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Abstract Surveys of populations of spider and howler
monkeys were conducted at the Mayan sites of Calak-
mul and Yaxchilán, Mexico and Tikal, Guatemala. The
forests in which these sites are found are part of the
largest landmass of tropical rain forests present in
Mesoamerica, encompassing about 4 million ha. Trian-
gulation of monkey vocalization combined with ground
surveys was used to determine the presence of howler
and spider monkey groups. Howler monkey mean troop
size at these sites varied from 6.6±2.1 individuals in
Yaxchilán to 7.5±1.9 in Calakmul to 8.7±2.2 in Tikal.
Density estimates varied from 12.8 individuals/km2 in
Yaxchilán to 15.2 individuals/km2 in Calakmul to 17.8
individuals/km2 in Tikal. Mean spider monkey subgroup
size varied from 4.7±2.6 individuals in Tikal to 5.6±3.0
individuals in Yaxchilán to 7.7±3.8 individuals in Cal-
akmul. Spider monkey density varied from 17.0 indi-
viduals/km2 in Yaxchilán to 17.2 individuals/km2 in
Calakmul to 56.4 individuals/km2 in Tikal. All sightings
of both howler and spider monkeys at the three sites

were in undisturbed rain forest vegetation and spider
monkeys in general were more frequently sighted at
higher tree heights than howlers. We discuss the value of
further acquiring data on howler and spider monkey
populations existing in extensive forest tracts and on the
conservation value for both primate species of the for-
ests surrounding the Mayan ruins found in this area of
Mesoamerica.
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Introduction

The black howler monkey, Alouatta pigra, is a primate
species endemic to an area of the Mesoamerican region
shared by Mexico, Guatemala, and Belize, and it is the
only Alouatta species present in the Yucatán peninsula
(Horwich and Johnson 1986; Watts and Rico-Gray
1987; Rylands et al. 1995). Population studies of A. pigra
are available only for two sites in Belize (Horwich and
Johnson 1986; Ostro et al. 1999), the Mayan site of Tikal
in Guatemala (Coelho et al. 1976; Schlichte 1978), and
more recently Muchukux and Palenque in Mexico
(Gonzales-Kirchener 1998; Estrada et al. 2002a, 2002b).
Such paucity of information and the rapid fragmenta-
tion and conversion of A. pigra�s natural habitat to
pasture lands and agricultural fields outside of protected
forested areas makes the task of conservation particu-
larly difficult for populations of this regionally endemic
primate species.

Two subspecies of spider monkeys are present in
Mexico, Ateles geoffroyi vallerosus and A. g. yucatan-
ensis. The former subspecies is present in most of
southern Mexico, while the latter is restricted to the
Yucatán peninsula (Watts and Rico-Gray 1987). Pop-
ulation data are particularly scanty for both subspecies
in the area of Mesoamerica shared by Mexico,
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Guatemala, and Belize and are only available for the
site of Tikal, Guatemala (Coelho et al. 1976) and the
Muchukux forest and the Punta Lagunas reserve in
the Yucatan peninsula, Mexico (Gonzáles-Kirchner
1999; Ramos-Fernández and Ayala-Orozco 2003).
Because their habitats are destroyed and fragmented,
and because they are among the most frequently
hunted monkeys for their meat and for the trafficking
of infants as pets, spider monkeys are among the most
endangered primates in Mesoamerica (Kinzey 1997;
Rylands et al. 1997). Data on subgroup size, age,
and sex composition and density for populations of
A. geoffroyi are essential to document the existence of
those areas where populations of spider monkeys are
preserved and those areas where representatives of the
species may be at risk.

The largest protected landmass of tropical rain for-
est existing in Mesoamerica is represented by the Cal-
akmul biosphere reserve in the southern portion of the
Yucatan peninsula in the state of Campeche, Mexico,
the adjacent Maya Reserve and Tikal National Park in
Guatemala, and the Montes Azules biosphere reserve
in Chiapas, Mexico. As a group, they constitute about
4 million ha of tropical rain forest (Fig. 1). Populations
of A. geoffroyi and Alouatta pigra occur within this

forested landmass, but information on where these
populations are found and data on their size and state
of conservation is almost inexistent (but see Coelho
et al. 1976).

In this article we present the results of initial sur-
veys of populations of A. pigra and of Ateles geoffroyi
in three sites within the above landmass of tropical
rain forest. Two of these are located in Mexico,
namely, the Mayan site of Calakmul, in the biosphere
reserve of Calakmul, Campeche and the Mayan site of
Yaxchilán in Chiapas. The third site was the Mayan
site of Tikal in Tikal National Park, Guatemala. Our
surveys in Tikal were aimed at gathering comparative
data for the same primate species at a location outside
of Mexico, but within the protected landmass of
tropical rain forest. The forest of Tikal harbors a
population of Alouatta pigra and of Ateles g. vellerosus
that were surveyed about 30 years ago (Coelho et al.
1976).

Methods

Study sites

The Mayan site of Calakmul located in Campeche is found in the
center of the southern portion of the 700,000-ha Calakmul bio-
sphere reserve (18�06¢N, 89�48¢W; elevation ranges from 50 to
300 m above sea level) and it covers an area of 30 km2. The
vegetation present in the area encompassed by the archeological
site is semideciduous rain forest with trees reaching heights of
15–20 m with many species losing their leaves in the dry season
(November to April; Rojas 2000). The climate is hot and humid
and average annual precipitation is 820 mm, with a dry season
between November and April (average monthly rainfall
21.4±25.4 mm) and a wetter period between May and January
(average monthly rainfall 123.3±43.2 mm). Mean annual tem-
perature is 25±2.2�C (range 21–28�C).

The Mayan site of Yaxchilán in the state of Chiapas is found
within the protected forest of Natural Monument Yaxchilan
(NMY; 16�53¢N, 90�57¢W; elevation 250 m above sea level) by
the Usumacinta river bordering with Guatemala. The NMY
encompasses about 2,700 ha, of which 1,130 ha are contained
within an omega-shaped area by the river with the rest extending
inland. This forest is connected to 35,000 ha of protected rain
forest that form the Community Reserve ‘‘La Cojolita,’’ which in
turn is connected to the Montes Azules biosphere reserve
(Fig. 1). Tall evergreen rain forest (tree heights between 15 and
45 m) is the dominant vegetation at the study site (Valle 2000).
The climate is hot and humid and average annual precipitation is
1,951 mm, with a dry season between December and April
(average monthly rainfall 42.4±12.7) and a wetter period
between May and November (average monthly rainfall
256.0±100.1 mm). Mean annual temperature is 25.5±2.2�C
(range 21–28�C).

The archeological site of Tikal is located in Tikal National
Park (TNP; 17�15¢N, 89�35¢W) in northern Guatemala. TNP
encompasses an area about 576 km2 attached to the Maya bio-
sphere reserve (Fig. 1). While the ancient Mayan city occupied
about 16 km2, the major structures are distributed in an area
5 km2 in size surrounded or covered by rain forest vegetation.
The vegetation present at TNP is tropical semideciduous forest
(Lundel 1937). The weather is hot and humid and average annual
precipitation is 1,762 mm, but with a distinct dry season between
December and April, when average monthly rainfall is 60 mm.
Average daily temperature is 25.0±8.5�C (Coelho et al. 1976).

Fig. 1 Location of study sites (black dots with smaller capital
letters). Larger capital letters refer to the protected reserves.
Calakmul is located within the Calakmul biosphere reserve (C; ca.
700,000 ha). Tikal is in Tikal National Park (T; ca. 6,000 ha)
attached to the 3 million ha Maya reserve (M). Yaxchilán Natural
Monument (Y; 2,700 ha) is located at the edge of the Usumacinta
river that demarcates the international boundary between Guate-
mala and Mexico. This reserve is connected to the Community
Reserve ‘‘La Cojolita’’ (35,000 ha), which in turn connects to the
Biosphere Reserve of Montes Azules (MA; 300,000 ha). Vegetation
type in Calakmul and Tikal is semideciduous tropical rain forest
while in Yaxchilán high evergreen rain forest is the dominant
vegetation type
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Primate surveys

In Calakmul, surveys of black howler (Alouatta pigra) and spider
monkeys (Ateles geoffroyi yucatanensis) were conducted in January,
June, and November 2001 for a total of 30 days and in March 2002
for an additional 8-day period. Surveys were concentrated in a
4.0-km2areaaroundthemajorarcheologicalbuildings. InYaxchilán,
surveys of primates (Alouatta pigra and Ateles g. yucatanensis) were
conducted in February, July, and November 2001 for a total of
30 days and in March 2002 for 8 extra days. These surveys were
concentrated in a 1.0-km2 area to the north, south, and west of the
major buildings. The eastern side of the site is formed by the
Usumacinta river. Two additional surveys of howler and spider
monkeys were conducted from a boat by navigating 13.7 km along
the Usumacinta river following the contour of the 1,100-ha omega-
shaped area where the site of Yaxchilán is located. These surveys
started at 0500 hours and were conducted down river (S–N direc-
tion) with the outboard motor off, allowing for a gentle and silent
flow of the boat down river. With a global positioning system
(GPS; Garmin GPS III, Kansas, USA) we recorded the location of
the boat when howler and/or spider monkey vocalizations were
heard or when monkeys were sighted at the river�s edge. In Tikal,
Guatemala, primate surveys (Alouatta pigra and Ateles g. vellero-
sus) were conducted in March 2002 for 8 days and were concen-
trated in the 5.0-km2 area in which howler and spider monkeys
were studied 30 years earlier by Coelho et al.(1976), and in which
the major archeological ruins are found.

During each field session in each site we triangulated during 2–3
consecutive mornings from 0500 to 0700 hours howler monkey
howling from the top of the tallest (30–64 m) Mayan structures.
Teams of 2–3 people were assigned to different Mayan structures to
provide coverage of all parts of the forest surrounding the Mayan
site. Participants recorded the time of the howling and estimated
the approximate distance of the howling troop from the observers
and its compass direction. When heard, spider monkey vocaliza-
tions were triangulated as well, but these were very occasional.
Resulting information was placed on daily maps. Overlapping
points provided an estimate of the number of howler troops in the
area. All team member had ample experience in censusing howler
(Alouatta pallliata and A. pigra) and spider monkeys at various
sites in southern Mexico (e.g. Los Tuxtlas, Palenque).

For the ground surveys, our group was divided into teams of 2–
3 people. Each team was assigned a different area of the study site
for exploration, but these areas were not shared to avoid duplicity
of monkey counts. In each area a team slowly walked (1.0 km/h)
on existing trails (the system of trails at each site varied from 8 km
in Calakmul to 7.5 km in Yaxchilán to 11 km in Tikal) or through
the forest in search of the troops heard howling from the top of the
Mayan buildings. Because of the deciduous nature of the vegeta-
tion at the time of our surveys, maximum visibility of monkeys on
each side of the trails in Calakmul was approximately 40 m, in
Yaxchilán about 20 m, and in Tikal about 30 m. When a troop of
howler monkeys or a subgroup of spider monkeys was sighted, we
noted its location on detailed topographic maps (1:6250) of the
study sites. Major archeological buildings were depicted on the
maps and these served as important reference points to map loca-
tion of troop contacts. A GPS was also used to obtain precise
georeference points for howler troop and/or spider monkey sub-
group sightings and movements, which were plotted on the daily
maps. The maps from several days were overlapped to determine
the consistency in the spatial location of howler troops or of sub-
groups of spider monkeys.

Contacted howler and spider monkey groups were followed for
as long as possible and repeatedly counted to confirm number of
individuals as well as age and sex composition. Individual howler
and spider monkeys were classified as adults, juveniles, and infants
by their size and appearance. In the adult class we did not differ-
entiate between subadults and adults and in the infant class we
considered both clinging infants and infants that could move away
from the mother when stationary. Howler monkey troops con-
tacted in the first 2–3 days were encountered and followed in
subsequent days, further confirming their identities and general

location. Spider monkey subgroups for which we had accurate
counts and that were identified, by examining the consistency in
size, age, and sex composition and spatial location, as not being
repeated counts of the same subgroup were considered as inde-
pendent social units. When monkeys were sighted we estimated the
height at which they were found.

We expressed density (individuals per square kilometer) figures
in terms of the area sampled rather than density of the species�
home range (Chapman and Balcomb 1998). Thus, in Calakmul we
sampled 4.0 km2 and in Tikal 5.0 km2. In these two sites we were
certain of having identified all howler troops existing within the
sampled area. In Yaxchilán we sampled an area 1.0 km2 around the
major Mayan building, and the river survey around the omega-
shaped site allowed us to sample an additional 10.3 km2. In this site
we only obtained accurate counts of troop size and age composi-
tion for those howler monkey troops present in the 1.0-km2 area
around the Mayan ruins. The triangulation of troop howling in the
river survey yielded information on additional troops existing in
the omega-shaped area. In this survey only two of the troops de-
tected were present at the edge of the river; the rest of the troops
were inland as indicated by the estimated distances (100–500 m)
from the boat. Mean group size obtained from the counts of howler
troops censused in the 1.0-km2 area was multiplied by the total
number of troops recorded for the entire omega-shaped area
(11.3 km2) to give a gross estimate of population density.

Spider monkeys live in small temporary subgroups of unstable
composition, which are part of larger groups or communities (van
Roosmalen and Klein 1988; Kinzey 1997). Because of the fusion–
fission nature of their social organization, it is rare to see all
members of the community in the same location, suggesting that it
is not easy to make generalizations on density and/or subgroup size
for this primate species (Coelho et al. 1976; Klein and Klein 1977).
Thus for the calculation of spider monkey density we took into
account confirmed subgroup counts within each study area (4 km2

in Calakmul, 1 km2 in Yaxchilán, and 5 km2 in Tikal).

Results

Alouatta pigra

In Calakmul auditory survey indicated the presence of
eight troops that were located on the ground. In these
troops we counted a total of 60 howler monkeys and
detected one solitary male (Table 1). Thirty-three percent
of the individuals counted in the troops were adult males,
30% were adult females, 14% were juvenile males, 10%
were juvenile females, and 13% were infants. Six troops
had three adult males and two troops had one adult male.
Adult sex ratio was 1:0.90 and in juveniles it was 1:0.75.
Adult female to immature ratio was 1:1.22.

Auditory survey in Yaxchilán resulted in the detec-
tion of 11 troops of howler monkeys. Eight of these were
contacted on the ground surveys and the other 3 could
not be found. In the 8 troops we counted 53 howler
monkeys. One solitary male was located in the area.
Forty-one percent of the individuals counted in the
troops were adult males, 30% were adult females, 8%
were juvenile males, 6% were juvenile females, and 15%
were infants (Table 2). Adult sex ratio was 1:0.73, in
juveniles it was 1:0.75, and adult female to immature
ratio was 1:0.97. The survey in the Usumacinta river
along the contour of the 11.3-km2 omega-shaped area
where Yaxchilán is located yielded the auditory identi-
fication of 11 additional troops of howler monkeys.
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In Tikal auditory surveys detected ten troops that
were also contacted on the ground surveys. In total
we counted 88 howler monkeys in these troops and

discovered two solitary males. Twenty-five percent of
individuals in the troops were adult males, 33% were
adult females, 7% were juvenile males, 14% were juve-
nile females, and 21% were infants. Ninety percent of
troops had more than one adult male (Table 3). Adult
sex ratio was 1:1.32 and in juveniles it was 1:2.0. Adult
female to immature ratio was 1:1.23.

Mean troop size at the three sites varied from
6.6±2.1 individuals in Yaxchilán to 7.5±1.9 in Calak-
mul to 8.7±2.2 in Tikal. Density estimates varied from
12.8 individuals/km2 in Yaxchilán to 15.2 individuals/
km2 in Calakmul to 17.8 individuals/km2 in Tikal.

Ateles geoffroyi

Nine spider monkey subgroups were clearly identified in
Calakmul, yielding a total count of 69 individuals.
Twenty-two percent of individuals counted were adult
males, 45% were adult females, 14% were juvenile
males, 7% were juvenile females, and 12% were infants
(Table 1). Adult sex ratio was 1:2.07 and in juveniles it
was 1:0.53. Adult female to immature ratio was 1:0.74.
In Yaxchilán three subgroups of spider monkeys were
counted in the 100-ha study area with a total of 17
individuals. These subgroups were observed several
times in different locations and sometimes in the same
trees as howler monkeys. Adult males accounted for
35.3% of individuals counted, adult females for 29.4%,
juvenile males for 5.9%, juvenile females for 11.8%, and

Table 1 Troops of howler monkeys (Alouatta) and subgroups of
spider monkeys (Ateles) counted in the 400-ha study area in the
Mayan site of Calakmul, Campeche, Mexico

Troop/subgroup Adult Juvenile

Male Female Male Female Infant Total

Alouatta
M 3 2 2 1 1 9
E7 3 2 2 1 1 9
E13 1 4 5
B 3 2 1 1 1 8
G 3 2 1 2 8
P 3 2 1 1 1 8
J 1 2 1 4
N 3 2 1 2 1 9
Total 20 18 8 6 8 60
Mean 2.5 2.2 1.3 1.2 1.0 7.5
±SD 0.9 0.7 0.5 0.4 0.5 1.9
Solitary 1 1
Total howlers 61
Ateles
1 1 2 1 1 5
2 1 1 1 3
3 2 2 3 1 1 9
4 3 8 2 1 2 16
5 1 2 1 1 1 6
6 2 3 2 1 2 10
7 1 4 1 1 7
8 2 6 8
9 2 3 5
Total 15 31 10 5 8 69
Mean 1.7 3.4 1.7 1.0 1.3 7.7
±SD 0.7 2.2 0.8 0.0 0.5 3.8

Table 2 Troops of howler monkeys (Alouatta) and subgroups of
spider monkeys (Ateles) counted in a 100-ha area around the
Mayan site of Yaxchilán, Chiapas, Mexico

Troop/subgroup Adult Juvenile

Male Female Male Female Infant Total

Alouatta
T25 5 2 1 2 10
T33 3 2 1 1 2 9
T30 2 2 1 1 6
R1 1 2 1 4
R2 5 2 1 8
PA 2 1 1 1 5
T41 1 3 1 5
LSTRIP 3 2 1 6
Total 22 16 4 3 8 53
Mean 2.8 2.0 1.0 1.0 1.3 6.6
±SD 1.6 0.5 0.0 0.0 0.5 2.1
Solitary 1 1
Total howlers 54
Ateles
1 1 1 1 3
2 3 1 1 5
3 2 3 2 2 9
Total 6 5 1 2 3 17
Mean 2.0 1.6 1.0 1.5 5.6
±SD 1.0 1.1 0.0 0.7 3.0

Table 3 Troops of howler monkeys (Alouatta) and subgroups of
spider monkeys (Ateles) counted in the 500-ha study area in the
Mayan site of Tikal in Tikal National Park, Guatemala. For spider
monkeys, we report only totals and means for the 99 subgroups
detected at the site

Troop/subgroup Adult Juvenile

Male Female Male Female Infant Total

Alouatta
G20 2 4 1 1 8
HOK 3 3 1 2 2 11
M18 1 3 2 1 7
H11 2 3 3 1 9
V6 2 2 1 1 6
BD 3 4 2 3 12
CD 3 2 1 1 1 8
L10 2 4 2 3 11
LL 2 1 1 2 6
K 2 3 1 3 10
Total 22 29 6 12 18 88
Mean 2.2 2.9 1.5 1.5 1.8 8.7
±SD 0.7 1.0 1.0 0.5 0.9 2.2
Solitary 2 2
Total howlers 90
Ateles
Total 75 121 19 29 38 282
Mean 1.42 1.75 1.58 1.38 1.36
±SD 0.80 0.79 0.67 0.50 0.62
Total subgroups 99
Mean size 3.9±2.9
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infants for 17.6% (Table 2). Adult sex ratio was 1:0.83
and in juveniles it was 1:2.0; adult female to immature
ratio was 1:1.20.

In Tikal we recorded 145 sightings of Ateles and these
were distributed in practically all sectors of the study
area. Careful examination of the consistency in location,
date, time of the day, and age and sex composition of the
spider monkey subgroup indicated that the 145 sightings
corresponded to 99 distinct subgroups of spider mon-
keys in the study area, accounting for about 282 spider
monkeys (Table 3). Adult sex ratio was 1:1.61; among
juveniles this ratio was 1:1.53. Adult female to immature
ratio was 1:0.71.

Mean spider monkey subgroup size varied from
4.7±2.6 individuals in Tikal to 5.6±3.0 in Yaxchilán to
7.7±3.8 in Calakmul. Spider monkey density varied
from 17.0 individuals/km2 in Yaxchilán to 17.2 indi-
viduals/km2 inCalakmul to56.4 individuals/km2 in Tikal.

All sightings of both howler and spider monkeys at
the three sites were in undisturbed rain forest vegetation.
No statistical differences were found among sites in the
heights at which individuals were sighted for each spe-
cies (Kruskal–Wallis test H=5.0, df=5, P>0.40 in both
cases) and samples were pooled for each species. On
average spider monkeys were detected at higher tree
heights and occupied a broader spectrum of heights than
howler monkeys (Fig. 2).

Discussion

Our surveys showed the presence of populations of
howler and spider monkeys at the sites investigated.
While varying in some demographic parameters, such
populations seem well preserved in the extensive forest
tracts they inhabit. Density values we report for howlers

in the sites surveyed are similar to those found for the
species in other sites in Mexico, namely Muchukux,
Quintana Roo (15.1 individuals/km2; Gonzales-Kirch-
ener 1998) and Palenque (23.0 individuals/km2; Estrada
et al. 2002a). High densities of Alouatta pigra in Belize
(up to 178 individuals/km2) have been suggested to be
the result of overcrowding in fragmented strips of
riparian vegetation and small forest patches (Silver et al.
1998; Ostro et al. 1999, 2000; Horwich et al. 2001), a
situation similar that of a population of the same species
living in fragmented landscapes in Palenque, Mexico
(Estrada et al. 2002b). Our data suggest that adult fe-
male to immature ratios tend to be, on average, higher in
A. pigra existing in extensive forest tracts (mean for the
three sites 1:1.28±0.27) than in the fragmented habitats
of Belize where the species has been studied (mean
1:0.92±0.23). Our survey in Tikal suggests an increase
from four to ten troops in the howler monkey popula-
tion since the earlier survey 30 years ago in the same
study area (Coelho et al. 1976).

The black howler monkey has been reported to oc-
cupy a variety of habitats ranging from undisturbed
tropical rain forest to disturbed and riverine forests
(Horwich and Johnson 1986; Horwich and Lyon 1987;
Watts and Rico-Gray 1987). The species is generally
found in riparian forests at elevations below 400 m; an
exception to this is the population in Tikal, Guatemala
(Ostro et al. 2000). Data from Calakmul and Palenque
(Estrada et al. 2002a) indicate that A. pigra prefers the
undisturbed nonriparian forest habitats that dominate
these sites and in Palenque black howler monkeys may
also be found living in forests at 500 m above sea level
(Estrada et al. 2002a). In Yaxchilán our survey showed
that only 9% of the troops were detected at the edge of
the Usumacinta river; the rest were found inland.

Bearing in mind the problem of adequately estimat-
ing spider monkey densities at the three sites, these
values ranged from 17.2 to 56.4 individuals/km2. At
other sites in the Yucatan peninsula spider monkey
density varies from 6.3 to 89.5 individuals/km2 (Gonz-
ales-Kirchener 1999; Ramos-Fernandez and Ayala-
Orozco 2003). The density estimate we report for Ateles
geoffroyi in Tikal(56.4 individuals/km2)is similar to that
of 45 individuals/km2 reported 30 years earlier (Coelho
et al. 1976), but Cant (1978) in a subsequent study
reported densities of 26 individuals/km2 for the species
in the same site. We estimated the presence of 282 spider
monkeys in the study area, a figure not too different
from the estimated 225 spider monkeys reported about
30 years earlier for the same study area (Coelho et al.
1976).

Spider monkeys in the three sites consistently dis-
played a preference for the canopy of tall trees. They
also displayed much vertical mobility when traveling
and opportunistically foraged on low trees bearing ripe
fruit, as has been reported for this primate at other
localities (van Roosmalen and Klein 1988; Yoneda
1990). In contrast, howler monkeys in the same forest
preferred lower heights than spider monkeys.

Fig. 2 Distribution of heights at which Ateles geoffroyi and
Alouatta pigra were sighted in Calakmul, Yaxchilán, Mexico, and
in Tikal, Guatemala. No statistical differences (Kruskal–Wallis
test) were found among sites and thus samples were pooled for each
species. Spider monkeys (dark bars) were sighted, on average, at
higher heights than howler monkeys and they also moved along a
broader spectrum of heights than howler monkeys. Number of
pooled records for spider monkeys was 230 and for howlers 120
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Habitat destruction and fragmentation outside of
protected areas is a major cause of decline of primate
populations in the Neotropics (Estrada and Coates-
Estrada 1996; Rylands et al. 1997; Cuarón 2000).
Hunting and trafficking of infants as pets are important
additional pressures that contribute to declines of pop-
ulations of primates in Mesoamerica and these are
exacerbated under conditions of habitat fragmentation
(Watts and Rico-Gray 1987; Ráez-Luna 1995; Estrada
and Coates-Estrada 1996). Habitat isolation may have a
range of effects that can result in local extinction due to
genetic and/or demographic stochasticity and in alter-
ation of demographic structures and reductions in
population growth rates (Crockett 1988; Laurance et al.
2002). In this context, the study and monitoring of
primate populations in national parks and biosphere
reserves is fundamental to providing baseline and long-
term information on variability of demographic traits.
Such information is essential for improving our under-
standing of species� tolerance to anthropogenic distur-
bance and to assess whether these protected forests are a
functioning network and an effective conservation tool
(Sánchez-Azofeifa et al. 2003).

The protection and connectedness of the forests
constituted by the Calakmul biosphere reserve, the
Maya Reserve, Tikal National Park, Yaxchilan Natural
Monument, and the Montes Azules biosphere reserve
seem to be ensuring the existence of populations of
Alouatta pigra and Ateles geoffroyi, but more informa-
tion is needed about the location of these populations as
these reserves encompass a very large land mass and a
variety of habitat types. The concentration of howler
and spider monkey groups in the core area of the Mayan
ruins at each of the sites investigated is noteworthy.
Such concentration could be the result of the abundance
in these areas of tree species of the genus Brosimum,
Ficus, and Poulsenia (Moraceae), Manilkara, Pouteria
(Sapotaceae), Spondias (Anacardiaceae), and Bursera
(Burseraceae; Lundel 1937; Rojas 2000; Valle 2000),
among others, known to be important in the diet of
howler and spider monkeys in the region (Coelho et al.
1976; Cant 1990; Silver et al. 1998). More importantly,
the conservation of primate populations in these sites
may be the result of the continuous protection of these
cultural and touristic areas by the governments of
Mexico and Guatemala. For now, our surveys in Cal-
akmul, Yaxchilán, and Tikal, as well as those in Palen-
que (Estrada et al. 2002a), show that the protection of
the forests surrounding several Mayan sites has resulted
in important foci of conservation of populations of
Alouatta pigra and Ateles geoffroyi in this area of Mes-
oamerica.
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