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ABSTRACT

Forest fragmentation can lead to reductions in food availability, especially for some large‐bodied tropical mammals such as spider mon-
keys. During a 15‐mo period, we assessed the diet of Geoffroyi's spider monkey (Ateles geoffroyi) in continuous forest and fragments in
the Lacandona region, southern Mexico, and related differences in diet to differences in vegetation structure and composition. We found
that both forest types presented top food species for monkeys (e.g., Spondias spp., Brosimum alicastrum), but the sum of the importance
value index of these species and the density of large trees were lower in fragments than in continuous forest. We also found that, com-
pared with continuous forest, monkeys in fragments diversified their overall diet, increased consumption of leaves, and reduced the time
they spent feeding on trees in favor of more time feeding on hemiepiphytes (particularly Ficus spp.) and palms, both of which were com-
mon in fragments. We attribute these changes to the relative food scarcity of the most favored feeding plants in forest fragments. Over-
all, our findings suggest that monkeys are able to adjust their diet to food availability in fragments, and thus persist in small‐ and
medium‐sized fragments. Although it is unlikely that the small size of two of the three study fragments (14 and 31 ha) can maintain via-
ble populations of monkeys in the long term, they may function as stepping stones, facilitating inter‐fragment movements and ultimately
enhancing seed dispersal in fragmented landscapes.
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DEFORESTATION AND TRANSFORMATION OF TROPICAL RAIN FORESTS

around the world are among main causes of the global decline in
biodiversity (e.g., butterflies, fish, and mammals: Brook et al. 2003,
birds: Sehgal 2010). This situation has been demonstrated to be
of particular concern in the case of tropical primates (Cowlishaw
& Dunbar 2000, Marsh 2003, Arroyo‐Rodríguez & Dias 2009),
including spider monkeys (Ateles spp.). Owing to their relatively
large body size, large home range requirements (Fedigan et al.
1988), and low fecundity (Campbell & Gibson 2008), as well as
continued high hunting pressure (Duarte‐Quiroga & Estrada
2003) and the drastic human alteration of their natural habitats
(Ramos‐Fernández & Wallace 2008), Ateles geoffroyi is particularly
threatened by such processes and could become one of the first
Mesoamerican primates to become extirpated in many regions in
the coming decades (Garber et al. 2006). Indeed, as a probable
consequence of habitat loss and disturbance, six of the seven
subspecies of A. geoffroyi recognized by Collins (2008) are cur-
rently included in the IUCN red list (vulnerable: A. g. frontatus;
endangered: A. g. ornatus, A. g. yucatanensis; critically endangered:
A. g. panamensis, A. g. geoffroyi, A. g. vellerosus; Cuarón et al. 2008).

One of the most frequent threats to forest vertebrates in
fragmented landscapes is a reduction in food availability (e.g.,
birds: Robinson 1998; primates: Arroyo‐Rodríguez et al. 2007). In
smaller fragments, home range size is usually smaller, limiting the
amount of resources available to each group (Bicca‐Marques

2003, Chapman et al. 2007, Cristóbal‐Azkarate & Arroyo‐
Rodríguez 2007). Additionally, as fragments become smaller,
more irregularly shaped, and more isolated, their floristic compo-
sition, plant species diversity, and vegetation structure become
increasingly modified (Hill & Curran 2003, Arroyo‐Rodríguez &
Mandujano 2006). Such changes can reduce food availability to
primates through the abundance and richness of large food trees
(Arroyo‐Rodríguez & Mandujano 2006, Dunn et al. 2009). As lar-
ger trees produce more fruits than smaller ones (Chapman et al.
1992), the reduction in richness and abundance of large trees
could negatively affect the distribution and abundance of many
tropical primates (e.g., Alouatta palliata: Arroyo‐Rodríguez et al.
2007, Colobus spp.: Onderdonk & Chapman 2000, Chapman et al.
2007), especially in the case of highly frugivorous monkeys such
as Ateles spp. (Di Fiore et al. 2008, González‐Zamora et al. 2009).

Under this scenario, the persistence of primate populations/
species in fragments largely depends on their ability to adjust
their diet (e.g., Alouatta pigra: Rivera & Calmé 2006, A. palliata:
Dunn et al. 2009, Alouatta seniculus, Ateles paniscus, Cebus apella: Bo-
yle 2008). Evidence suggests that the success of primates in cop-
ing with habitat fragmentation is related to their capacity to: (1)
diversify their diet by feeding from many different plant species/
items, and adjust their diet to the species locally available in their
habitat (Silver & Marsh 2003, Cristóbal‐Azkarate & Arroyo‐Rod-
ríguez 2007, González‐Zamora et al. 2009); (2) consume exotic
and secondary successional species frequent in disturbed habitats
(Onderdonk & Chapman 2000, Cristóbal‐Azkarate & Arroyo‐
Rodríguez 2007); and/or (3) rely on some keystone food
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resources (e.g., Ficus spp.). Without these feeding adjustments pri-
mates may face episodes of food scarcity, which might affect
their long‐term persistence (Milton 1990, Hanya et al. 2004).

Studies about diet and feeding behavior of atelids are largely
focused on folivorous species such as howler monkeys (Alouatta
spp.) and biased toward continuous forests (reviewed by Di Fiore
& Campbell 2007). Although recent papers have reviewed the
diet of spider monkeys throughout their range (Di Fiore et al.
2008, González‐Zamora et al. 2009), little is known about their
ability to adjust their diet to food shortage in fragments. The
available data show that spider monkeys increase the consump-
tion of leaves in small unprotected forest fragments compared
with large protected forests (González‐Zamora et al. 2009), but
the potential relationship between their diet shifts and local
vegetation structure remains unexplored.

We evaluate differences in diets of A. geoffroyi between con-
tinuous forest and forest fragments in the Lacandona rain forest,
southeastern Mexico, and relate these variations to differences in
vegetation structure and composition between both forest types.
In particular, we evaluate differences in: (1) dietary diversity; (2)
top food plant species (i.e., those that together comprised > 80%
of total feeding time [TFT]); (3) relative contribution of different
plant items and plant growth forms to the diet; and (4) overlap
of food plant species between habitats. We hypothesized that
changes in vegetation structure and composition between frag-
ments and continuous forest affect food availability for spider
monkeys and result in dietary differences between monkey
groups. We expect that lower structural and compositional diver-
sity of vegetation in forest fragments will result in a more diverse
diet including less nutritious food items. Assessing the changes in
diet of this species in continuous and fragmented forests will
improve our understanding about its ability to make behavioral
shifts to deal with food scarcity and, hence, allow land managers
to make informed recommendations for its conservation.

METHODS

STUDY SPECIES.—The Geoffroyi's spider monkey (A. geoffroyi
Kuhl, 1820) is the largest Mesoamerican primate species, and is
distributed from Mexico through most of Central America to the
border of Panama and Colombia (Rylands et al. 2006). Spider
monkeys have a highly frugivorous diet, large home range
requirements, rapid speed of travel, and a fission–fusion social
organization in which the multi‐male/multi‐female community
regularly divides into subgroups of fluctuating size and composi-
tion for foraging (Di Fiore & Campbell 2007).

STUDY AREA AND STUDY SITES.—Fieldwork was conducted in the
Lacandona rain forest, southern Chiapas, Mexico (16�0505800 N,
90�5203600 W; elevation 10–50 m asl). The study was conducted
in two areas separated by the Lacantún river: the Marqués de
Comillas region (MCR, eastern side of the river), and the Montes
Azules Biosphere Reserve (MABR, western side, Fig. S1). Cover-
ing parts of Mexico, Guatemala, and Belize, this region encom-
passes the largest area of tropical rain forest in Mesoamerica

(Dirzo 1994). The original vegetation in the area is tropical wet
forest and semideciduous rain forest. The climate is hot and
humid with an average annual temperature of 24�C and average
annual rainfall of 2881 mm. The greatest rainfall concentration is
found in June–September (range: 423–511 mm/mo), and the
lowest in February–April (46–61 mm/mo) (Comisión Federal de
Electricidad, Mexico, unpubl. data).

Human colonization of MCR began in the 1960s and 1970s
when cattle ranching resulted in the rapid disappearance and frag-
mentation of the forest (Mendoza & Dirzo 1999). Approximately
50 percent of the land surface of MCR is currently used for agri-
cultural purposes, but small (0.5–30 ha) and large (850–1500 ha)
fragments still remain in the area. The protected area of MABR
was created in 1978 and consists of approximately 300,000 ha of
undisturbed forest.

STUDY SITES AND MONKEY GROUPS.—We studied the diet of six
groups of spider monkeys: three independent groups in three dif-
ferent areas of the MABR separated by at least 4 km, and three
groups in three different fragments located in MCR (Fig. S1). All
fragments in MCR were isolated � 24 yr ago, and their sizes
were 14, 31, and 1125 ha (Table S1). Distances among fragments
were � 100 m, and distances from fragments to MABR ranged
from 200 to 1400 m. Spider monkeys’ group size ranged from
35 to 44 individuals (Table S1). For the three study sites of
MABR and for the largest fragment, we restricted our data col-
lection of spider monkey groups to an area of 30–90 ha (accord-
ing to the home range recognized a posteriori for each focal group,
see Appendix S1), whereas for the other two smaller fragments
the entire area was sampled.

VEGETATION ATTRIBUTES AND INDICATORS OF FOOD AVAILABILITY.—
A posteriori, we sampled vegetation within the home range of each
group (see Appendix S1) following the Gentry (1982) protocol.
Throughout these areas, we randomly located ten 50 9 2 m tran-
sects and identified and measured the diameter at breast height
(dbh) of all trees, shrubs, and palm species (and woody hemiepi-
phytes whenever possible) with dbh� 10 cm. We chose this
method because it is logistically simple, it is economical (in both
time and money), and it is appropriate for the analysis of species
diversity in tropical forests (Gentry 1982). Furthermore, because
this method has been used to characterize vegetation in several
Neotropical forests, and also to characterize the habitat of other
Neotropical primates (e.g., A. palliata: Arroyo‐Rodríguez & Mand-
ujano 2006, Arroyo‐Rodríguez et al. 2007), it is possible to com-
pare our data with other Mexican sites. Plant species not
identified in the field were collected for later identification using
the Lacandona seed reference collection located at the Centro de
Investigaciones en Ecosistemas (CIEco, UNAM, Morelia, Mex-
ico). Plant nomenclature followed the Missouri Botanical Garden
nomenclatural update data base (http://mobot.org/W3T/search/
vast.html).

We pooled the transect data for each of the six sites and
treated each one as a unit for all subsequent analyses. For each
site, we quantified species richness, density, and basal area for all
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plant species. Additionally using data from a recent review of spi-
der monkey diet in Mesoamerica (González‐Zamora et al. 2009),
we identified all plant species that together constituted > 80 per-
cent of TFT in this review paper and that were present in our
study plots. We considered these species as potential top food
species (Table S2) contributing to resource abundance. Using this
information, we calculated three indicators of food availability in
continuous forest and fragments: (1) the total number of food
plant species (i.e., plant species that were consumed in this study,
excluding lianas and vines which were not sampled in the plots);
(2) the density of large trees (i.e., number of stems > 60 cm in
dbh/1000 m2) of top food species; and (3) the sum of the
importance value index (IVI) of top food species. In both contin-
uous and fragmented forests, the IVI was calculated for each of
the top food plant species based on the sum of density (trees/
3000 m2), frequency (number of transects in which each species
appeared/30 transects), and dominance (total basal area for each
species in the 3000 m2) (see Arroyo‐Rodríguez et al. 2007).

DIET.—Diet of spider monkeys was studied during a 15‐mo per-
iod (6 mo in the dry season: February–April 2007 and 2008; and
9 mo in the rainy season: May–October 2007, and August–Octo-
ber 2008). Diet was documented for each of the six focal groups
during three consecutive days once every 3 wk, using 5‐min focal
animal sampling (Altmann 1974). During the follows, spider
monkeys were sighted with the aid of visual and auditory cues (e.
g., vocalizations, rustling treecrowns, and dropping branches or
fruits) and binoculars (Swarovski SLC 10 9 42). Individuals were
identified through unique marks found in skin pigmentation, hair,
genitals (shape, size, and pigmentation of clitoris and penis), body
size, and scars. Focal animals were randomly changed at 5‐min
intervals or when animals moved out of sight. Data were col-
lected from 0700 h to 1730 h, totaling 1010 h of focal observa-
tions (496 h in continuous forest and 514 h in fragments), from
which 448 h (44%) were feeding observations (205 h in continu-
ous forest and 243 h in fragments).

During feeding we recorded the plant species used (hereafter
‘food plant species’) and food item consumed: fruits (mature and
immature), leaves (mature and immature), flowers, young branch
piths, decayed wood, and other plant items (i.e., stipules, roots,
bulb, and secretions). Plant growth forms were classified as trees,
shrubs, palms, climbers (vines and lianas), epiphytes, and hemi-
epiphytes. We report the consumption of plant species, food
items, and plant growth forms in terms of percentage of TFT,
that is, time spent consuming each plant species/item/growth
form in relation to the total time spent consuming all plant
species/items/growth forms.

DIET OVERLAP.—The annual overlap of fruit and leaf species in diet
between continuous forest and fragments was calculated using the
Morisita–Horn's index: C = 2Rxiyi/(Rxi

2+yi
2), where xi is the pro-

portion of the fruit/leaves i in the diet of spider monkeys in con-
tinuous forest and yi is the proportion of the same fruit/leaves in
the diet of spider monkeys in fragments. This index ranges from 0
(no diet overlap) to 1 (complete diet overlap) (Krebs 1999).

STATISTICAL ANALYSIS.—We used generalized linear models (GLM;
Crawley 1993) to test the effect of forest type (continuous or
fragmented) on proportion of time consuming each plant item
and each growth form. We constructed the following models:
PROPORTION OF TIME = PLANT ITEM (or PLANT GROWTH FORM)
nested in FOREST TYPE + FOREST TYPE. Proportional data were
first arcsine transformed, and we selected a normal distribution
with an identity link function to the response variable (Crawley
1993). To identify which treatments were statistically different,
we used post‐hoc analyses with contrasts (Crawley 1993). To com-
pare the number of food plant species between forest types
(continuous and fragmented) we also used GLM. As suggested
for count dependent variables, we fixed a Poisson distribution
and a log‐link function to the response variable (Crawley 1993).
We considered each of the three sites per forest type as repli-
cates. The same procedure was also used to compare the num-
ber of food plant species and the density of large trees
(> 60 cm in dbh) of top food species present in each forest
type. In the former case, we previously standardized the sam-
pling effort in each study site to control for differences in spe-
cies density using the rarefaction approach. All tests were
performed with JMP software (version 7.0, SAS Institute Inc.,
Cary, North Carolina, U.S.A.).

RESULTS

COMPOSITION AND STRUCTURE OF VEGETATION.—We recorded a
total of 1774 plants, from 96 species (and 36 morphospecies)
belonging to 78 genera and 34 families within the home ranges.
In general, the families with the highest number of individuals
were Meliaceae (18%), Malvaceae (17%), Fabaceae (12%), and
Moraceae (10%). Both continuous forest and fragments presented
top food species for spider monkeys (recognized based on review
of spider monkey diet; see Methods), and five of them (Brosimum
alicastrum, Dialium guianense, Guarea glabra, Licania platypus, and
Spondias radlkoferi) were among the ten species with the highest
IVI in both forest types (Table 2). The sum of the IVI of top
food species, however, was greater in continuous forest
(IVI = 217) than in fragments (IVI = 149; Table S2). The num-
ber of food plant species was similar in both forest types
(mean ± SD; 67.5 ± 7.2 species in continuous forest; 64.1 ± 2.1
species in fragments; v2 = 0.4, df = 1, P = 0.5), though the
density of large trees of top food species was higher in continu-
ous forest (4 ± 1 stems/1000 m2) than in fragments (1.3 ±
1.1 stems/1000 m2; v2 = 4.2, df = 1, P = 0.04).

DIET DIVERSITY.—Overall, spider monkeys fed from a total of
121 plant species (and 53 morphospecies) belonging to 96 genera
and 39 families. Diet diversity was higher in fragments
(65.7 ± 3.1 species) than in continuous forests (50.3 ± 3.2 spe-
cies; v2 = 6.1, df = 1, P = 0.01). This pattern was also observed
when comparing the number of top food species: spider mon-
keys fed from almost twice as many top food species in frag-
ments (11.7 ± 2.1 species) than in continuous forest (6.7 ± 0.6
species; v2 = 4.1, df = 1, P = 0.04) (Table 1).
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In both forest types, most top food species were large tree
species with fleshy fruits (Table 1). The families that were most
used as food sources in both forest types were Moraceae, Ana-
cardiaceae, Fabaceae, and Chrysobalanaceae, together representing
ca 77 percent of TFT (Table 1). Monkeys in fragments used more
Moraceae species (seven species) and devoted more time foraging
on species from this family (39.1% of TFT) than in continuous
forest (three species, 11.5% of TFT). In fragments, spider mon-
keys exploited more top food species of Ficus (four species,
25.8% of TFT) than in continuous forest (two species, 7.1% of
TFT; Table 1).

We did not find a consistent pattern between the IVI of the
top food species and their importance in the diet of spider mon-
keys in continuous forest and fragments. Although some top
food species were only consumed in those forests where they
were sampled (e.g., Ampelocera hottlei in continuous forest; Sabal
mexicana and Poulsenia armata in fragments), and some top
food species (e.g., S. radlkoferi) were more consumed in those
forests where they were more abundant, other top food species
were more consumed in those forests where they were less

abundant (e.g., B. alicastrum, D. guianense, L. platypus; see Tables 1,
2, and S2).

CONSUMPTION OF PLANT ITEMS.—Overall, fruit was the most con-
sumed item (55.6% of TFT, 88 species), followed by leaves
(18.5%, 66 species), decayed wood (15.7%, three species),
branches (7.3%, 20 species), flowers (1.2%, 18 species), and other
plant items (1.7%, 32 species). The proportion of different plant
items in the diet of spider monkeys differed significantly between
forest types (v2 = 69.5, df = 14, P < 0.0001), with the con-
sumption of mature and immature leaves being higher in frag-
ments than in continuous forest (contrast tests, P < 0.05 in both
cases, Fig. 1A).

In general, we found a high overlap between forest types in
the plant species used as fruit sources (Morisita–Horn’s
index = 0.84). In continuous forest, the consumption of mature
fruits was focused on S. radlkoferi (29.6% of the time spent eating
mature fruits), Spondias mombin (11.2%), and Ficus tecolutensis
(10.9%), whereas in fragments it was focused on three Ficus spe-
cies (35.3%), S. radlkoferi (13.3%), and Calatola laevigata (5.9%).

TABLE 1. Species contributing 80 percent of feeding time of Ateles geoffroyi in continuous and fragmented forests in Lacandona, Chiapas, Mexico. Species are ordered based on the

percentage of feeding time. Plant growth form (GF), relative percentage of frugivory (%FR), percentage of total feeding time (%TFT), and percentage of tree abundance (%

TA) are also given. HE, hemiepiphyte; —, undetermined data.

Species Family GF PIa %FR %TFT %TA Top foodb

Continuous forest

Licania platypus Chrysobalanaceae Tree 1,4,5,6 0.9 (0–1) 31.2 (0.4–45) 1.73 Yes

Spondias radlkoferi Anacardiaceae Tree 1,2,4 96.7 (91–100) 22.5 (7.4–46) 1.09 Yes

Spondias mombin Anacardiaceae Tree 1,2 100 (0–100) 6.2 (0–10) 0.01 Yes

Ficus tecolutensis Moraceae HE 1,2,4 99.8 (99–100) 4.6 (4–6) 0.27 Yes

Brosimum alicastrum Moraceae Tree 1,2,4 50.7 (33–63) 4.4 (3–6) 3.9 Yes

Dialium guianense Fabaceae Tree 1,2,4 16.2 (7–25) 3.8 (3–6) 5.2 Yes

Ampelocera hottlei Ulmaceae Tree 1,5 98.2 (68–100) 3.6 (0.3–7) 6 Yes

Ficus obtusifolia Moraceae HE 1 100 2.5 (0–9) — Yes

Strychnos tabascana Loganiaceae Vine 1,5 33.8 (19–82) 1.9 (0–4) —

Forest fragments

Dialium guianense Fabaceae Tree 1,2,4 21.9 (17–27) 18.3 (12–27) 4.05 Yes

Ficus tecolutensis Moraceae HE 1,2,4 98.8 (99–100) 12.2 (7–23) 0.18 Yes

Spondias radlkoferi Anacardiaceae Tree 1,2,4 99.5 (99–100) 10.7 (8–19) 1.06 Yes

Brosimum alicastrum Moraceae Tree 1,2,4 70.6 (0–83) 10 (4–16) 4.05 Yes

Ficus sp.1 Moraceae HE 1,4,6 58.7 (42–97) 8.2 (1–15) Yes

Licania platypus Chrysobalanaceae Tree 1,4,5,6 8.3 (0–9) 4.9 (2–9) 0.7 Yes

Ficus insipida Moraceae Tree 1,6 9.7 (0–12) 3.2 (0.7–6) 0.01 Yes

Sabal mexicana Arecaceae Palm 1,2 100 (0–100) 2.2 (0–8) 1.06 Yes

Calatola laevigata Icacinaceae Tree 1,2 100 (0–100) 2.2 (0–3.2) 0.7

Ficus sp.2 Moraceae HE 1,4,7 98.7 (0–100) 2.2 (0.2–7) Yes

Spondias mombin Anacardiaceae Tree 1,2 100 2.0 (1–3) 0.18 Yes

Maclura tinctoria Moraceae Tree 1,2,4 88.1 (0–88) 1.7 (0–3) 0

Poulsenia armata Moraceae Tree 1,2,7 5.9 (0–6) 1.6 (0–3) 1.76 Yes

Guarea glabra Meliaceae Tree 1,2,4 77.3 (43–100) 1.3 (0.8–2) 13.6 Yes

aPlant items: 1, mature fruits; 2, immature fruits; 3, mature leaves; 4, immature leaves; 5, young branch piths; 6, decayed wood; 7, others.
bPlant species representing > 80 percent of feeding time of spider monkeys throughout Mesoamerica (González‐Zamora et al. 2009).
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Similarly, the consumption of immature fruits in continuous
forest was focused on S. radlkoferi (69.3% of the time spent
eating immature fruits), whereas in fragments it was focused on
S. radlkoferi (32.1%), and B. alicastrum (27.0%).

We also found a high overlap between forest types in the
plant species used as leaf sources (Morisita–Horn's index = 0.82).
For example, the consumption of immature leaves was focused
on D. guianense and B. alicastrum in both continuous forests
(39.5% and 25.2% of the time spent eating immature leaves,
respectively) and fragments (62.5% and 10.2%, respectively). In
continuous forest, however, consumption of mature leaves was
focused on Machaerium sp. (43.7% of the time spent eating
mature leaves) and Bravaisia integerrima (14.1%), while in fragments
it was focused on Ficus sp. (63.9%).

CONSUMPTION OF GROWTH FORMS.—Overall, trees were the most
consumed plant growth form in terms of TFT (73% of TFT, 70
species), followed by hemiepiphytes (17.0%, 11 species), climbers
(4.7%, 18 species), epiphytes (2.3%, 11 species), palms (2.1%,
four species), and shrubs (0.7%, seven species). The proportion
of different growth forms in the diet of spider monkeys differed
between forest types (v2 = 127.3, df = 14, P < 0.0001), with
the consumption of trees being higher in continuous forest than
in fragments (contrast test, P < 0.0001; Fig. 1B), whereas the
opposite pattern was found when analyzing hemiepiphytes and

palms (contrast tests, P < 0.05 in both cases, Fig. 1B). Spider
monkeys exploited more hemiepiphytes in fragments (11 Ficus
species: 29.5% of TFT, and two Philodendron species: 0.8% of
TFT) than in continuous forest (seven Ficus species: 9.6% of
TFT, and three Philodendron species: 1.5% of TFT). Similarly, in
fragments spider monkeys exploited more palm species (Attalea
butyracea, Bactris balanoidea, Bactris mexicana, and S. mexicana: 3.7%
of TFT) than in continuous forest (A. butyracea and B. balanoidea:
0.6% of TFT).

DISCUSSION

Our results suggest that, as a probable response to lower food
plant availability in fragments (e.g., lower IVI of top food species
and lower density of large top food trees), spider monkeys in the
Lacandona rain forest are able to carry out notable adjustments
to their diet. Spider monkeys in fragments: (1) diversified their
overall diet; (2) increased consumption of immature and mature
leaves; and (3) increased time feeding on nontree growth forms
(e.g., hemiepiphytes and palms).

Based on optimal foraging theory (MacArthur & Pianka
1966), we would expect that the diet becomes less selective when
profitable items are less common. Therefore, primates should
diversify their diets when and where top food species are less
available (i.e., in fragments). Other studies have also found that

TABLE 2. The ten plant species with the highest importance value indices (IVI) for trees � 10 cm dbh within continuous and fragmented rain forests in Lacandona, Chiapas, Mexico.

Species Family Density (stems/3000 m2) Basal area (m2) IVI Top fooda

Continuous forest

Guarea glabra Meliaceae 27 28.9 74.6 Yes

Dialium guianense Fabaceae 13 10.9 33.9 Yes

Ampelocera hottlei Ulmaceae 15 8.0 32.3 Yes

Quararibea funebris Malvaceae 18 8.4 29.5 Yes

Spondias radlkoferi Anacardiaceae 5 4.6 14.2 Yes

Pouteria campechiana Sapotaceae 7 1.8 12.8 Yes

Brosimum alicastrum Moraceae 5 1.6 17.0 Yes

Bravaisia integerrima Acanthaceae 8 1.5 2.8

Nectandra reticulata Lauraceae 4 0.4 6.1 Yes

Licania platypus Chrysobalanaceae 2 1.8 5.6 Yes

Forest fragments

Guarea glabra Meliaceae 27 16.5 54.1 Yes

Theobroma cacao Malvaceae 23 10.1 11.2

Dialium guianense Fabaceae 12 8.4 28.4 Yes

Bravaisia integerrima Acanthaceae 11 9.0 8.8

Brosimum alicastrum Moraceae 7 5.5 10.2 Yes

Brosimum lactescens Moraceae 9 1.5 12.3 Yes

Spondias radlkoferi Anacardiaceae 5 2.9 10.8 Yes

Licania platypus Chrysobalanaceae 6 2.2 7.6 Yes

Cojoba arborea Fabaceae 4 1.2 2.5 Yes

Poulsenia armata Moraceae 5 0.6 2.4 Yes

aSee Table 1 legend.
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the diet of primates is more diverse in forest fragments than in
large forest reserves (e.g., A. pigra: Rivera & Calmé 2006, A. palli-
ata: Cristóbal‐Azkarate & Arroyo‐Rodríguez 2007). Also, food
shortage in fragments could ‘force’ primates to use foods of
lower energetic content and with higher concentration of second-
ary compounds, such as leaves (Milton 1980, Peres 1994, Cristó-
bal‐Azkarate & Arroyo‐Rodríguez 2007, Felton et al. 2009a).
Therefore, to avoid potential negative health problems (Freeland
& Janzen 1974, Glander 1982) and to obtain the macronutrients,
vitamins, and minerals that a primate requires for its nutritional
needs (Lambert 2007; Felton et al. 2009a, b), primates can
increase the number of plant species when consuming more
leaves.

Although we found that spider monkeys are able to switch
to a more folivorous diet when necessary (see also Wallace 2005,
González‐Zamora et al. 2009), we do not know if this dietary
adjustment may favor their persistence in altered landscapes. This
behavior could in fact have negative consequences not only for
spider monkeys (Karesh et al. 1998, Wallace 2005), but also for
the plant assemblage (e.g., reduced seed dispersal effectiveness;
Chaves et al. 2011). As the digestive system of spider monkeys
appears to be designed essentially for a diet mainly composed of

easily digestible food items like fleshly fruits (e.g., they have fast
gut passage rates and relatively small hind‐gut: Milton 1981, Lam-
bert 1998), this species is apparently constrained in how much fo-
livorous material they are able to digest (Rosenberger & Strier
1989). Karesh et al. (1998) and Wallace (2005) found that body
condition of spider monkeys dropped dramatically during periods
in which their diet was more folivorous. Also, primate socioeco-
logical models indicate that an increase in folivory results in an
increase in the enforced resting time (i.e., resting needed for
digestive and/or thermoregulatory purposes), which may limit the
time available for other vital activities, and hence affect the sur-
vival of primates (Korstjens et al. 2010). Future studies are neces-
sary to quantify changes in foraging strategies in fragmented
habitats and their potential effects on health of individuals and
population sizes.

As top food species are not as common in fragments, spider
monkeys are likely ‘forced’ to use nontree growth forms more
common in fragments such as palms and hemiepiphytes
(Fig. 1B). The higher consumption of hemiepiphytes in fragments
is explained by the exploitation of hemiepiphytic Ficus spp., which
are commonly found in fragmented habitats. Although we only
could determine the IVI of two Ficus species in the region (Table
S2), it is probable that some characteristics of this light‐demand-
ing genus (e.g., rapid growth and colonization of disturbed and
open habitats: Shanahan et al. 2001, Serrato et al. 2004) result in a
greater abundance of these species in fragments than in continu-
ous forest. The palms used as food sources were also very com-
mon in fragments, particularly in the case of S. mexicana (see
Table S2), presumably because Sabal palms are resistant to, or
even favored by, human disturbances including forest fragmenta-
tion and dry‐season fires (López & Dirzo 2007). Overall, these
and many other species (e.g., C. laevigata, Maclura tinctoria) were an
important source of fruits in fragments (Table 1), explaining why
fruit consumption was similar in continuous and fragmented for-
est (Fig. 1A). It is probable, however, that second‐choice food
species present fruit less nutritious and/or nutritionally unbal-
anced (see Felton et al. 2009a, b), ‘forcing’ primates to increase
the consumption of immature and mature leaves in fragments,
where the availability of top food species is scarce. This hypothe-
sis needs to be tested by analyzing the nutritional content of
these second‐choice species.

Despite the capacity to feed from many different species,
spider monkeys in Lacandona spent most of their time feeding
on Ficus spp., Spondias spp., Brosimum spp., D. guianense, and
L. platypus. These top food species also have been reported as
top food species throughout the distribution range of A. geoffroyi
in Mesoamerica (González‐Zamora et al. 2009), and the first
three species are top food species for Ateles spp. in different for-
ests in Central and South America (see Di Fiore et al. 2008). The
fact that spider monkeys concentrate their feeding time on these
plant taxa in both forest types (continuous and fragmented) is
likely related to several characteristics of these species including:
(1) their high abundance in the study sites (Table 2); (2) their
large size and consequent large fruit and leaf production; and
(3) in the particular case of Ficus spp., their asynchronous fruit

FIGURE 1. Diet composition in continuous forest and fragments according

to percentage of total feeding time (mean ± SD) consuming different plant

items (A) and different growth forms (B). Significant (P < 0.05) differences

between continuous forest and fragments are indicated with asterisks (*).

Plant items: mature fruits (MF), immature fruits (IF), immature leaves (IL),

mature leaves (ML), young branches (BR), flowers (FL), decayed wood (DW),

and other plant items (OT). Growth forms: trees (T), hemiepiphytes (H),

climbers (C), palms (P), epiphytes (E), and shrubs (S).
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phenology with more than one fruit crop per yr (Milton 1991,
Shanahan et al. 2001). The marked and continued use of Ficus
suggests that figs represent a staple food resource for spider mon-
keys (Felton et al. 2008). As it has been widely demonstrated that
presence and abundance of primates in their habitats are strongly
associated with the abundance of important food resources (e.g.,
Pan troglodytes: Balcomb et al. 2000, Neotropical primates: Steven-
son 2001, Cercopithecus mitis: Worman & Chapman 2006, A. palliat-
a: Arroyo‐Rodríguez et al. 2007), it is crucial to consider these top
food species as a priority for conservation to develop effective
management and restoration plans for Ateles spp.

We found, however, that time devoted to each top food spe-
cies was not always related to their availability (i.e., IVI). This
could be explained by three nonexclusive reasons. First, the
greater consumption of some top food species such as B. alica-
strum and D. guianense in habitats where they were less available
(i.e., fragments) suggests a true preference for these species (see
Krebs 1999). Second, in any one habitat spider monkeys may be
accustomed to a higher or lower consumption of some specific
resources, independent of their availability in the environment,
because a particular primate community has traditionally con-
sumed the species (see Stoner 1996). Finally, the lack of consis-
tent patterns between the time devoted to each top food species
and IVI may indicate that our sampling effort was not large
enough to include a representative part of the top food species
available in both habitats.

Since spider monkeys have large home range requirements
(37–98 ha: Fedigan et al. 1988), and it is unlikely that the small size
of two of the three study fragments (14 and 31 ha, Table S1) can
maintain viable populations of spider monkeys in the long term.
Small forest fragments by themselves cannot provide sufficient
habitat for viable populations of many animal species (Zuidema
et al. 1996, Arroyo‐Rodríguez et al. 2007, Chapman et al. 2007),
especially in the case of large‐bodied mammal species such as spi-
der monkeys. Although our study has some limitations, including
a study period relatively short to encompass all species in the diet,
and extremely variable sized fragments, our data support the idea
that even small fragments (< 30 ha) are valuable for primate con-
servation. Small forest fragments in tropical regions can harbor
high plant species diversity (Arroyo‐Rodríguez et al. 2009), provid-
ing important food sources for primates (Arroyo‐Rodríguez et al.
2007, Asensio et al. 2009). Also, they may function as stepping
stones that increase the landscape’s connectivity facilitating inter‐
fragment movements (Mandujano et al. 2004, Anzures‐Dadda &
Manson 2007). Thus, although the urgent need to conserve the
most extensive areas of well‐protected rain forest cannot be for-
gotten, in highly deforested and fragmented regions, such as the
MCR, primate persistence requires the preservation and restora-
tion of small‐ and intermediate‐sized forest remnants. By increas-
ing the size and connectivity of small fragments, it is reasonable to
expect the reduction of some important environmental pressures
(e.g., selective logging, hunting, vulnerability to predation, edge
effects) constraining the survival of primates and many other
mammals in these habitats (Anzures‐Dadda & Manson 2007,
Michalski & Peres 2007, Stoner et al. 2007).
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