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Feeding Ecology of the Black Howler Monkey (Alouatta
pigra) in Northern Belize
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We studied the feeding ecology of the black howler monkey (Alouatta
pigra) from March 1994 to April 1995 in the Community Baboon Sanc-
tuary in northern Belize, Central America. Activity and diet composi-
tion were recorded using continuous focal animal sampling. Diet
composition was compared with the relative abundance of plant parts
eaten by the howlers within the study site. The study animals spent an
average of 24.4% of their time feeding, 61.9% resting, and approximately
9.8% traveling. In contrast to previously published reports on A. pigra,
we found the diet composition to be similar to that of other Alouatta
species (conforming to the folivore/frugivore profile), with 41% of feed-
ing time spent eating fruit, 45% foliage, and 11% flowers. This contrast
may indicate a wide degree of dietary flexibility that allows A. pigra to
inhabit a variety of habitat types. We suggest that a high level of re-
source abundance throughout the year makes the Community Baboon
Sanctuary excellent habitat for Alouatta pigra. Am. J. Primatol. 45:263—
279, 1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION

The six species commonly recognized as comprising the genus Alouatta ex-
tend from Mexico to Argentina, making them the most widespread genus of
neotropical primate [Crockett & Eisenberg, 1987]. Alouatta is found in many
habitat types [Glander, 1975; Gaulin & Gaulin, 1982; Julliot & Sabatier, 1993]
with varying levels of disturbance [Neves & Rylands, 1991; Julliot & Sabatier,
1993; Bicca-Marques & Calligaro-Marques, 1994]. The genus also exhibits great
variability in group size and the ratio of adult males to adult females [Crockett
& Eisenberg, 1987]. However, studies of diet have found all Alouatta species to
be more or less folivorous, with variable levels of frugivory [Neville et al., 1988].
The contrast between the variability of habitat and social structure and the uni-
formity in dietary regime within the genus may present some intriguing ques-
tions concerning the relationship between social structure and foraging behavior.
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Since abundance and distribution of food resources have often been cited as im-
portant factors in determining primate social structure [Clutton-Brock, 1974;
Chapman, 1990; Isbell, 1991], documenting the feeding ecology of socially vari-
able taxa may have important consequences for questions regarding the evolu-
tion of social organization.

Alouatta pigra was first suggested as a separate species by Smith [1970]. It
was previously considered a subspecies of A. palliata [Hill, 1962]. Horwich [1983]
described behavioral and ontogenic differences with A. palliata, and Whitehead
[1995] differentiated between the two species on the basis of vocal patterns. Among
the behavioral differences outlined were consistently smaller group sizes in A.
pigra than in A. palliata [Horwich, 1983; Horwich & Johnson, 1986]. Early stud-
ies of A. pigra found average group sizes ranging from 4.2—-6.2 animals per troop
[Coelho, 1976a; Bolin, 1981; Horwich, 1983] and an adult sex ratio approaching
1:1 [Bolin, 1981]. Alouatta palliata typically lives in multimale, multifemale groups
containing more than ten members and may contain from 25-40 individuals [Car-
penter, 1934; Crockett & Eisenberg, 1987; Chapman, 1988].

Smith [p. 365, 1970] suggested that A. pigra prefers “extensive, undisturbed
and mesic tropical forest,” but subsequent studies found A. pigra to inhabit highly
disturbed semideciduous forests as well [Bolin, 1984; Horwich, 1983; Horwich &
Johnson, 1986]. In a survey of the distribution of A. pigra, Horwich and Johnson
[1986] suggested riverine and seasonally flooded areas are particularly attrac-
tive to this species.

To our knowledge, only two studies of the feeding ecology of A. pigra have
been published to date [Coelho et al., 1976a,b; Schlichte, 1978], both in the quasi—
rain forest of Tikal, Guatemala, and of 66 and 7 days duration, respectively. Both
these studies found A. pigra to rely heavily on the fruit and leaves of a single
species (Brosimum alicastrum). Schlichte [1978] found the howlers spent 87.5%
of their feeding time on Brosimum alicastrum and 70% of their feeding time on
fruit of that species. Not surprisingly, Schlichte [p. 555, 1978] concluded the A.
pigra observed “were extreme food specialists.” As a result, the only dietary in-
formation published on the species to date suggests little dietary diversity and
levels of frugivory approaching that of Ateles [Neville et al., 1988]. Documenting
high levels of dietary specialization and frugivory in A. pigra would challenge
the perception of Alouatta as being restricted in resource-exploitation tactics by
the behavioral, morphological, and physiological traits characterizing the genus
[Milton, 1981; Gaulin & Gaulin, 1982]. Alternatively, if the degree of frugivory of
A. pigra in Belize is found to be closer to that previously reported for other
Alouatta species, it would indicate a high degree of dietary flexibility and per-
haps a broad tolerance of habitats. Thus, it is important to determine if the
dietary profile previously reported in this species can be demonstrated in other
studies encompassing an annual cycle.

As part of a larger study of the ecology of translocated howler monkeys
[Horwich et al., 1993; Koontz et al., 1994], we examine the feeding ecology of the
Central American black howler monkey (Alouatta pigra) at the site that served
as the source population for the translocation. This study is the first to describe
the feeding ecology of A. pigra through a complete annual cycle and the first to
describe its diet outside Guatemala. We seek to determine if the diet of A. pigra
is indeed more specialized and frugivorous than that reported for other Alouatta
species or if they exhibit a dietary flexibility that enables them to adjust their
degree of frugivory to the resources available. This study should also enable us
to assess the quality of a seasonally flooded, highly fragmented and disturbed
habitat for A. pigra.
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STUDY SITE AND METHODS
Study Site

The study took place in the village of St. Paul’s Bank (17° 33' N, 88° 35' W),
located along the banks of the Belize river, in the Belize District of northern
Belize. The village is one of eight comprising the Community Baboon Sanctuary
(CBS). The area is a subsistence agricultural community with a patchwork of
pastures, gallery forest, and fragments of semideciduous broadleaf forest of vari-
able size and stage of succession. The area experiences a distinct dry season,
usually lasting from January through May, when many tree species lose their
leaves. The area also experiences seasonal flooding. During this study, most for-
est patches were inundated with water for 4 months at the end of the rainy
season. Calculated densities of A. pigra within forest patches throughout CBS
range from 47-250 howlers per square kilometer [Ostro et al., submitted]. Within
CBS, human hunting pressure is high for most animals except the howler mon-
keys, and grazing pressure from livestock (horses and cattle) is also high.

Rainfall and Climate

During the study, rainfall was measured daily, and an annual total of 1,955
mm of rain fell (Fig. 1). Months with the least amount of rainfall were January
through April, when <100 mm of rain fell each month. Rainfall during the re-
mainder of the year was >100 mm per month. Temperature data were taken from
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Fig. 1. Temperature and rainfall during the study period (March 1994 to April 1995). Rainfall measured on
a daily basis in St. Paul’s Bank. Temperature is the mean monthly minimum and maximum as measured at
Philip Goldson International Airport.
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the Belize Weather Bureau station at Philip Goldson International Airport (approxi-
mately 30 km east of St. Paul’s Bank) and ranged from a mean monthly minimum
of 20°C in January 1995 to a mean monthly maximum of 32°C in May 1994 (Fig. 1).

Vegetation Transects

Belt transects were established within the home ranges of the study animals
until a species—area curve approached an asymptote. The ten transects were ran-
domly placed with regard to location, direction, and drainage. The transects were
each 10 m wide and had a combined total of 1,000 m length. All stems =30 cm in
circumference at breast height were tagged and identified. Tree species were iden-
tified in the field with the help of local assistants. Voucher specimens were col-
lected of all tree species encountered on the transects and later identified at the
New York Botanical Garden (Bronx, NY).

Circumference at breast height (CBH) was recorded for each tagged tree.
Trees with more than a single trunk were measured directly at the base. Cir-
cumference was converted to diameter at breast height (DBH) and used to calcu-
late the basal area. DBH has previously been shown to be an accurate estimator
of fruit abundance [Chapman et al., 1992] and foliage biomass [Kool, 1992]. Rela-
tive density was calculated for each species found in the transects using formu-
lae from Brower et al. [1990]:

Relative density = number of stems of species i/total number of stems in
all transects;

Coverage (C;) = 2 basal areas for species;;

Relative coverage (RC;) = (C;)/sum of coverage for all species.

Relative coverage was used as a measure of dominance, reflecting the rela-
tive size and abundance of each species within the vegetation transects.

Food Abundance

The relative abundance of different plant parts known to be potential food
items was assessed on a monthly basis by visual inspection of 214 trees belong-
ing to 33 species found within the study area. We identified potential foods based
upon 1) personal observation, 2) primate literature, or 3) information received
from field assistants. Together, individuals of these 33 species represented 0.63
of the relative density of trees in the study area as determined by the transects.
Due to the difficulty of quantifying the relative dominance of vine species, we
confined the food abundance study to trees.

Once a month following data collection, each tree in the food abundance study
was inspected for the presence of mature leaves, young leaves, fruits, and flow-
ers. An abundance value was assessed for each tree part ranging from 0-3. A
value of 0 corresponded to a complete absence of that plant part, a value of 1 was
recorded when that part encompassed <25% of the crown, a value of 2 when it
encompassed 25-50% of the crown, and a value of 3 when it encompassed >50%.

We calculated monthly food abundance indices for plant parts eaten by the
monkeys. We multiplied the average monthly abundance value of each plant part
by the relative dominance of that species. We then summed all these species
scores to yield a monthly abundance index for each plant part. As we were inter-
ested only in assessing the relationship between the monkey’s foraging behavior
and the relative abundance of food items, plant parts not eaten were not in-
cluded in calculating the food abundance scores.
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Study Troops

Data were collected from six troops of howler monkeys from March 1994 until
May 1994. All groups occupied home ranges in forest patches of variable succes-
sional stage between 0.25 km? and 0.5 km” in size [Ostro et al., in press]. Mean
group size was 5.9, with a range of three to nine animals per group. All groups
contained at least one adult male, two or three adult females, and their offspring.

In mid-May, four of the troops were translocated to the Cockscomb Basin
Wildlife Sanctuary (CBWS). The remaining two troops were studied in CBS until
April 1995. Data collected from the four troops moved in mid-May were used
only in formulating descriptive statistics and in constructing the howler monkey’s
diet list. All inferential statistical analysis carried out (see below) was confined
to data collected on the two groups studied throughout the 14 month study pe-
riod. These troops occupied a separate patch of secondary forest approximately
0.5 km? in size and were not directly affected by the artificial reduction in popu-
lation density caused by the translocation.

Behavioral Data Collection

Data collection teams consisted of at least two people observing the monkeys
from dawn until dusk. Data were collected on six troops for three full-day activ-
ity cycles per troop each month for the first 3 months. From June 1994 until
April 1995, data were collected for four consecutive days per month on the re-
maining two troops. We collected a total of 1,160 h of behavioral data.

Data were collected using continuous focal animal sampling [Altmann, 1974]
supplemented with opportunistic data to record rare events such as breeding or
intergroup encounters. Focal animal sessions lasted 25 min, with 10 min rest
intervals between sessions. Focal animals were recorded as performing one of the
following mutual exclusive behaviors: resting, traveling, feeding, social affiliative,
social agonistic, vocalizing, other, or unknown. During focal animal sessions, the
time of any change in behavior lasting more than 5 s was recorded, allowing us to
calculate the duration of time engaged in particular activities. Focal animals were
selected on a rotating basis, according to age/sex class. These classes consisted of
adult male, adult female, lactating female, and immature. Whenever individuals
within a class could be identified, all individuals within that class were sampled
equally. Infant behavior was not recorded during focal animal sessions. An animal
was considered an infant if it was observed to nurse within 1 month of the data
collection session. Monthly activity budgets and dietary profiles were constructed
using the mean time engaged in each behavior per month.

When the monkeys were observed feeding, plant part and species eaten were
recorded. Unknown species were marked and identified later. Dietary diversity
was assessed on a monthly basis for each troop using the Shannon-Weiner diver-
sity index ((H") [Pielou, 1966]).

Analyses

We compared the percentage of time each troop engaged in major activities
(feeding, resting, and traveling) each month and the percentage of time feeding
on specific plant parts using Wilcoxon’s matched pairs test. Spearman’s rank
correlation tests were performed to assess the relationship between 1) the rela-
tive abundance of food items each month and mean time spent feeding on that
part for both troops and 2) dietary diversity and diet composition.
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RESULTS
Relative Abundance of Food Items

Fruits eaten by the monkeys were available throughout the year, although
the relative abundance was lowest in May and June and highest from July through
December (Fig. 2). Flower production was highest from April-June. While the
relative abundance of young leaves peaked in June, they lacked the pattern of
seasonal abundance observed in fruits and flowers (Fig. 2). The mature leaves
eaten by the monkeys were available throughout the year, although their rela-
tive abundance was reduced during the dry season.

Forest Composition and Diet

We identified 551 trees or woody stems =30 cm CBH within the 1 hectare of
vegetation transects. We identified 60 tree species within these transects. The
Appendix lists these tree species within the transects, their families, and their
relative density and dominance.

The study animals fed upon a total of 74 plant species. Fifty-three were tree
species, and the remainder were epiphytes or lianas. Nontree species made up
approximately 9% of all feeding records. The 24 most commonly used food species
(>1% of the total time spent feeding each) are listed in Table I. All but three of
these were found on the transects. Approximately 85% of the relative dominance
of the forest was composed of tree species used as food. Of the ten most dominant
species in the forest, eight were food items which comprise >1% of the overall time
spent feeding, and only one species (Orbigyna cohune) was not eaten at all.

We identified nine different Ficus species. Together they constituted 2.5% of
the relative density of trees on the transects, yet the howlers spent approxi-
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Fig. 2. Abundance of fruits, flowers, and young and mature foliage from March 1994 to April 1995. Monthly
variation in the abundance of items eaten by the study animals.
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mately 32% of their overall feeding time eating Ficus (monthly range 6-65%).
The monkeys primarily fed upon fruits (usually ripe) or young leaves, but ma-
ture leaves were also eaten from some Ficus species (Table I).

The howler diet consisted primarily of young foliage and fruit (Fig. 3). Fruit
was consumed by the study animals for an average of 40.8% of the monthly feed-
ing time (range 10.5-64.5%; s.d. = 17.4%). Ripe fruit was eaten 91% of the time
fruit maturity could be determined. The howlers were observed to ingest entire
fruits from some species (e.g., Eugenia spp.), passing the seeds intact, while in
other species they ingested only the fruit flesh while discarding the seeds (e.g.,
Spondias spp.). The monkeys were never observed to chew seeds, nor were dam-
aged seeds observed in examination of fecal material.

Young leaf consumption averaged 37.2% of monthly feeding time (range 18.1-
64.6%; s.d. = 13.7%). The monkeys ate mature leaves primarily from four species
(Ficus maxima, F. insipida, Sapindus sapinaria, and Cecropia sp.). Mature leaves
accounted for an average of 7.9% of the monthly feeding time but ranged from
0.2-31.4% (s.d. = 8.4%). Monthly flower consumption averaged 10.2% (s.d. = 12.4%)
over the course of the study, reaching a peak (36.8%) at the beginning of the dry
season. Flowers were either a minor component of the diet, or not eaten at all,
from July through January (Fig. 4).

We did not observe the monkeys to engage in geophagy or intentionally feed

Other Fl
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Mature Leaf 3.4%

7.9%

Young Leaf

3729, Fruit

40.8%

Fig. 3. Overall diet composition (March 1994 to April 1995). Mean diet composition of identified plant
parts averaged across all months. Other includes stems, petioles, and vine tendrils.
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Fig. 4. Monthly diet composition (March 1994 to April 1995). Mean monthly diet composition of identified
plant parts. Other includes stems, petioles, and vine tendrils. Values are derived from mean monthly values
for all available troops.

upon any animal protein. We did observe the presence of insects within some of
the fruits (e.g., Ficus) collected from trees fed upon by the monkeys, and it is
likely that some insects were consumed with fruits. The study animals were ob-
served to drink water out of arboreal cisterns, sometimes scooping out water
with their hands and at other times lowering themselves into the boles of large
trees. They were never observed to drink water from any ground-level sources.

Food Abundance and Diet

Comparisons between the two troops from which data were collected through-
out the entire study period did not reveal statistically significant differences in
monthly portions of time spent feeding on fruits (Z = 0.659, n = 14, P = 0.51),
flowers (Z = 1.245, n = 14, P = 0.21), young leaves (Z = 1.475,n = 14, P = 0.14), or
mature leaves (Z = 1.851, n = 14, P = 0.06). The relative abundance of fruits and
mature leaves known to be eaten by the monkeys was significantly related to the
time spent feeding upon them (r, = 0.710, P = 0.004 and r, = 0.763, P = 0.002,
respectively). No significant relationship was found between the relative abun-
dance of young leaves or flowers and the average proportion of time spent feed-
ing upon them (r, = 0.204, P = 0.48 and r, = 0.307, P = 0.29, respectively).

Activity Budgets

Feeding, resting, and traveling comprised the vast majority of behaviors ob-
served (Fig. 5). Study troops spent an average of 24.4% (range 19.1-31.2%, s.d. =
1.0%) of each month feeding, 61.9% (range 50.0-67.7%, s.d. = 1.2%) resting, and
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Fig. 5. Monthly activity levels for resting, feeding, traveling, and other (March 1994 to April 1995). Values
are derived from mean monthly values for all available troops. Other principally includes vocalizing, groom-
ing, and play behavior.

approximately 9.8% (range 6.6—-13.5%, s.d. = 0.5%) traveling. In addition, 2.3% of
their time was spent engaged in social affiliative behaviors (playing and groom-
ing) and 1.5% of their time vocalizing.

Diet Composition, Diversity, and Time Spent Feeding

There were no significant differences in the time engaged in feeding between
either of the two troops studied for the full 14 months (Z = 0.722, n = 14, P = 0.47).
Correlation analysis of dietary diversity and diet composition was therefore carried
out on the mean monthly values of these two troops throughout the study period.

Dietary diversity was highest in the early rainy season (June 1994) and low-
est during the latter part of the rainy season (October 1994). Dietary diversity
was significantly and positively correlated with the percentage of time spent feed-
ing upon mature leaves (ry = 0.340, P = 0.03) but not significantly correlated
with time spent feeding on young leaves, fruits, or flowers. There were no statis-
tically significant correlations between the relative abundance of any plant part
(as measured by the food abundance) and dietary diversity.

DISCUSSION
Diet Composition and Food Abundance

The diet of A. pigra reported here is more similar to that reported for other
members of the genus than the diet reported by Coelho et al. [1976a,b] and
Schlichte [1978]. The howler monkeys in CBS eat greater numbers of species
and spend more time engaged in folivory than was reported in Tikal, Guatemala.
The primary food of the howlers in Tikal, Brosimum alicastrum, has not been
found in our study area, although other Brosimum species are present and eaten.
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The results of this study suggest the causes for the differences in social struc-
ture between A. pigra and A. palliata are not found in their diet composition.
Ostro et al. [submitted] have documented shifts in social structure from single
male or monogamous groupings to multimale/multifemale groups within popula-
tions of A. pigra. This contrasts with the polygynous group structure commonly
reported for A. palliata troops [Milton, 1980; Crockett & Eisenberg, 1987]. Al-
though some authors have attempted to relate social structure to dietary re-
gimes [e.g., Clutton-Brock, 1974; Harvey et al., 1987], Ostro et al. [submitted]
feel population density may be a more important factor in determining social
structure within A. pigra than diet. If this holds true for the genus, there would
be no contradiction between the relative uniformity of diet and variability in
group structure exhibited by Alouatta.

Like Glander’s [1981] study of A. palliata and Julliot and Sabatier’s [1993]
study of A. seniculus, we found the abundance of fruits dictated the amount of
time A. pigra spent eating them. The time spent eating young leaves, however,
showed no relation to their relative abundance. Milton [1980] argued that di-
etary shifts from fruit to foliage when the former became scarce enabled howlers
to maintain a constant foraging time rather than increase search time at the
expense of resting and digestive efficiency. The absence of a demonstrable corre-
lation between the relative abundance of young leaves and their representation
in the diet may mean young leaves are eaten as an alternative to preferred fruits
when the latter are less abundant or that the abundance of young leaves is con-
sistently higher than that required by the monkeys. Perhaps the diet presented
here is that of a facultative folivore, animals whose diet is as frugivorous as
possible given the limitations of fruit abundance and, beyond a minimum level
required to satisfy protein requirements, as folivorous as necessary. This may
also explain the disparity in the findings between this study and those in Tikal,
where fruit loads of Brosimum alicastrum were estimated at very high levels
[Coelho et al., 1976a,b, 1977]. A study of A. pigra at a different site in Belize
indicates much lower portions of time spent eating fruits than in this study [Sil-
ver et al., 1997]. It may be that A. pigra is quite flexible in its degree of frugivory,
and this flexibility allows it to subsist in a variety of habitats. This same dietary
flexibility throughout the genus may help explain the widespread distribution of
Alouatta spp. throughout the neotropics.

The time spent eating mature leaves (7.9%) is lower than that found for
most of the howler studies mentioned above. The preference for younger leaves
by Alouatta has been well documented [Milton, 1978; Glander, 1981; Gaulin &
Gaulin, 1982; Neves & Rylands, 1991; Stoner, 1996] and coincides with higher
protein and lower fiber content of young leaves and/or increased digestibility
[Milton, 1979]. However, Glander [1978] found little nutritional difference be-
tween mature leaves and immature leaves eaten by Alouatta palliata. The por-
tion of time spent eating mature leaves correlates with dietary diversity, and
increased dietary diversity has been associated with food scarcity in some pri-
mate studies [Terborgh, 1983; Yeager, 1989]. It may be that mature leaves play
the role of a secondary or supplemental foliage choice.

Nonetheless, we found the relative abundance of mature leaves eaten by A.
pigra to correlate with the time spent feeding upon them. Although they may be
a secondary foliage choice, the extent to which the monkeys can include mature
leaves in the diet is dependent upon the abundance of the mature leaves from a
select subset of plant species. The relationship between the relative abundance
of mature leaf and its representation in the diet is apparent only because our
study of food abundance was limited to mature leaves eaten. The relationship
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between relative abundance and feeding time would be obscured by studies of
relative abundance that included mature leaves from nonfood species.

Forest Composition and Diet

Stem density at the study site is comparable to other Alouatta study sites.
While the tree species richness reported here (60 species) is low in comparison to
many other Alouatta studies (e.g., Glander, 1978; Milton, 1980; Gaulin & Gaulin,
1982; Julliot & Sabatier, 1993), it is comparable to more disturbed howler study
areas in Central America [e.g., Glander, 1975]. However, species diversity by it-
self is insufficient for assessing habitat quality. In a study of habitat selection in
A. palliata, Stoner [1996] found that species diversity was less important than
the density of the most commonly consumed tree species. At our study site, the
12 most commonly eaten tree species (Table I; Appendix) provide 52% of the
dominance and account for nearly 69% of the overall feeding time. If the density
or relative abundance of the most commonly consumed tree species is an indica-
tor of habitat quality, then habitat quality at this study site is high.

Several studies have identified Ficus spp. as being an important component
in the diet of Alouatta spp. [Milton, 1980; Estrada, 1984]. The importance of
Ficus for A. pigra in St. Paul’s Bank is clearly reflected in the monthly pattern of
Ficus exploitation. Ficus species make up >20% of the feeding time for 9 of 14
months of the study despite their 2.5% relative density within the transects.
With a density of 551 stems per hectare and a mean home range estimate of 6.4
ha for all study troops [Ostro et al., in press], approximately 88 Ficus trees are
available within each troop’s home range. Given the high fruit load and asyn-
chronous phenological cycles known to occur within the genus [Janzen, 1979],
the relative density of Ficus at this study site is high enough to allow it to make
a major contribution to the diet of A. pigra, making this particularly high quality
howler habitat.

Despite the high levels of anthropogenic disturbance, the high density of food
species (Table I; Appendix) and high relative abundance of fruit throughout much
of the year (Fig. 2) combine to make CBS excellent habitat for supporting howler
monkey populations. In addition, Lyon and Horwich [1996] suggest a high de-
gree of vegetative reproduction among tree species within CBS results in forest
patches containing species from all successional stages. Thus, the howlers may
benefit from access to a wide successional range of tree species in a relatively
small area.

CONCLUSIONS

1. Alouatta pigra exhibits a similar activity and dietary profile in northern
Belize as has been reported for other members of the genus elsewhere. Its diet is
a mixture of foliage, fruit, and flowers, with at least 74 plant species eaten
throughout this study. Both young and mature leaves are eaten throughout the
year, and the time spent eating fruit is dictated by its abundance.

2. Tree species belonging to the genus Ficus play a major role in the diet of
A. pigra in the village of St. Paul’s Bank in the Community Baboon Sanctuary.
Ficus trees contribute both young and mature foliage as well as figs to the howler
diet, and approximately one-third of all feeding time was spent eating Ficus.

3. The study site of St. Paul’s Bank in the Community Baboon Sanctuary
contains high proportions of tree species used as food by the howler monkeys as
well as having fruit available throughout much of the year. This, combined with
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the protection from hunting enjoyed by the howlers, allows the Community Ba-
boon Sanctuary to support one of the largest populations of A. pigra and makes
it one of the most important sites for the conservation of this species.

4. In light of previous studies of A. pigra, this study demonstrates the flex-
ible nature of the diet for this species in different habitat types. As has been
shown for other members of the genus, this dietary flexibility may allow a broad
window of habitat tolerance for this species, which suggests A. pigra may be
readily able to colonize new habitats, either through natural or human-assisted
processes.

ACKNOWLEDGMENTS

We thank Mr. Eddie Macfadzen, Mr. Oswald Macfadzen, Mr. Fred Thomp-
son, Mr. Will Belisle, and Mr. Basil Thompson for their assistance and permis-
sion to work on their land. We also thank the Belize Forestry Department, the
Belize Audubon Society, and the Community Baboon Sanctuary Board of Direc-
tors, as well as all the people of St. Paul’s Bank, for their friendship and coopera-
tion throughout this study. Monique Teisch and Mark Robertshaw provided field
assistance. Dr. Fred Koontz gave much valuable advice and various forms of as-
sistance. Drs. David Burney, Charles Fox, and Ellen Dierenfeld contributed to
improving the manuscript, and their assistance is acknowledged and appreci-
ated. A number of anonymous reviewers also contributed helpful comments and
suggestions which improved the manuscript. Daniel Atha and Michael Nee at
the New York Botanical Gardens assisted in identifying botanical specimens. The
study was partially funded by a grant from The Wildlife Conservation Society,

whose support is gratefully acknowledged.

REFERENCES

Altmann, J. Observational study of behav-
ior: Sampling methods. BEHAVIOR 49:
227-267, 1974.

Bicca-Marques, J.C.; Calegaro-Marques, C.
Activity budget and diet of Alouatta caraya:
An age-sex analysis. FOLIA PRIMATO-
LOGICA 63:216-220, 1994.

Bolin, I. Male parental behavior in black
howler monkeys (Alouatta palliata pigra)
in Belize and Guatemala. PRIMATES 22:
349-360, 1981.

Brower, J.E.; Zar, J.H.; von Ende, C.N.
FIELD AND LABORATORY METHODS
FOR GENERAL ECOLOGY. Dubuque, IA,
Wm. C. Brown Publishers, 1990.

Carpenter, C.R. A field study of the behav-
ior and social relations of howling mon-
keys (Alouatta palliata). COMPARATIVE
PSYCHOLOGY MONOGRAPHS 10:1-
168, 1934.

Chapman, C.A. Patterns of foraging and
range use by three species of neotropical
primates. PRIMATES 29:177-195, 1988.

Chapman, C.A. Ecological constraints on
group size in three species of neotropical
primates. FOLIA PRIMATOLOGICA 55:1—
9, 1990.

Chapman, C.A.; Chapman, L.J.; Wrangham,

R.; Hunt, K.; Gebo, D.; Gardner, L. Esti-
mators of fruit abundance of tropical trees.
BIOTROPICA 24:527-531, 1992.

Clutton-Brock, T.H. Primate social organi-
sation and ecology. NATURE 250:539—
542, 1974.

Clutton-Brock, T.H. Feeding behaviour of red
colobus and black and white colobus in East
Africa. FOLIA PRIMATOLOGICA 23:165-
207, 1975.

Coelho, A.M.; Bramblett, C.A.; Quick, L.B.
Resource availability and population den-
sity in Primates: A socio-bioenergetic analy-
sis of the energy budgets of Guatemalan
howler and spider monkeys. PRIMATES
17:63-80, 1976a.

Coelho, A.M., Jr.; Coelho, L.; Bramblett, C.;
Bramblett, S.; Quick, L.B. Ecology, popu-
lation characteristics, and sympatric
association in primates: A socio-bioener-
getic analysis of howler and spider mon-
keys in Tikal, Guatemala. YEARBOOK
OF PHYSICAL ANTHROPOLOGY 20:96—
135, 1976b.

Coelho, A.M.; Bramblett, C.A.; Quick, L.B.
Social organization and food resource avail-
ability in primates: A socio-bioenergetic
analysis of diet and disease hypothesis.



276 / Silver et al.

AMERICAN JOURNAL OF PHYSICAL
ANTHROPOLOGY 46:253-264, 1977.

Crockett, C.M.; Eisenberg, J.F. Howlers:
Variation in group size and demography.
Pp. 56-68 in PRIMATE SOCIETIES. B.B.
Smuts; D.L. Cheney; R.M. Seyfarth; R.W.
Wrangham; T.T. Struhsaker, eds. Chicago,
University of Chicago Press, 1987.

Estrada, A. Resource use by howler monkeys
(Alouatta palliata) in the rainforest of Los
Tuxtlas, Veracruz, Mexico. INTERNA-
TIONAL JOURNAL OF PRIMATOLOGY
5:105-131, 1984.

Gaulin, S.J.C.; Gaulin, C.K. Behavioral ecol-
ogy of Alouatta seniculus in an Andean
cloud forest. INTERNATIONAL JOURNAL
OF PRIMATOLOGY 3:1-32, 1982.

Glander, K.E. HABITAT AND RESOURCE
UTILIZATION: AN ECOLOGICAL VIEW
OF SOCIAL ORGANIZATION IN MAN-
TLED HOWLER MONKEYS. Ph.D. dis-
sertation, University of Chicago, 1975.

Glander, K.E. Howling monkey feeding be-
havior and plant secondary compounds: A
study of strategies. Pp. 561-574 in THE
ECOLOGY OF ARBOREAL FOLIVORES.
G.G. Montgomery, ed. Washington, DC,
Smithsonian Institution Press, 1978.

Glander, K.E. Feeding patterns in mantled
howling monkeys. Pp. 231-257 in FORAG-
ING BEHAVIOR. Garland Series in Ethol-
ogy. New York, Garland STPM Press, 1981.

Harvey, P.; Martin, R.D.; Clutton-Brock, T.H.
Life histories in comparative perspective.
Pp. 181-197 in PRIMATE SOCIETIES.
B.B. Smuts; D.L. Cheney; R.M. Seyfarth;
R.W. Wrangham; T.T. Struhsaker, eds. Chi-
cago, University of Chicago Press, 1987.

Hill, W.C.O. PRIMATES: COMPARATIVE
ANATOMY AND TAXONOMY, V, CEBI-
DAE, PART B. Edinburgh, Edinburgh Uni-
versity Press, 1962.

Horwich, R.H. Species status of the black
howler monkey, Alouatta pigra, of Belize,
PRIMATES 24:288-289, 1983.

Horwich, R.H.; Johnson, E.D. Geographic
distribution of the black howler monkey
(Alouatta pigra) in Central America. PRI-
MATES 27:53-62, 1986.

Horwich, R.H.; Koontz, F.; Saqui, E.; Saqui,
H.; Glander, K.E. A reintroduction program
for the conservation of the black howler
monkey in Belize. ENDANGERED SPE-
CIES UPDATE 10:1-6, 1993.

Isbell, L.A. Contest and scramble competi-
tion: Patterns of female aggression and
ranging behavior among primates. BEHAV-
IORAL ECOLOGY AND SOCIOBIOLOGY
2:143-155, 1991.

Janzen, D.H. How to be a fig. ANNUAL
REVIEW OF ECOLOGICAL SYSTEMS
10:13-52, 1979.

Julliot, C.; Sabatier, D. Diet of the red howler

monkey (Alouatta seniculus) in French
Guiana. INTERNATIONAL JOURNAL OF
PRIMATOLOGY 14:527-550, 1993.

Kool, K.M. Food selection by the silver leaf
monkey, Trachypithecus auratus sondaicus,
in relation to plant chemistry. OECOL-
OGIA 90:527-533, 1992.

Koontz, F.; Horwich, R.; Glander, K.; West-
rom, W.; Koontz, C.; Saqui, E.; Saqui, H.
Reintroduction of black howler monkeys
(Alouatta pigra) into the Cockscomb Basin
Wildlife Sanctuary, Belize. Pp. 104-111 in
AZA ANNUAL CONFERENCE PROCEED-
INGS. Wheeling, West Virginia, American
Zoo and Aquarium Association, 1994.

Lyon, J.; Horwich, R. Modification of tropi-
cal forest patches for wildlife protection
and community conservation in Belize.
Pp. 205-230 in FOREST PATCHES IN
TROPICAL LANDSCAPES. J. Schelhas;
R. Greenberg, eds. Washington, DC, Is-
land Press, 1996.

Milton, K. Behavioral adaptations to leaf
eating by the mantled howler monkey
(Alouatta palliata). Pp. 561-574 in THE
ECOLOGY OF ARBOREAL FOLIVORES.
G.G. Montgomery, ed. Washington, DC,
Smithsonian Institution Press, 1978.

Milton, K. Factors influencing leaf choice by
howler monkeys: A test of some hypoth-
eses of food selected by generalist herbi-
vores. AMERICAN NATURALIST 114:
362-378, 1979.

Milton, K. THE FORAGING STRATEGY OF
HOWLER MONKEYS. New York, Colum-
bia University Press, 1980.

Milton, K. Food choice and digestive strat-
egies of two sympatric primate species.
AMERICAN NATURALIST 117:496-505,
1981.

Neves, A.M.; Rylands, A.B. Diet of a group of
howling monkeys, Alouatta seniculus, in an
isolated forest patch in central Amazonia. A
PRIMATOLOGIA NO BRASIL 3:263-274, 1991.

Neville, M.K.; Glander, K.E.; Braza, F.; Ry-
lands, A.B. The howling monkeys, genus
Alouatta. Pp. 349-454 in ECOLOGY AND
BEHAVIOR OF NEOTROPICAL PRI-
MATES. R.A. Mittermeier; A.B. Rylands;
A.F. Coimbra-Filho; G.A.B. de Fonesco
eds. Washington, DC, World Wildlife
Fund, 1988.

Ostro, L.E.T.; Silver, S.C.; Koontz, F.W,;
Young, T.P.; Horwich, R. Shifts in social
structure of black howler monkey (Alouatta
pigra) groups associated with natural and
experimental variation in population den-
sity. (submitted)

Ostro, L.E.T.; Silver, S.C.; Koontz, F.W,;
Young, T.P.; Horwich, R. Ranging behavior
of translocated and established groups of
black howler monkeys (Alouatta pigra) in
Belize, Central America. (in press)



Pielou, E.C. Shannon’s formula as a mea-
sure of specific diversity: Its use and
misuse. AMERICAN NATURALIST 100:
463-465, 1966.

Schlichte, H. A preliminary report on the habi-
tat utilization of a group of howler monkeys
(Alouatta villosa pigra) in the national park
of Tikal, Guatemala. Pp. 551-561 in THE
ECOLOGY OF ARBOREAL FOLIVORES.
G.G. Montgomery, ed. Washington, DC,
Smithsonian Institution Press, 1978.

Silver, S.C. THE FEEDING ECOLOGY OF
TRANSLOCATION H OWLER MONKEYS,
ALOUATTA PIGRA, IN BELIZE. Ph.D. dis-
sertation, Fordham University, 1997.

Smith, J.D. The systematic status of the
black howler monkey, Alouatta pigra Law-
rence. JOURNAL OF MAMMALOGY 51:
358-369, 1970.

Black Howler Feeding Ecology / 277

Stoner, K.E. Habitat selection and seasonal
patterns of activity and foraging of mantled
howling monkeys (Alouatta palliata) in
northeastern Costa Rica. INTERNA-
TIONAL JOURNAL OF PRIMATOLOGY
17:1-30, 1996.

Terborgh, J. FIVE NEW WORLD PRI-
MATES: A STUDY IN COMPARATIVE
ECOLOGY. Princeton, NdJ, Princeton Uni-
versity Press, 1983.

Whitehead, J.M. Vox alouattinae: A prelimi-
nary survey of the acoustic characteristics
of long distance calls of howling monkeys.
INTERNATIONAL JOURNAL OF PRIMA-
TOLOGY 16:121-144, 1995.

Yeager, C.P. Feeding ecology of the probos-
cis monkey (Nasalis lavvatus). INTERNA-
TIONAL JOURNAL OF PRIMATOLOGY
10:497-530, 1989.



278 / Silver et al.

G¥%00°0 ¥00°0 4 MOT[PL A[YoLig aradeINYy g -dds wnjfxoyjuny
6%00°0 100°0 14 Iepa) 9BIORI[OIA DUDIIXIUL D]DAPI))
746000 200°0 T oSuey agadRIpIBIBUY DO1PUL DUB1ISUD Y
6500°0 ¥€0°0 61 £1)eg opuriy) oraoepuldeg s1719D02ds D1UDAN))
19000 8100 0T wnyd uoas1q 9BOIBI[PIN DY DIIIYILL],
¥900°0 20°0 11 poomyoeL oraorULIRIOYg [ ‘ds n1p.ao))
G900°0 200 1T [moJpayg 9BOIBSOWIA WNID]022UD] WN1Q0]]292Y7I1]
TL00°0 100°0 14 wnjd3o 9BadRIpIBIBUY (¢) urquow snipuodg
€L00°0 700°0 H4 [teu ymeHq aeadRIqNY DIDULID DIPUDY
G800°0 9100 6 wnid3oy prip 9BOORIpIBIBUY (¢) 12foy1poL SDIPUOAS
16000 7600 61 auwII[ PIIM aroORIqNY WNUDIIXIW DWDISOXI]
£€600°0 1100 9 ssowr3o(q arodRIqNY s1suawnund DPULIOP]
76000 %000 T 3y wend 9BAIRBIOIN s1suau0dof snoa1g
GIT0°0 200 1T 99JJ00 PIIM 9BOORILINOIB[ ] DLOPINS DIUD]ING
9¢T0°0 $¢0°0 o1 9IYd20 MO)) orodROTUOUITY DIVIINID DLINUIULIDT
16100 ¥30°0 er adeas oIy p\ oradRUO0SAT0g $1SUdZ1]2Q DQ0O]0II0))
63200 7000 4 poomrajep arooRIqNY S1JDIUIP1II0 DIUIDAD]
8€20°0 8T0°0 01 TOMOTJARTAI orodRIUOUSTY DAS0. DINQGaQD],
0%20°0 9100 6 peesireg oBaOB(qR ] STULLDUT DLIPUT
2530°0 G000 e peesdeog oroorpuredg p1upu1dns snpuidng
€8€0°0 300°0 T 991) Joog 9BIIBSOWIA UDWDS DIUDWDS
GGE0'0 ¥00°0 4 Z/T "ds snotg 9BIDRIOTA D1]0J1U1700 | D2IND SN
08€0°0 €010 LS poom3oq aradRqR I sn170J130] SNduD20YIUOT
$2<0°0 $G0°0 0g mong orooruIdiesor) S1PUDLS DISSD))
¢v90°0 G200 4! auntyo) sew[eq aunY0d DULS1QL()
%¥90°0 £60°0 IS Ieped Aeg 9BOORI[NIING D1j0J1U N DWNZDNE)
8€60°0 €0T°0 LS poom3op duremg orvadRqR] g -dds sndumooyouoy
LEVT O 80°0 7474 Iq-ug 9BIIBSOWIA D420 DSUT
%S0%°0 %010 9¢G adeis soerg oreoRBU0SA[0J S1SUIINPUOY DQO]0II0))
QoUBRUTWO(] Aysua( N OWIBU UOWWIO)) Arure g soadg
9AlE[dY

wArenjoueg uooqeyqg A} IUNUWUWO)) Y} }e S}IISURI],
uo1)B)aS09A JO 9aB)09H [ UIYIIN Puno saroadg 994, 09 JO dourUIWO(] PuR A)Isua(q AN e[y ‘Aousnbaag XIANAJIV



Black Howler Feeding Ecology / 279

‘90UBUIWOP JO I9PIO UL @maﬁmmwhﬂ aJde mmwommwvw

1000°0
¢000°0
¢000°0
€000°0
€000°0
¥000°0
¥000°0
¥000°0
¥000°0
9000°0
9000°0
9000°0
L000°0
8000°0
¢100°0
€100°0
¥100°0
¥100°0
G100°0
LT00°0
8T100°0
12¢00°0
1800°0
G2¢00°0
§600°0
9600°0
L200°0
8600°0
8600°0
6600°0

G000
2000
6000
G000
¥00°0
¥00°0
2000
6000
¥00°0
700°0
2000
700°0
000
2000
000
000
T10°0
2000
L00°0
2000
€100
¥00°0
T10°0
€100
000
6000
L00°0
¥00°0
G000
9100

M ANFWOO AT O N FrA O A"~ AN NN~—ANN— ™~ —

poom urrom3ury
rudo)
SBRWIWIBW PIIM

sooaqny,
evARI\ orlg

b

BUIR)-BWR],

03300 PIIM

OARI(Q OYIISBIN
poomuostod yoerg
9913 39[[ng

poos sory

dosanog

uowel poy

uonon

auwII[ oWy,

erdoroea)

3y auryg

oI9S UsWARQ UL UNI(]
0jLISON
Arroquossorg
Arraqs[oerg
poomuostod 9ITYA
313 993801
poomuwrend)

eAey oYM
erodwey

junod 3ij prejseqg
(g ysenb) oredeje|y
B[[LISD BWEIN

arI9JIIINY)
aBadEqE
oradBIIqNY
9BAIBSOWIIA
9B0BIBWOISB[OIA
araoepurdeg
9BOIBSOWIIA
oradRULIOdSO20))
9BOIRBIOIN
9BAIBIPIBIBUY
9B90BIOIqUIO))
9BOIBUSQISA
agedBUOUUY
9BOJBIOIN
sradRqUIOY
aBadBINY
9BOIBIOIN
9BOIBIOIN
9B8IBII1INO0IR
9BOORQNINBWIS
9BadRIAIN
9BOIBIAIN
9B9IBI1IN0JB]
9BOIRBIOIN
oroorulId[ESOR))
9B00BIBUWIOISB[OIA
9BaVBI[L],
aroorIqIOydny
9BOJBIOIN
9BAVRI[OIN

‘dds D1wSIA

‘dds purayfagy

011410 DA1UL)
wndan2072£1 wn1qojoLausy
1 -ds apa0mDW0ISDID P
nrurwnd sn)Lydoyy

% "ds nsuy

wWn1]0J1710 WnuLadso)yoo))
[ ds avaon.Lop

120uMO0.q wnidojapy
$M1420Nq DOPIING
wWNs0o1INL WNLXDIDYIL)
DIDILUNU DUOUUT
S1SUUDING WNWIS0LT
nupuvjuad DqQ13))

1 -ds snug1)

‘dds n1do.0a))

DUDILLDUID SNOL]

DLOPINSG DIUD]INZ

DOND]IS DYNUINDWIS

% "ds oviuasSngy

1 ds muaSnsy

Da.0Q.ID D1IDSDI))

DWIXDUL ST
wnqlyviod wniqQojoziyog
DAJUISID DIUOITPY
MUUDWIIS DAYIN'T
wWn40]f14210] wnidog
nsnyad snog

DUDLILDU DIIYILL],



	INTRODUCTION
	STUDY SITE AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES
	Appendix
	Appendix (continued)
	Table 1
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5

