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Abstract: White-lipped peccaries are non-seasonal breeders in South America, but little is known about their
reproduction in Central America. There are few studies about the sex ratio of this species in the field. We studied the reproduction and sex ratio of white-lipped peccaries during 200 hours of field observation of four radiomarked and two unmarked herds, from July 1996 to April 1997, in Corcovado National Park, Costa Rica. Sex
ratio data of three additional, radiomarked herds observed in 1998 were also included. We recorded numbers of
mountings, presence of newborns and numbers of nursing interactions. The peccaries showed a distinct reproductive seasonality, with one mating peak in February and another in July. The greatest number of newborns
and the peak in nursing activity were observed during July and August, when fruit availability for the peccaries
was high. The adult sex ratio was significantly female biased (1.4:1 - 1.8:1), also in contrast with South American populations.
Key words: Corcovado, Costa Rica, mating, nursing, reproduction, sex ratio, Tayassu pecari, white-lipped peccary.

The white-lipped peccary Tayassu pecari
L. (1795) is one of the most threatened neotropical mammals and its status deteriorates due
to habitat loss and hunting (Emmons 1984,
Oliver 1990). Little is known about its population dynamics and behavior. White-lipped
peccaries range from southern Mexico to northern Argentina, and prefer unaltered humid
and semideciduous forests (Sowls 1997).
They are social animals, living in herds from
fifteen to several hundred individuals (Sowls
1997). This species has been characterized as
mainly frugivorous in the Peruvian Amazon
(Kiltie 1981, Bodmer 1989) and the rain forests of Costa Rica (Altrichter et al. 2000). For
an overview of peccary natural history see Mayer and Brandt (1982) and Sowls (1997).

There is little published information on
reproduction in the white-lipped peccary.
Anecdotal observations (Miller 1930, Leopold
1959, Sowls 1984) and research in the Peruvian Amazon (Gottdenker and Bodmer 1998),
indicate that white-lipped peccaries breed throughout the year. Gottdenker and Bodmer
(1998) suggest that this breeding pattern may
result from the relatively constant rainfall and
the resulting year long food availability. However, in many Central American rain forests
a pronounced seasonality delineated by rainfall causes a variable fruit production during
the year with periods of food scarcity (Janzen
1983, Boinski 1986, Altrichter 1997). Therefore, one might expect that peccaries inhabiting Central American rain forests breed so as
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to have litters during periods of high food
abundance.
Studies of collared peccary (Tayassu tajacu, L. 1758) from Arizona and of Chacoan peccaries (Catagonus wagneri, R. 1930) from Paraguay suggest that adult sex ratios are close to
even in these species (reviews in Mayer and
Brandt 1982, Sowls 1984, 1997). An essentially 1:1 fetal sex ratio in white-lipped peccaries of the Peruvian Amazon (Gottdenker and
Bodmer 1998) and an adult sex ratio of 1.8 females per male in one herd in the Brazilian
Amazon (Fragoso 1994) is the only information available for this species. In this paper we
address adult sex ratio and the seasonality of
reproduction in white-lipped peccaries of a
Costa Rican rain forest. This information is
pertinent to the design of management and
conservation strategies for this species.

MATERIALS AND METHODS
Study area: We conducted this study in
Corcovado National Park (Osa Peninsula), Costa
Rica (8o26’ to 8o39’ N and 83o25’ to 83o45’ W).
The park extension is about 46 774 ha (García
1997), most of which is “very humid tropical forest” according to Holdridge’s (1967) life zones
classification. The dry season extends from December to April and the rainy season from May
to November. October and November are
months of maximum precipitation (>500 mm/month) and February and March are the driest
months (<100 mm/month) (Vaughan 1981).
Mean annual temperature is 26o C and the precipitation ranges from 3800 mm in lowland to
6500 mm in the mountains (Harthsorn 1983).
The majority of the park is lowland, covered
mainly with primary forest (Naranjo 1994).
Observations: We report data from nine
peccary herds. We radiotracked seven peccaries, from four different herds and observed
two additional herds without radiotransmitters,
from July 1996 to April 1997. Three herds were radiomarked and their sex ratio recorded in
1998. Observations were made at close range

(5-15 m) during maximum possible diurnal time
by the first author and an assistant. The peccaries seemed habituated to our presence and allowed us to move around and within the herd without fleeing. Observability of the animals did
not vary noticeably between seasons because
the forest is evergreen and because herd cohesion remains roughly constant throughout the
year (Campero 1999, Fragoso 1998). We recorded copulations, nursing interactions, percentage of newborns and sex composition of herds.
Mean values are given in the text with their corresponding standard deviation.
Fruit availability: The availability of
fruit components of white-lipped peccary diet
in Corcovado National Park was estimated
concurrently (Altrichter 1997). An index was
used that included number of trees fruiting and
amounts of fruits on the floor, underneath the
trees. The index expresses a monthly mean of
fruit availability.
Mating and nursing: We recorded mating interactions ad libitum whenever peccaries were seen interacting, and made concomitant counts of all visible individuals. Nursing
events were recorded during scan samples at
10 min intervals. We recorded number of copulations and nursing events observed daily and
calculated a mean hourly rate every two weeks
and monthly. Such hourly rates allow direct
comparisons between days and other time periods, given that observation time differed between units. The rates, however, are not absolute values corresponding to overall interaction
frequencies in the herd, because only a proportion of herd animals were visible at any given
time. Errors resulting in omissions of copulations in our ad libitum records are probably
systematic and unlikely to bias the patterns
described because both observers and observation conditions were constant throughout the
study. Since observation time differed between
days, we indicate frequency of interactions per
hour of observation to facilitate comparisons.
Sex ratio: Body size was used to assign
individuals to the adult class. Sex determination was possible because the adult males’
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scrotum is conspicuous at close range. Since
during 1996 and 1997 we determined the sex
of every adult individual for only one herd,
the sex composition of the other five herds
was estimated using two indirect approaches.
Firstly, sexes were recorded in groups of at
least five adult animals. We assumed that the
sex composition of visible groups over the
course of several observations would be a
random sample of herd composition. These
groups were not apart from the herd but corresponded to those individuals directly visible to us. Secondly, we determined daily sex
ratios of randomly selected adults for behavioral focal-samples on days with four or more focal animals (Altrichter 1997). In 1998
all adults from three herds were sexed repeatedly. Since herds split and merged in new
combinations during 1998, sex ratios reported
here for these three herds are considered statistically independent from the 1996 and
1997 data.
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Litters conceived in February, the highest
mating peak (Fig. 1) were born during months
of high fruit availability, as indicated by peaks
in nursing activity in August (Fig. 2). We observed 46 nursing events. Nursing frequency was
greatest in the latter 15 days of August (2.22
events/h), and no nursing was observed from January to April (Fig. 2, Kruskal-Wallis ANOVA,
p< 0.001). Some suckling youngs were as large
as three quarters the size of the mother.

RESULTS
During the 10 months of study, herds were observed and their behavior recorded on 71
days. Herd sizes varied from 21 to 70 individuals. The number of animals counted during
interactions was variable (range 3 - 21), but no
obvious differences or patterns in this variation were found between months (KruskalWallis ANOVA, p = 0.11). During December
we were unable to find any peccary herd.
Copulations and nursing frequency: We
observed 33 copulations. The frequency of copulations per hour of observation varied significantly between periods of 15 days during the
study (Fig.1, Kruskal-Wallis ANOVA, p<
0.05). It was highest during the first 15 days
of February, with a mean of 0.72 ± 0.17 copulations per hour. No copulations were observed during September, October, November,
and April. The frequency of copulations was
significantly higher in the dry season (0.45/h ±
0.16) than in the wet season (0.16/h ± 0.09)
(Mann-Whitney U-test, p< 0.05).

Fig. 1. Copulation frequency of white-lipped peccaries on
15 day intervals between July 1996 and April 1997 in Corcovado National Park, Costa Rica (for methods see text).
In some months there was only one 15-day interval of observations. No peccaries were observed in December.

Fig. 2. Nursing frequency and fruit availability for whitelipped peccaries on 15 day intervals between July 1996 and
April 1997 in Corcovado National Park, Costa Rica. On
some months there was only 15-day interval of observations. No peccaries were observed in December.
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TABLE 1
Sex ratio of adult white-lipped peccaries in free-living
herds is female biased

Herd

Method 1

Method 2

Method 3

1
2
3
4
5
6
7
8
9
10

1.8 (3)
1.5 (9)
1.6 (9)
1.4 (6)
0.8 (2)
1.2 (8)

2.3 (5)
2.0 (3)
1.6 (9)
1.6 (13)
1.2 (1)

2 (21)

ted individuals from six herds was 1.4:1, corresponding to 59% ± 3.7 females (n = 34 days
with four or more focal animals). The units
contributing to the means of the latter two indirect methods are not statistically independent, because the same herds and, on some occasions probably the same individuals, were
sampled for sex ratio data repeatedly.

DISCUSSION
1.4 (44)
2.0 (42)
1.7 (35)
1.8 (25)

Numbers indicate the proportion of females to males. Method 1= Mean sex ratio of observations of n groups in the
herd. Method 2 = Mean daily sex ratio of randomly chosen
individuals for focal samples of behavior on n days. Method 3 = All n adults of the herd were sexed by direct observation. The number of individual observed, n is shown in
brackets. Herd 10: Fragoso (1994), others: this study.

Presence of newborns: The highest numbers of newborns (one month old or less) were
recorded in July and August (range 15.2 % 31.6 % of the herd) and the lowest in February.
In February, we observed only one newborn
among all herds under observation. This newborn disappeared within three weeks of birth.
Actually the lowest numbers of newborns were recorded in January, March and April, with
zero observations of newborns.
Sex ratio: We rejected the null hypothesis
that in herds of white-lipped peccaries the probability of observing a male or a female biased
sex ratio among adults is equal. In eight out of
nine herds observed in this study the sex ratio
of adults was consistently female biased (Binomial test, n = 9 herds, p< 0.05, Table 1). The
mean adult sex ratio of four herds where all
adults were sexed by direct observation was
1.8:1. The mean adult sex ratio obtained from
pooled observations of peccary groups from
six herds was 1.7:1, corresponding to 63% ±
2.4 females (n = 31 group observations). The
mean daily adult sex ratio of randomly selec-

Mating seasonality: In contrast to the
non-seasonal patterns of breeding observed for
white-lipped and collared peccaries in the Peruvian Amazon (Gottdenker and Bodmer
1998), T. pecari in Corcovado National Park is
a seasonal breeder with two peaks of mating
events. Mating interactions occurred mainly in
February and March and to a lesser extent in
July and August. Indeed, the greatest abundance of newborns observed from June to August results from the February and March matings, in accordance to a gestation of about five months (Roots 1966, Sowls 1997). This
pattern was also confirmed by the nursing activity, which peaked in late August. In addition,
during the year previous to this study (April
1995 to March 1996) in one herd we observed
a few newborns each month, with peaks during
the months previously mentioned (unpublished
data). This indicates that fertile matings may
occur throughout the year. Apparently, however, not many pregnancies result from the mating events of July and August in the lowland
rainforest of southern Costa Rica.
In other latitudes where there are differences in resource availability between dry
and wet season (Texas: Bissonette 1982, Arizona: Day 1985, French Guyana: Henry
1994), collared peccaries give birth during the
rainy season when food availability is highest.
The same pattern has been observed in the
Chaco region for chacoan peccary (Sowls
1997). In Corcovado National Park, the relationship between availability of fruits consumed by peccaries and rainfall patterns is not
simple. Fruit availability for peccaries peaks
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in July - September and January - March (Altrichter 1997). Therefore, litters conceived in
the highest peak of mating (February) are born
during months of high fruit availability. This time of peak nursing activity is highly demanding of nutrients. If females would get pregnant from July and August matings, litters
would be born during months of low availability (November and December). As we were
unable to find any herds in December, we do
not know whether births took place during that
month. No young were observed in January,
however. Absence of young in January could
also result from high juvenile mortality due to
food scarcity at the end of the year (Altrichter
1997), or deaths in late November and December when peccaries travel outside the Corcovado national park boundaries and are more exposed to hunting (Altrichter 2000).
Sex ratio: Published data thus far suggested that sex ratios at birth and during adulthood
in peccaries are close to 1:1 (review in Sowls
1997). In chacoan peccaries the adult sex ratio
of collected specimens and of 12 adults from five herds was essentially 1:1 (Mayer and Brandt
1982). Pooled data from five herds of collared
peccaries in Arizona yielded a sex ratio of 1.0
female to 0.65 males for all age classes combined (Mayer and Brandt 1982, calculated from
data in Neal 1959 and Schweinsburg 1971). The
sex ratios approach 1:1 among older age cohorts, however (Sowls 1974). In the Arizona
population of collared peccaries the sex ratio of
large samples of collected specimens was close
to 1:1 (Knipe 1957, Sowls 1966, Mayer and
Brandt 1982). In another study, average sex ratio of 11 herds of collared peccaries was not different from 1:1 (Bissonette 1982). One herd of
seven collared peccaries from the Amazon basin
was composed by four adult females and three
adult males (Fragoso 1994).
Nonetheless, reports of fetuses and newborn collared peccaries suggest a slight female
biased sex ratio during early development, although data in each study were not significantly
different from 1:1 (Sowls 1966, 1984, Low
1970, Hellgren et al. 1995, Gottdenker and
Bodmer 1998). In eight separate samples from
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Arizona and Texas (Sowls 1966, 1984, Low
1970) females accounted for 53%-66% of the
animals. Only two studies report 47% and
42.1% females among fetuses (Hellgren et al.
1995, Gottdenker and Bodmer 1998, respectively). Sowls (1984, p. 82) suggests that sex ratio is biased in favor of females at birth and
shifts gradually toward males in older age cohorts of hunted animals.
The sex ratio of adult white-lipped peccaries in our study was significantly female-biased. It ranged between 1.4:1 and 1.8:1, depending on the methodology used. The mean sex
ratio of four herds in which all adults were sexed through direct observation was 1.8:1,
equal to the sex ratio of 25 adults of one herd
of white-lipped peccaries in the Amazon basin
reported by Fragoso (1994). Sex and age composition of individual collared peccary herds
reflect the population demography as a whole
and do not result from behavioral subdivisions,
such as bachelor herd or harems in other ungulates (Sowls 1984). We assume that this inference applies to white-lipped peccaries as well,
for we have not commonly observed single
males, any bachelor herds or obvious harems
in our study population. The factor determining this female-bias is unknown. Differential
exposure to hunting could account at least
partly for a higher mortality in male T. pecari.
Hunting of peccaries persists in the periphery
and within the national park boundary (Altrichter 2000). We have observed that adult
males tend to stay behind the herd, facing a threatening situation, while females and young
escape.
Differential male mortality, however,
seems common in mammals, including humans
(review in Trivers 1985, p.301-314), a trend
which results in female biased adult sex ratios.
Strong differential male mortality is expected in
species where variation in male reproductive
success is large (e.g. Trivers 1985). We would
thus predict that male-male competition over females is strong in white-lipped peccaries and
that a polygynous mating system prevails.
In conclusion, comparative studies of the
socioecology of peccaries are necessary to
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understand the differences in this group of
neotropical ungulates. Breeding seasonality
of white-lipped peccaries in a Central American lowland rainforest was found to be associated with changes in fruit availability. The
association between high availability of food
and birth peaks is common to various populations of peccaries in seasonal environments.
Peccaries from the Peruvian Amazon, however, are not seasonal breeders. Similarly, the
female biased adult sex ratio of white-lipped
peccaries in the Costa Rican rainforest contrasts with the even sex ratios reported for collared and Chacoan peccaries. Understanding
the habitat differences within the distribution
range of peccaries is likely to shed light on the
differences in their reproductive patterns.
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