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Variation in Dietary Breadth Among Groups of Black Howler Monkeys is Not
Associated With the Vegetation Attributes of Forest fragments

PEDRO AMÉRICO D. DIAS*, ARIADNA RANGEL‐NEGRÍN, ALEJANDRO COYOHUA‐FUENTES, AND DOMINGO
CANALES‐ESPINOSA
Instituto de Neuroetología, Universidad Veracruzana, Xalapa, Mexico

Habitat disturbance alters vegetation structure and composition. For example, in forest fragments, the
rate of secondary plant species recruitment and mortality in species typical of old‐growth forests are
higher. For many arboreal primates, movement between fragments is infrequent and difficult, thus the
dietary breadth of herbivorous primates that live in fragments is expected to change. It is likely that the
ability of howlermonkeys (Alouatta spp.) to live in a large array of habitat types is related to their ability
to exploit a broad set of both difficult to digest and high energy resources. However, if small fragments
have fewer trees and plant species, food selection by howler monkeys could be limited, which would
undermine their persistence. To address this question, we compared the dietary breadth of 14 groups of
Yucatán black howler monkeys (Alouatta pigra) living in different fragments, and hypothesized that
dietary breadth should be associated to the vegetation attributes of the habitat. We characterized the
vegetation structure and composition in each fragment and collected a total of 3,747 focal hr on the
feeding behavior of 60 adult individuals. Dietary diversity, both in terms of the rate of plant species used
as food sources (plant species used per unit of time) and percentage of ingested food from the top five
plant species with overall highest ingestion rate, was not related to vegetation attributes but rather
associatedwith the degree of folivory, such that higher folivory led tomore diverse diets. Groups living in
fragmentswith higher tree density used a larger number of trees as food sources. Therefore, black howler
monkeys living in small fragments with disturbed vegetation continued to preserve diet diversity,
confirming that dietary diversification is an important goal in the foraging strategy of howler monkeys.
Am. J. Primatol. © 2014 Wiley Periodicals, Inc.
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INTRODUCTION

The availability and quality of plants vary with
environmental conditions. Therefore, foods selected
at any particular time and place represent a subset of
those that a forager can potentially digest and
metabolize [Freeland & Janzen, 1974]. As a conse-
quence, in addition to the physiological or morpho-
logical adaptations for consuming a certain array of
foods, the ability of foragers to exploit a particular
plant assemblage to meet their nutritional require-
ments is affected, among other things, by climate
[e.g., Minder, 2012], plant phenology [e.g., van Schaik
et al., 1993], and intra‐ and inter‐specific competition
[e.g., Ganzhorn, 1993; Hoeck, 1989]. Barriers to
movement into neighboring microhabitats also may
restrict the number and type of plant species and
plant parts selected by foragers, affecting their
dietary breadth [e.g., Erftemeier et al., 1993], which
we define as the set of plants consumed over some
extended period of time.

Many tree species disappear from small forest
fragments (hereafter fragments), particularly those

that are emergent and/or shade tolerant [Laurance
et al., 2006; Tabarelli et al., 2012], resulting in lower
plant species richness in fragments compared tomore
extensive forests [Hill & Curran, 2003; Laurance
et al., 2002]. In the Neotropics, many of these species
represent top food species for primates (e.g., Brosi-
mum alicastrum, Poulsenia armata, Pouteria spp.,
Dialium guianense, Nectandra spp.), and hence, food

Contract grant sponsor: CFE; contract grant number:
RGCPTTP‐UV‐001/04; contract grant sponsor: Universidad
Veracruzana, Conacyt; contract grant numbers: 235839, i010/
458/2013 C‐703/2013; contract grant sponsor: Idea Wild

�Correspondence to: Pedro Américo D. Dias, Dr. Luis Castelazo
Ayala S/N, Industrial Animas, CP 91190 Xalapa, Mexico.
E‐mail: paddias@hotmail.com

Received 17 September 2013; revised 8 April 2014; revision
accepted 14 April 2014

DOI: 10.1002/ajp.22300
Published online XX Month Year in Wiley Online Library
(wileyonlinelibrary.com).

American Journal of Primatology

© 2014 Wiley Periodicals, Inc.



availability can be lower in smaller fragments. For
instance, B. alicastrum, which is a key food species
for mantled howler monkeys [Alouatta palliata:
Chapman, 1988] and Geoffroyi’s spider monkeys
[Ateles geoffroyi: Ramos‐Fernández & Ayala‐Orozco,
2003], is less common in forest fragments than in
continuous forests [Arroyo‐Rodríguez & Mandujano,
2006; Chaves et al., 2012]. In addition, moving among
fragments separated by extensive open areas is
infrequent and often dangerous for arboreal primates
[e.g., Gilbert & Setz, 2001], whichmay further reduce
access to food resources by individuals inhabiting
isolated fragments. As a consequence, in fragments
primates may be forced to change their dietary
breadth.

Changes in dietary breadth in response to forest
disturbance (i.e., loss, fragmentation, ormodification:
Cowlishaw &Dunbar, 2000) have been reported for a
few primate species. For instance, in Sulawesi
Tonkean macaques (Macaca tonkeana), diademed
sifakas (Propithecus diadema) and Geoffroyi’s spider
monkeys, the diversity of plant species in the diet is
higher among individuals that live in undisturbed or
extensive forests than in individuals that live in
smaller and fragmented forests [Chaves et al., 2012;
Irwin, 2008; Riley, 2007]. Similarly, the number of
plant species in the diet of several groups of black
howler monkeys (Alouatta pigra) decreased dramati-
cally after severe habitat disturbance caused by a
hurricane [Behie & Pavelka, 2005]. Furthermore, in
Sulawesi Tonkean macaques, diademed sifakas, and
Geoffroyi’s spider monkeys, there is evidence that
habitat disturbance is associated with increased
narrowing of dietary breadth [i.e., a higher proportion
of the diet is concentrated in a reduced number of
plant species; Chaves et al., 2012; Irwin, 2008;
Riley, 2007]. In contrast, other studies have found
no clear effects of changes in habitat, including
fragment size and connectivity, on dietary breadth in
terms of the number of consumed plant species [e.g.,
bearded saki monkeys, Chiropotes chiropotes: Boyle
et al., 2012; golden‐crowned sifakas, Propithecus
tattersalli: Quéméré et al., 2013]. Still, even in these
cases habitat disturbance affects the patterning of
plant species use through the consumption of plants
that are ignored in continuous forests, including the
exploitation of cultivated plant species. This suggests
that primates modify aspects of their diet and food
selection in response to changes in their environ-
ment, which may enable them to exploit the set of
plant species and food types available in fragments,
improving their probablities of persisting in dis-
turbed habitats.

Howler monkeys (Alouatta spp.) are arboreal
quadrupeds that inhabit nearly all Neotropical forest
types from southeastern Mexico to northern
Argentina. Their ability to live in a large array of
habitat types, including highly disturbed forests (e.g.,
small fragments, orchards), has been related to high

dietary flexibility in terms of the plant parts used as
food sources (e.g., leaves, fruits, flowers), the relative
proportions of plant parts in the diet (i.e., from high
folivory to high frugivory) and in the plant species
that are consumed [e.g., Bicca‐Marques, 2003;
Cristóbal‐Azkarate & Arroyo‐Rodríguez, 2007;
Crockett, 1998; Dias & Rangel‐Negrín, in press].
Nevertheless, there is evidence suggesting that, as
for other primate foragers [Freeland & Janzen, 1974;
Westoby, 1978], a major goal of the foraging strategy
of howler monkeys is nutrient balancing, which may
serve to either obtain a complementary range of
nutrients required for growth, maintenance, and
reproduction or limit the amount of toxins ingested
from any one plant species [e.g., Amato & Garber, in
press; Behie & Pavelka, 2012a,b; Felton et al., 2009;
Glander, 1978; Milton, 1980]. In this sense, if small
fragments have fewer trees and plant species, limi-
tations in the ability of howler monkeys to balance
nutrients effectively could affect their survival.

To date, the study of the effects of habitat
disturbance on the feeding ecology of howlermonkeys
has followed two main approaches: (1) case studies
comparing the diet of a small number of groups (two
to five groups) that live under varying habitat
conditions (e.g., fragment size, plant species compo-
sition) [e.g., A. palliata: Asensio et al., 2007; A.
pigra: Rivera & Calmé, 2006; A. seniculus: López
et al., 2005], and (2) reviews of published studies that
report both feeding behavior and habitat attributes
that are related to disturbance, such as fragment size
[Alouatta spp.: Bicca‐Marques, 2003; Dias & Rangel‐
Negrín, in press; A. guariba clamitans: Chaves &
Bicca‐Marques, 2013;A. palliata: Cristóbal‐Azkarate
& Arroyo‐Rodríguez, 2007]. All review studies have
found that some features of the feeding behavior of
howler monkeys do not vary as a function of fragment
size, such as the relative proportion of leaves and
fruits in the diet, whereas other features are
consistently affected by attributes of fragmented
populations (e.g., fragment size or population densi-
ty), such as the number of plant species in the diet,
which increases with increasing fragment size [e.g.,
Dias & Rangel‐Negrín, in press; Cristóbal‐Azkarate
& Arroyo‐Rodríguez, 2007]. Evidence from case
studies is inconsistent, with some cases supporting
positive effects of fragment size on time spent eating
fruits or the richness of plant species composing the
diet [A. macconnelli: López et al., 2005; A. palliata:
Dunn et al., 2010; Juan et al., 2000], whereas others
do not [A. palliata: Asensio et al., 2007; A. pigra:
Rivera & Calmé, 2006].

Inconsistencies among case studies, as well as
between case studies and review studies, could be
related to multiple factors, including inter‐specific
differences in behavior or variation in methodology
and sample size. Furthermore, in these studies, the
effects of habitat disturbance on the feeding behavior
of howlermonkeyswere assessed independently from
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variation in vegetation attributes (e.g., plant species
composition, forest structure). As fragment size does
not always correlate positively with food availability
[e.g., Gómez‐Espinosa et al., 2014], the consequences
of habitat disturbance on the feeding behavior of
howler monkeys should be evaluated through meth-
ods that allow greater discrimination of the effects of
habitat spatial patterns (i.e., fragment size) from
effects of variation in vegetation per se [e.g., plant
species diversity: Arroyo‐Rodríguez & Dias, 2010].

To address this limitation and improve our
understanding of the dietary responses of howler
monkeys to habitat disturbance, we investigated the
dietary breadth of 14 groups of Yucatan black howler
monkeys (A. pigra; hereafter, black howler monkeys)
living in different fragments. We hypothesized that
dietary breadth should be associated with the
vegetation attributes of the habitat. We started by
addressing the relationship between fragment size
and vegetation attributes. Specifically, we predicted
that fragment size would be positively associated
with tree size and density, plant species diversity,
and the presence of plant species typical of old‐growth
forests. We subsequently predicted that dietary
breadth should be positively affected by tree size
and density, plant species diversity, and the presence
of primary plant species, so when living under
these circumstances black howler monkeys should
use more plant species and trees as food sources, and
concentrate less of their feeding time on top food
species (i.e., lower specialization). Because the
number of plant species in the diet of howlermonkeys
increases with the degree of folivory [Dias & Rangel‐

Negrín, in press], the amount of leaves in the diet was
considered an additional predictor of dietary breadth.
Finally, as a consequence of changes in vegetation
composition that occur in smaller fragments, we
predicted an increase in the use of non‐primary plant
species in small fragments.

METHODS

This study complied with the legal requirements
of the Estados Unidos Mexicanos (SEMARNAT
SGPA/DGVS/01273/06 and 04949/07). The research
also adhered to the American Society of Primatolo-
gists (ASP) Principles for the Ethical Treatment of
Non‐Human Primates.

Study Sites and Subjects

To reduce the potential confounding effects of
variation in latitude and altitude on vegetation
structure and composition, and as a consequence,
on the feeding behavior of black howler monkeys
living in different fragments, our study concentrated
on populations that live in a ca. 20,000 km2 area in
the Campeche state, located in the Yucatan Peninsu-
la, Mexico (Fig. 1). In Campeche, the climate is hot
and humid [Vidal‐Zepeda, 2005], and mean annual
rainfall is 1,300mm, with a dry season from Novem-
ber to May (43.7� 25.8mm), and a rainy period
between June and October (218.9� 14.1mm). Mean
annual temperature is 26°C.

From April 2005 to November 2008, we studied
14 groups of black howler monkeys that lived in

Fig. 1. Location of the 14 groups of black howler monkeys studied in the state of Campeche, Mexico. Groups: 1¼AA Álamo;
2¼Atascadero; 3¼Calakmul S; 4¼Calakmul N; 5¼Calaxchil; 6¼Chicbul; 7¼Chilar; 8¼Manantiales; 9¼Oxcabal; 10¼R Álamo;
11¼Subestación; 12¼T61 Calax; 13¼Tormento N; 14¼Tormento S.
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different fragments (Table I). The selection of the
study groups aimed to maximize differences in
fragment size.

Habitat Characterization

To study the structure and composition of the
vegetation in each fragment we used amodification of
the Gentry [1982] protocol. Briefly, in each fragment
we randomly located ten 50� 2m linear transects
inside each group’s home range. In each transect, we
measured the diameter at breast height (DBH; ca.
1.3m) of all trees with DBH �10 cm, which we
identified at the species level based on morphology
and classified according to its ecological group.
Ecological groups refer to the light requirements of
seeds for germination: primary species (shade toler-
ant), secondary species (shade intolerant), and non‐
secondary light demanding species (NSLD) [Arroyo‐
Rodríguez & Mandujano, 2006]. Secondary species
grow only in clearings and at the forest edge. NSLD
species can survive in primary or secondary forest,
but they need intense light during the first stage of
growth. This classification was based on information
published in Etnoflora Yucatanense, Flora of Vera-
cruz, andNeotropical Flora, as well as several species
lists and consults with botanists [e.g., Ibarra‐Man-
ríquez et al., 1997; Popma et al., 1988]. Plants that
could not be identified in the field were collected for
identification at the “Alfredo BarreraMarín” (UADY,
Yucatan, Mexico) and UCAM (Centro de Investiga-
ciones Históricas y Sociales, UAC, Campeche,
Mexico) herbaria.

We assessed the completeness of our vegetation
samplings by calculating the proportion of observed
plant species in each fragment with respect to the
expected asymptotes of rarefaction curves. The

expected number of plant species was calculated
with the Clench equation [Soberón &Llorente, 1993].
We pooled the transect data for each fragment and
treated each fragment as a unit for all vegetation
analyses.

From transect data, we calculated species rich-
ness, density, and basal area for all sampled trees
(Table II). We also calculated the proportion of
primary tree species according to its ecological group.
Total basal area and tree density are measures
of vegetation structure, whereas the proportion of
primary plant species and species richness are
measures of vegetation composition. These measures
havebeen frequentlyused to describe of the vegetation
attributes of howler monkey habitats [e.g., Arroyo‐
Rodríguez & Mandujano, 2006; Dunn et al., 2009]. In
the context of our prediction, smaller fragments
should have lower species richness, tree density, basal
area, and proportion of primary plant species.

Plant Species Used as food Sources
Each marked plant that was used as a feeding

source was identified at the species level. During field
identification we also noted the life growth form of
each plant as epiphyte, shrub, tree or vine (both
woody and non‐woody vines), as well as the ecological
group of each plant, as described above.

Behavioral Observations
We used focal animal sampling with continuous

recording [1‐hr samples; Altmann, 1974] to study
feeding behavior. Samples in which focal animals
were out of sight for more than 5minwere not used in
our analyses. When focal animals fed, we noted the
duration of the feeding episode and the plant part

TABLE I. Group Size and Composition, Fragment Size, and Sampling Effort for the 14 Groups of Black Howler
Monkeys That Were Studied in Campeche

Group no. Site Group sizea Males Females Immaturesb Fragment size (ha) Sampling effort (hr)

1 AA Álamo 4 (3) 2 (1) 2 1 35.3 270
2 Atascadero 4 2 1 1 1.15 250
3 Calakmul N 5 2 2 1 51,503 270
4 Calakmul S 9 (5) 3 (1) 2 (1) 4 (3) 140,000 257
5 Calaxchil 6 1 2 3 3,000 280
6 Chicbul 4 (5) 1 2 1 (2) 5 280
7 Chilar 8 2 3 3 2.1 270
8 Manantiales 3 (5) 1 1 (2) 1 (2) 50 270
9 Oxcabal 5 (7) 2 (3) 2 1 (2) 7 270
10 R Álamo 8 1 4 3 96 250
11 Subestación 5 2 2 1 6 250
12 T61Calax 9 (10) 2 3 4 (5) 300 270
13 Tormento N 10 (9) 3 4 3 (2) 600 280
14 Tormento S 6 (7) 2 2 2 (3) 800 280

Note: aNumbers in parenthesis represent changes in group composition between sampling periods.
b<30 months of age.
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that was consumed as young leaves, mature leaves,
ripe fruits, unripe fruits, or flowers. Time spent
eating each plant part was thenmultiplied by feeding
rates reported for black howler monkey foods [Amato
& Garber, in press] to obtain an estimation of the
amount of ingested food (in grams) per plant part.
From these data, we calculated percentages of
ingested food weight per plant part. As mean
percentage of mature leaf ingestion was only
3.1� 2.6% and four groups were not observed to
ingest this plant item at all, we combined both young
and mature leaves into one variable (folivory) for
further dietary breadth analyses.

Observations were performed during complete
days (i.e., 6:00 to 17:00 or 7:00 to 18:00, depending on
daylight across the year), and all individuals were
identified based on their natural anatomical and
physiognomic characteristics, such as body size and
proportions, scars, broken fingers, and genital mor-
phology and pigmentation. Focal animals were
selected on a pseudorandom basis, such that no
individual was sampled twice until all were sampled
once, and focal samples of each animal were evenly
distributed throughout the day. We sampled only
adult individuals (N¼ 60; 33 females and 27 males)
and collected a total of 3,747 focal hr of behavioral
data, with a mean observation time of 62.5� 19.8 hr
per individual and 267.6� 11.4 hr per group (Table I).
Each group was sampled during approximately
30 days in each season. Inter‐annual variation in
rainfall among sampling months during the 4 years
that spanned our study was low for both the dry
(coefficient of variation¼ 5%) and the wet seasons

(coefficient of variation¼ 9%) (data from CONAGUA‐
SMN, Mexican National Water Committee‐National
Weather Service). Therefore, little annual variation
in plant part production due to differences in climatic
variables is expected to have occurred during the
study.

Data Organization and Analyses

We used three measures of dietary breadth:
(1) number of plant species used as food sources; (2)
proportion of ingested food from top food species; (3)
number of trees used as feeding trees (Table II). To
account for variation among groups in sampling time,
the number of plant species and trees used as food
sources were converted to rates. Top food species was
defined as the five plant species with overall highest
ingestion for each group. In the context of our
predictions, dietary breadth should decrease in
fragments with lower species richness, tree density,
basal area, and proportion of primary plant species.
Therefore, the rates of plant species and tree use
should decrease, whereas the proportion of food
ingested from top food species should increase under
those circumstances.

All analyses were performed at the fragment
(fragment size and vegetation variables) and group
(behavioral data) level (N¼ 14). We analyzed the
relationship between fragment size and each vegeta-
tion variable with simple regression analyses, and
explored the relationship between fragment size and
folivory with a Pearson correlation. We used a simple
regression analysis to test for the effect of the

TABLE II. Variables Analyzed in This Study

Variable Definition

Habitat variables
Fragment size Area (in ha) of each forest fragment (min¼1.2; max¼ 140,000; mean

(�SD)¼14,029.0� 38,737.1 ha)
Total basal area of trees Sum of basal areas of all trees with DBH >10 cm sampled in the Gentry transects (min¼ 2.8;

max¼47.1; mean (�SD)¼9.6� 11.5m2)
Tree density Number of trees sampled in the Gentry transects multiplied by 0.1 ha (min¼140; max¼1,120;

mean (�SD)¼737.9�267.2 trees/ha)
Plant species diversity Species richness, as the total number of plant species sampled in the Gentry transects (min¼5;

max¼33; mean (�SD)¼20.7�7.8)
% Primary plant species Percentage of plant species sampled in the Gentry transects classified as primary according to

light requirements during seed germination (min¼14.3; max¼76; mean
(�SD)¼46.3� 19.5%)

Dietary variables
Folivory Percentage of consumed food weight dedicated to eat leaves (min¼ 7.9; max¼ 86.9; mean

(�SD)¼39.5� 24.1%)
Rate of plant species use Total number of plant species used as food sources divided by total observation time per group

(min¼0.13; max¼0.83; mean (�SD)¼ 0.49�0.18 species/hr)
% Ingested food from top
food species

Percentage of ingested food from the five food plant species with overall higher ingestion
(min¼47.8; max¼98.9; mean (�SD)¼ 71.3�14.9%)

Use of feeding trees (rate) Number of trees used as food sources divided by total observation time per group (min¼ 0.07;
max¼1.1; mean (�SD)¼ 0.69� 0.30 trees/hr)
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proportion of primary plant species in the habitat on
the consumption of primary plant species.

Because vegetation variablesmeasured in trans-
ects were correlated, we ran a principal components
analysis (PCA) to reduce collinearity among predic-
tor variables in models of dietary breadth. To model
variation in dietary breadth we used regression
analyses with Akaike’s information criterion [AICc;
Burnham & Anderson, 2010] to determine which
predictive variables best explained variation among
groups in the rate of plant species use, percentage of
food ingested from top food species, and the rate of
food tree use (Table II). Proportional data were
normalized using the arcsine square root transfor-
mation, whereas fragment size was normalized
using a logarithmic transformation. All tests were
two‐tailed and were performed with SPSS 20.0
(SPSS, Inc., Chicago, IL). Significance was set at
P< 0.05.

RESULTS

Completeness of Vegetation Samplings

The mean proportion of plant species recorded in
vegetation transects with respect to the estimated
total number of species in each fragment was
73.80� 0.03%, indicating that we sampled approxi-
mately two‐thirds of all plant species present in
fragments (Fig. 2). Variation among fragments in the
proportion of plant species recorded was very low
(coefficient of variation¼ 4%), suggesting that our
method had a similar performance across forest
fragments.

Effects of Fragment Size on Vegetation
Attributes

Larger fragments had a higher basal area of trees
(R2¼ 0.78, F1,12¼ 42.5, P< 0.001; Fig. 3a), a more
diverse plant species assemblage (R2¼ 0.67,
F1,12¼ 24.4, P< 0.001; Fig. 3b) and a higher propor-
tion of primary plant species (R2¼ 0.71, F1,12¼ 29.2,
P< 0.001; Fig. 3c), whereas tree density was not
related to fragment size (R2¼ 0.007, F1,12¼ 0.09,
P¼ 0.763; Fig. 3d). The proportion of consumed
leaves was negatively related to habitat size (r¼
�0.72, P¼ 0.004).

A PCA of vegetation variables resulted in two
components with eigenvalues �1, which explained
89% of the total variance. Component 1 (eigenvalue
¼ 2.7, explained 67.5% of the variance) had strong,
positive loadings for plant species richness (0.91),
basal area of trees (0.87) and the proportion of
primary plant species (0.92). Component 2 (eigenval-
ue¼ 1, explained 21.5% of the variance) had a strong,
positive loading for tree density (0.84). These
components were used as predictive variables (in
addition to folivory) in models of dietary breadth.

Dietary Breadth of Black Howlers in
Fragments

Black howler monkeys were observed to consume
136 plant species and 28 morphospecies (Table SI).
The majority of plants used were trees (67.1%),
followed by vines (14.0%), lianas (7.3%), shrubs
(6.7%), epiphytes (3.0%), and hemiparasites (1.8%).
Of plants that could be identified at the species level,
38.2% were NSLD, 37.5% were primary, and 24.3%
were secondary species. While no species was
consumed by all groups, one species (Bursera
simaruba (L.) Sarg.) was used by 12 groups, whereas
15 species were used by a single group. Thirty‐one
taxa (29 species and 2 morphospecies) were classified
as top food species across the 14 groups (Table III),
the majority of which (90.3%) were tree species.
According to their ecological group, 44.8% were
primary, 31.0% were NSLD, and 24.1% were second-
ary species. Two taxa (B. alicastrum Sw., Manilkara

Fig. 2. Transect‐based plant species accumulation curves for 14
forest fragments occupied by black howlermonkeys inCampeche,
Mexico. Species are represented as the mean number of new
species observed for each transect accumulated up to the total
sample size (i.e., 10 transects).
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zapota (L.) P. Royen) were top food species for six
groups, whereas 48.4% were top food species for a
single group.

Effects of Vegetation Attributes on Dietary
Breadth

The rate of plant species use was positively
predicted by folivory (Table IV; Fig. 4a), whereas
groups that consumed fewer leaves ingested more
food from top food species (Fig. 4b). Groups that lived
in habitats with a higher density of trees used more
feeding trees (Fig. 4c). The proportion of primary
plant species in the habitat positively predicted the
consumption of primary plant species (R2

1;12 ¼ 0.37,
P¼ 0.022).

DISCUSSION
Our study demonstrates that, although in Cam-

peche plant species richness, basal area and the
proportion of primary plant species vary as a function

of fragment size, the dietary breadth of black howler
monkeys is little affected by the size of the fragment
occupied. Dietary breadth, both in terms of the rate of
plant species used as food sources and consumption of
food from top food species, was not related to
vegetation attributes of the habitat, but rather
associated with feeding behavior, such that higher
folivory led to more diverse diets. The only analyzed
dietary variable that related to the vegetation
attributes of the habitat was the number of used
feeding trees: groups living in fragments with higher
tree density used more trees as food sources. These
results indicate that black howler monkeys that live
in small fragments with disturbed vegetation pre-
serve diet diversity, confirming that dietary diversi-
fication is an important goal in the foraging strategy
of howler monkeys. Further, howler monkeys diver-
sify their diet not only through the use of different
plant species but also by feeding from more trees of
each species, as suggested by the positive relation-
ship between tree density and the number of feeding
trees.

Fig. 3. Variation in vegetation composition and structure as a function of fragment size: (a) total basal area of trees; (b) plant species
richness; (c) proportion of primary plant species; (d) tree density.
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Habitat Size, Vegetation Attributes, and the
Dietary Breadth of Black Howler Monkeys

As a probable consequence of the significant
effect of habitat size on vegetation composition,
dietary composition differed greatly among groups
(Table SI). However, although in small fragments
there were fewer primary plant species, diversity in
plant species use and specialization did not vary
according to vegetation attributes. Howler monkeys
living in fragments are probably maintaining dietary
diversity through the exploitation of plant species
that are either absent or are ignored in larger forests.
For instance, in small fragments, individuals were
observed to consume introduced plant species that
were not observed in larger fragments (e.g., Carica
papaya L.). These results confirm the dietary
flexibility of black howler monkeys [Rivera &
Calmé, 2006; Silver & Marsh, 2003], and converge
with previous findings with other primates. For
instance, bearded saki monkeys and golden‐crowned
sifakas do not consistently use more plant species
when living in larger habitats, but showdifferences in
the selection of foods that are dependent on plant
availability [Boyle et al., 2012; Quéméré et al., 2013],

while ursine colobus (Colobus vellerosus) are able to
adjust species composition in its diet to accommodate
the differences in plant composition in the forests
they inhabit [Wong et al., 2006].

The observed patterns of dietary diversification
by black howler monkeys agree with previous case
studies that compared feeding behavior among a few
groups of howler monkeys. For instance, the number
of plant species in the diet of three A. palliata groups
living in contrasting habitats (e.g., fragment size was
1.3, 8.3, and 40ha) differed by only 14% with respect
to the total number of species used, and this difference
did not parallel variation in fragment size [Asensio
et al., 2007]. In contrast, literature reviews on the
relationship between habitat disturbance and the
feeding behavior of howler monkeys, which have
analyzed dietary diversity, have consistently found
negative associations between forest disturbance and
the number of plant species used as food sources
[Bicca‐Marques, 2003; Chaves & Bicca‐Marques,
2013; Cristóbal‐Azkarate & Arroyo‐Rodríguez, 2007].
It is possible that this difference is due to these studies
not having standardized species diversity measures
according to study duration in hours [Bicca‐
Marques, 2003; Chaves & Bicca‐Marques, 2013;
Cristóbal‐Azkarate & Arroyo‐Rodríguez, 2007]. We
therefore recommend that future analyses of the
dietary diversity of howler monkeys account for
variation in observation effort, as performed in the
present study.

Implications for the Survival of Black Howler
Monkeys in Forest Fragments

Could the absence of differences among groups in
dietary diversity represent good news for the
conservation of howler monkeys in forest fragments?
We do not believe so. As is the case for other primates
that consume a variety of different plant tissues,
howler monkeys have to balance the consumption of
nutrientswhile avoiding the toxic effects of secondary
metabolites coming from a single plant species
[Felton et al., 2009; Freeland & Janzen, 1974;
Pulliam, 1975]. This foraging goal can be attained
through a mixed diet of different plant species, plant,
and animal tissues, and different individual trees

TABLE IV. Models of Dietary Breadth for Black Howler Monkeys

Dietary breadth Modela b B t P

Rate of species use (R2¼ 0.58; F2,11¼ 7.7; P¼ 0.008) Leaf consumption 0.64 0.17 3.7 0.003
Component 1 0.03 0.02 1.5 0.161

% Feeding from top food species (R2¼ 0.78; F1,12¼42.1; P<0.001) Leaf consumption �0.88 0.13 6.5 <0.001
Rate of tree use (R2¼ 0.51; F2,11¼5.8; P¼0.019) Component 2 0.24 0.07 3.3 0.007

Leaf consumption 0.07 0.32 0.2 0.824

Note: b¼ regression coefficient; B¼parameter.
aVariables included in models were selected by AICc.

Fig. 4. Variation in dietary breadth of black howler monkeys: (a)
rate of plant species use as a function of folivory; (b) food ingested
from top food plant species as a function of folivory; (c) rate of
feeding tree use as a function of component 2 (i.e., tree density).
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from each species [Milton, 1980]. We found that black
howler monkeys living in smaller fragments main-
tain levels of dietary diversity comparable to those of
individuals living in larger fragments by using more
secondary and NSLD plant species. It has been
speculated that non‐primary vegetation (secondary
and NSLD plant species) may have positive effects on
the persistence of folivorous primates [Lovejoy
et al., 1986], and particularly howler monkeys, in
transformed habitats because: (1) leaves from sec-
ondary species may have lower levels of chemical
defenses and fiber, and higher values of protein,
digestible nutrients, and energy: Behie & Pavelka,
2012a; Chiarello, 2003; Lovejoy et al., 1986]; (2) there
is lower seasonal variation in the production of young
leaves (a preferred food item for howler monkeys) in
secondary forests; and (3) secondary vegetation is on
occasion positively associated with floristic diversity,
facilitating dietary diversity [Cristóbal‐Azkarate
et al., 2005]. However, this prediction has not been
formally tested as applied to howler monkeys’
habitats and foods, and there is abundant data
suggesting that howler monkey populations fare
better (e.g., higher population size and occupancy of
fragments) in mature or undisturbed forests than in
disturbed secondary habitats [DeGamma‐Blanchet&
Fedigan, 2006; Estrada & Coates‐Estrada, 1996;
Rodríguez‐Toledo et al., 2003; Sorensen & Fedigan,
2000].

In small fragments, howler monkeys may be
metabolically constrained, because energy intake is
supposedly lower due to a reduction in the ingestion
of preferred foods, such as fruit, which black howler
monkeys consume according to its availability [e.g.,
Behie & Pavelka, in press; Pavelka & Knopff, 2004;
Silver et al., 1998], and folivory increases, leading to
higher foraging effort [e.g., higher travel time: Dunn
et al., 2009]. In the current study, folivory and the
number of used feeding trees increased in smaller
habitats, supporting the existence of a link among
feeding behavior, dietary breadth, and habitat
disturbance. Therefore, future research should aim
at determining the fitness consequences of variation
in the dietary breadth of howler monkeys, including
the assessment of the quality (digestible nutrients)
and anti‐quality (non‐digestible nutrients and toxic
components) of the foods that are consumed in
relation to landscape structure [sensu Turner,
1989]. When such data become available, we will be
able to better predict the long‐term survival proba-
bilities of black howler monkey populations living in
disturbed habitats.

CONCLUSION
We conclude that the dietary breadth of black

howler monkeys is little affected by the vegetation
attributes of the habitat that were measured in the
present study, and ismainly affected by folivory, such

that more folivorous diets lead to more diverse diets.
Finally, it is noteworthy that 95% of the 136 plants
consumed by black howler monkeys that we identi-
fied at the species level have not been evaluated in
terms of conservation status [IUCN, 2013]. To better
understand how black howlermonkeys, and primates
in general, adjust to the transformation of their
habitats, we will have to improve our knowledge on
the patterns of occurrence and abundance of the plant
species that they use as food sources.
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