Chapter 2

Assessing Habitat Fragmentation Effects
on Primates: The Importance of Evaluating
Questions at the Correct Scale

Victor Arroyo-Rodriguez, Eddaly Cuesta-del Moral, Salvador Mandujano,
Colin A. Chapman, Rafael Reyna-Hurtado, and Lenore Fahrig

Abstract Forest-dwelling mammals such as primates could be particularly
vulnerable to habitat fragmentation; however, the definition and quantification of
fragmentation have varied considerably among studies. This has resulted in contra-
dictions and thus results are difficult to interpret and compare. To encourage a consis-
tent and more precise use of the term “habitat fragmentation,” we reviewed 100
fragmentation studies on primates to quantify how fragmentation effects are assessed.
We advocate that habitat fragmentation is a landscape-scale process that involves both
loss and the breaking apart of habitat. Hence, independently analyzing both effects is
necessary to assess the effects of the breaking apart of habitat while controlling for
habitat loss (fragmentation per se). This needs to be done through landscape-scale
studies (that is, using landscapes as the independent unit of observation); however,
fragmentation studies on primates are typically at the single fragment scale, often with
a single continuous forest used for comparison. We suggest that primate responses at
the fragment scale can vary dramatically in landscapes with different habitat amounts
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and configurations. In this review we provide clear and consistent terminology to help
future studies to accurately assess the effects of fragmentation on primates and to
help to form a body of literature where comparisons among studies are possible?

Introduction

Habitat loss represents a significant threat to biodiversity and many ecological pro-
cesses (Andrén 1994; Bender et al. 1998; Fahrig 1999, 2003). In contrast, habitat
fragmentation per se, or the breaking apart of habitat while controlling for habitat
area (sensu Fahrig 1999, 2003), has highly variable effects, which are sometimes
positive and sometimes negative, depending on the species and the way in which
fragmentation is measured (Henle et al. 2004; Ewers and Didham 2006; Fahrig
1999, 2003). The number of fragmentation studies has dramatically increased in
past decades (Fig. 2.1); however, the term habitat fragmentation has been used in
variable ways. This has resulted in contradictions and results that are difficult to
interpret (Fahrig 2003; Lindenmayer and Fischer 2007).

Forest-dwelling mammals, such as primates, may be particularly vulnerable to
habitat fragmentation (Chapman and Peres 2001; Arroyo-Rodriguez and Dias
2009). Despite the number of primate fragmentation studies (Fig. 2.1), the ways of
conceptualizing and measuring fragmentation effects have been highly variable
(Arroyo-Rodriguez and Mandujano 2009). This has led to conflicting conclusions
from different studies about fragmentation effects on the same primate species
(Arroyo-Rodriguez and Dias 2009). To encourage a consistent and more precise use
of the term “habitat fragmentation,” we first present what we view to be a useful
description of what habitat fragmentation is and how it should be measured. Second,
we present results from a search of the SCOPUS (©Elsevier, The Netherlands) data-
base on 9 June 2010 for original papers containing “primate,” plus “habitat frag-
mentation,” “forest fragmentation,” or “landscape fragmentation” in the title,
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abstract, and/or keywords. This search revealed a total of 227 papers. We randomly
selected 100 of these papers and identified the ways in which habitat fragmentation
effects are being assessed.

Evaluating and Measuring Habitat Fragmentation

Habitat may be broadly defined as “the range of environments suitable for a given
species” (Hall et al. 1997). For primates this generally refers to broad vegetation
types, such as tropical rain forest and tropical dry forest (Arroyo-Rodriguez and
Mandujano 2009). Because native vegetation is important for many species, numer-
ous researchers have equated ‘“habitat” with native vegetation (Fischer and
Lindenmayer 2007; Arroyo-Rodriguez and Mandujano 2009).

Habitat fragmentation is a landscape-scale process in which continuous habitat
is broken apart into smaller pieces (fragments) scattered within a matrix of non-
habitat. This implies the loss of habitat and its subdivision (fragmentation) into a
variable number of fragments (Fahrig 1999; McGarigal and Cushman 2002; Fahrig
2003). However, habitat loss can occur without the subdivision of habitat (Fig. 2.2),
and therefore, we advocate that it will be valuable for researchers to consider ana-
lyzing the independent effects of habitat loss and fragmentation to determine
whether it is the overall loss of habitat or the separation of habitat into smaller
pieces (hereafter termed ‘“‘habitat fragmentation per se”’; sensu Fahrig 1999, 2003)
that actually causes negative effects on primates. This can only be done through
landscape-scale studies, that is, by using landscapes as the independent units of
observation (McGarigal and Cushman 2002; Fahrig 2003; Arroyo-Rodriguez and
Mandujano 2009). By using fragments as the unit of analysis (hereafter named
“fragment-scale studies”), researchers cannot differentiate between the effects of
the habitat loss and the breaking apart of habitat, as both processes can result in
smaller and more isolated fragments (Fahrig 2003; Fig. 2.2).

Most fragmentation measures (e.g., mean fragment isolation, total amount of
edge, number of fragments) are strongly related in a nonlinear manner to the amount
of habitat within a landscape, in such a way that below a certain threshold of habitat
area, small changes in the extent of the habitat lead to big changes in these measures
(Neel et al. 2004). For this reason, it is often difficult to determine the separate
effects of habitat loss and fragmentation. For instance, studies with plants (Arroyo-
Rodriguez et al. 2009) and animals (Andrén 1994; Pardini et al. 2010) suggest that
species diversity in a fragment of a given size may vary in landscapes with different
habitat amount. Actually, the effects of fragmentation per se are thought to be rela-
tively more important below certain thresholds of habitat amount remaining in the
landscape (Andrén 1994; Fahrig 1997, 1998; With and King 2001). Below this
threshold of habitat amount, the probability of persistence of populations drops sig-
nificantly. Given the crucial management implications that these thresholds have for
primate conservation, we urgently need to analyze the response of primates under
different scenarios of habitat loss and fragmentation. This cannot be done through
fragment-scale studies; it requires studies at the landscape scale.
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Fig. 2.2 Some (not all) of the effects of habitat loss on landscape spatial pattern. Habitat loss
alone (A and B) can result in higher or lower mean fragment size and either higher or lower mean
fragment isolation. The increase of the number of fragments with habitat loss and habitat fragmen-
tation (C, D, and E) can lead to contrasting landscape spatial patterns (for instance, higher or lower
mean fragment isolation and total habitat edge), but in all cases mean fragment size decreases.
Other potential changes in landscape spatial pattern expected from habitat loss and fragmentation
can be found in Fahrig (1999, 2003)

Additionally, the relationship between fragmentation and habitat configuration is
very intricate (Fahrig 2003). The fragmentation process results in the reduction in
habitat amount, increase in the number of habitat fragments, and decrease in sizes
of habitat fragments (Fig. 2.2). However, other spatial attributes, such as total habi-
tat edge and mean fragment isolation, can either increase or decrease with fragmen-
tation (Fig. 2.2). Although the number of measures of fragmentation is huge (>40
measures: e.g., number of fragments, fragment density, total edge, edge density,
landscape shape index, largest patch index; see McGarigal et al. 2002), researchers
commonly measure only one effect (fragment size is the most frequent), whereas
others assess two or three effects, but not more (Fahrig 2003), and rarely recognize
the interrelationships among measures of fragmentation. As stated by Fahrig (2003,
p. 492): “this leads to ambiguous conclusions regarding the effects of habitat con-
figuration on biodiversity ... and ... makes results difficult to interpret.” Also, as
each aspect of fragmentation could potentially affect primates in different ways
(Arroyo-Rodriguez and Dias 2009; Arroyo-Rodriguez and Mandujano 2009), using
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one or few of these effects results in biased assessments of the general effects of
habitat fragmentation on primates. For example, both abiotic conditions, such as
temperature, humidity, and wind speed, and biotic conditions, such as population
density, and species richness, can be altered near habitat edges: the so-called edge
effects (Saunders et al. 1991). Edge effects can lead to vegetation changes, particu-
larly in smaller and more irregularly shaped fragments (Laurance et al. 2000; Hill
and Curran 2003; Arroyo-Rodriguez and Mandujano 2006), which can affect the
abundance of the most frequently eaten food plant species for primates, reducing
the quantity and quality of food sources available to them (Arroyo-Rodriguez and
Mandujano 2006; Tutin 1999). Although these vegetation changes can significantly
impact primates (population distribution: Arroyo-Rodriguez et al. 2007; population
density: Worman and Chapman 2006; feeding behavior: Dunn et al. 2009), studies
reporting edge and/or vegetation effects as synonymous of “fragmentation effects”
are misusing the term “fragmentation,” as total forest edge is strongly related to the
amount of remaining forest in the landscape (Fahrig 2003). Furthermore, all of these
processes have only been evaluated at the fragment scale, and it is unclear (i.e., not
tested) whether they can be extrapolated to the landscape scale (McGarigal and
McComb 1995).

Assessing Habitat Fragmentation Effects on Primates

Database

The 100 reviewed papers were published in 24 journals, but 84 % of these papers
were found in 11 journals, almost half (47 %) in American Journal of Primatology,
International Journal of Primatology, and Primates (Fig. 2.3a). These studies were
conducted in 22 countries, but 89 % were from 11 countries, with Mexico, Brazil,
and Madagascar being the best represented (Fig. 2.3b). They include 85 species
from 35 genera, with 9 species (11 %) in > 5 papers, Alouatta palliata being the
most studied (Fig. 2.3c). In contrast, 44 species (52 %) were studied in only one
paper. Primate genera followed a similar pattern: few (11 genera, 29 %) appeared in
>5 papers, with Alouatta being the most studied, appearing in 38 papers (Fig. 2.3d).
In contrast, 19 genera (50 %) were present in <2 papers, with Galago, Lagothrix,
Lemur, Leontopithecus, Lophocebus, Nomascus, and Nycticebus studied in only one
paper each.

Goals in Fragmentation Studies with Primates

Despite the fact that we limited our literature search to original papers containing the
word “fragmentation” in the title, the abstract, and/or keywords of the paper, we
found that approximately one-third (34 papers) of the 100 reviewed papers did not
aim to explicitly or implicitly assess the effects of habitat fragmentation on primates.
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Fig. 2.3 Best represented journals (a), study countries (b), study species (c), and genera (d) in a
review of 100 randomly selected papers from a SCOPUS search of papers containing the word “pri-
mate” and “habitat fragmentation,” “forest fragmentation,” or “landscape fragmentation” in the title,
abstract, and/or keywords. The search resulted in a total of 227 papers from 1986 to 9 June 2010

Although most of these studies (28 of 34 papers) were performed in fragmented
landscapes, their objectives were highly variable, from “investigating the effects of
anthropogenic habitat degradation on group size, ranging, fecundity, and parasite
dynamics” (Mbora et al. 2009) to “assessing habitat use of the monkeys in a series
of succession habitats following clear-cutting” (Li 2004). In other words, they were
not actually aimed at studying fragmentation effects directly. Hereafter, we focus
our analyses and discussion on the remaining 66 papers which aimed to explicitly or
implicitly evaluate the effects of habitat fragmentation on primates.

Experimental Designs

Three of the 66 studies (4 %) analyzed groups or populations in different geographi-
cal localities, without specifying the habitat configuration of the landscapes (for
example, forest cover in the landscape, number of fragments, fragment size, frag-
ment isolation, total forest edge) in which monkeys were studied (Morin et al. 1993;
Bergl et al. 2008; Parker et al. 2008). However, the remaining 63 papers specified
the habitat configuration of the landscapes in which monkeys were studied, and
used forest fragments, islands, and/or continuous forests as the units of observation,
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Fig. 2.4 Number of fragments (a) and continuous forests (b), response variables (c), and factors
(d) measured in a review of 66 papers which aimed to assess the effects of habitat fragmentation
on primates. The percentage of papers per category is indicated; however, as three studies analyzed
primates in different geographical localities without specifying the habitat configuration of the
landscapes in which monkeys were studied, the percentages in cases (a) and (b) are based on 63
papers (not 66)

that is, all were fragment-scale studies (Fig. 2.4a, b). From these studies, 13 (21 %)
only described the study fragment(s)/island(s)/continuous forest(s), and did not give
information on the habitat configuration surrounding the study sites, that is, they did
not specify the habitat configuration of the landscape in which the study sites were
imbedded (Lehman et al. 2006; Rangel-Negrin et al. 2009). Most of the studies that
specified the habitat configuration of the landscape in which the sites were imbed-
ded (50 papers) were performed in only one landscape (48 papers, 96 %; for exam-
ple, Chapman et al. 2007; Silva and Ferrari 2009); one paper investigated two
landscapes (Pope 1998); and another analyzed three landscapes (Arroyo-Rodriguez
et al. 2008).

The average (+ SD) number of study fragments/islands in fragment-scale studies
(63 papers) was 48.8+190 (median=6 fragments), ranging from one fragment
(5 papers; for instance, Gonzdlez-Solis et al. 2001; Lehman et al. 2006) to 1,502
fragments (Zhang et al. 2010; Fig. 2.4a). Thirty-six (57 %) papers focused their
study on forest fragments/islands, whereas 27 papers (43 %) compared forest frag-
ments with 1 (12 papers; for example, Chapman et al. 2007; Dausmann et al. 2008)
to 15 (Michalski and Peres 2005) continuous forests (Fig. 2.4b).
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Response Variables and Factors Assessed

The response variables were highly variable (Fig. 2.4c), including population size
and/or density (Wahungu et al. 2005), distribution (Arroyo-Rodriguez et al. 2008),
group size and composition (Umapathy and Kumar 2000), genetic variability
(Mbora and McPeek 2010), species richness (Harcourt and Doherty 2005), diet and
activity pattern (Dunn et al. 2009), parasite composition and prevalence (Gillespie
and Chapman 2008), physiological stress (Martinez-Mota et al. 2007), and vegeta-
tion structure and composition (Stevenson and Aldana 2008). Some papers assessed
more than one of these response variables. For example, Michalski and Peres (2005)
examined the species richness and distribution of primate and carnivore assem-
blages in a Brazilian fragmented forest. Onderdonk and Chapman (2001) assessed
variation in species richness, population size, and group composition and structure
in Uganda.

The factors measured (predictor variables) were also highly diverse, but the most
common were fragment size (47 papers, 71 %; for example, Harcourt and Doherty
2005), fragment isolation (18 papers, 27 %; Estrada and Coates-Estrada 1996), veg-
etation attributes (16 papers, 24 %; Asensio et al. 2007), and forest edge (5 papers,
8 %; Lehman et al. 2006) (Fig. 2.4d). Twenty-six papers (39 %) measured only one
of these effects, with fragment size the most frequent (Fig. 2.4d). Nineteen papers
(29 %) included two factors: fragment size and isolation (Estrada et al. 1999), frag-
ment size and vegetation attributes (Singh et al. 2002), fragment size and forest edge
(Quemere et al. 2010), or forest edge and vegetation attributes (Mbora and Meikle
2004). Finally, eight papers (12 %) included three factors: fragment size, fragment
isolation, and vegetation attributes (Cristobal-Azkarate et al. 2005) or fragment
size, fragment isolation, and forest edge (Arroyo-Rodriguez et al. 2008; Fig. 2.4d).

Conceptual and Methodological Problems

The conceptual and methodological problems in papers aimed to evaluate the effects
of habitat fragmentation on primates are that the studies (1) lack consideration of
landscape context, (2) are conducted only at the fragment scale, (3) use small sample
sizes, and (4) consider only one or a few measures of habitat fragmentation.

Lack of Consideration of Landscape Context

To fully assess habitat fragmentation effects on primates it is necessary to quantify
(e.g., using a geographical information system) the habitat configuration in the
landscape(s), but as stated above, there is a lack of this type of information in 25 %
of the studies we reviewed. Studies in fragmented landscapes should consider that
what happens at the fragment scale may vary in landscapes with different habitat
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configurations and that it can be affected by processes that interact at various spatial
and temporal scales (Andrén 1994; Fahrig 2003; Arroyo-Rodriguez et al. 2008,
2009). Information on the habitat configuration in the landscape, such as forest
cover, connectivity, number of fragments, fragment size, and/or total forest edge
surrounding the study sites, is necessary to assess processes operating at the land-
scape scale (neighboring effects, source—sink dynamics, landscape supplementa-
tion, landscape complementation: Dunning et al. 1992; metapopulation dynamics:
Hanski 1999). For example, the neighboring effect predicts that species abundance
in a particular fragment should be more strongly affected by characteristics of con-
tiguous fragments than by those of more distant parts of the landscape. Source—sink
dynamics also predicts that there can be individual movements from relatively
productive fragments (sources) to less productive fragments (sinks) (Pulliam 1988).
Thus, to understand which factors explain primates’ responses to the characteristics
imposed by particular forest remnants, and to test the effect of habitat loss and/or
fragmentation on primates, it is necessary to describe the landscape spatial context
surrounding the sites.

Conducting Studies Only at the Fragment Scale

All reviewed papers were at the fragment scale (i.e., they used fragments, islands,
and/or continuous forests as the units of observation), and hence, they cannot evalu-
ate the effects of the breaking apart of habitat while controlling for habitat area
(Fahrig 2003). Although 27 out of 63 papers (47 %) analyzed >5 fragments, and
related (e.g., using regression analyses) the effects of fragment characteristics, such
as size, isolation, and habitat quality, to different attributes of primate populations,
the effects of habitat loss and fragmentation are confounded in these kinds of studies
(Fahrig 1999, 2003; Arroyo-Rodriguez and Mandujano 2009). Papers comparing
primates inhabiting continuous forests and forest fragments/islands (47 %, see
above) also have several weaknesses (Fahrig 2003). For example, as fragmentation
is a landscape-scale process, the sample size for comparisons in such studies is in
reality only two: one continuous landscape and one fragmented landscape.
Furthermore, as stated in Fahrig (2003), this categorization of fragmentation is
strictly qualitative (that is, each landscape can be in only one of the two states, con-
tinuous or fragmented, and it is not possible to analyze the relationship between the
degree of habitat fragmentation and the magnitude of the species responses).

Using a Small Sample Size

Using larger sample sizes allows the researcher to achieve narrower inferential
error bars, and more precise estimates of true population values, and hence, a larger
sample size leads to increased precision in estimates of population properties
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(Cumming et al. 2007). Of the 63 papers that used fragments, islands, and/or
continuous forests as the unit of observation, a third (20 papers, 32 %) analyzed <4
study sites, and from these papers 5 (8 %) used only 1 fragment/island. As argued
by Arroyo-Rodriguez and Mandujano (2009), with such a study design researchers
can investigate the population(s) within 1 or few fragments/islands, but it is not
possible to attribute these results to habitat fragmentation. These studies cannot
establish the relationship between the spatial attributes (e.g., fragment size, isola-
tion, and total edge) of the study sites and the response variable(s), nor can they
identify which spatial attributes have the biggest influence on primates. To do so,
there are different statistical approaches, such as multiple regression analysis, and
path analysis, which need larger sample sizes (see below).

Similarly, we found that most studies analyzed islands, fragments, and/or con-
tinuous forests in only one landscape, and therefore, the sample size at the land-
scape level is only one (Fahrig 2003). With such a study design researchers cannot
quantify the relationship between the degree of habitat fragmentation and the mag-
nitude of the species responses. They also cannot assess the effect of fragmentation
per se (that is, controlling for the effect of habitat loss) on primates, and cannot
determine the threshold values of habitat amount below which the probability of
persistence of populations drops significantly (Fahrig 2003; Arroyo-Rodriguez and
Mandujano 2009).

Considering Only One or Few Measures
of Habitat Fragmentation

Our review indicates that fragmentation studies on primates have only included four
measures of fragmentation (Fig. 2.4d): fragment size, fragment isolation, vegetation
attributes, and forest edge. Most of the papers measured only one of these effects
(fragment size is the most frequent), and very few include two or more effects (see
above). Surprisingly, none of the papers we reviewed evaluated the effects of the
number of fragments remaining in the landscape on primates. This is perhaps one of
the most obvious changes in habitat configuration caused by fragmentation, but we
know virtually nothing about its effects on primates. Thus, further studies including
a larger number of fragmentation measures will improve our understanding of the
effects of habitat configuration on primates.

Each of these spatial attributes can have different effects on primates (Arroyo-
Rodriguez and Dias 2009), and these effects depend on the habitat amount remain-
ing in the landscape. For example, recent investigations analyzing tree species
richness in three fragmented landscapes at Los Tuxtlas, Mexico, have demonstrated
that species—area relationships may differ in landscapes with different forest cover
(Arroyo-Rodriguez et al. 2009). These findings could have important implication
for frugivorous—folivorous species such as primates, which can be affected by plant
species richness availability in the home fragments (Estrada and Coates-Estrada
1996; Cristébal-Azkarate et al. 2005). Actually, Arroyo-Rodriguez et al. (2008)
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demonstrated that the spatial attributes affecting the probability of fragment
occupancy by howler monkeys (Alouatta palliata) in Los Tuxtlas differed among
landscapes with different forest cover. Thus, although many studies have demon-
strated fragment size effects, fragment isolation effects, edge effects, and/or vegeta-
tion effects on primates, they are probably highly site dependent (see conflicting
results among studies of these measures in Arroyo-Rodriguez and Dias (2009)), and
do not allow assessment of the effects of fragmentation per se on primates. While
extremely logistically difficult, studies comparing the effects of these spatial attri-
butes in landscapes with different forest cover are necessary to have a better under-
standing of their impacts on primates.

Problems Related to the Interpretation of the Results
in Primate Literature

Currently it is difficult to interpret the findings of many investigations in the primate
literature. For example, we found that all the papers reviewed assessed habitat frag-
mentation without controlling for the effect of habitat loss, but most of them (49 out
of 66, 74 %) suggested that observed patterns were a result of fragmentation, while
they may not be, and 35 papers (53 %) even concluded that fragmentation was the
cause of the observed pattern(s). For example, Gomez-Posada et al. (2009) assessed
the density and population status of Alouatta seniculus in an isolated bamboo forest
fragment in La Tebaida, Colombia, and concluded that their results demonstrate the
tolerance of this species to fragmentation. Asensio et al. (2007) investigated the
foraging habits of A. palliata in three forest fragments in Los Tuxtlas, Mexico, and
concluded that monkeys cope well with the restrictions imposed by habitat frag-
mentation. Similarly, but comparing population density and species diversity
between one large peninsula and nine small islands in French Guiana, Granjon et al.
(1996) concluded that the results illustrated short-term effects of fragmentation at
the community level for forest-dwelling mammals. All these conclusions are diffi-
cult to evaluate because, while fragmentation is a landscape-scale process, all these
studies were conducted at the fragment scale. In particular, it is not possible to tell
whether the observed effects are due to the overall loss of forest in the area, or some-
thing about the pattern of forest that remains following forest removal (for example,
its degree of fragmentation per se), or some other human impact, such as hunting,
that is correlated with forest loss. We suggest that the discussions in fragmentation
studies should be limited to the spatial and temporal scales of analysis. If a study
assesses monkeys in a number of fragments and finds that, for instance, the density
and/or species richness of monkeys is positively associated with fragment area
(Harcourt and Doherty 2005; Mbora and McPeek 2009), researchers should con-
clude just this, and not attribute the observed pattern to fragmentation, as it is highly
probable that the results are difficult to extrapolate to the landscape scale (McGarigal
and McComb 1995).
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Conclusions and Recommendation for Future Research

Despite the growing number of publications evaluating primates in fragmented land-
scapes, we found that approximately 25 % of them do not describe the habitat con-
figuration in the landscapes in which the monkeys were studied. We advocate that
assessing habitat fragmentation effects requires adopting a landscape perspective,
which includes quantifying the habitat configuration (forest cover, connectivity,
number of fragments, fragment size, total forest edge, etc.) in the landscape(s). We
also found that all primate studies are at the fragment scale, and thus, no study has
evaluated the impact of habitat fragmentation controlling the effect of habitat loss,
that is, they do not assess the effects of habitat fragmentation per se on primates.

To accurately quantify the relationship between the degree of habitat fragmenta-
tion and the magnitude of the species responses, researchers need to assess primate
responses in a range of landscapes with different levels of habitat loss and fragmen-
tation. By increasing the sample size (number of landscapes) researchers not only
can assess the effect of fragmentation per se, but may also be able to assess the
threshold values of habitat amount below which the probability of persistence of
wild populations drops significantly. With such a study design, researchers can also
study the effect of important synergies, such as the effect of post-fragmentation
anthropogenic activities (logging and hunting) in parallel with the effect of frag-
mentation (see Ewers and Didham 2006; Arroyo-Rodriguez and Mandujano 20009).
Although it is probable that, as demonstrated by Fahrig (1999, 2003) and Arroyo-
Rodriguez and Dias (2009), habitat loss has larger consistent negative effects on
primates than habitat fragmentation per se, this hypothesis needs to be more thor-
oughly tested through landscape-scale studies.

This being said, it is important to acknowledge that primate researchers face a
particular difficulty in assessing the effects of fragmentation per se. Given the spa-
tial scale that is relevant for primate research, it will often be difficult or impossible
to sample a sufficient number of landscapes with a wide enough range of value of
habitat amount and fragmentation to conduct powerful statistical tests. Such con-
straints should be explicitly recognized by researchers and, in particular, extreme
caution should be taken when interpreting the effect of landscape features on pri-
mates, whenever the analysis is only based on one landscape.

We highlight the importance of measuring and testing the effects of a larger num-
ber of fragmentation metrics, including the number of fragments remaining in the
landscapes. The impact this landscape metric has on primates has not been tested,
despite the fact that fragmentation consistently results in an increase in the number
of forest fragments in the landscape.

In general, studies at the fragment scale should limit their conclusions to this
scale, avoiding speculations about the impact of landscape-scale processes. This is
particularly important in studies that test the effects of spatial characteristics, such
as fragment size and isolation, of the study site(s) on primates, but not of the habitat
configuration surrounding the study sites. These studies cannot test the impact of
processes operating at the landscape scale.
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To perform reliable and accurate landscape-scale studies we recommend
investigating as many landscapes as possible, which is why we suggest considering
smaller landscapes (e.g., 500—1,000 ha), adequately separated to impede the
exchange of individuals among them and increase its independency (Arroyo-
Rodriguez and Mandujano 2009). However, different biological attributes (e.g., dis-
tribution, population size, group composition, diet) are likely affected by different
spatial scales (Theobald and Hobbs 2002), and therefore, researchers should evalu-
ate questions at the correct scale.
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