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We examined the literature on the effects of habitat fragmentation and disturbance on howler monkeys
(genus Alouatta) to (1) identify different threats that may affect howlers in fragmented landscapes; (2)
review specific predictions developed in fragmentation theory and (3) identify the empirical evidence
supporting these predictions. Although howlers are known for their ability to persist in both conserved
and disturbed conditions, we found evidence that they are negatively affected by high levels of habitat
loss, fragmentation and degradation. Patch size appears to be the main factor constraining populations
in fragmented habitats, probably because patch size is positively related to food availability, and
negatively related to anthropogenic pressures, physiological stress and parasite loads. Patch isolation is
not a strong predictor of either patch occupancy or population size in howlers, a result that may be
related to the ability of howlers to move among forest patches. Thus, we propose that it is probable that
habitat loss has larger consistent negative effects on howler populations than habitat fragmentation per se.
In general, food availability decreases with patch size, not only due to habitat loss, but also because the
density of big trees, plant species richness and howlers’ home range size are lower in smaller patches,
where howlers’ population densities are commonly higher. However, it is unclear which vegetation
attributes have the biggest influence on howler populations. Similarly, our knowledge is still
limited concerning the effects of postfragmentation threats (e.g. hunting and logging) on howlers
living in forest patches, and how several endogenous threats (e.g. genetic diversity, physiological
stress, and parasitism) affect the distribution, population structure and persistence of howlers. More
long-term studies with comparable methods are necessary to quantify some of the patterns discussed in
this review, and determine through meta-analyses whether there are significant inter-specific
differences in species’ responses to habitat loss and fragmentation. Am. J. Primatol. 72:1–16,
2010. r 2009 Wiley-Liss, Inc.
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INTRODUCTION

Hunting, emergent diseases, habitat conversion
and fragmentation are the main reasons for the
global decline of primate populations [Cowlishaw &
Dunbar, 2000; Nunn & Altizer, 2006; Oates, 1996]
and, as a consequence of their effects, more than half
of the world’s primate species are currently threa-
tened by extinction [Chapman & Peres, 2001].
Despite the extensive literature analyzing the effects
of habitat fragmentation and disturbance on pri-
mates [e.g. Marsh, 2003], no clear patterns have yet
emerged, most probably because the responses to
habitat modification depend, among other factors, on
the biological characteristics of each taxon [see
Ewers & Didham, 2006]. In this study, we review
the literature analyzing the effects of habitat
fragmentation on a single taxon: the genus Alouatta

(Primates: Atelidae). Although this genus represents
a radiation of at least ten species [e.g. Cortés-Ortiz
et al., 2003], they all share anatomical, physio-
logical and behavioral characteristics that allow a
collective assessment of their responses to habitat
modification.

Howlers (Alouatta spp.) are one of the most
studied Neotropical primates in forest patches

Published online 22 October 2009 in Wiley InterScience
(www.interscience.wiley.com).

DOI 10.1002/ajp.20753

Received 24 February 2009; revised 9 September 2009; revision
accepted 9 September 2009

�Correspondence to: Vı́ctor Arroyo-Rodrı́guez, Centro de Investi-
gaciones en Ecosistemas, Universidad Nacional Autónoma de
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[Crockett & Eisenberg, 1987; Estrada et al., 2006;
Marsh, 2003], but almost all studies are centered on
only four species (A. caraya, A. palliata, A. pigra and
A. seniculus). Howlers have been cited as a rela-
tively tolerant taxon to habitat disturbance [e.g.
Bicca-Marques, 2003; Garber et al., 2006; Lovejoy
et al., 1986; Schwarzkopf & Rylands, 1989; Van Belle
& Estrada, 2006], as they are present in patches
where other Neotropical primate species (e.g. Ateles
spp.) cannot persist [Estrada & Coates-Estrada,
1996; Gilbert, 2003]. However, they may be more
sensitive than is usually considered to the loss,
transformation and fragmentation of tropical forests,
as all howler species are arboreal, have a folivore–
frugivore diet, and their ability to move between
forest patches is limited, particularly when the
surrounding matrix is composed of cattle pastures
or croplands [Estrada & Coates-Estrada, 1996;
Mandujano et al., 2004, 2006]. As a probable con-
sequence of habitat fragmentation and disturbance,
several howler species and subspecies are classified as
threatened by the IUCN [e.g. Vulnerable: A. palliata
aequatorialis; Endangered: A. pigra; Critically
Endangered: A. guariba guariba, A. palliata mexicana;
IUCN, 2009]. Therefore, it is important to assess our
current understanding of the effects of habitat
fragmentation and disturbance on howlers.

This review is focused on studies that explicitly
analyze the effects of habitat fragmentation on
howlers. Nevertheless, we complement the review
with studies analyzing other habitat disturbance
effects, such as deforestation, logging and hunting,
that can be facilitated by habitat fragmentation (see

Fig. 1). Thus, we hope this review will stimulate a
more comprehensive understanding of the ecology,
management and conservation of primates in mod-
ified landscapes. Our aims include (1) provide a
summary of the literature; (2) synthesize data on
processes that negatively affect howler populations
in modified landscapes; (3) identify empirical evi-
dence supporting predictions of theoretical ap-
proaches used in fragmentation studies and (4)
suggest directions for future research and conserva-
tion priorities for this taxon.

Although different processes resulting from
habitat fragmentation and disturbance can interact
synergistically to decrease the viability of primate
populations [see Chapman et al., 2006], to simplify
our analysis, and following Fischer and Lindenmayer
[2007], we have grouped these effects into exogenous
and endogenous threatening processes (Fig. 1).
Exogenous threats are those that are independent of
the species’ biology, whereas endogenous threatening
processes emerge as part of the species’ biology.
Within the exogenous group of threats, we review
the effects of changes in habitat pattern (e.g. decrease
in patch size, increase in patch isolation), changes in
vegetation structure and food availability, and post-
fragmentation anthropogenic pressures (Fig. 1).
When considering endogenous threats, the main
emphasis of this review is on changes in biology (i.e.
physiological stress and genetic diversity), changes in
social organization and behavior (i.e. dispersal
patterns, grouping patterns, social interactions and
activity patterns), and changes in species interactions
(i.e. competition, predation and parasitism).

HABITAT FRAGMENTATION
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Fig. 1. Deterministic threatening processes arising from habitat fragmentation as experienced by a declining animal species.
Threatening processes are broadly classified as exogenous (i.e. external to a species’ biology) and endogenous (i.e. as part of a species’
biology). Anthropogenic pressures are not a direct consequence of habitat fragmentation, but are facilitated by this process and can
exacerbate the negative effects of habitat fragmentation on populations [modified from Fischer & Lindenmayer, 2007].

Am. J. Primatol.

2 / Arroyo-Rodrı́guez and Dias



EFFECTS OF HABITAT FRAGMENTATION
AND DISTURBANCE ON HOWLER
POPULATIONS

Habitat fragmentation [i.e. the breaking apart of
continuous habitat; Fahrig, 2003] is a landscape-
scale process that implies habitat loss and its
subdivision into a variable number of patches
dispersed in a matrix of modified habitat [Fischer
& Lindenmayer, 2007]. Typically, as the process of
habitat fragmentation advances, there is an increase
in the number of isolated or semi-isolated patches, a
decrease in patch size and an increase in inter-patch
distance and novel habitat boundaries (Fig. 1).
Habitat boundaries can vary in structure and
composition, from the abrupt boundaries composed
mainly of cattle pastures, to more gradual bound-
aries composed of regenerating vegetation at differ-
ent growth stages. Additionally, fragmentation
modifies the microclimate within and around the
patches [e.g. increase in radiation, temperature and
wind, and decrease in humidity; Saunders et al.,
1991], leading to changes in plant composition and
structure. These changes include a sharply elevated
rate of tree mortality, and a loss of tree biomass [e.g.
Arroyo-Rodrı́guez & Mandujano, 2006; Laurance
et al., 1997], which can promote the proliferation of
young secondary vegetation, dominated by distur-
bance-adapted vines and pioneer trees, and cause a
concomitant decline of old-growth, forest-interior
trees [Laurance et al., 1998]. Therefore, primates
in fragmented habitats are confronted with a habitat
of reduced size, highly isolated from other habitat
remnants, with few emergent trees and dominated
by secondary vegetation (Fig. 1).

Exogenous Threatening Processes

Removal of suitable habitat
The removal or loss of habitat is expected to

reduce both the distribution range and population
size of a given primate species [metapopulation
theory: Hanski, 1999; island biogeography theory:
MacArthur & Wilson, 1967]. Supporting these pre-
dictions, a landscape-scale study with A. palliata in
Los Tuxtlas, Mexico, based on 208 rainforest patches
across a total area of ca. 15,000 ha, shows that the
proportion of occupied patches is positively corre-
lated (r 5 0.84) with the abundance of individuals,
and that landscapes with a greater proportion of
suitable habitat contain more individuals (row 1 in
Table I; ref 5 in Table II). Similarly, at the patch
scale, studies of howler species such as A. palliata,
A. guariba and A. seniculus in several forest types,
including tropical wet, moist and dry forests, report
that larger patches contain more individuals than
smaller ones, and that the proportion of occupied
patches (i.e. the distribution range) decreases with
patch size (rows 2 and 3 in Table I). Each of these

studies is based on a sample size of greater than nine
forest patches (mean 5 94 patches) (see Table II). For
example, in a study of 119 forest patches located
in northern Chiapas, Mexico, Anzures-Dadda and
Manson [2007] find that 19% of the patches are
occupied by A. palliata, and that both the number of
individuals (slope 5 0.02, Po0.001) and occupancy
(whole model; w2 5 6.30, P 5 0.04) are positively
correlated with patch size.

As an exception to these trends, for A. palliata
populations living in six forest patches (7–9,571 ha)
in Costa Rica (row 2 in Table I; ref 12 in Table II),
the density of individuals was unrelated to patch size
(r 5 0.29, P 5 0.21). Kowalewski and Zunino [1999]
also report that when three forest patches in
Argentina were deforested and reduced in size by
32.1%, the population size of A. caraya remained
unchanged. Similarly, Estrada et al. [2002] studied
18 A. pigra groups living in 44 patches (1.9 to 86 ha)
in Mexico (row 2 in Table I; ref 14 in Table II), and
found that forest patches with and without howlers
did not differ in size (t 5 0.31, P40.1). These
contrasting results could be due to the small sample
sizes (only six patches were studied in Costa Rica and
three patches in Argentina), and/or the fragmenta-
tion history at these locations (e.g. sampling effects,
age of isolation and local historical factors such as
recent clearing processes, and hunting), which could
mask the effect of habitat area on howler popula-
tions. For example, Estrada et al. [2002] argued that
the hunting history could explain the lack of a
relationship between patch occupancy and patch
size, whereas DeGamma-Blanchet and Fedigan
[2006] argued that the large sizes (up to 95.7 km2)
of most of the patches they surveyed in Costa Rica
may explain why this variable makes no explanatory
contribution in their study.

Changes in Habitat Patterns

An increase in the number of habitat patches,
decrease in patch size and increase in patch isolation
can initially result in a random occupancy (i.e.
without a specific pattern) of the remaining patches
[Marsh, 2003]. However, over time primates may
disappear from some patches owing to their small
size and limited resources, whereas they may
recolonize other suitable patches [Chapman et al.,
2003; Mandujano et al., 2006]. Metapopulation
theory predicts that the probability of local extinction
in fragmented habitats increases with decreasing
patch size and increasing isolation [i.e. ‘‘first-order’’
factors; sensu Hanski, 1999], whereas the proba-
bility of colonization follows the opposite
trend [Hanski, 1999]. Five studies of A. palliata,
A. seniculus and A. caraya support these predictions
(row 3 in Table I). For instance, Arroyo-Rodrı́guez
et al. [2008a] studied 208 isolated patches (ranging
from 0.9 to 266 ha) in three landscapes with

Am. J. Primatol.

Responses of Howlers to Habitat Modification / 3



TABLE I. Summary of Both Habitat and Population Attributes (HPA) Analyzed in Fragmentation Studies With
Howlers (Alouatta spp.), Predictions Tested From Fragmentation Theory (see Text), the Species Analyzed, and
Empirical Evidence (EE): 1prediction supported; �prediction not supported; in parentheses: indirect inference
or rarely tested

Rows HPA Predictions Species EE Refs.

1 Landscape forest cover Landscapes with a greater proportion of suitable
habitat support more individuals

A. palliata 1 5,26

2 Patch size Larger patches contain more individuals than
smaller ones

A. palliata 1 2,5,10,15,26
� 12

A. guariba 1 11
A. caraya 1 40

� 42
3 The distribution range (% occupied patches)

decreases with patch size
A. palliata 1 5,10,24
A. seniculus 1 18
A. pigra � 14

4 Reduced patch size and increased isolation
result in higher population densities

A. palliata 1 8,10,25
A. pigra 1 14,37
A. seniculus 1 35

� 17
A. caraya 1 42

5 Patch isolation The least isolated patches contain more individuals
than more isolated ones

A. palliata 1 15
� 10,12

6 Distribution range (% occupied patches) decreases
with increasing patch isolation

A. palliata 1 24

7 Shape complexity Complex patches are colonized more frequently
than compact ones

A. palliata (1) 5

8 Habitat productivity More productive patches represent a source of
emigrants that migrate towards less productive
fragments (sinks)

A. palliata (1) 4,5

9 Food sources Individuals can move between patches to supplement
their diet

A. palliata 1 3,24
A. caraya 1 40

10 Smaller and more irregularly shaped patches contain
less food sources

A. palliata 1 6,21
A. pigra 1 27,32
A. seniculus 1 22

11 Changes in vegetation affect distribution and
abundance of populations

A. palliata 1 2,4,10,15
A. caraya 1 43

12 Physiological stress Populations living in forest patches are more stressed
than those living in large forest tracks

A. palliata 1 13
A. pigra 1 28

13 Genetic diversity Habitat disturbance, mainly through the reduction in
dispersion rates of individuals between patches,
reduces genetic diversity

A. palliata 1 23
A. pigra 1 20

� 16,39
A. seniculus 1 31
A. caraya 1 30, 41

14 Social organization Group size decreases with decreasing patch size and
conservation

A. palliata 1 7,8,9,29
� 25

A. pigra � 14
1 37

A. caraya � 40
A. seniculus � 17
A. sara � 19

15 Parasitism The transformation of original habitat, reduction in
food availability and presence of humans in
disturbed patches increases the vulnerability
of individuals to parasite infestations

A. palliata 1 1,34,36
A. pigra 1 38
A. seniculus 1 17
A. caraya 1 33

1. Aguilar-Cucurachi et al. [2007]; 2. Anzures-Dadda & Manson [2007]; 3. Asensio et al. [2009]; 4. Arroyo-Rodrı́guez et al. [2007]; 5. Arroyo-Rodrı́guez et al.
[2008a]; 6. Arroyo-Rodrı́guez & Mandujano [2006]; 7. Chapman & Balcomb [1998]; 8. Clarke et al. [2002b]; 9. Clarke & Zucker [1994]; 10. Cristóbal-
Azkarate et al. [2005]; 11. Chiarello [2003]; 12. DeGamma-Blanchet & Fedigan [2006]; 13. Dunn [2009]; 14. Estrada et al. [2002]; 15. Estrada & Coates-
Estrada [1996]; 16. Garcı́a del Valle et al. [2005]; 17. Gilbert [1994]; 18. Gilbert [2003]; 19. Goffard et al. [2008]; 20. James et al. [1997]; 21. Juan et al.
[2000]; 22. López et al. [2005]; 23. Malgrem & Brush [1978]; 24. Mandujano et al. [2006]; 25. Mandujano & Escobedo-Morales [2008]; 26. Mandujano &
Estrada [2005]; 27. Marsh & Loiselle [2003]; 28. Martı́nez-Mota et al. [2007]; 29. McCann et al. [2003]; 30. Oklander et al. [2006]; 31. Pope [1992]; 32. Rivera
& Calmé [2006]; 33. Santa-Cruz et al. [2000]; 34. Stuart et al. [1990]; 35. Terborgh et al. [2001]; 36. Trejo-Macı́as et al. [2007]; 37. Van Belle & Estrada
[2006]; 38. Vitazkova & Wade [2007]; 39. Winkler et al. [2004]; 40. Zunino et al. [2007]; 41. Nascimento et al. [2007]; 42. Kowalewski & Zunino [1989]; 43.
Zunino et al. [2001].
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TABLE II. Characteristics of Fragmentation Studies with Howlersa

Ref. Species Siteb Habitatc Months Groups Design

1 Apa Tux TWF 6 4 Analyzed 4 small patches (o8 ha)
2 Apa Chi TWF – 23 Analyzes 119 patches (0.2–43.4 ha) in a 12,500 ha landscape
3 Apa Tux TWF 23 2 Analyzes 2 groups in 2 different patches (1.3–40 ha)
4 Apa Tux TWF 16 9 Analyzes 18o10 ha patches, 9 occupied and 9 unoccupied by howlers
5 Apa Tux TWF 16 42 Analyzes 208 patches (0.9–266 ha) in 3 landscapes with different forest cover
6 Apa Tux TWF 6 8 Analyzes 15 patches (1–76 ha) in a 4,960 ha landscape
7 Apa – TDF &

TWF
– 80 Reviews 80 howler populations from Mexico to Argentina

8 Apa Pac TDF 4 34 Surveys a 1,180 ha farm with ca. 25% of remaining forest cover
9 Apa Pac TDF 1 30 Surveys a 1,180 ha farm with ca. 25% of remaining forest cover
10 Apa Tux TWF 17 43 Analyzes 55 patches (o1–244 ha) in a 7,500 ha landscape
11 Agu Esp TDF – – Analyzes 14 patches (210–35,000 ha)
12 Apa ACG TDF &

TWF
6 – Analyzes 6 patches (7–9,571 ha)

13 Apa Tux TWF 12 2 Analyzes 2 groups in 2 different patches (7.2 and 244 ha)
14 Api Pal TWF 10 18 Analyzes 44 patches (1.9–86 ha)
15 Apa Tux TWF – 60 Analyzes 126 patches (2–1,000 ha) and 44 agricultural sites
16 Api Lac TWF 43 – Analyzes a continuous forest and 3 patches (1–1,700 ha)
17 Ase Man TMF 16 13 Analyzes 3 10 ha and 2 100 ha patches, and a continuous forest
18 Ase Man TMF – – Analyzes a continuous forest and 9 patches (1–100 ha)
19 Asa San TWF 12 23 Analyzes populations of a reserve and 3 cattle ranches
20 Api CBS TMF 2 10 Analyzes a population living in highly disturbed conditions
21 Apa Tux TWF 6 3 Analyzes 3 patches (3.2–250 ha)
22 Ase Lag TDF 9 3 Analyzes 2 islands (0.6 and 190 ha)
23 Apa Pac TDF 9 17 Surveys a 1,180 ha farm with ca. 25% of remaining forest cover
24, 25 Apa Tux TWF 28 17 Analyzes 92 patches (o1–76 ha) in a ca. 4,960 ha landscape
26 Apa Tux TWF – Z36 Analyzes 130 patches (0.5–150 ha) in 2 landscapes with different forest cover
27 Api CBS TMF 12 6 Analyses 6 patches occupied and one unoccupied by howlers (1.3–75 ha)
28 Api T & C TMF 8 4 Analyzes 2 patches (o2 ha) and two sites in continuous forest
29 Apa Fll TDF 8 97 Analyzes coffee plantations (25–225 ha)
30 Aca Cor TDF – – Analyzes 9 patches
31 Ase Hat TDF – Z18 Analyzes 2 populations inhabiting a large cattle ranch
32 Api Cal TDF 8 5 Analyzes 2 sites in a 4700,000 ha forest reserve and 2 patches

(11.6 and 13.9 ha) outside the reserve
33 Aca C & C TDF – – Analyzes 44 individuals in 3 areas with different fragmentation degree
34 Apa Pac &

ACG
TDF 44 420 Analyzes a 450 ha forested farm and a continuous forest (50,000 ha)

35 Ase Lag TDF – 14 Analyzes 6 small (0.25–0.9 ha), 4 medium (4–12 ha) and two
large islands (150 ha), and 2 sites in mainland (4350 ha)

36 Apa &
Api

Tux &
Lac

TWF 12 110 Analyzes 6 protected forests (41,400 ha each) and 6 patches (1–40 ha).

37 Api M & G TDF &
TWF

– 120 Analyzes 5 large patches (850–2,700 ha) and 3 reserves (57,600–700,000 ha).

38 Api M & B TWF &
TDF

7 9 Analyzes 5 patches (80 ha) and 4 continuous forests (100 ha)

39 Apa &
Api

N & B TDF 3 4 Analyzes 3 groups of A. palliata in an island and one group of
A. pigra living in a patches

40 Aca Cor TDF 4 34 Analyzes 24 patches in a 4,500 ha landscape
41 Aca B & B TWF – – Analyzes 4 sites, three in Brazil and one in Bolivia
42 Aca Cor TDF – 3 Analyzes 3 patches between 1984 and 1995
43 Aca C & M TDF – 61 Analyzes 5 sites

aWe indicate the study species (Aca, Alouatta caraya; Agu, A. guariba; Apa, A. palliata; Api, A. pigra; Asa, A. sara, Ase, A. seniculus), study sites, habitat
type, number of months, number of groups, and study design. Reference numbers correspond to those in Table I.
bSites: Area de Conservación Guanacaste, Costa Rica (ACG); Several locations in Central Brazil and one site in Bolivia (B & B); Calakmul, Campeche (Cal);
Chiapas, Mexico (Chi); Community Baboon Sanctuary, Bermudian Landing, Belize (CBS); Corrientes and Chaco Provinces, Argentina (C & C), Corrientes
Province, Argentina (Cor); Corrientes and Misiones provinces, Argentina (C & M); Espiritu Santo, Brazil (Esp); Finca La Luz, Mombacho Volcano,
Nicaragua (Fll); Hato Masaguaral, Los Llanos, Venezuela (Hat); Lacandon rainforest, Mexico (Lac); Lago Guri, Venezuela (Lag); Manaus, Brazil (Man);
Several places in shoutern Mexico and Belize (M & B); Shoutern Mexico and northern Guatemala (M & G); Isla de Ometepe, Nicaragua, and the Scotland
Half Moon area, Belize (N & B); La Pacifica, Costa Rica (Pac); Palenque, Chiapas, Mexico (Pal); Los Tuxtlas, Mexico (Tux); Santa Cruz, Bolivia (San); States
of Tabasco and Campeche, Mexico (T & C).
cHabitats: We recognized three broad vegetation types based on annual rainfall: tropical wet forest (TWF), tropical moist forest (TMF) and tropical dry
forest (TDF) [Gentry, 1982].
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differences in forest cover (ranging from 4 to 24%),
and found that patch size was the best predictor
(with a positive effect) of patch occupancy by
A. palliata in each landscape. Similarly, patch size
has been consistently described as the best predictor
for population size [Cristóbal-Azkarate et al., 2005]
and viability [Mandujano et al., 2006] of A. palliata
in Los Tuxtlas (refs. 10 and 24 in Table II). The fact
that patch isolation is not a strong predictor of patch
occupancy could be due to a number of methodolo-
gical problems associated with the metrics used to
define and describe patch isolation [see Arroyo-
Rodrı́guez & Mandujano, 2009]. Nearly all fragmen-
tation studies with howlers use distance-based
isolation metrics such as the distance to the nearest
patch. This isolation metric can underestimate the
effects of isolation because it does not consider the
presence of very small vegetation remnants (step-
ping stones), live fences and other elements (e.g.
isolated trees) in the matrix, which can provide food
and facilitate inter-patch movements [e.g. Arroyo-
Rodrı́guez & Mandujano, 2009; Asensio et al., 2009].
Future studies should test the effects of isolation by
using area-based isolation metrics, such as the
amount of available habitat within a given radius
of a patch, as these metrics are a more reliable
measure of patch isolation [Arroyo-Rodrı́guez &
Mandujano, 2009].

Evidence from A. palliata, A. pigra, A. seniculus
and A. caraya in tropical dry and wet forests
indicates that population density can increase in
smaller and more isolated patches (row 4 in Table I).
Thus, howlers may be resistant to the initial phases
of disturbance, and concentrate in a small number of
isolated forest patches [e.g. Estrada et al., 2002;
Rosales-Meda et al., 2007]. The regulatory effect that
natural predators have on howler populations may
be less intense in fragmented habitats, as large
predators (e.g. Harpia harpyja, Panthera onca) are
usually among the first animals to disappear from
disturbed areas [e.g. Terborgh et al., 2001]. This
absence has been suggested as a factor contributing
to the initial or short-term high population densities
of howlers living in small patches [Chiarello, 2003;
Gilbert, 2003; Lovejoy et al., 1986; Terborgh et al.,
2001]. The proliferation of highly productive second-
ary vegetation in small patches has been suggested
as an additional factor that could help to maintain
high population densities in small patches [e.g.
Kowalewski & Zunino, 1999; Lovejoy et al., 1986].
Although populations living at high densities may
respond better to stochastic threats, particularly
when populations are large [Fischer & Lindenmayer,
2007], enduring high densities could have negative
consequences for the long-term persistence of how-
lers [see the ‘‘Changes to Species Interactions’’
section].

Changes in the habitat pattern (e.g. decrease in
patch size, increase in patch isolation) are related to

two processes that may explain the distribution,
abundance and inter-patch movements of howler
populations in fragmented landscapes [Dunning
et al., 1992]: landscape supplementation and source/
sink relationships. Landscape supplementation oc-
curs when animals use a number of neigh-
boring patches because they contain supplementary
resources. For instance, when a patch is very small
but is also very close to another patch(es) with
supplementary resources, individuals may use sev-
eral patches to meet their dietary requirements (row
9 in Table I). For example, Zunino et al. [2007]
observed five groups of A. caraya using more than
one forest patch separated by grasslands in northern
Argentina, and these groups occupied the smallest
patches (o5 ha) in the area. A similar pattern of
multi-patch use was observed by Mandujano et al.
[2006] and Asensio et al. [2009] in groups of
A. palliata inhabiting very small patches (o3 ha) in
Los Tuxtlas, Mexico. These observations highlight
the ability of howlers both to exploit small forest
patches and to move between isolated forest patches
[also see Pozo-Montuy & Serio-Silva, 2007], and
agree with the frequently cited behavioral flexibility
that is thought to allow howlers to cope with habitat
disturbance [e.g. Bicca-Marques, 2003]. Neverthe-
less, when howlers are required to descend to the
ground, they face an increase in predation risk from
dogs [Pozo-Montuy & Serio-Silva, 2007] and other
animals (see the ‘‘Changes to Species Interactions’’
section).

Source/sink relationships occur when a more
productive patch represents a source of emigrants
that migrate toward less productive patches, usually
named sinks [Pulliam, 1988]. As sink patches have
insufficient food, populations living in sinks may go
extinct without immigration of individuals from
source patches. Source/sink dynamics may be at
work in highly fragmented landscapes occupied by
A. palliata at sites such as Los Tuxtlas, Mexico, as
some groups are living in patches that do not present
the characteristics required for their long-term
survival (e.g. they are very small, highly isolated
and with few large (DBH460 cm) trees and few food
plant species) (row 8 in Table I; refs. 4 and 5 in
Table II). In these studies, it has been suggested
that such patches may functionally be sinks, as it
has been argued for other primate species [e.g.
Procolobus rufomitratus: Mbora & Meikle, 2004].

Habitat fragmentation can also increase the
total amount of habitat boundaries through the
increment of the perimeter-to-area relationship (i.e.
shape complexity) of the patches. Patch shape
complexity offers advantages and disadvantages to
howlers in fragmented landscapes. For example,
complexly shaped patches can be colonized more
easily than compact (e.g. round) patches due to the
fact that they have a proportionally greater amount
of edge, increasing the likelihood that a patch will be
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encountered by a moving individual, either by
chance [Ewers & Didham, 2006] or deliberately
[Boinski & Garber, 2000]. This hypothesis has been
used to explain why patch occupancy by A. palliata
was positively related to both patch size and shape
complexity in a landscape dominated by live fences
and vegetation corridors in Los Tuxtlas, Mexico (row
7 in Table I). However, as we describe below,
irregularly shaped patches experience higher edge
effects, affecting plant composition and vegetation
structure within the patch, which could in turn
decrease food availability for howlers.

Changes in vegetation attributes and food
availability

Food availability in patches depends on patch
size, home range size and the composition and
structure of vegetation. Studies of Alouatta [re-
viewed by Bicca-Marques, 2003] and particularly
A. palliata [Cristóbal-Azkarate & Arroyo-Rodrı́guez,
2007] have shown that home range size decreases
with decreasing patch size (r 5 0.51, P 5 0.001;
r 5 0.96, P 5 0.01, respectively), limiting the amount
of resources available to each group. However, a
small home range does not always result in low food
availability [see Gillespie & Chapman, 2001]. This
depends on the specific composition of the forest
fragment.

Two main processes affect the vegetation in
patches, namely, sampling effects and edge effects
[i.e. environmental changes near patch edges;
Saunders et al., 1991]. Although sampling effects
result in different patterns of the presence/absence/
dominance of particular species in remnants, en-
vironmental changes alter plant composition and
vegetation structure within the patches. Usually
these environmental changes result in higher mor-
tality rates of large old-growth tree species near
patch edges [Laurance et al., 1997], decreasing tree
biomass in the smallest and most irregularly shaped
patches [e.g. Arroyo-Rodrı́guez & Mandujano, 2006].
Changes in vegetation structure that can reduce food
availability to howlers in patches include the loss of
emergent trees [Arroyo-Rodrı́guez & Mandujano,
2006; Dunn et al., 2009; Juan et al., 2000; Rivera &
Calmé, 2006] and the reduction of plant species
richness [Arroyo-Rodrı́guez & Mandujano, 2006;
Juan et al., 2000; López et al., 2005; row 10 in
Table I]. These patterns have been reported for
tropical wet, moist and dry forests (refs. 6, 21, 22, 27
and 32 in Table II). For example, after analyzing the
top food plant species (i.e. those contributing 480%
of feeding time) of A. palliata in Los Tuxtlas, Arroyo-
Rodrı́guez & Mandujano [2006] found that the basal
area of these plant species was negatively related to
patch size (R2 5 0.50, Po0.01). Similarly, López
et al. [2005] analyzed the vegetation of two islands
(0.6 and 190 ha) inhabited by A. seniculus in Lago

Guri, Venezuela, and reported that the number of
plant species found on the smaller island (46 species)
was half the number found on the larger island
(4100 species).

The changes in vegetation in highly fragmented
habitats may affect the distribution and abundance
of howlers. The presence and abundance of howlers
have been positively correlated with the diversity,
abundance and basal area of important food re-
sources (row 11, Table I). Nevertheless, it is still
unclear which of these vegetation attributes has the
greatest influence on howler populations. Although
Cristóbal-Azkarate et al. [2005] and Estrada and
Coates-Estrada [1996] show that plant species
diversity is related to the population size of
A. palliata in Los Tuxtlas, Mexico, Arroyo-Rodrı́guez
et al. [2007] and Anzures-Dadda and Manson [2007]
demonstrate that the density of large trees is the best
predictor of the distribution of A. palliata in Los
Tuxtlas and Chiapas, Mexico. Further studies are
necessary to identify which attributes have the
largest influence on different howler populations in
different forest types, as current evidence comes
almost exclusively from studies with A. palliata in
tropical wet forests (Tables I and II). This informa-
tion has critical implications for howler conservation
in altered habitats.

Postfragmentation anthropogenic pressures
Anthropogenic pressures (e.g. logging, hunting)

are not a direct consequence of habitat fragmenta-
tion, but can be facilitated by this process, exacer-
bating the negative effects of habitat fragmentation
on populations (Fig. 1). Poaching and capturing live
primates for pets have been considered two of the
most important threats for primate survival in
fragmented habitats [Chapman & Peres, 2001;
Oates, 1996; Peres, 2000], largely because primates
may be more vulnerable to poachers in the smallest
and most accessible sites [Chiarello & de Mello, 2001;
Peres, 1990, 2001]. Hunting may have had an
important negative effect on howler populations
[A. caraya: Agoramoorthy & Lohmann, 1999;
A. guariba: Chiarello & Galetti, 1994; A. palliata:
Duarte-Quiroga & Estrada, 2003; A. pigra: Watts
et al., 1986; A. sara: Goffard et al., 2008; A. seniculus:
Peres, 1990, 2000, 2001], but it should be noted that
the effects of hunting on howlers may be context-
dependent. For instance, in Central Amazonia,
Brazil, howlers are intensively harvested for meat
[e.g. Peres, 2000], whereas at other locations such as
Los Tuxtlas, Mexico, people only occasionally hunt
them for the pet trade [V.A.R. & P.A.D.D, pers.
obs.]. Therefore, the impact of hunting on howlers
will vary as a function of local historical and
socio-economic factors. However, it remains to be
demonstrated whether hunting rates are higher in
fragmented forests.
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The postfragmentation extraction of forest pro-
ducts can lead to additional loss of food resources
important to howlers (Fig. 1). For example, in Los
Tuxtlas, Mexico, the inhabitants often remove
understory plants to allow the cattle to enter the
patches [Arroyo-Rodrı́guez & Mandujano, 2006].
Tree felling also has been observed in this and other
regions, where local populations log wood species
such as Albizia purpusii (Fabaceae), Ampelocera
hottlei (Rubiaceae) and Araucaria sp. (Araucaria-
ceae) to build their houses and for fuel [Arroyo-
Rodrı́guez & Mandujano, 2006; Kowalewski &
Zunino, 1999; Zunino et al., 2007]. These trees are
among the most common trees in the howler diet
[Bicca-Marques, 2003; Cristóbal-Azkarate & Arroyo-
Rodrı́guez, 2007]. However, no studies to date have
directly quantified the effects of logging on howler
population sizes, structure or persistence. A few
studies have attempted to indirectly measure these
effects [Arroyo-Rodrı́guez et al., 2008a; Kowalewski
& Zunino, 1999; Zunino et al., 2007]. For instance,
Arroyo-Rodrı́guez et al. [2008a] found that small
patches located at greater distances from villages are
more likely to be occupied by A. palliata than are
larger patches located nearer to villages, and argue
that this pattern may be related to logging. Further
studies relating different intensities of selective
logging to population sizes, structure and persistence
are necessary to assess to what extent logging affects
howler populations.

Endogenous Threatening Processes

In addition to the exogenous threatening pro-
cesses described above, the distribution and popula-
tion structure of howlers in fragmented habitats may
be affected by changes in their biology, behavior and
interactions with other species (Fig. 1). As Fischer
and Lindenmayer [2007: 269] noted, ‘‘these changes
are often triggered by exogenous threats, but may
constitute threatening processes in their own right.’’

Changes in biology
Biological changes have been reported for

howlers living in fragmented habitats, including
increased physiological stress and loss of genetic
diversity (rows 12 and 13 in Table I). For instance, in
a recent study of A. pigra, 16 individuals living in
forest patches had significantly higher levels of stress
(as measured in fecal cortisol) than 17 individuals
living in a continuous forest, suggesting that physio-
logical stress may increase as a result of forest
fragmentation [Martı́nez-Mota et al., 2007; Tables I
and II]. Similarly, Dunn [2009] reports that fecal
glucocorticoid concentrations (a measure of stress)
are higher (127.1731.5 ng/g, mean7SD) among an
A. palliata group of six individuals inhabiting a small
(7.2 ha) forest patch, than in a group of six
individuals inhabiting a larger (244 ha) patch

(105.2718 ng/g). The increase in the number of
solitary males living in isolated patches has also
been suggested to result in an increase in the
concentration of testosterone, for males, and cortisol,
for females, in a population of A. palliata [Cristóbal-
Azkarate et al., 2006, 2007]. As higher levels of both
hormones increase energetic demands, and food
availability is expected to be reduced in smaller and
isolated patches (see above), individuals living in
fragmented habitats may experience compromised
nutrition, fecundity and survivorship.

Additional studies on the effects of habitat
fragmentation on physiological stress are necessary
to assess how this factor affects the health (e.g.
parasite incidence) and persistence of wild popula-
tions. This information is critical to identify factors
singly and in combination that may affect the
survival of primates in fragmented landscapes [see
Chapman et al., 2006, 2007]. For instance, crowding
in small patches may lead to higher rates of
aggression, which in turn could lead to increased
social stress [Honess & Marin, 2006]. Under these
circumstances, higher stress levels in individuals
living in disturbed habitats could be a byproduct of
fragmentation, rather than a direct consequence of it.

Other negative consequences of population iso-
lation are inbreeding and genetic drift. Both pro-
cesses are more intense in smaller patches, as these
usually have smaller populations, and result in lower
genetic diversity. The effects of these processes may
reduce the response capacities of individuals to
natural or human-induced changes [Jump et al.,
2009]. Although studies of A. caraya, A. palliata,
A. pigra and A. seniculus suggest that habitat
disturbance—mainly through the reduction in dis-
persal rates of individuals between patches—could
reduce genetic diversity (row 13 in Table I; refs. 20,
23, 30, 31 and 41 in Table II), recent studies
conducted with A. pigra populations living in
fragmented habitats found higher average hetero-
zygosis than that reported in previous studies
(refs. 16 and 39 in Table II). This may be associated
with differences in the methodologies used in each
study, the small sample sizes or with the recent
separation of the populations, and suggests that
further long-term genetic studies are required to
demonstrate the effect of isolation on the genetic
diversity of howler populations.

Changes in social organization and behavior
Habitat fragmentation can also lead to disrup-

tions to the social organization and behavior of
howlers such as changes in: (1) dispersal patterns; (2)
grouping patterns; (3) social interactions; and (4)
activity patterns. As patches become smaller and
more isolated, howlers’ ability to disperse success-
fully decreases. Quantitative data on male and
female dispersal patterns in red howlers [e.g.
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Crockett & Pope, 1993] and mantled howlers [e.g.
Clarke & Glander, 2004] are available. However,
little is specifically known concerning the movement
of individuals between particular forest patches, the
frequency of such events, the routes that are used, or
the criteria used by howlers to select which patch to
disperse to. Although there are several observations
of howlers traveling on the ground [A. palliata:
Asensio et al., 2009; Clarke et al., 2002a; Estrada &
Coates-Estrada, 1996; A. pigra: Crockett, 1998;
Pozo-Montuy & Serio-Silva, 2007], their dispersal
abilities in disturbed matrices are likely restricted.
Specifically, studies with fragmented populations
of A. palliata and A. pigra in Mexico suggest that
there may be isolation thresholds that limit dispersal
between patches along the ground. These thresholds
may vary as a function of the mortality risk
associated with long distance travel, energetic costs
and predation [Mandujano & Escobedo-Morales,
2008; Mandujano & Estrada, 2005; Mandujano
et al., 2004; Van Belle & Estrada, 2006]. The
constraints associated with limited dispersal from
small and isolated patches may result in increases in
population density [e.g. A. pigra: Van Belle &
Estrada, 2006], and inbreeding and loss of genetic
variability [A. palliata: Arroyo-Rodrı́guez et al.,
2008b; A. guariba: Fortes & Bicca-Marques, 2008].

We could not identify a clear pattern in the
effects of habitat fragmentation on the size and
composition of howler groups. Although five studies
of A. pigra and A. palliata show that group size tends
to decrease with decreasing patch size, no such
relationship was found in other howler populations
(A. caraya, A. palliata, A. seniculus and A. sara; row
14 in Table I). Regarding group composition and
social interactions, evidence is only available from
studies analyzing habitat disturbance effects. For
instance, in more disturbed habitats, defined as
habitats transformed by anthropogenic (e.g. logging)
or natural (e.g. hurricanes, droughts) events, the
number of males per group is lower and the
proportion of unimale groups increases [A. palliata:
Clarke et al., 2002a,b; McCann et al., 2003; A. pigra:
Estrada et al., 2002; Van Belle & Estrada, 2006;
A. seniculus: Rudran & Fernandez-Duque, 2003]. In
addition, fission–fusion dynamics [defined as tem-
poral variation in spatial cohesion and individual
membership in a group over time; see Aureli et al.,
2008] become more prevalent [A. palliata: Dias &
Rodrı́guez-Luna, 2005, 2006], and both the rates of
social interactions [0.010 interactions/ind/hr vs.
0.004 interactions/ind/hr: Clarke et al., 2002a] and
the proportion of time spent in social activity [1.2%
vs. 0.55%: Behie & Pavelka, 2005] decrease. Overall
these data indicate that habitat disturbance may
affect the social organization of howlers; however,
other studies of A. palliata [Mandujano & Escobedo-
Morales, 2008], A. caraya [Zunino et al., 2007] and
A. sara [Goffard et al., 2008] dispute this possibility.

Thus, further studies specifically designed to mea-
sure the effects of fragmentation on group composi-
tion, social interactions and social organization are
needed [see Arroyo-Rodrı́guez & Mandujano, 2009].

Changes in the activity patterns of individuals
(i.e. proportion of daily activity spent resting, feeding
and moving) have been reported in relation to
habitat disturbance and fragmentation. Clarke
et al. [2002a] found that after the partial deforesta-
tion of their home range, a group of 10 adult
mantled howlers increase feeding time from 18 to
22.3%, possibly to compensate for reduction in
food availability. Asensio et al. [2007b] observed
that a group of 59 mantled howlers living in an area
of extremely high population density (9.5 ind/ha)
spent a greater amount of time feeding and
traveling (29 vs. 24% and 14 vs. 6%, respectively)
and reduced time spent resting (55% vs 69%),
relative to another group of six howlers that
lived in a small (1.3 ha) patch at lower density
(4.6 ind/ha). In contrast, Juan et al. [2000] observed
no differences in activity patterns among three
groups of A. palliata living in habitats of different
sizes. Similarly, in their meta-analysis of the diet and
activity patterns of A. palliata in Los Tuxtlas,
Cristóbal-Azkarate and Arroyo-Rodrı́guez [2007]
found that neither patch size nor population density
had a significant effect on the activity patterns of
howlers. Similarly, after examining all studies with
howlers (with duration49 months), Bicca-Marques
[2003] reported that activity patterns did not vary
with patch size.

These contrasting results suggest howlers can
exploit habitats that vary in size, degree of dis-
turbance, isolation and population density with
relatively minor adjustments in the time they engage
in feeding, traveling and resting. In this regard, an
evaluation of habitat quality, with specific emphasis
on the presence, abundance and nutritional contents
of important plant species in the howlers’ diet, will
help interpret fine-grained variation in activity
patterns. Finally, howler activity budgets seem to
be constrained by energy-saving behavioral adapta-
tions, associated with resting and related to their
digestive physiology [Milton, 1998]. Thus, perhaps
howlers’ abilities to modify their activity patterns
are limited, in which case nutritional stress is
expected to particularly affect populations living in
the less productive habitats and habitats lacking
preferred plant species.

Unfortunately, we still do not know how
overall shifts in social organization (e.g. increases
in the proportion of unimale groups in populations)
and behavior (e.g. reduction in dispersal rates) of
howlers are affected by habitat fragmentation. Long-
term studies of A. palliata and A. seniculus suggest
that when the amount of habitat increases, howler
populations tend to expand, mainly through the
formation of new groups, which are usually small
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and unimale [Fedigan et al., 1998; Rudran &
Fernández-Duque, 2003]. These important findings
indicate how howler populations respond to in-
creases in forest cover, but do not necessary explain
the long-term response of howler populations and
groups to habitat loss and fragmentation.

Changes to species interactions
Changes in species interactions include competi-

tion, predation and exposure to parasites (Fig. 1). As
indicated above, population density usually increases
in the smallest patches, and this could increase intra-
specific competition. High population densities
have been associated with reductions in food avail-
ability and the exploitation of alternative nontree
food resources [Cristóbal-Azkarate & Arroyo-
Rodrı́guez, 2007; Rodrı́guez-Luna et al., 2003]. For
example, Rodrı́guez-Luna et al. [2003] observed that
after significant population increase (from 1.2 ind/ha
to 6.9 ind/ha), a population of mantled howlers began
to intensively exploit alternative food sources
(mainly lianas and vines; from 8.8% of feeding
time to 21%) and the duration of feeding bouts
tended to decrease (from 3.1 to 2.1 min). Similarly,
Cristóbal-Azkarate et al. [2005] speculate that
immature mortality in a fragmented population of
A. palliata (43 groups living in 15 fragments)
increased at high population densities, as none of
the populations living at densities higher than
0.71 ind/ha had juveniles. These authors propose
that this trend is possibly mediated by lower food
availability under high-density conditions. There
also is evidence that reproduction is suppressed in
howler populations living at densities of 10 ind/ha
[A. seniculus: Terborgh et al., 2001]. Terborgh et al.
[2001] report that on a 0.6 ha island, a group of
howlers containing two adult females (population
density of 10 ind/ha) produced only one young in
4 years (0.125 birth per female-year), whereas
on a 350 ha island, 10 adult females belonging to
two groups (0.3 ind/ha) produced five infants in a
single year (0.5 birth per female-year). Finally,
increased inter- and intra-specific competition over
food is expected to occur in smaller patches, where
food resources are limited and feeding encounters
may be more common [Dias & Strier, 2000; Rose
et al., 2003; Stevenson et al., 2000]. However, there is
only weak evidence for the occurrence of direct inter-
and intra-specific competition for food in howlers
[but see Asensio et al., 2007a; Cristóbal-Azkarate
et al., 2004].

Although habitat fragmentation may negatively
affect the presence of large predator populations,
these same habitats are often characterized by an
increase in the number of wild mid-level predators
(e.g. coyotes, foxes) and/or domestic dogs and cats
[e.g. Crooks & Soul, 1999; May & Norton, 1996].
Although this hypothesis needs further investiga-

tion, primates are expected to be more vulnerable in
open environments, such as those present in frag-
mented landscapes [Santamarı́a, 2004]. For instance,
Pozo-Montuy and Serio-Silva [2007] and Camargo
and Ferrari [2007] observed a coyote (Canis latrans)
and four tayras (Eira barabara), respectively, attack-
ing a juvenile of A. pigra and a subadult female of
A. belzebul, respectively, traveling on the ground.
Similarly, Ludwig et al. [2007] argue that the
presence of howlers (A. caraya) in successional
vegetation with a low forest canopy can facilitate
the predation by cougars (Puma concolor). Estrada
and Coates-Estrada [1996] and Pavelka et al. [2003]
also argue that habitat disturbance promoted by
fragmentation and hurricanes, respectively, may
force howlers to travel on the ground, increasing
their predation risk from terrestrial predators such
as boas and dogs.

A topic of growing concern is the potential effect
of emerging infectious diseases (EIDs) on endan-
gered primate populations [Nunn & Altizer, 2006].
For instance, the transformation of original habitat,
increase of inbreeding, reduction in food availability,
the presence of humans and domesticated animals in
disturbed patches, or even some management ac-
tions, such as the building of corridors connecting
forest fragments, may increase the vulnerability
of individuals to EIDs infestations. In A. palliata,
A. caraya and A. seniculus higher endoparasite loads
have been related to higher population density
in small patches [Aguilar-Cucurachi et al., 2007;
Gilbert, 1994; Santa-Cruz et al., 2000; Stuart et al.,
1990], and in A. caraya, A. palliata and A. pigra
parasite prevalence is higher in individuals living in
fragmented habitats (prevalence: A. caraya 5 50.7%
of individuals infected; A. palliata 5 45.7%; A. pigra 5

24.0%) compared with more continuous forest
(A. caraya 5 7.14%; A. palliata 5 23.7%; A. pigra 5

13.0%) [Santa-Cruz et al., 2000; Trejo-Macı́as et al.,
2007]. In addition, several groups of A. pigra were
infected with a parasite (Giardia duodenalis) most
probably transmitted to them through human feces
[Vitazkova, 2009; Vitazkova & Wade, 2007]. It is
possible that, as shown for P. rufomitratus [Chapman
et al., 2007], parasitism co-varies with temporal
fluctuations in food abundance, and for howler
populations living in disturbed habitats this could
lead to decreases in the fitness of infected individuals.
To date, no study has demonstrated conclusively that
such changes in host–parasite dynamics are detri-
mental to howlers.

CONCLUSIONS AND FUTURE DIRECTIONS

A complex picture about our current under-
standing of the effects of habitat fragmentation and
disturbance on howlers emerges from this review.
Howlers are among the most studied Neotropical
primate taxa [e.g. Di Fiore & Campbell, 2007], and
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many efforts have been directed toward studying
howlers in fragmented and disturbed habitats. Thus,
the information we have for howlers allows us to
develop best modeling approaches of primate re-
sponses to habitat fragmentation and disturbance.

Howlers are known for their ability to persist in
both conserved and disturbed habitats, including
naturally fragmented landscapes [e.g. A. seniculus in
Los Llanos, Venezuela; Braza et al., 1981] and very
small forest patches (o5 ha) where other primate
species cannot survive [Chiarello, 2003; Estrada &
Coates-Estrada, 1996; Lovejoy et al., 1986]. Never-
theless, in our review, we found evidence indicating
that habitat loss negatively affects the distribution
and abundance of howlers. In particular, studies
with A. caraya, A. guariba, A. palliata, A. pigra and
A. seniculus indicate that patch size is an important
factor negatively affecting the presence, abundance
and persistence of howler populations in fragmented
habitats. Thus, we propose that habitat loss probably
has larger consistent negative effects on howler
populations than habitat fragmentation per se [see
Fahrig, 2003]. Habitat area is positively related
to food availability [e.g. Arroyo-Rodrı́guez &
Mandujano, 2006; Cristóbal-Azkarate & Arroyo-
Rodrı́guez, 2007], and negatively related to
anthropogenic pressures [e.g. Peres, 2000, 2001],
physiological stress [e.g. Martı́nez-Mota et al., 2007]
and parasite risk [e.g. Gilbert, 1994]. Therefore, we
believe that the most important management re-
commendations for howler populations in disturbed
habitats are to increase the remaining habitat area
and to conserve the largest habitat remnants.
In larger habitats the negative effects of shape
complexity (e.g. edge effects) are lower, whereas the
positive effects (e.g. increased patch accessibility) are
higher (see the ‘‘Changes in Habitat Patterns’’ section).

The reduction of population sizes in smaller
forest patches could negatively affect howlers’
persistence. Small populations are more susceptible
to stochastic threatening processes such as disease
epidemics [Agostini et al., 2008; Nunn & Altizer,
2006], environmental catastrophes (e.g. hurricanes)
and demographic (e.g. year-to-year variability in
reproductive success) and genetic (e.g. genetic drift)
stochasticity [Cowlishaw & Dunbar, 2000; Fischer &
Lindenmayer, 2007; Gilpin & Soulé, 1986]. Addition-
ally, threatening processes usually have the potential
to interact with, and magnify the effects of each
other, creating what have been described as
‘‘extinction vortices’’ [Gilpin & Soulé, 1986]. Thus,
although the high resilience and ‘‘pioneer’’ capacity
of Alouatta spp. [Bicca-Marques, 2003; Garber et al.,
2006; Lovejoy et al., 1986; Schwarzkopf & Rylands,
1989; Van Belle & Estrada, 2006] may allow them to
survive in highly impacted habitats, the current rate
of habitat transformation associated with human
activities [countries like Bolivia, Brazil or Ecuador
had annual rates of forest lost in the period of

1990–2005 of more than 0.5%; FAO, 2007] will
eventually result in local extinction of many howler
populations.

In this sense, a major focus of future studies
should be the identification of threshold values for
habitat amount under which the long-term persis-
tence of individual howler species and populations
will be compromised [e.g. Andrén, 1994]. These data
have important management implications for en-
dangered primates, although it is important to
highlight that it is more responsible to require
governments to use reference values for habitat
amounts well above minimum thresholds (i.e. resi-
lience thinking). In addition, landscape-scale studies
offer the most effective means of determining manage-
ment policies [Arroyo-Rodrı́guez & Mandujano, 2009].
This approach has been applied in a study with
A. palliata in three fragmented landscapes in Los
Tuxtlas, Mexico [Arroyo-Rodrı́guez et al., 2008a]. In
this study, it was determined that both the proportion
of occupied patches and the abundance of primates
decreased significantly in landscapes with less than
15% of remaining habitat, suggesting that population
persistence could be compromised in the long term in
highly fragmented landscapes [Arroyo-Rodrı́guez
et al., 2008a]. For one of these landscapes, it was
estimated that with an annual deforestation rate of
4%, the population of A. palliata had an extinction
probability of 35% in the next 30 years [Mandujano
et al., 2006]. Nevertheless, if 112–170 ha are restored
in this 5,000 ha landscape, by connecting large patches
with low population sizes, the authors predict that the
extinction probability would drop to 1%. This example
illustrates how the persistence of howlers in altered
landscapes depends on the management actions
promoted over the coming years.

Our review reveals that patch isolation is not a
strong predictor of either patch occupancy or
population size for howlers. As we discussed in the
text (see the ‘‘Changes in Habitat Patterns’’ section),
this could be related to a number of methodological
problems of the most commonly used isolation
metrics [see Arroyo-Rodrı́guez & Mandujano, 2009].
However, this result could also reflect the ability of
howlers to move among patches, highlighting the
ecological plasticity of these primates. For example,
a number of studies with A. palliata, A. pigra and
A. caraya report that howlers can travel on the
ground, along live fences, and other landscape
elements such as isolated trees, and that some
groups can supplement their diets by making use of
resources from several forest patches [e.g. Asensio
et al., 2009; Pozo-Montuy & Serio-Silva, 2007]. In
fact, we found several papers indicating that howlers
may be resistant to the initial phases of disturbance
and concentrate in a small number of isolated forest
patches, in which other primate species (e.g. Ateles)
cannot persist [e.g. Estrada & Coates-Estrada, 1996;
Gilbert, 2003]. Among other factors, the success of
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howlers in coping with habitat disturbance has been
related to their capacity to (1) feed from many
different plant species and adapt their diet to the
species available in the habitat [e.g. Pinto et al.,
2003; Rivera & Calmé, 2006], (2) increase the
amount of leaves in their diet [Asensio et al., 2007b;
Juan et al., 2000; Rodrı́guez-Luna et al., 2003], (3)
consume exotic and secondary species frequent
in disturbed habitats [Bicca-Marques & Calegaro-
Marques, 1994], (4) use small home ranges [Estrada
& Coates-Estrada, 1996; Lovejoy et al., 1986] and (5)
utilize energy-saving activity budgets [Milton, 1998].

We found however that in several other areas
our current knowledge is, at best, fragmentary.
Among these, we highlight two. First, we are lacking
direct quantification of the effects of postfragmenta-
tion anthropogenic pressures, such as hunting and
logging, on howlers living in patches. Although many
studies have suggested that hunting has strong
detrimental effects on howler populations [e.g.
Chiarello & Galetti, 1994; Duarte-Quiroga &
Estrada, 2003; Goffard et al., 2008; Peres, 2000],
we cannot currently determine how fragmentation
facilitates the penetration of human hunters in
patches. Furthermore, several studies have specu-
lated that selective logging and wood extraction are
affecting the availability of food resources to howlers,
but no studies have directly analyzed this assertion.
Actually, it is still unclear which vegetation attri-
butes have the biggest influence on howler popula-
tions. Vegetation composition and structure may be
strongly related to patch size, shape and isolation
and hence, the influence of vegetation on howlers
should be evaluated through designs that allow
discrimination between the effects of habitat spatial
patterns and those of vegetation per se. We should do
this with several howler species, in different habitat
types, and in landscapes with different levels of
fragmentation.

Second, regarding the endogenous threatening
processes, evidence for how the distribution and
population structure of howlers in patches are being
affected by changes in their biology, behavior and
interactions with other species is vague. For in-
stance, additional studies are needed to assess to
what extent increases in physiological stress of
individuals inhabiting small patches affects their
health (e.g. parasite incidence) and population
persistence. Similarly, in the future, it will be
important to conduct long-term studies on popula-
tion genetics to evaluate the possibility that a loss of
genetic diversity has already occurred in fragments.
Additionally, the impact of EIDs must be investi-
gated more thoroughly. In particular, we need to
improve our measures of disease presence in natural
and modified habitats. We also need to develop
models to predict how host–parasite dynamics will
change in response to climate change, and how will
this affect the survival of howler populations.

Finally, it is important to highlight that the
information presented in this article comes almost
exclusively from four (A. caraya, A. palliata, A. pigra
and A. seniculus) of the ten species of howlers
currently recognized [Cortés-Ortiz et al., 2003], and
that virtually nothing is known about the effects of
habitat fragmentation on A. belzebul, A. coibensis,
A. guariba, A. macconelli, A. nigerrima and A. sara.
As some of these species inhabit highly disturbed
areas in South America—like A. guariba in Brazilian
Atlantic forests—in the short-term research efforts
must be directed toward assessments of the current
status of their habitats, population dynamics and
behavioral ecology. Additionally, future studies
should assess inter-specific differences in species’
responses to habitat loss and fragmentation. As
howler species differ in group size and composition
[Bicca-Marques, 2003; Chapman & Balcomb, 1998;
Crockett & Eisenberg, 1987] and inhabit different
habitats (from tropical wet to tropical dry forests),
their responses to habitat alteration are expected to
vary [Ewers & Didham, 2006].
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