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ABSTRACT

Lianas are important components in the dynamics of tropical forests and represent fallback foods for some primates, yet little is known
about their impact on primate ecology, behavior or fitness. Using 2 yr of field data, we investigated liana consumption and foraging
effort in four groups of howler monkeys (two in bigger, more conserved forest fragments and two in smaller, less conserved fragments)
to assess whether howler monkeys use lianas when and where food availability is scarce, and how liana consumption is related to forag-
ing effort. Howler monkeys in smaller fragments spent more time consuming lianas and liana consumption was negatively related to the
consumption of preferred food resources (fruit and Ficus spp.). Further, travel time was positively related to liana feeding time, but not
to tree feeding time, and howler monkeys visited a greater number of food patches when feeding from liana leaves than when feeding
from tree leaves. Our results suggest that these increases in foraging effort were related to the fact that lianas are mainly a source of
leaves, and that liana patch size was probably smaller than tree patch size. While these results were clear when analyzing all four groups
combined, however, they were not always significant in each of the groups individually. We suggest that this may be related to the differ-
ences in group size, patch size and the availability of resources among groups. Further studies are necessary to assess whether these die-
tary and behavioral adjustments negatively impact on the fitness and conservation of primates in fragments.

Abstract in Spanish is available in the online version of this article.
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THE LOSS, DEGRADATION AND FRAGMENTATION OF ORIGINAL HABITAT

REPRESENT MAJOR threats for the conservation of biodiversity,
especially in tropical forests (e.g., Andrén 1994, Brook et al. 2003,
Laurance et al. 2006). Arboreal primates are particularly vulnera-
ble to these threats (e.g., Cowlishaw & Dunbar 2000) and, as a
consequence, half the world's primate species are currently threa-
tened with extinction (IUCN 2010). Primate populations in tropi-
cal forest fragments face not only a reduction in the amount of
habitat available and an increase in isolation, but also significant
modifications to the availability of food resources, including the
loss of big fruiting trees (Medley 1993, Tutin 1999, Arroyo-
Rodríguez & Mandujano 2006).

In contrast to big trees, the abundance and diversity of
lianas (here we use the term to refer to both woody and

herbaceous vines) tend to be higher in disturbed and fragmented
forests (Putz 1984, Hegarty & Caballé 1991, Laurance et al. 1998,
Schnitzer & Bongers 2002, Schnitzer & Carson 2008). Tropical
lianas reproduce during periods unfavorable to trees, providing
new leaves, flowers and fruit during periods of resource scarcity
(e.g., Opler et al. 1991, Morellato & Leitão-Filho 1996), and have
a much higher growth rate during the dry season than trees
(Schnitzer 2005). Through such competitive advantages lianas can
provide important food resources for primates at sites where,
and/or during times when, food availability is scarce (Onderdonk
& Chapman 2000, Preece 2006, Moscovice et al. 2007, Marshall
et al. 2009). Indeed, several liana species have been identified as
fallback foods in the diet of primates (defined as abundant foods
of relatively low quality that are used during periods of low over-
all food availability, Marshall et al. 2009). Consequently, lianas
might be key selective forces for primate ecology, evolution and
distribution, and their availability may be related to the carrying
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capacity of their forest habitats (Preece 2006, reviewed by
Marshall et al. 2009).

Howler monkeys (Alouatta spp.) have been reported to use
lianas as a supplementary resource when food availability is
scarce within forest fragments (Chiarello 1994, Rodríguez-Luna
et al. 2003, Asensio et al. 2007, Cristóbal-Azkarate & Arroyo-
Rodríguez 2007). For example, Rodríguez-Luna et al. (2003)
reported an increase in liana consumption from 8.8 to 21.0 per-
cent when the population density of a group of howler monkeys
inhabiting an 8.3 ha island in Los Tuxtlas, Mexico, grew from
1.2 ind/ha in 1989 to 6.9 ind/ha in 1997. Furthermore, Asensio
et al. (2007) reported that lianas were an extremely prominent
component of the diet of this hyperdense population of howler
monkeys (33% of total feeding time – TFT), and that the group
also spent significantly more time traveling than other groups in
the region. As data on howler monkey ranging behavior shows
that they travel almost exclusively to get to food resources
(Milton 1980), such increases in travel time are likely to reflect
significant increases in foraging effort. Despite these interesting
observations, and the probable importance of lianas as a food
resource for primates in fragments, little is known about the
impact that liana consumption may have on primate ecology,
behavior or fitness. Such information is important for our under-
standing of primate ecology and evolution, as well as to enable
us to design effective conservation and management strategies.

Here we use data collected from two independent field stud-
ies on the feeding ecology of mantled howler monkeys (Alouatta
palliata) inhabiting four different forest fragments in Los Tuxtlas,
Mexico, to test two main hypotheses: (1) howler monkeys use
lianas as supplementary food resources when food availability is
scarce; and (2) liana consumption increases foraging effort.

METHODS

STUDY SPECIES.—The Mexican mantled howler monkey (Alouatta
palliata mexicana) has a natural distribution ranging from southeast
Mexico to southern Guatemala (Rylands et al. 2006). Largely due
to habitat loss and fragmentation, this subspecies is currently
classified as ‘Critically Endangered’ by the International Union
for the Conservation of Nature (Cuarón et al. 2008).

Howler monkeys perform most of their activities in the
upper canopy (Mendel 1976) and preferentially obtain food
resources from big trees (Dunn et al. 2009). They also feed from
non-arboreal life forms such as lianas, however, although gener-
ally in smaller quantities (e.g., mean ± SD liana consumption in a
review of 21 studies carried out in Los Tuxtlas = 2.8 ± 7.3%
TFT, Cristóbal-Azkarate & Arroyo-Rodríguez 2007). Although
howler monkeys have traditionally been considered the most
folivorous of the New World monkeys (e.g., Eisenberg et al.
1972), most reports of the howler monkey diet suggest that they
spend about half of their feeding time consuming fruits (Milton
1980, Estrada 1984, Asensio et al. 2007, Dunn et al. 2009),
generally being as frugivorous as possible and as folivorous as
necessary (Silver et al. 1998, Ostro et al. 1999, Dunn et al. 2009,
2010). Figs (Ficus spp.) have consistently been described as the

most important plant taxon in the diet of howler monkeys
(Bicca-Marques 2003), representing up to 65 percent of TFT in
Los Tuxtlas (Cristóbal-Azkarate & Arroyo-Rodríguez 2007). For
these reasons, the availabilities of big trees, fruit and figs have all
been suggested to be key elements for the persistence of howler
monkeys in forest fragments (Arroyo-Rodríguez & Mandujano
2006, Arroyo-Rodríguez et al. 2007, Dunn et al. 2009, 2010).

STUDY SITE.—The Los Tuxtlas Biosphere Reserve is in the south-
east of the state of Veracruz, Mexico (18°8′–45′ N, 94°37′–95°
22′ W). The original dominant vegetation in the region < 700 m
asl was tropical rain forest, but the area has been severely frag-
mented over the last 40 yr (Dirzo & García 1992) and the
remaining landscape is composed of an archipelago of different
sized forest fragments that vary in degree of isolation and vegeta-
tion structure (Cristóbal-Azkarate et al. 2005, Arroyo-Rodríguez
& Mandujano 2006, Arroyo-Rodríguez et al. 2008).

The climate is warm and humid, with a mean annual tem-
perature of 25°C and rainfall between 3000 and 4600 mm. There
is a marked dry season between March and May (Soto & Gama
1997). Long-term records of phenological data in the region
(Estrada & Coates-Estrada 1991, 2001, Ibarra-Manríquez &
Oyama 1992, Estrada et al. 1999) consistently show that there are
two distinct peaks in fruit production in the region: a primary
peak at the end of the dry season–beginning of the rainy season
(April–June), and a shorter, less intense secondary peak in the
wet season (August–October). Fruit production abruptly falls to
very low levels between November and March. Young leaf
production is year round, but is at its greatest during the dry season
and the beginning of the wet season (March–June) (Figure S1).

STUDY FRAGMENTS AND GROUPS.—Data were collected during two
independent field studies on the feeding ecology of howler mon-
keys. Case Study 1 (Asensio et al. 2007) analyzed two groups liv-
ing in different-sized old-growth forest fragments: Playa
Escondida (PLA: 40 ha; 18°31′ N, 95°03′ W) and Agaltepec
Island (AGA: 8.3 ha; 18º27′ N, 95º02′ W). At the time of the
study the PLA group contained 7 individuals, 2 adult males, 2
adult females, 2 juveniles and 1 infant, while the AGA group
contained 59 individuals, 19 adult males, 21 adult females, 11
juveniles and 8 infants. The study group in PLA shared its forest
fragment with three other groups, whereas there was only one
group in AGA. Although demographic data were not collected
from the other groups in PLA, the overall population density has
previously been reported to be 1.05 ind/ha (Serio-Silva & Rico-
Gray 2002), while in AGA population density was 9.5 ind/ha. As
a consequence, population density was probably around nine
times higher in AGA than in PLA. Case Study 2 (Dunn et al.
2009, 2010) analyzed two additional groups in two further old-
growth forest fragments: Rancho Huber (RH: 244 ha; 18°36′ N,
95°06′ W) and Ruiz Cortines 3 (RC3: 7.2 ha; 18°36′ N, 95°07′
W), which were similar in terms of age–gender composition
(three adult males, three adult females, two infants in each group
and one additional juvenile in the RH group: Dunn et al. 2009).
Whereas the RH fragment was occupied by a total of five groups
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(Cristóbal-Azkarate et al. 2005), RC3 was only occupied by one
group. Again, demographic data were not collected from the
other groups in the RH fragment, but the overall population den-
sity has previously been reported to be 0.12 ind/ha (Cristóbal-
Azkarate et al. 2005), while in RC3 population density was
1.10 ind/ha. Therefore, population density was probably also
about nine times higher in RC3 than in RH.

VEGETATION ATTRIBUTES WITHIN HOME RANGES.—We calculated the
home range area of each of the study groups at the end of each
study using the 95 percent Kernel method (Kie et al. 1996). Data
points were included from all trees and lianas visited during the
study, as well as the start and end positions of the howler groups
each morning and afternoon (see Dunn et al. 2009 for further
details).

We then sampled the vegetation within each home range fol-
lowing similar methods in each case study, but with a greater
sampling effort in Case Study 2. In PLA and AGA (Case Study
1), we randomly located ten 50 9 2 m transects and identified
and counted all trees with diameter at breast height (dbh) �
10 cm and all encountered lianas (regardless of dbh). In RH and
RC3 (Case Study 2), we randomly located forty 50 9 2 m tran-
sects and identified and counted all trees with dbh � 10 cm
and all lianas with dbh � 2.5 cm.

To characterize fruit availability in the home range of each
group, we carried out a literature search of all the available stud-
ies (published articles, book chapters and theses) on the diet of
Alouatta palliata in Los Tuxtlas (Cristóbal-Azkarate & Arroyo-
Rodríguez 2007). We were able to determine the items consumed
for 155 species (defined as consumable species), of which 69 spe-
cies are reported as sources of fruit (defined as consumable fruit
species – CFS, see Dunn et al. 2010 for a list of species). We
then estimated species richness, number of stems, and dominance
(sum of basal area) of CFS, fig trees and big trees of consumable
species (defined as those with a dbh > 60 cm) in the home range
of each group. Finally, to investigate whether howler monkeys
used lianas as supplementary food resources where food availabil-
ity was scarce, we examined the liana species available in the
home range of each group and compared these to the liana spe-
cies consumed.

BEHAVIORAL OBSERVATIONS.—In PLA and AGA (Case Study 1),
focal observation sessions of 5-h were made on a random rota-
tion over a period of 11 consecutive months (August 1997 to
June 1998) with 55 observation days (325 focal h) in PLA and
74 observation days (415 focal h) in AGA. In RH and RC3 (Case
Study 2), animal focal observation sessions of 2-h were made
three times per day on a random rotation over a period of 12
consecutive months (February 2006–2007), for a total of 80 non-
consecutive observation days and 480 h per group (see Asensio
et al. 2007 and Dunn et al. 2009 for further details).

In both case studies, behavioral observations were catego-
rized as one of the following: resting (sleep or static without
interaction), feeding (inspection of food, bringing food to mouth,
chewing and swallowing, moving while feeding within a food

patch), and traveling (movement to a new area or food patch),
which are reported in terms of percentage of total activity budget.
As howler monkeys travel almost exclusively to get to food
resources (Milton 1980), we used travel time as a proxy of forag-
ing effort in this study. During feeding we recorded the food
item consumed: fruit, flower, leaf or other (shoots, petioles or
bark) and we reported feeding time in terms of percentage of
total feeding time (%TFT), except when reporting leaf feeding
time from lianas and trees, in which case we reported percentage
of total leaf feeding time (%TLFT: defined as the percentage of
total feeding time devoted to leaves).

Food patches were defined as individual trees or lianas from
which the focal individuals fed. When counting the number of
food patches visited, however, if the focal animal left a food patch
and returned to it without feeding from a different patch, then this
was considered as only one food patch. Patch residence time was
defined as the time spent feeding by focal individuals in any given
food patch. If the focal animal stopped eating for less than 5 min
and then continued feeding from the same patch, however, then
this was recorded as part of the same feeding bout.

DATA MANAGEMENT AND ANALYSIS.—As the case studies used dif-
ferent methodologies, we did not directly compare data between
studies, only between groups within each case study. We did,
however, perform combined analyses using data from all four
groups to investigate general tendencies. All statistical tests were
performed with JMP software (v. 7.0, SAS Institute Inc., Cary, N.
C.) and mean values were reported ± SD unless otherwise stated.

To analyze the vegetation attributes in the different forest
fragments, we calculated mean (±SD) values per transect
(100 m2) and compared the means between groups within each
case study using t-tests (Zar 1996).

For the behavioral data, in Case Study 1, we used months as
independent replicates for analysis. To reduce data dependency
between months, we randomly chose five focal scan follows
(25 h) per month from each group and reported mean values for
diet and activity per month. In Case Study 2 we organized our
sampling sessions into ten registration periods of 16 d (8 d per
fragment), each of which was separated by at least 7 d and,
therefore, considered to be independent (see Dunn et al. 2010 for
further details). In this case, we reported mean values for diet
and activity per registration period and used registration periods
as independent replicates for analysis.

To determine how howler monkeys use lianas as food
resources, we compared liana feeding time, tree feeding time and
patch residence time in trees and lianas between groups using
two-way ANOVAs (%TFT or patch residence time = group
+ life form + group 9 life form) and related liana feeding time
with fruit feeding time and Ficus spp. feeding time using linear
correlations. For these analyses, proportional data were normal-
ized using the arcsine square root transformation, and patch resi-
dence time was normalized using a logarithmic transformation.

Subsequently, to investigate the relationship between liana
consumption and foraging effort, we related liana feeding time
with travel time and tree feeding time with travel time using lin-
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ear regression analyses, and tested whether the liana – travel
slopes were steeper than the tree – travel slopes, for each group
separately and combined using t-tests (Zar 1996). The same pro-
cedure was used to relate: (1) the number of liana patches visited
with travel time and the number of tree patches visited with tra-
vel time; (2) liana leaf feeding time with travel time and tree leaf
feeding time with travel time; and (3) liana leaf feeding time with
the number of patches visited and tree leaf feeding time with the
number of patches visited.

RESULTS

VEGETATION ATTRIBUTES AND FOOD AVAILABILITY WITHIN THE

FRAGMENTS.—The home range area and vegetation characteristics
of each home range are summarized in Table 1. In general, the
larger fragments (RH and PLA) were found to contain a higher
availability of preferred food resources for howler monkeys (i.e.,
higher species richness, stem density and basal area of CFS, Ficus
spp., and big trees of consumable species) than their smaller
counterparts (RC3 and AGA). These differences were not signifi-

cant in all cases, however, and less clear in Case Study 1
(Table 1). Lianas showed the opposite pattern, with significantly
higher species richness of lianas in the smaller fragments (RC3
and AGA) than in their larger pairs (RH and PLA), and signifi-
cantly higher stem density and basal area of lianas in RC3 than in
RH (Table 1).

FORAGING PATTERN.—In total, howler monkeys used 36 species of
lianas from 18 families as food resources (Table S1). In both case
studies, the groups living in smaller fragments consumed a
greater number of liana species than their counterparts in bigger
fragments (Table S1). The number of liana species consumed, as
a percentage of the total number of plant species consumed by
each group was 33.9 percent (19/56), 22.4 percent (11/49), 25.5
percent (14/55) and 14.7 percent (5/34) in AGA, PLA, RC3 and
RH, respectively, while liana feeding time totalled 28.5% TFT,
4.9% TFT, 10.7% TFT and 3.3% TFT in AGA, PLA, RC3 and
RH, respectively.

Five liana species were consumed in the smaller AGA frag-
ment that were also available in the larger PLA fragment, yet not

TABLE 1. General habitat characteristics sampled within the home range of four groups of howler monkeys in different forest fragments in Los Tuxtlas, Mexico. We report mean (±SD)

data per 100 m2 in terms of the species richness, number of stems and basal area for consumable fruit species (CFS), Ficus, big trees of consumable species (dbh > 60 cm)

and lianas.

Case Study 1 Case Study 2

PLA

(bigger)

AGA

(smaller) RH (bigger)

RC3

(smaller)

Fragment size (ha) 40 8.3 244 7.2

Home range area (ha) 14.7 8.3 89.5 5.8

CFS

No. Species 2.20 ± 1.35 1.10 ± 1.10* 3.53 ± 1.40 2.80 ± 1.30*

Stems 2.40 ± 1.26 1.20 ± 1.14* 3.59 ± 1.89 4.65 ± 2.29*

Basal area (m2) 0.92 ± 1.26 0.56 ± 1.10 0.61 ± 0.81 0.28 ± 0.28*

Big trees of consumable spp.

No. Species 1.12 ± 0.90 1.00 ± 0.74 0.26 ± 0.49 0.21 ± 0.46

Stems 1.10 ± 1.10 1.00 ± 0.94 0.70 ± 0.82 0.23 ± 0.53**

Basal area (m2) 0.90 ± 1.30 0.65 ± 1.08 0.49 ± 0.82 0.13 ± 0.35*

Ficus spp.

No. Species 0.50 ± 0.71 0.40 ± 0.52 0.28 ± 0.51 0.08 ± 0.27*

Stems 0.50 ± 0.71 0.40 ± 0.52 0.31 ± 0.53 0.08 ± 0.27*

Basal area (m2) 0.66 ± 1.28 0.43 ± 0.93 0.29 ± 0.79 0.001 ± 0.01*

Lianas

No. Species† 5.3 ± 1.08 8.10 ± 2.08** 0.50 ± 0.75 1.00 ± 1.03*

Stems† 15.90 ± 3.65 13.80 ± 5.60 0.53 ± 0.82 1.13 ± 1.18**

Basal area (m2)‡ – – 0.0009 ± 0.0002 0.02 ± 0.08*

Data was obtained from ten 50 9 2 m transects in PLA and AGA and forty

50 9 2 m transects in RH and RC3.
†In Case Study 1, lianas were recorded regardless of dbh, while in Case Study

2 only lianas with dbh > 2.5 cm were recorded.

‡As dbh was not recorded in Case Study 1, no basal area could be calculated.

*Differences between fragments were significant at the P < 0.05 level,

**differences between fragments were significant at the P < 0.01 level.
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consumed there, and three liana species were consumed in the
smaller RC3 fragment that were also available in the larger RH
fragment yet never consumed there (Table S1). This was never
true the other way round, i.e., there were no liana species that
were consumed in bigger fragments that were also available in
smaller fragments and not consumed there (Table S1).

Lianas were principally a source of leaves in both case stud-
ies, but were also used occasionally as sources of fruit and flow-
ers (Fig. 1). Over all four study groups, the mean% TFT per
sampling session spent feeding on trees averaged 88.2 ± 14.4
percent (range = 46.3–100%) and on lianas averaged 11.3 ± 14.1
percent (range = 0–53.7%). Indeed, a significantly higher% TFT
was spent feeding from trees than from lianas by all groups
(P < 0.001; Fig. 2A). Additionally, the interacting terms in the
ANOVA (life form 9 group) were significant in both case stud-
ies (Case Study 1: F = 45.2, P < 0.001; Case Study 2: F = 25.9,
P < 0.001) indicating that the groups in smaller fragments (AGA
and RC3) spent a significantly lower% TFT feeding from trees,
and a significantly higher% TFT feeding from lianas than their
counterparts (Fig. 2A).

Further, in all four study groups, patch residence time was
significantly longer in trees than in lianas (Fig. 2B; P < 0.001 in
all cases). As the interacting term in the ANOVA was significant
in Case Study 1 (F = 13.04, P < 0.001), and very close to signifi-
cant in Case Study 2 (F = 3.60, P = 0.06), this indicates that the
groups in smaller fragments (AGA and RC3) exhibited a shorter
patch residence time in trees than their counterparts, and a longer
patch residence time in lianas than their counterparts (Fig. 2B).

Overall, howler monkeys consumed lianas more frequently
during months of low fruit consumption, which also corresponded
with the months of low fruit availability reported in Los Tuxtlas
(Figures. S1 and S2). Indeed, grouping the data set from all four

FIGURE 1. Percentage of liana feeding time spent consuming different items

by four groups of howler monkeys inhabiting different forest fragments in

Los Tuxtlas, Mexico.

FIGURE 2. Mean (± SE) percentage of time feeding on trees and lianas (A) and average time during a single visit (B) in four howler monkeys’ groups inhabiting

different forest fragments at Los Tuxtlas, Mexico. We independently analyzed PLA vs. AGA, and RH vs. RC3. Different letters above bars indicate significant dif-

ferences (Tukey HSD Test, P < 0.05).
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groups, the consumption of lianas was negatively related to the
consumption of fruit (r = �0.52, P < 0.001) and Ficus spp. (r =
�0.61, P < 0.001). When considering each group separately, how-
ever, only in PLA (r = �0.65, P < 0.001) and AGA (r = �0.75,
P < 0.001) were the consumptions of lianas and Ficus spp. nega-
tively related, and only in RH were the consumption of lianas and
fruits negatively related (r = �0.61, P < 0.05) (Figure S2).

LIANA FEEDING TIME AND TRAVEL TIME.—Travel time was posi-
tively related to both liana feeding time and liana leaf feeding
time, but negatively related to tree feeding time and not related
to tree leaf feeding time for the four howler groups combined
(Figs. 3A and B). In both cases, the slopes were significantly dif-
ferent (Fig. 3A: t = 5.12, df = 38, P < 0.0001; Fig. 3B: t = 43.4,
df = 38, P < 0.0001). In both cases, however, the trends were
driven primarily by the AGA group, where the liana – travel
slope (b = 0.141) was significantly different from the tree – travel
slope (b = �0.141) (t = 4.74, df = 9, P = 0.001), and the liana

leaf – travel slope (b = 0.144) was significantly different than the
tree leaf – travel slope (b = �0.518) (t = 2.48, df = 9, P = 0.04).
Neither the liana – travel/tree – travel slopes nor the liana leaf –
travel/tree leaf – travel slopes were statistically different in PLA,
RC3, or RH (P > 0.15 in all cases).

Further, howler monkeys visited a significantly greater num-
ber of patches when feeding from liana leaves than when feeding
from tree leaves, and these slopes were significantly different
(t = 2.46, df = 38, P = 0.01; Fig. 4A). This trend was again dri-
ven by the AGA group (t = 2.60, df = 7, P = 0.04), as in PLA,
RC3, and RH the slopes were not significantly different
(P > 0.15 in all cases).

Finally, when analyzing the four groups collectively, travel
time was positively related to the number of liana patches visited
and the number of tree patches visited, and these slopes were
similar (t = 0.97, df = 38, P = 0.34; Fig. 4B). A similar tendency
was observed when analyzing each group separately (P > 0.55 in
all cases).

FIGURE 3. Relationship between travel time (%) and tree/liana feeding time (A) and tree/liana leaf feeding time (B) in four howler monkey groups in Los Tuxt-

las, Mexico.
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DISCUSSION

Our results support the idea that lianas are fallback foods for pri-
mates (Marshall et al. 2009); in this study lianas provided supple-
mentary food resources for howler monkeys both where and
when food availability was scarce. Howler monkeys in smaller,
more degraded forest fragments spent significantly more of their
feeding time consuming a greater number of liana species and
spent significantly longer periods feeding from each liana patch
than those in bigger, more conserved forest fragments. Further,
liana feeding time was negatively related to the time spent feeding
from (and, probably, the availability of) preferred food resources
(i.e., fruit and Ficus spp.). Despite the importance of lianas as fall-
back foods for howler monkeys, however, our results suggest
that liana consumption is positively related to foraging effort, and
that liana foraging results in significantly more travel time than
does tree foraging.

If liana consumption increases foraging effort in howler
monkeys, three non-mutually exclusive hypotheses could explain
this observation: (1) lianas are mainly a source of leaves for how-
ler monkeys, and animals may be required to visit more food
sources and travel more when feeding from greater quantities of

leaves; (2) the distribution of lianas within the forest fragments
differs from the distribution of trees, resulting in greater foraging
effort; and/or (3) lianas generally offer a lower quantity of food
resources than trees (<5% of total community biomass and
<20% total forest leaf area; Putz 1983) and smaller food patches
are likely to be depleted more quickly, forcing primates to move
more frequently among patches (e.g., Suarez 2006).

Our data are consistent with the first hypothesis. Animals
are thought to diversify food resources when consuming leaves
to obtain the best complement of nutrients (the nutrient con-
straint hypothesis; Westoby 1978) and to avoid an overload of
particular toxins or digestibility reducing compounds (the detoxi-
fication limitation hypothesis; Freeland & Janzen 1974). Doing so
is thought to increase foraging effort in primates (e.g., Suarez
2006). Indeed, leaf consumption has been positively related to
diet diversity (Dunn et al. 2010) and feeding effort in howler
monkeys (Dunn et al. 2009, 2010). When we isolated leaf con-
sumption from flower and fruit consumption and compared trees
and lianas, however, liana leaf consumption increased travel time
significantly more than tree leaf consumption. Therefore, while
leaf consumption is probably related to increases in foraging
effort in howler monkeys, it is probably not leaf consumption per

FIGURE 4. Relationship between leaf feeding time (%TLFT) and total number of patches visited (A) and travel time (%) and number of liana and tree patches

visited (B) in four howler monkey groups in Los Tuxtlas, Mexico.
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se that is responsible for increasing foraging effort when howler
monkeys feed from lianas.

Our data does not support the second hypothesis. Travel
time increased in a similar way with the number of liana patches
visited as with the number of tree patches visited, which suggests
that foraging effort was not associated with the distribution of
these different food resources.

Our data are consistent with the third hypothesis. Indeed,
when feeding from liana leaves howler monkeys were required
to visit more food patches than when feeding from tree leaves
and patch residence time was significantly lower when feeding
from lianas than when feeding from trees. This hypothesis
seems the most likely to explain why foraging effort was signifi-
cantly higher when feeding from liana leaves than when feeding
from tree leaves. However, an important question remains: why
were these results significant when we carried out combined
analyses of all four groups, yet not in all of the groups individ-
ually?

Firstly, the relationship between liana feeding time and forag-
ing effort may depend on group size, which differed considerably
among groups. The ecological constraints model proposes that
an increase in group size will generally lead to increases in patch
depletion rate and foraging effort as a result of scramble compe-
tition (Janson 1988, Wrangham et al. 1993, Chapman & Pavelka
2005). If group size, however, which was particularly high in
AGA, had a significant effect on patch depletion rate and, there-
fore, foraging effort, we would have expected a significantly lower
patch residence time in this group when feeding from both trees
and lianas. In fact, in both of the smaller fragments patch resi-
dence time was significantly lower when feeding from trees than
in the bigger fragments, but patch residence time was significantly
higher in the smaller fragments when feeding from lianas. The
fact that howler monkeys in AGA have previously been observed
to forage in subgroups (Dias & Rodríguez-Luna 2006, Asensio
et al. 2007) is also relevant to this discussion and further investi-
gation is required to determine how subgroup size and foraging
group dynamics may affect patch depletion and foraging effort.
The difference in patch residence time between groups may also
have been related to differences in food patch size between frag-
ments. In this sense, we found that trees were generally bigger in
the bigger fragments, while lianas were bigger in smaller frag-
ments (Table 1). Consequently, patch size may have interacted
with group size to determine the differences in foraging effort we
observed between groups.

Secondly, the relationship between liana feeding time and
foraging effort probably depends on the availability of food
resources, which was not constant between fragments. Optimal
foraging theory predicts that as preferred food items become
more limited, more less-preferred foods will be included in the
diet (classical prey model; MacArthur & Pianka 1966) and patch
residence time will increase (marginal value theorem; Charnov
1976). In this sense we found that howler monkeys in smaller,
more degraded forest fragments consumed more liana species,
including species that were available, yet not consumed, in the
more conserved fragments. As howler monkeys in smaller frag-

ments are less able to be selective, they may increase the number
of species they consume, which increases foraging effort. Further,
howler monkeys in smaller fragments spent significantly more
time feeding from each liana patch. The decision of when to
leave a patch and start searching for a different one, therefore,
probably depends not only on group size and patch size, as
mentioned above, but also on the overall profitability of the
environment.

Finally, liana feeding time may be required to reach some
kind of threshold before any significant effect on foraging effort
is observed. This seems questionable, however, as liana feeding
time and foraging effort were significantly related in the com-
bined analyses, despite liana feeding time being relatively low.
Therefore, perhaps our sample size was not big enough for the
statistical tests to work in the case of individual groups or, alter-
natively, perhaps AGA is an extreme case and this is why this
group generally drove the relationships between feeding time and
foraging effort. Further research, with more groups, would
undoubtedly bring more detailed insight into the effects of liana
consumption on howler monkey foraging effort.

Milton (2000) has proposed that howler monkeys use a net-
work of arboreal pathways in the forest to find and monitor the
availability and phenological status of primary food resources
such as fig trees. These arboreal pathways allow them to keep
their travel costs to a minimum and maximize the possibility of
encountering high-quality foods by avoiding random search. We
suggest that in bigger, more profitable forest fragments howler
monkeys may use lianas as an opportunistic source of additional
nutrients when they are encountered along pathways, whereas in
smaller fragments, where lianas represent a more significant com-
ponent of the diet, they may be forced to divert from these path-
ways and randomly search for lianas, which may imply significant
increases in foraging effort (cf. Garber 2000).

Fallback foods are frequently the primary determinant of
primate carrying capacity in forest habitats (Marshall et al. 2009).
Thus, special attention should be taken to ensure that lianas are
not negatively affected by forest management practices, such as
the cutting of liana stems prior to logging to reduce collateral
damage when trees are felled (Schnitzer & Bongers 2002,
Meijaard et al. 2005). Further, more detailed studies are required
to fully establish the precise ecological mechanisms that may
lead to increases in foraging effort when primates consume lianas,
and the consequences that these increases in foraging effort may
have for howler monkey fitness. In this sense, Dunn (2009)
found that feeding effort was positively related to fecal glucocor-
ticoid levels in howler monkeys, suggesting that increases in travel
time may have negative consequences for fitness. Further studies
are required, however, relating liana consumption, foraging effort,
survival and/or reproduction to fully establish the effects of liana
consumption on howler monkey fitness. Such information is
important for our understanding of primate ecology and
evolution as well as to the conservation and management of
endangered primate species, particularly in light of the increasing
liana abundance and biomass that appear to be emerging in
tropical forests (Schnitzer & Bongers 2011).
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