venezuela (14-60; Hernandez et al., 1995), in the dry forest
of the Chaco in northern Argentina (7-50; Altrichter,
2005), in the humid forest of the Lacandon Forest in
Chiapas, Mexico (5-60; Naranjo, 2002), and in the humid
forest of Corcovado National Park in Costa Rica (16-70;
Altrichter et al., 2002; Carrillo et al., 2002).

TABLE 2 Percentages of forest types and other habitats in the area
used and shared by the four radio-collared groups (as determined
from minimum convex polygons of their activity, see text for
further details) and in the southern area of the Calakmul
Biosphere Reserve (Fig. 1).

Area used &
shared by the
four groups (%)

Southern area
of Calakmul

Forest type Biosphere Reserve (%)

Medium 77.76 63.00
semi-perennial
forest
Low flooded forest 14.14 19.31
Low dry forest 08.00 13.8
Ponds and other 00.07 00.04
water bodies
Other 00.00 03.80

Total area (km?) 236.66 3,509.41
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It has been demonstrated that hunting is one of the main
activities affecting the population size of white-lipped
peccaries (Peres, 1996; Altrichter & Boaglio, 2004; Naranjo
& Bodmer, 2007; Reyna-Hurtado & Tanner, 2007). In the
Calakmul region white-lipped peccary groups were larger
in Calakmul Biosphere Reserve than in persistently hunted
sites. Assuming that habitat types, habitat quality, humidity
and weather are similar within the Calakmul region, and
that groups in the Reserve are protected, the fact that white-
lipped peccary groups in communal forests are smaller than
in the Reserve suggests that the species is being affected by
hunting. The cohesive behaviour of white-lipped peccary
groups when facing danger (Peres, 1996; Sowls, 1997; N.
Arias, pers. comm.) makes the group vulnerable to hunting
because a hunter can kill several individuals at one time
(Peres, 1996; Reyna-Hurtado, 2002; Weber et al., 2006).
Furthermore, this species is highly prized by hunters in
Calakmul (Weber, 2000; local hunters, pers. comm.); when
a group is found, 2-3 day trips are organized to harvest as
many peccaries as possible (Reyna-Hurtado, 2002). The
results of our study suggest that hunting is reducing group
size and, in some cases, eliminating complete groups.
Additionally, in at least two ejidos (Nuevo Becal and 20
de Noviembre) groups are becoming isolated from the
population in the Reserve. The effects of this increasing
isolation on white-lipped peccary populations is uncertain
but forest fragmentation could be an important cause of
group size reduction given the requirement of this species
for large areas (Sowls, 1997; Fragoso, 1998). This is espe-
cially true for the groups in Calakmul, which range over
large areas (> 100 km?), a home range size that is among
the largest reported for this species (Reyna-Hurtado et al.,
2009).

The proportion of non-adults in white-lipped peccary
groups was similar to that reported for groups in the
Lacandon Forest, Mexico (Naranjo & Bodmer, 2007).
Despite this, our observations of hunting patterns indicate
that hunting could have a potential effect on age structure.
We did not detect statistical differences in non-adult
proportions between groups in hunted and non-hunted
areas, although a lower number of groups with juveniles or
subadults was observed in the hunted areas.

Data from this study indicate that breeding in Calakmul
is during the dry season (January-May). This is surprising
and warrants further research, given that the main period of
fruit availability for peccaries starts in July when Brosimum
alicastrum produces fruit in large quantities, in the middle of
the rainy season. In addition, both young and adult white-
lipped peccaries are most vulnerable to physiological stress
and predation during the dry season, when they are attracted
to the only remaining water sources (Reyna-Hurtado et al,,
2009).

Hunting of white-lipped peccaries in Calakmul is primar-
ily a dry season activity, when groups are easier to find at the
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few remaining water bodies. This situation may be particu-
larly perilous for this population, where ponds can dry up
following prolonged drought (Reyna-Hurtado et al,, 2009),
making the search for water a priority for white-lipped pec-
caries. In the dry season of 1997 a group approached a pond
close to a village (Zoh Laguna village residents, pers. comms).
During the dry season subsistence hunters can kill a large
number of individuals, and sport hunters are allowed to hunt
this species during the last 2 months of the season (April-
May, SEMARNAT personnel, pers. comm.), probably a time
of maximum physiological stress for white-lipped peccary
groups.

Our estimate of density should be considered a maxi-
mum for the area, yet the white-lipped peccary population
density in Calakmul Biosphere Reserve is among the lowest
documented for the species. The only similar estimate is
from the Argentine Chaco dry forest (0.33 km™ for hunted
sites and 1.04 km™ for non-hunted sites; Altrichter, 2005).
The Chaco dry forest and Calakmul are the driest areas in
the species’ range. Densities in more humid areas are higher.
In the Lacandon Forest density varies from 1.08 km™ in
persistently hunted sites to 7.93 km™ in slightly hunted sites
(Naranjo & Bodmer, 2007). In two fragmented sites in the
Atlantic Forest of Brazil, density was 6.3 and 6.9 km™
(Cullen, 1997; Keuroghlian et al., 2004). In the Peten Forest
of northern Guatemala (which forms a continuous forest
with Calakmul) a density of 9.6 km™ was estimated for
a non-hunted site (Novack et al., 2005). These differences
could, however, be associated with the methods used or the
higher rainfall that makes the taller and more humid Peten
Forest more suitable for white-lipped peccaries than the
drier forest of Calakmul. It is also possible, but untested,
that the white-lipped peccary population in Calakmul may
have cyclical changes in density that span for decades or
that follow patterns of epidemic diseases, as has been
suggested for the north-east Amazon (Fragoso, 2004). A
more plausible explanation, however, for the low density
is that Calakmul is at the edge of the species’ distribution
range and the habitat condition is sub-optimal for the
species.

Recently, the white-lipped peccary density in the Cal-
akmul region was estimated by wildlife technicians, using
line transects, for developing sport harvest guidelines under
the UMAs scheme (SEMARNAT, 1997). However, several
flaws were detected in the estimation method, including
non-systematic sampling and extrapolation of results to
large areas (see Weber et al., 2006, for a more detailed
description). These surveys may have overestimated white-
lipped peccary populations. For example, in a 500 km? ejido
that lies just north of Calakmul Biosphere Reserve, the
white-lipped peccary population was estimated at 1,350-
4,000 individuals (Direccion General de Vida Silvestre-
Campeche State, 2001). These numbers are in marked
contrast to our maximum estimate of c. 1,500 for the whole
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southern area of Calakmul, which is seven times larger than
this ejido. Overestimation could lead authorities to allow
a high harvest rate, resulting in overhunting, especially
when combined with subsistence hunting, an activity not
regulated in the Calakmul region.

In 2008 the species’ status on the IUCN Red List was
changed from Least Concern to Near Threatened (IUCN,
2008) because of an apparent decline across its entire range
(Taber et al., 2008), and a proposal to include the species on
the national list of endangered species in Mexico (Norma
Oficial Mexicana, NOM-059) has been submitted by RR-H
and EN. Such a listing would legally ban sport hunting of
the species in all UMAs. In the meantime, restrictions are
required on the percentage of a group that any hunter can
take. For example, if no hunter could legally take > 10% of
any given group this would mean, considering that the
median group size in the ejidos is 20, that a maximum of
only two individuals could be taken.

The government institution in charge of sport hunting
(Direccion General de Vida Silvestre) and the NGOs
involved in management and conservation of wildlife in
Mexico need to consider and promote the development of
conservation plans for white-lipped peccaries that involve
subsistence hunters. Without the involvement and agree-
ment of these hunters it is likely that white-lipped peccaries
will soon disappear from the ejidos. Such a loss would have
significant consequences for the remnant white-lipped
peccary populations in the Calakmul Biosphere Reserve
and for the ecological integrity of the forest.
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