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Abstract

The conservation of remnant populations of white-lipped peccaries in Central America depends on adequate documentation of
their habitat needs and behavior. Thus, we monitored the activity patterns, local distributions, and home ranges of 36 (25F:11M)

radio-marked white-lipped peccaries, all members of a single ‘‘super’’ herd, in part of Corcovado National Park, their largest
stronghold in Costa Rica, during 1996–1998. Peccaries were diurnal all year with a period of reduced activity during the middle of
the day. They were found more often than expected (vs. random use) in primary forest during February to May, in secondary and
coastal forest during June to September, and in herbaceous swamp during October to January, corresponding to relative fruit

abundance. Overall, the peccary herd ranged over an area of <40 km2, but use of the area shifted seasonally and movements were
reduced when fruit was most abundant. Our data agree with the suggestion that peccary density may be higher where the inter-
spersion or close proximity and mix of seasonally important habitats is high, and thus where peccaries do not have to travel as far

for food. Habitat interspersion is therefore a significant conservation concern and should be addressed to make certain that peccary
populations are not limited. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

White-lipped peccaries (Tayassu pecari) have dis-
appeared from most of Costa Rica and Central Amer-
ica, mainly due to habitat destruction and hunting
pressure (March, 1993; Wong et al., 1999). Because of
this decline, they are considered in danger of extinction
(March, 1993). This is an important concern because
white-lipped peccaries are a major prey species of
endangered jaguars (Panthera onca; Chinchilla, 1997),
and are very important in the diet of rural people in
Costa Rica and other Neotropical countries (Redford
and Robinson 1987). Conservation of a rare but ecolo-
gically important species and the ecosystem in which it
lives necessitates management decisions that assure
viable populations. Such decisions must be based on
sound and comprehensive ecological knowledge; how-
ever, such knowledge is lacking for white-lipped pecc-
aries. There have been few field studies conducted of

white-lipped peccaries (but see Kiltie,1981a,b,c; Kiltie
and Terborg, 1983; Fragoso, 1998, 1999), and many
aspects of their behavior, ecology, habitat requirements,
population biology, and status remain poorly known
(March, 1993).

In Costa Rica, the 418-km2 Corcovado National Park
(CNP), located in the Osa Conservation Area, is likely
the area with the largest population of jaguars and
white-lipped peccaries in the country (Vaughan, 1981).
The purpose of this study was to estimate the seasonal
movements, activity patterns, and habitat-specific dis-
tribution of white-lipped peccaries in a portion of CNP.
Such information is essential to properly manage white-
lipped peccaries and their habitat in and near CNP, as
well as provide insights for other areas in Costa Rica.

2. Study area

CNP is located in the western half of the Osa Penin-
sula along the Pacific Coast of Costa Rica (Fig. 1;
Vaughan, 1981). The study area centered on the main
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ranger station (Sirena), which is 400 m from the beach
and surrounded by areas that were farms when CNP
was established in 1975, but now form a mosaic of sec-
ond growth habitats (Boinski, 1987). Sirena is remote
and thus seemingly well-protected; access is by plane,
small ocean-going boat (there is no dock), or by walking
22 km over the mountains or 20 km along the beach at
low tide.

The climate is hot and humid, with an annual average
temperature of 25 �C. Average annual precipitation is
5000 mm, with most rain falling during August to
November (�800 mm/month), somewhat less during
May to July (�450 mm/month), and least falling during
December to April (100 mm/month). During 1997 and
1998 the amount of rainfall was lower than average and
varied 2-fold between years (�2300 vs. >4400mm/year)
because of El Niño (Carrillo, 2000). Two life zones are
present in CNP: extremely humid tropical forest in low
elevations (45% of the park is 450 m above mean sea
level [MSL]) and pluvial pre-mountainous forest at
higher elevations (50–745 m above MSL; Tosi, 1969).

We used a habitat map elaborated by Phillips (1993)
and modified by Naranjo (1994) to assess habitat types
used by peccaries. We simplified the categories and
identified four main habitats for peccaries near Sirena:
(1) primary forest, (2) secondary forest, (3) coast forest,
and (4) ‘‘yolillal’’, the herbaceous swampland (Fig. 1).

Tree genera common in these habitats include Ficus,
Hura, and Caryocar in primary forest; Cecropia, Cas-
tilla, and Ochroma in secondary forest; Rhizophora,
Cocos, and Chrysobalanus in coast forest; and the yolillo
palm, Raphia, in the herbaceous swamp (Boinski and
Fowler, 1989; Hartshorn, 1983),

As a result of the area’s relative isolation, wildlife is
abundant and diverse. Most Costa Rican mammals that
occur in extremely humid forests exist in CNP
(Vaughan, 1981). Known predators of peccaries [both
white-lipped and sympatric but less numerous collared
peccaries (Tayassu tajacu)], include jaguars and pumas
(Puma concolor; Chinchilla, 1997).

3. Methods

Peccaries were captured using a 100�100�150-cm
box trap and by darting free-ranging animals with a
Telinject darting system (Fragoso, 1994). The box trap
was set in areas of known peccary use and baited with
bananas or oil palm fruits. To dart peccaries, we hid
adjacent to well-used peccary trails near previously
radio-marked animals (see below), and then waited until
target animals approached to within 15 m. Peccaries
were immobilized with 15 mg/kg of ketamine (100 mg/
ml, Bristol Laboratories, Syracuse, New York 13201)

Fig. 1. Distribution of forest habitat types in Corcovado National Park, Costa Rica, where white-lipped peccaries were studied during 1996–1998.

Dashed line indicates the 50-m contour interval.
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mixed with 5 mg/kg of Rompun (xylazine; 100 mg/ml,
Mobay Corporation, Animal Health Division, Kansas
66201). Animals in traps were injected with a 1.5-m jab
stick. Peccaries that were not completely tranquilized by
the first dart were given additional half doses as needed.
Darted peccaries usually did not travel >100 m, and the
herd usually remained within 500 m during processing
of a captured peccary.

Each captured animal was weighed, measured, exam-
ined to determine sex and age, and marked with a radio
collar (MD 400D, Telonics, Mesa, Arizona, 85204) and
a 2.5-cm diameter colored plastic tag (Rototags, Dalton
House, Newtown Road, Henley-on-Thames, Oxon.
RG9 1HG) in each ear. Peccaries were placed in a
secluded location in a sternally recumbent position and
monitored from a distance until they recovered. Marked
peccaries always rejoined herd members within 24 h.

Peccary locations were identified with the aid of radio
telemetry (White and Garrott, 1990). Location error in
the study area was calculated by placing transmitters in
the forest at known locations. Location estimates for
these transmitters were made by independent observers
using triangulation. Error was calculated as the devia-
tion from the true location (Hupp and Ratti, 1983;
Springer, 1979). Using 2-element hand-held antennas,
estimated locations (n=25) were within 150�100 m of
true locations at a distance of 0.5–0.8 km. For two per-
manent towers located on the two highest hills in the
study area (2-element antennas), accuracy was about
75�50 m at 0.5–0.8 km. Radio-marked peccaries also
were tracked and followed at close range (<50 m) and
their locations recorded using Geographic Positioning
System (GPS) technology. Location data were collected
in two ways. Each marked peccary was located each
hour during four 6-h time periods (to cover all hours of
the day) each month. In addition, groups with at least
one marked peccary were followed intensively once each
month and their position recorded every 1

2 h for up to
6 h. Whenever we tried to find the peccaries, except for a
period during mid-November–late December 1996 when
we did not locate them, we did so within 24 h; thus, we
do not believe any marked peccaries left the park, or
even ranged far outside of their identified home range,
during the 3 years of this study.

Fruit is the major peccary food item (Altrichter et al.,
2000; 2001). When continuously following groups con-
taining radio-marked peccaries during 1 day each
month, we recorded all species of fruits eaten. We iden-
tified fruit species by collecting a botanical sample of the
plant and taking it to the National University of Costa
Rica herbarium for comparison (Altrichter et al., 1997;
Altrichter et al., 2001). To assess overall availability of
fruits, we indexed the quantity of fruits on the forest
floor for species known to be consumed by peccaries.
Each month we walked 18 km of trails in the study
area 1–3 times and recorded the abundance of fruits

underneath fruiting trees whose canopies overlapped the
trail (cf. Altrichter, 1997). For each trail segment in a
different habitat type (see below), we assigned a value of
from 1 to 4, according to the number of fruits that we
found in a randomly placed 2-m2 plot under each sam-
ple tree: 1=<4 fruits/plot, 2=5–8 fruits/plot, 3=9–12
fruits/plot, and 4=>12 fruits/plot (Altrichter, 1997;
Altrichter et al., 2001). We calculated a fruit availability
index (FI) each month for each habitat type using the
following formula: FI=(� di /km)�100, where d is
the category assigned to the number of fruits available
for each of i fruiting trees sampled, and km the total of
kilometers walked in that habitat (c.f. Altrichter, 1997;
Altrichter et al., 2001). To test whether there was a sea-
sonal pattern to fruit availability, we grouped the index
per forest type in 2-, 3-, and 4-month periods over the 3
years of study and compared each period using an
ANOVA (for this and other ANOVA tests, data were
assumed to be normally distributed with approximately
equal variances and observations were independent).
The grouping that identified the most distinctive seaso-
nal differences was that with 4-month periods, and thus
we considered there to be three fruiting seasons: June–
September, October–January and February–May.

While being located, animal activity was estimated
during a 60-s interval according to the change in the
intensity of the signal received from the collar radio). If
the signal was constant during 45 s or more, we assumed
that the animal was inactive. The percent of time the
animal was active was calculated hourly for each hour
of the day. We compared activity patterns among
fruiting seasons and years. We used a Kruskal–Wallis
test to assess any differences in activity pattern between
fruiting seasons.

Location data for each peccary were grouped into
seasonal intervals, according to fruit production peri-
ods. Each individual telemetry location was assigned to
a particular habitat type (Section 2) and seasonal totals
were compared (Chi-squared tests) to the overall com-
position of the habitat within the seasonal home range
(Byers and Steinhorst, 1984). These analyses assumed
independence between locations, though we recognize
that they may not be completely independent because
(1) the animals were all members of the same ‘‘super’’
herd of about 200 individuals that on rare occasions
(perhaps once or twice a year) were found together (E.
Carrillo and J. C. Saenz, unpublished data), and (2)
many locations were taken consecutively over short
periods of time. However, individual peccaries were
most often alone or with 51 marked peccaries (i.e. in a
‘‘herd’’; Altrichter et al. 2001), but associations with
other marked peccaries were somewhat transient and
individual associations varied considerably (E. Carrillo
and J. Saenz, personal observation). This constant
changing of associations, as identified either by trian-
gulation or more intensive following, suggested that
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locations were more influenced by individual choice
than some group decision. Also, each peccary was loca-
ted in a similar manner in each season as each time of
day. Thus, we believe that our simple statistical evalua-
tion assuming that each location was independent is
appropriate and sufficiently robust for describing the
seasonal distribution of peccaries in the four habitat
types considered.

Home range was defined as the area where animals
traveled in their normal activities (Bailey, 1984) and was
estimated using minimum convex polygons. Ranges were
calculated for individual peccaries, and for all peccaries
(the herd=locations of all marked individuals), by
season and year. Differences among periods and years
were tested using ANOVA.

4. Results

We captured and radio-marked 25 adult female and
11 adult male peccaries. During 3 years of monitoring,
from 5 to 31 individuals (mean=17 [11F:6M]) were
monitored in any one season. Though there was almost
never any one time when all marked peccaries were
together, and despite their temporary but changing
associations in smaller groups or herds (E. Carrillo,
unpublished data), their nearly identical annual home
ranges (see below) and associations with each other
indicated that they were all members of a single ‘‘super’’
herd. Radio-marked peccaries were located 8567 times,
and individuals were located at least 22 times each season.

During each of the three fruiting periods, abundance
of fruits varied by forest habitat type, but the seasonal

pattern was the same each year (Fig. 2). Primary forest
produced more fruit from February to May (F=6.733,
2, 27 d.f., P<0.01) than did other forest types. Fruit
production was high from June to September in both
secondary (F=13.351, 2, 7 d.f., P<0.001) and coastal
forest types (F=17.316, 2, 27 d.f., P<0.001). Overall,
fruit production during October to January was lower
than in the other two periods (F=17.152, 2, 87 d.f.,
P<0.001).

Activity of radio-marked peccaries was pre-
dominantly diurnal with peaks of activity in early
morning and late afternoon hours, regardless of fruit
production period (Fig. 3). Peccary activity patterns
differed among fruiting seasons and years. Peccaries
were more active during mid-day hours in the June–
September period (K-W=9.302, P<0.001; Fig. 4A),
October–January (K-W=8.375, P<0.01) (Fig. 4B) and
February–May (K-W=8.220, P<0.02) fruit seasons
(Fig. 4C).

During the June–September period peccaries were
located more often (than expected when compared to a
random distribution) in secondary and coastal forest in
all years, were found less often in primary forest, and
did not use yolillal swamps (Chi-square tests, P<0.001;
Table 1). In contrast, peccaries were found most often
in primary forest during the February–May period and
seemed to avoid secondary and coastal forest. During
the October–January period, peccaries generally were
most often in yolillal and avoided other forest types. No
notable differences in patterns of distribution among
forest habitat types occurred among years (Table 1).

Although the seasonal home ranges of the peccary
herd were similar in location during February–May and

Fig. 2. Fruit index (mean of index for each of 4 months in each season; see text) in each of three major forest cover types in during three fruiting

seasons (June–September; February–May; October–January) in Corcovado National Park, January 1996–December 1998.
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October–January fruit season each year, during June–
September period peccaries always used the area south
of the Claro River (Fig. 5A,B,C) where no yolillal
occurred (Fig. 1). Within years, individual peccaries
(F=42.868, 2, 146 d.f., P<0.001) used smaller ranges
during June–September periods (Table 2). During each
of the 3 years, herd home range size also was smallest
during June–September and largest during October–
January (Table 2). Annual herd ranges were roughly
similar in size among years (32–38 km2).

5. Discussion

We confirmed in CNP that, in general, the largest
amount of fruit was available during the height of the
wet season and a minimum amount occurred at the end
of the wet season (Boinski, 1987; Altrichter et al., 2000).
In tropical forests of Peru (Terborgh, 1986) and Barro
Colorado Island, Panama (Croati, 1975) this same sea-
sonal variation in the tree fruiting has been docu-
mented. It appears that variation in fruit abundance
drives habitat selection by peccaries, though we don’t
have experimental evidence of this. For example, pecc-
aries used primary forest more in the February–May
period when fruit abundance in that habitat was greatest,
and used secondary and coastal forests when fruit abun-
dance was highest there (see also Altrichter et al., 2000).

Bodmer (1990a) crudely estimated habitat preferences
of peccaries in Peru using harvest data and found that
they most frequently were collected in floodplain forest.

According to Donkin (1985), peccaries prefer climax
(primary) rain forest; however, our data indicate that
they can and do use a mixture of different types of for-
est. Fragoso (1999) also found that peccaries used a
mixture of different forest types, and even that adjacent
herds used habitats differently.

There is a little information available concerning
white-lipped peccary activity patterns. Peccaries were
mainly diurnal animals in CNP, with two activity peaks,
one around 0900 h and another one about 1500 h, with
a resting period from 1000 to 1400 h. This coincided
with patterns observed for white-lipped peccaries (Fra-
goso, 1994) and collared peccaries in tropical forests
(Idiaquez, 1978), though collared peccaries in desert
areas are more crepuscular (Bissonette, 1978; Ilse and
Hellgren, 1995). In CNP, peccaries visit wallows at
midday hours during dry season (E. Carrillo, personal
observation). This observation agrees with the report by
Donkin (1985) who stated that peccaries rarely seem to
move far from running water or shallow pools, where
they wallow, and they appear to make use of a variety of
micro-environments to combat extremes of temperature.

We did not find any evidence indicating that peccaries
migrate out of CNP, but slight seasonal shifts in home
range location did occur and were correlated with dis-
proportionate use of habitats. Peccaries certainly can
move long distances; in Peruvian Amazonia, a white-
lipped peccary herd can walk an estimated 10 km per
day (Kiltie and Terborgh, 1983). However, Fragoso
(1998) found that two herds of radio-marked white-lip-
ped peccaries neither migrated nor moved nomadically;

Fig. 3. Activity patterns of radio-marked white-lipped peccaries monitored during three fruiting seasons in Corcovado National Park from 1996–

1998. Mean number of activity checks per hour was 357 (range=222–498 per hour).
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home range sizes in his study were 100 km2 for a herd of
130 animals, and 22 km2 for a herd of 53. However, the
herd with the smaller home range doubled its range
during the wet-flood season, though it did not change its
relative use of habitats (Fragoso, 1999). Using data
from interviews, Bodmer (1990b) concluded that white-
lipped peccaries are migratory. In Vapues, Colombia,
Husson (1978) observed that white-lipped peccary herds
remained in the highlands during the rainy season but
moved to lowlands in the dry season. This variation in
the extent and timing of movement patterns would seem
most related to habitat distribution, though we can only
speculate that the correlation between slight shifts of
seasonal home range location and small overall home
range size that we documented was related to good
interspersion of essential habitats.

6. Conservation implications

Our data do not contradict the idea that peccary
movements are likely reduced, and thus density likely
increases, in areas where the interspersion of seasonally
important habitats is high. Peccaries seem to have par-
ticular seasonal habitat preferences, and the degree to
which these are either mixed or far from each other

Fig. 4. Activity patterns of radio-marked white-lipped peccaries

monitored during (A) June–September, (B) October–January, and (C)

February–May fruiting seasons in Corcovado National Park from

1996–1998.

Fig. 5. Home ranges of a herd of radio-marked white-lipped peccaries

during June–September (dashed line), October–January (solid line)

and February–May (dotted line) fruiting seasons of 1996 (A), 1997

(B), and 1998 (C) in Corcovado National Park.
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likely affects the range size, and thus density, of pecc-
aries. Evaluation of the potential of forest habitats to
support white-lipped peccaries should consider this
spatial component. Fragoso (1999) postulated similarly
that white-lipped peccaries require a large-scale, land-
scape-level mosaic of vegetation to survive. However,
even relatively high-density peccary herds living in
habitat mosaics of a national park may not be immune
from poaching. In 1990, mammal surveys were con-
ducted in CNP and immediately outside in forest
reserves where some restricted hunting was legal (Car-
rillo et al., 2000). White-lipped peccary abundance was

less in the forest reserves (outside the Park), presumably
due to both legal and illegal hunting. Disturbingly, fol-
low-up surveys within the Park in 1992 and 1994 sug-
gested that peccary abundance might have been
declining even there during a 4-year period, presumably
because of poaching (Carrillo et al., 2000). Thus good
habitat in seemingly protected areas is not enough to
conserve peccary populations. In addition, Fragoso
(1999) has argued that the large-scale mosaic required
by white-lipped peccaries makes them more susceptible
to extirpation by anthropogenic disturbance than even
collared peccaries due to their large spatial needs (5–10

Table 1

Seasonal habitat use by radio-marked white-lipped peccaries (n=5–31peccaries and >110–660 locations each season) in Corcovado National Park,

Costa Rica during February 1996–January 1999

Season Forest type 1996–1997 (n=1747) 1997–1998 (n=2572) 1998–1999 (n=4218) Total (n=8567)

Used Avail. Ranka Used Avail. Rank Used Avail. Rank Used Avail. Rank

June–September Primary Forest 0.20 0.70 � 0.22 0.61 � 0.35 0.69 � 0.29 0.61 �

Secondary Forest 0.63 0.23 + 0.56 0.31 + 0.45 0.23 + 0.51 0.31 +

Coastal Forest 0.17 0.07 + 0.22 0.08 + 0.20 0.08 + 0.20 0.20 +

Yolillal 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

October–January Primary Forest 0.56 0.66 0.61 0.59 0.52 0.59 0.56 0.62 �

Secondary Forest 0.15 0.23 � 0.10 0.25 � 0.20 0.24 0.16 0.22 �

Coastal Forest 0.09 0.05 + 0.09 0.09 0.19 0.09 + 0.14 0.07 �

Yolillal 0.20 0.06 + 0.20 0.07 + 0.09 0.08 0.14 0.10 +

February–May Primary Forest 0.88 0.57 + 0.84 0.51 + 0.81 0.56 + 0.84 0.59 +

Secondary Forest 0.04 0.27 � 0.06 0.26 � 0.06 0.26 � 0.05 0.26 �

Coastal Forest 0.02 0.06 � 0.04 0.11 � 0.05 0.10 � 0.04 0.08 �

Yolillal 0.06 0.10 � 0.10 0.12 � 0.09 0.08 0.07 0.07

a ‘‘+’’=were found significantly more often than expected; ‘‘�‘‘=were found significantly less often than expected.

Table 2

Seasonal home range sizes (km2) of individual radio-monitored white-lipped peccaries, and for their entire herd, in Corcovado National Park, Costa

Rica

Year Season Individual Herd

Range size No. of locations Range sizeb No. of locations

X Range na X Range

1996 June–September 22.2 18.0–23.4 7 71 45–104 25.2 355

October–January 29.2 27.1–29.9 7 41 23–56 31.3 205

February–May 26.3 11.0–29.3 5 106 98–117 30.2 528

Annualc 32.0

1997 June–September 30.8 18.0–31.5 16 78 45–123 32.8 1037

October–January 33.6 31.3–34.9 31 120 65–187 36.2 1441

February–May 32.5 30.7–33.0 7 250 154–347 34.7 1249

Annualc 37.8

1998 June–September 24.3 13.0–26.3 26 50 27–62 28.9 1287

October–January 32.9 29.2–33.5 26 33 22–55 34.7 966

February–May 28.8 18.3–31.7 29 52 32–98 32.4 1499

Annualc 36.2

a Number of individuals.
b Season range size of herd, including locations of all marked individuals.
c Annual range size of herd, including locations of all marked individuals.
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x’s that of collared peccaries). Thus, either increased
anti-poaching efforts or larger areas of full protection
probably need to be implemented to ensure that pecc-
aries in CNP do not suffer reduced numbers and dis-
tribution as seen in most of the rest of Central America.
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