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Introduction
In 2010, the Food and Agriculture Organization of the United Nations (FAO)
estimated that 16 million hectares of forest per year were lost globally in the 1990s
(FAO 2010), and approximately 12.5 million hectares/year were lost in countries
with primate populations, an area just smaller than Greece or the US State of
Mississippi (Chapman and Peres 2001; Chapman and Gogarten 2012). In contrast,
in the last decade (2000–2010), the rate of deforestation has decreased globally by
approximately 5.2 million hectares/year, and reforestation and natural expansion of
forests in some countries significantly reduced the net loss of forest (FAO 2010).
This may be in part due to the lack of resonance in satellite imagery between secondary and primary forest regions, particularly in the tropics. Unfortunately, the
increase in forested lands has principally affected temperate regions of Europe and
eastern Asia (e.g., China, Japan), but deforestation of most tropical forests has continued steadily (e.g., annual loss: 0.5 % in Africa, 1.2 % in Mesoamerica, 0.5 % in
South America, 0.4 % in southeastern Asia; FAO 2011).
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Of course, whenever sweeping calculations of loss or gain are reported, it is
worth a note of caution in responding to the results. Puyravaud (2003) cited:
“Deforestation is a non-homogeneous process and it is of interest to focus on the
worst affected area in order to understand and predict its dynamics and correlate it
to socio-economic trends at different scales (Lambing 1994). At the local level, the
annual rate of change can be much higher than the global average because of the
unprotected status of the forest, or due to economic or legal reasons (Ramesh et al.
1997).” An increasing number of primate populations are located in isolated forest
fragments, and for some species these fragment-dwelling populations are the only
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ones that remain. Thus, the need to understand the effects of forest fragmentation on
primates is still paramount.
Since the publication of the original Primates in Fragments book, we have the
unique opportunity to reflect on what has been accomplished in the last decade.
In 2003, Marsh and her colleagues ended the final chapter by discussing what they
perceived as future research needs in the field to facilitate conservation decisions
regarding the value of forest fragments to primates. They arrived at five topics:
(1) disease, (2) regional comparisons (scale), (3) fragment size, (4) genetic studies,
and (5) climate change (Marsh et al. 2003). In response, this volume includes chapters on all of these issues, bringing a considerable amount of clarity to the fate of
primates in fragments.

Progress on Previous Research Priorities
Disease
Work in Africa (Chap. 7), Central America (Chap. 30), Southeast Asia (Lane et al.
2011), and Madagascar (Wright et al. 2009) have all demonstrated that anthropological changes in fragmented landscapes can be associated with increased disease
levels in primates, which are thought to result in greater mortality. Fragmentation
can also increase disease transmission between nonhuman primates and humans,
posing a serious threat to wildlife conservation and human health. For example,
Goldberg et al. (2008) found that humans living near forest fragments harbored
Escherichia coli bacteria that were on average 75 % more similar to bacteria from
primates in those fragments than to bacteria from primates in nearby undisturbed
forests. Likewise, habitat degradation in forest fragments has been related to
increases in stress in primates (usually assessed by fecal glucocorticoids), which
can have a negative effect on immune function (Chaps. 7 and 30, Sapolsky 2002).
A dramatic example of this is cortisol levels in red colobus (Procolobus rufomitratus) in forest fragments. They are so elevated that the lowest level recorded in the
fragments is higher than the highest level documented in continuous forest
(Chapman et al. 2006a, b, 2007). Dunn et al. (in press) suggest that an increase in
daily travel time, which is related to increased folivory in primates in fragments, is
the most important factor predicting cortisol levels in howler monkeys (Alouatta
palliata). This highlights the potential conservation significance of studies showing
that habitat loss and fragmentation can increase travel time in primates (e.g., Donati
et al. 2011; Dunn et al. 2009, 2010; Gonzalez-Zamora et al. 2011; Hardus et al.
2012). However, for most primate species, the proximate causes of increases in
stress remain to be identified. We know of several studies currently in progress or
that have been published recently that directly examine disease issues in fragments
and are trying to identify the causal factors of elevated levels of stress and disease
(D. Gabriel unpublished data, Irwin et al. unpublished data, R. Ghai unpublished
data, Hodder and Chapman 2012).
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Hunting and habitat loss are major drivers of extinction in primates, and ecotourism and academic research projects have been widely promoted as a means of
providing alternative value for primates and their habitats (e.g., Butinski and Kalina
1998). However, several diseases, including viruses, bacteria, and whole parasites
have been shown to move from humans to wild primates during such projects
(e.g., Köndgen et al. 2008) raising concerns that disease transmission risks might
outweigh benefits.

Regional Comparisons
Landscape Ecology has emerged as an important intellectual field that can play a
central role in conservation, and we have seen clear advances in the last decade
considering scale. Chapter 2 by Arroyo-Rodríguez and colleagues clearly illustrates
the importance of considering fragmentation as a landscape level process. However,
this chapter also quantifies that there is still a great deal of work to be done in this
area, as all reviewed fragmentation studies (n = 100 studies) were at the fragment
scale, which means that extrapolations to the landscape scale were not possible. In
fact, 25 % of the 100 studies did not describe the amount or configuration of the
surrounding habitat nor the matrix, and hence, these studies cannot test the impact
of processes operating at the landscape scale (e.g., neighboring effects, source-sink
dynamics, landscape supplementation, landscape complementation; Dunning et al.
1992; Arroyo-Rodríguez and Mandujano 2009). Considering scale issues with
respect to how conservation plans are made (i.e., at species distribution, regional,
national levels), we do not see great progress, as management or action plans are
typically operationalized at the national level (Chaps. 4 and 22). Generally, this is
not a problem as whenever a primate species is endangered at a national level,
small-scale action is advocated by the nation in question. However, this does point
to the need for international NGOs and agencies such as the United Nations
(as illustrated in the work by GRASP—http://www.un-grasp.org/) (Nelleman et al.
2010; Wich et al. 2011) to play a larger role, so that conservation dollars can be used
in the most effective way.

Fragment Size
A great deal of research has been done on how fragment size influences the probability of primate survival both in the short- and long-term (Chaps. 3, 5 and 7).
Although Arroyo-Rodríguez and his colleagues (Chap. 2) found that most fragmentation studies with primates are focused on assessing the effect of fragment size on
primates, the effects of fragment size on populations and species can strongly vary
among landscapes with different configuration (Pardini et al. 2010); and hence, the
effects of fragment size on primates needs to be assessed in landscapes with
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different spatial configuration before we will likely be able to produce clear generalizations (Chap. 2). In this sense, despite over a decade of research at many sites
(e.g., Chap. 6), large gaps in our knowledge exist (Chap. 4). We are still largely
unable to state beforehand which species are more threatened in forest fragments,
which was a conclusion drawn 10 years ago as well (Marsh et al. 2003). For example, blue monkeys (Cercopithecus mitis) are found in forest fragments throughout
East and South Africa (Lawes et al. 2000) and near Budongo Forest Reserve,
Uganda. Yet while they are found near Kibale National Park, Uganda, they never
occur in any forest fragment, irrespective of fragment size (Onderdonk and Chapman
2000). Understanding the root causes of such issues is a challenge where the key
point is time since isolation relative to the generation time of the study species in
question. If we want to understand this (which species will disappear first?), we
need multiple fragments that have been isolated for considerable periods of time.
For primates these datasets are simply few and far between (but see Chap. 5). The
way forward is for primatologists to start learning from other zoological fields
where we have more species with shorter generation times.

Genetic Studies
Genetic methods have advanced significantly in the last 10 years, and research using
these methods has contributed a great deal to our understanding of the consequences
of breaking apart populations in forest fragments (Chap. 25). Since many primate
species living in fragmented landscapes are endangered, one of the most important
methodological advances has been discovering and perfecting tools to noninvasively extract DNA from feces, urine, hair, and saliva (Goossens et al. 2003). In
general, habitat fragmentation reduces connectivity between forest-dwelling primate populations, decreasing gene flow among small populations, which can result
in decreased genetic variability (Bergl et al. 2008). And while we surmise that this
decrease reduces the ability of the population to respond to change, be that climate
change or further anthropogenic change, it can be confounded by the additive,
amplified effects of fragmentation per se (Ewers and Didham 2005). Populations’
isolation can also lead to increased inbreeding and reduce reproductive success,
which increases the chances that the population in the fragment will die out. Goosens
et al. (2006) were the first to show that genetic data can be used to detect and quantify the effect of human-induced deforestation and habitat fragmentation on an
endangered species after the demographic collapse of the orangutan population in
North Eastern Borneo.
The increasing interest in genetic approaches to study fragmentation is illustrated
by the number of authors using these methods in the current volume (six) as compared to the 2003 book (only one). There are studies in this volume that use genetic
approaches to examine issues of reduced genetic variability and population health (de
la Torre et al., deVleeschower and Raboy), hybridization and species status (Dias
et al., Wallace et al.), dispersal and relatedness of individuals in fragments (Oklander
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and Corach), and to discover the origin of populations (Glenn and Benson). However,
in general these studies assess the impact of population isolation on primate genetic
profiles at local scales, without evaluating (nor controlling) the impact of the landscape spatial context (e.g., landscape forest cover, number of forest fragments, edge
density, matrix permeability). This limits our ability to predict future scenarios for
alternative management practices: an important challenge in conservation biology
and land management (c.f., Feinsinger 2001).

Climate Change
There is mounting data available at both the academic and policy level for the effect
that climate change has on biodiversity (Hannah et al. 2002; Lovett et al. 2005a, b;
McClean et al. 2005). Some estimates suggest that in this century the climate could
warm by up to 5.8 °C (IPPC 2001). Already, there have been numerous documented cases of shifts in the distribution, population abundance, life history, and
even survival of species in response to climate change (Pounds et al. 1999; Hannah
et al. 2002; Parmesan and Yohe 2003; Malcolm et al. 2006). With primate populations increasingly isolated in protected areas, or in forest fragments surrounded by
agricultural land that often supports high human densities, the loss of habitat as the
climate changes is of obvious concern as they have nowhere to disperse to (Dunbar
1998; Cowlishaw and Dunbar 2000; Chapman et al. 2006a; Gonzalez-Zamora et al.
2011). As well as direct effects of climate change on primate populations, individuals or groups may be affected by either the loss of particular plant species or
changes in the phenological cycles of plant communities. Through a series of modelling exercises, McClean et al. (2005) studied the impact of projected climate
change on the distribution of 5,197 African plant species. For 97 % of these species, areas of suitable climate were projected to decrease in size and/or the species
would shift location, many to high altitudes, and 25–41 % of species would lose all
their area by 2085.
Ramos-Fernandez and colleagues (Chap. 32) modeled the distribution of spider
(Ateles geoffroyi) and howler (Alouatta pigra) monkeys under a current and projected climate change scenario for the year 2020 for the Yucatan peninsula in
Mexico. The model suggests that climate change will lead to a slight increase in the
extent of similar habitat for both species, but less than 20 % of the extent of potential distribution under current and climate change scenarios lies within protected
areas. These models can provide important guidelines to predict what will happen
and what must be planned for; however, they are based on sets of assumptions that
are largely untested. For example, the models use either biophysical variables or the
potential distribution of the most important food plants currently in use by the primates in question. As we have seen both for spider and howler monkeys (Silver and
Marsh 2003; Bicca-Marques 2003; Ramos-Fernandez and Ayala-Oozco 2003;
González-Zamora et al. 2009; 2011), and several other taxa (Chaps. 14, 17 and 20)
primates can adjust to novel habitats, thus potentially confounding even our best
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modelling assumptions. What we can glean for conservation purposes is a fact mentioned repeatedly throughout this volume: that primates outside of protected areas
are at risk for numerous reasons, climate change being only one of them. But even
protected areas that house primates might be impacted by climate change, and that
is a much broader challenge.
There are suggestions from Kibale National Park that climate change may have
affected some fruiting tree pollinators, a variable that is difficult to consider
(Chapman et al. 2005). The Kibale region receives approximately 300 mm more
rainfall/annum than it did at the start of the century, droughts are less frequent, the
onset of the rainy season is earlier, and the average maximum monthly temperature
is 3.5 °C hotter than it was 25 years ago. Using a phenology data set that extends
almost continuously from the 1970s to the present, Chapman and colleagues (2005)
documented changes in fruiting patterns that they speculated were caused by
declines in the pollinator populations. For example, Pouteria altissima and Parinari
excelsa exhibited a relatively regular pattern of fruiting during the 1970s; however,
they rarely have fruited since the 1990s (Chapman et al. 2005). It is possible that
changes in fruiting patterns are responsible for progressive declines in some primate
species (e.g., Cercopithecus mitis: Chapman et al. 2010; Lwanga et al. 2011), but
this speculation requires further study.
Finally, changes in land use, forest loss and fragmentation, and elevated atmospheric CO2, all of which are implicated in climate change, have been shown to be
associated with large-scale structural changes in tropical forests. The most apparent
of these may be the increase in the abundance and biomass of lianas (Schnitzer and
Bongers 2011). Lianas are thought to be important fallback foods for many primate
species (Dunn et al. 2012; Onderdonk and Chapman 2000; Marshall et al. 2009) and
play an important role in primate ecology, including niche partitioning, home range
use, reproductive behavior, ranging behavior and grouping patterns (ArroyoRodriguez et al. 2013). However, as the structure of tropical forests continues to be
modified by climate change, it will be crucial to understand the responses of primates to their changing habitats.

Fragmentation Science and the Future
By examining primates in fragments on a global scale it has become evident that
fundamental information is needed to construct informed plans for the adequate
management and conservation of primate populations in fragmented landscapes. In
other words, we still cannot predict how a primate community would respond to an
upcoming anthropogenic change or what the most important variables are for determining long-term survival in a fragmented landscape (Arroyo-Rodríguez and
Mandujano 2006, 2009; Chap. 2). To start to rectify this knowledge gap, we would
like to end this volume by discussing two important issues: (1) how scientific
thought has shifted in the last decade; and (2) what we see as research priorities for
the next decade and beyond.
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Changing Trends
Ways of thinking about primate research has shifted in the last decade, moving in a
direction favoring research on primates in fragments (see Fig. 2.1). In the early studies
of primate behavioral ecology, there was an emphasis placed on studying primates in
their native environment often with the goal of understanding the selective pressures
that shaped their social organization. For example, in John Terborgh’s (1983) classic
book, Five New World Primates, he spent a considerable amount of text explaining how
remote the study site was. In 2012, tourists can fly to Puerto Maldonado from Lima or
Cusco, drive 10 minutes, to a launch site at Tambopata River Port, and take a speedboat
for 2.5 hours until they reach the comfortable lodge at Tambopata Reserve (Go2Peru.
com). In part precisely because there is greater ease for reaching remote sites, and that
continuous sites are becoming ever more encroached upon, we can clearly see a shift
more inclusive of research in disturbed habitats.
This is reflected when comparing the two volumes of Primates in Fragments. In the
current volume, there are chapters dealing with primates in villages (Carretero-Pinzon),
large cities (Gordo), around Buddhist temples (Aggimarangsee), and other sacred sites
(Cameron and Gould). There are now a number of studies in Central America that are
focusing on highly modified landscapes, such as those that demonstrate that howler
monkeys walk along barbed wire, forage In isolated trees, sleep in living fencerows, or
use or use introduced Eucalyptus plantations (Asensio et al. 2009; Serio-Silva et al.
2006; Bonilla-Sanchez et al. 2012; Chap. 8). And while we certainly touched on some
of those topics in the first volume, it is clear that they are now dominating the
discussion.
There is a growing tendency for empiricists and theoreticians to work together
often leading to modelling the real world, which has facilitated greater understanding and thus drives primatology to be more predictive. Chapman et al. (Chap. 7)
demonstrated that metapopulation models may not be of value in dynamic landscapes, where extinction of fragmented populations corresponds to fragment disappearances. But predictive models can contribute to the way we approach conservation
on the front end before further damage is levied on already disturbed primate populations. Models rarely used in primate conservation work, such as Agent-Based
Simulations would allow for capturing all of the “moving parts” in a fragmented
ecosystem, including the human elements, in a way that would describe layered
details often not reported in our field. Our continued dialog about modelling may be
one of the best avenues we have on the path to making real impacts in maintaining
fragmented primate populations.
Lastly, there is a growing appreciation of the value of long-term research at field
sites (Chap. 6, Kappeler and Watts 2012). It is now very clear that addressing many
of the most important questions in behavior, ecology, and evolution requires data
that extends over decades (Clutton-Brock and Sheldon 2010). Primates were some
of the first animal species where individuals were followed over a significant period
of their lifetimes, and this contributed a great deal to understanding the selective
advantages of different behavioral and life-history strategies. In the study of
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fragmentation, we need projects that will clearly illustrate the long-term fate of the
primate population, the habitat itself, and the shifts in human-created matrices.
In the last decade there has been an increasing realization that the taxonomic
diversity within the Order Primates is significantly larger than ever thought. The
number of recognized species has increased from some 230 in 1993 (Groves 1993),
to close to 400 in 2005 (Groves 2005), and 480 in 2012 (Mittermeier and Wilson
2012). While some may see this as “taxonomic inflation” (Isaac et al. 2004), the
reality is that, certainly from a management perspective, we have more primate species to deal with than ever before. Unfortunately for us as diurnal primates, many of
the newly described species are nocturnal, including galagos in eastern Africa, slow
and slender lorises in Asia, lemurs in Madagascar, and tarsiers in Southeast Asia
(Mittermeier and Wilson 2012). While often even the most basic data are lacking it
appears that many of these primates have exceedingly small geographic ranges
(Nekaris 2012a, b). To the untrained eye many of the nocturnal species look similar
being the primate equivalent of what is known amongst birders as “little brown
jobs”; there is, however, no reason to assume these myriad of cryptic species
respond in the same manner to anthropogenic pressures. Some may thrive while
others may wither. Matching forest distribution maps with the known or inferred
distribution ranges of these newly described nocturnal primates suggests that there
is plenty of work to be done when it comes to understanding the impact of fragmentation on nocturnal primates.

Where Do We Go from Here?
We would like to end this chapter by outlining what we see as research priorities for
the next decade with respect to primates in fragments.

Definition of Fragments
We have discussed the issues surrounding scale, fragment definitions for primate
studies, and the need for a commonality in the terms we use in fragmentation science, but in a world of ever continuing deforestation, climate change, habitat modification, human population growth, and pollution it is worth stressing the need for
our professional consensus. There is still a qualitative shift necessary in how primates perceive fragmentation (Arroyo-Rodríguez and Mandujano 2009): is everything fragmented? Is it truly a mix of fragmented habitat and continuous? Are there
large tracts of continuous forest anywhere in primate habitat countries, and if so, by
what definition? It is not only a matter of scale, it is a matter of definition of what it
means to be continuous more than what it means to be fragmented. Definitions of
this kind exist, but they have been modified to meet the shifting needs of habitat
conversion into a human-dominated landscape (c.f., Chap. 1). What is important to
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Fig. 34.1 Two national parks in East Africa: (a) Kakamega in Kenya and (b) Kibale in Uganda

us is a definition within primate science that is consistent no matter the kind of
study, that is, whether it is a targeted “fragment” question or not.
We often find studies that compare fragmented habitat to “continuous” forest that
lies within a reserve, national park, or other protected area. Similarly, we often find
that primate studies on behavior, resource use, or a myriad of other questions are
conducted within reserves that are considered “continuous,” but are not. We should
think of fragmentation as “an unnatural detachment or separation of expansive
tracts of suitable habitat into smaller patches, which are spatially segregated by a
matrix of non-habitat areas” (Forman 1995; Farina 2007). Ultimately, questions
regarding how large is a small patch will depend on the largest known habitat tract
in which the species in question is found, and on the ecological, reproductive, and/
or behavioral requirements of the species.
There are numerous examples of “continuous forests in a national park” (see Fig.
2.4b, Chap. 2), but two are illustrated here (Fig. 34.1). Now that satellite imagery is
so readily available, it is more and more obvious that our perceptions of what we
traditionally describe as continuous may need revision.

Landscape Scale
Studies of primates in fragments usually conclude that fragmentation negatively
affects some aspect of their biology or ecology (Chap. 2). Nevertheless, the
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definition and quantification of fragmentation vary considerably among studies,
resulting in contradictions and results that are difficult to interpret (Arroyo-Rodríguez
and Mandujano 2009). It is important to consider that what happens at the fragment
scale could be the consequence of processes that interact at various spatial and temporal scales. Fragmentation per se is a landscape scale process (Fahrig 2003), and
hence, future fragmentation studies with primates should consider adopting a landscape approach, that is, using landscapes as the independent units of observation
(McGarigal and Cushman 2002; Fahrig 2003). Because complete landscapes are
very difficult to sample, the fragment-landscape approach (sensu McGarigal and
Cushman 2002) can be used to assess the relative impact of both fragment (e.g., fragment size, isolation, shape) and landscape spatial attributes (e.g., number of fragments, forest cover, edge density, connectivity, matrix type) on primates. This
approach implicates that fragments are the experimental units, but the independent
variables include not only fragment metrics, but also spatial characteristics of the
landscape within a specified “neighborhood” distance surrounding the fragment
(i.e., within a buffer zone or landscape). With this experimental design and appropriate statistical models (c.f., Smith et al. 2009) we will be able to identify the spatial
attributes (including fragmentation per se) with stronger influence on primates.

Taxonomy
Simply put, if you do not know what it is you cannot study it, compare it, or save it.
Bortolus (2008) found that biology, ecology, biodiversity, genetics, and like disciplines, tend to disregard reporting the taxonomic pedigree of the species in question
resulting in “a cascade of errors with negative consequences for the development of
scientific knowledge, as well as for biodiversity and human welfare.” He concluded
that, “a single incorrect taxonomic identification has a great potential to be assimilated into many different biological and ecological studies and then in several environmental management studies and programs, multiplying its impact synergistically.”
He maintained that these kinds of errors are likely to have a variety of negative consequences, such as identifying population as homogeneous and monospecific when it
is actually recognized as a complex assemblage with completely different geographic
distribution patterns. At a minimum, cascading errors in taxonomy in our field are
annoying and inaccurate, at worse they are impacting our ability to do good science,
conserve species, or get funding (Marsh in press). When it comes to primates in fragments, the need is even greater for taxonomic clarity because we are frequently
encroaching where scientists have never been, are working in difficult habitats like
swamps or flooded forest, or are studying nocturnal species. Thus, the likelihood for
finding new taxa or forms becomes greater the harder it is to study them.
We all need to do a better job in the reporting on nomenclature and taxonomy of
primates. We follow Wagele et al. (2011) in proposing that “whenever a species
name is used, the author(s) of the species hypothesis be included and the original
literature source cited, including taxonomic revisions and identification literature,
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which is nothing more than what is done for every other hypothesis or assumption
included in a scientific publication.” Because it cannot be said enough, a reliable
taxonomy is among the major factors guaranteeing the accurate identification of
biodiversity hot spots, wilderness areas, endangered species, and areas of greatest
concern, including fragments, that impact the entire Order (Marsh in press).

Evolution of Behavioral Flexibility
The study of primate responses to fragmentation is unfortunately still at the stage
where we cannot make predictive statements about how different primate communities will respond to different scenarios of fragmentation. The example given earlier
where blue monkeys are commonly in fragments across East and South Africa, but
not near Kibale National Park is just one of many. A primary reason for the failure
to predict responses is that the information is not currently available on which species or populations are sufficiently behaviourally flexible to shift diet, behavior, or
social system to changing environmental conditions (Chapman and Rothman 2009).
That said, considerable levels of behavioral flexibility have been documented. For
example, redtail groups (Cercopithecus ascanius) within Kibale varied in the
amount of time they spent foraging for leaves (13–35 %), fruit (36–60 %), and
insects (15–31 %), and when comparing redtails in different regions, this variation
increased (leaves 7–74 %, fruit 13–61 %, and insects 1–16 %) (Chapman et al.
2002; Chap. 15). Likewise, a summary of Alouatta species across the Neotropics
by Bicca Marques (2003) showed this genus to be extremely flexible overall, with
various species relying in some cases almost entirely on invasive or human introduced food species. So while examples exist for taxa that can almost have predictive
qualities for survival in fragmented landscapes, there are always exceptions both
ways (c.f., Arroyo-Rodríguez and Dias 2009; Cristobal-Azkarate and Dunn for
fragment habitability by howlers in Los Tuxtlas, Chap. 6).
Primates in fragmented habitats are almost always surrounded, if not entirely, by
human created matrices whether of small villages, timber, firewood, non-timber forest product extraction, cattle, mono-cultural cash crops and other mixed-crop farming or more intensive landscapes with cities, roads, hydroelectric dams, mining, or
some combination of all of the above. Primates have been found to live within all of
these systems and show some degree of habitat flexibility (c.f., virtually all chapters
in this volume, but in particular: Chaps. 8, 11, 12, 15, 19, 20, 21, 22, 23, 31). Primate
flexibility for resource use in fragments then, is in part due to their proximity and
tolerance of humans, and ultimately, vice versa.
Estrada et al. (2012) reviewed the literature on primates in agroecosystems and
found that 57 primate taxa used agroecosystems as temporary or permanent habitats, including 16 species from the Neotropics, 16 from South East Asia, 15 from
Sub-Saharan Africa, and 10 from Madagascar. The degree of terrestriality in primates is likely a principal reason we see so much more overt crop-raiding behavior
throughout Asia-Africa, but it may also be related to the kinds of crops available.
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In Estrada et al. (2012) Table 1, they identified 38 different kinds of agroecosystems
(although they missed chimpanzees, baboons, and others species in sugar cane, c.f.,
Reynolds et al. 2003). But of those identified, there were only 7 of 38 (18 %) overlapping between Old and New World tropics: shade coffee, shade cacao, cacao and
gliricidia, eucalyptus, banana, oil palm, and mango. And of those, only three: eucalyptus, shade coffee, and cacao/gliricidia, were the closest in use between regions,
the others did not even nearly compare. Of the overlapping crops, dominant use by
Neotropical primates was cacao, and for Asia/Africa banana and oil palm. The
authors point out that while use can include primates acting as crop-raiding pests,
there are occasions when primates might benefit the farmers by acting as fertilizers,
pollinators, seed dispersers, insect control, or tourist attractions (Estrada et al.
2012). In the Neotropics, primates may be successfully incorporated into the agroecosystem culture in ways that may benefit the primate’s survival in fragmented
habitats because on average, they cause less damage to crops. But it is a fine line
where primates are perceived as pests to be hunted (either for food or control) or
animals to be tolerated, if not actively conserved. There is a great need to study the
primate’s flexibility to use these systems for resources and the human ability to
allow it.
While our understanding of issues has increased over the last 10 years, our ability to actually develop actions has not. We are not at the stage where it is possible to
rigorously quantitatively determine which primate lineages are flexible in ways that
facilitate them to respond to fragmentation and those lineages that are not. The main
reason for this is that for most species or taxonomic groups we lack a robust number
of comparable studies conducted across different spatial or temporal scales to get an
understanding of which primates are flexible and positively respond to change, and
which are not. Obtaining such an understanding will take us a long way toward
predicting response to different scenarios of fragmentation and thus to the development of appropriate conservation plans.

Studying Disease Transmission Using Genetic Tools
There is a critical need for using genetic tools to determine if diseases are being
transmitted between humans and nonhuman primates. In Marsh et al. (2003), we
pointed out clear zoonotic transmissions, such as ebola, AIDS, and other pandemics
between primates and humans, but greater detail is needed in terms of genetic inclusion. The value of genetic analysis to determine if interspecific disease transmission
has occurred has been demonstrated by Gasser et al. (2009). They demonstrated that
studies employing coproscopic analysis suggested that there was transmission of
nodular worm (Oesophagostomum sp.) among nonhuman primates and humans,
and thus that primates posed a health risk to people. In contrast, genetic analysis
suggested that O. bifurcum in humans was genetically distinct from populations in
nonhuman primates and that these primates did not pose a health risk to people
(de Gruijter et al. 2004; Gasser et al. 2006). Similarly cross-species transmission of
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avian blood parasites has been confirmed by using both PCR (polymerase chain
reaction), direct sequencing, and RAPD (random amplified polymorphic DNA)
methods (Waldenström et al. 2002). Genetic methods have also been used to highlight the dangers of primate bushmeat infected with SIV and other diseases
(e.g., Peeters et al. 2002).

Climate Change
Climate change was highlighted as a research priority in Marsh (2003) as well.
We consider climate change is such a complex issue of which so little is understood
that it should remain a research priority in the coming decades for primate science
and, in particular, fragmentation science. There is no doubt that climatic change is
affecting plant and animal populations around the globe in very apparent ways, such
as the loss of geographic range (Dunbar 1998). Yet most changes are likely to be
subtle and difficult to detect. For example, in the instance discussed above, primates
were likely to be affected by the cessation of fruiting of some species of tropical
trees, which the researchers speculated was due to the effect of climate change on
pollinators (Chapman et al. 2005). For folivorous primates, one potential consequence of climate change is a decline in nutritional composition of leaves (Coley
1998). Greenhouse experiments have found that elevated CO2 levels result in a
15–50 % reduction in leaf nitrogen, a 25–30 % increase in fiber (Staudt et al. 2001),
and an increase in plant defense chemicals like phenolic compounds (Coley et al.
2002), including a 19 % increase in condensed tannins (Peltonen et al. 2005). All of
these changes would be expected to negatively affect folivorous primates, but much
more research must be done on the entire range of issues that climate change bears
on primate populations (Rothman et al. Submitted).

Restoration of Plant and Animal Communities
For the smallest fragments and most isolated primate populations, managing
the species in situ has been proposed (Marsh 2003). However, in general, for primate populations that only occur in fragments, conservation strategies often involve
restoring the connectivity among fragments or enlarging the habitat to facilitate the
growth of the population. These represent two contrasting management options, and
to identify which is the most appropriate for designing successful primate conservation plans we first need to assess the relative impact that habitat loss and fragmentation per se may have on each primate species (Fahrig 1999). As effects and species
characteristics can be additive in terms of their ability to remain in a fragmented
landscape (Ewers and Didham 2005), often a “both-and” strategy is suitable. If species are more vulnerable to habitat loss, the increment in habitat amount should be
the best management option, but if the species are negatively impacted by increasing
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fragmentation levels, the best management solution for this species/population
should be the creation of vegetation corridors (Fahrig 1999).
While these and other suggestions were made 10 years ago in the first Primates
in Fragments book, very little has been done to move toward a more direct “hands
on” approach at this level of conservation effort. To accomplish any significant
impact on the long-term survival of fragmented populations, the scientific community will need an in-depth understanding of methods for restoring plant and animal
communities. Restoration of primate communities requires knowledge of the determinants of primate abundance (Feinsinger 2001); however, understanding and
predicting factors that affect the abundance of particular species have proven
extremely difficult (Chapman et al. 2010; Lwanga et al. 2011). Even so, Silver and
Marsh (2003) demonstrated that reintroduction of howlers into a natural habitat that
once carried them was successful.
Issues of connectivity were addressed by deVleeschower and Raboy (Chap. 19)
where they inform that newer studies take into account the species perspective,
since our concept of connectivity is not necessarily the same as the animals’.
Lessons from throughout the tropics on living fences, hedgerows, crop borders,
agroecosystems, and arboreal forest corridors suggest there are numerous, inexpensive low-tech means of increasing the arboreal surface area for primates (e.g.,
Asensio et al. 2009). But restoration is not simply creating connectivity or increasing food resources. Long-term viability calls for understanding the mechanisms for
ecosystem health beyond primates and fragments that include basic systems, such
as seed dispersal, seedling and sapling recruitment, pollination, and abiotic conditions (Marsh and Loiselle 2001). This kind of approach must be handled with the
expertise of a larger conservation community involving landscape level ecologists,
biologists (species specific experts depending on the region), botanists, soil scientists, local experts from the immediate area, and funding agencies. Restoration will
be a useful path in the future of primate conservation, but is one that must take care
to involve as many disciplines as possible to incur success.

Incorporating Primates into Humanized Landscapes
In Marsh et al. (2003), we had a separate section entitled, “Politics,” to recognize
the importance of dealing with the human dimensions associated with fragmentation, and the conservation of primates in humanized landscapes. In the last decade
there has been an increased recognition that to address any conservation issue it is
necessary to use tools and skills from a number of different disciplines. Ten years
ago we stressed that working across disciplines was key, and particularly when it
came to habitat areas without protection, it was mandatory. We continue to stress
that alliance here: that biologists specializing on other taxonomic groups, social
anthropologists, economists, and local and national leaders need to work with primate researchers to aid us in understanding the human element if progress in conserving primates in fragments is to be achieved. An example of the complexity of
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issues is the trend in declining human fertility rates and abandonment of rural land
as a result of urbanization. If these continue, they will signal a globally significant
transformation offering possible conservation opportunities in some regions. This
kind of transformation is evident in a number of countries (FAO 2011; Aide et al.
2012), and projections suggest it may occur in the future in many developing
nations (Wright and Muller-Landau 2006; Jacob et al. 2008). Such dramatic
changes in the human dimension have powerful impacts on primate habitat
conservation.
There is a relatively easy means by which academics can incorporate people
into change that benefits conservation of primates in fragments. The first is through
formal education in urban schools. Ten years ago, we supported education in
source countries of rural community members, students, and teachers and numerous examples flood the literature of successes. And while, and while we still
believe in both formal and informal education in rural regions, focusing on urban
education is key. Of the world’s most populated cities, 18 of the top 25 (72 %) are
primate source countries, with New York (#19) and London (#21) further down
the list (http://en.wikipedia.org/wiki/List_of_cities_proper_by_population). Over
50 % of the world’s population lives in cities, and likely a huge majority have little
understanding of forest dwelling animals. Educators in cities can often reach hundreds of students a year, and through lectures and lessons, can provide not only
appreciation, but a solid basis for understanding the natural world. The impact of
this is staggering, especially if we can convince our schools that courses in ecology, biodiversity, and conservation are mandatory. It is true that the majority of
students will not become committed to conservation in countries harboring primates, but they do vote, they buy products, and they go on vacation—often to
primate rich regions if they are not already from a source country. Educated students would have a better ability for understanding political issues of the day, in
terms of how they might impact the environment in their nation, as well as the
global environment which ultimately impacts primates. Nations in North America,
Europe, and Asia are some of the most rabid consumers on the planet, but with
mandatory environmental education, their choices for consumption can become
less deleterious.
Further, we can support a growing field of Tropical Urban Ecology. An excellent
example is Programa Macacos Urbanos in Porto Alegre, Brazil, where scientists
and students work with local landowners in and around a major city to provide
knowledge for incorporating wildlife, but especially primates, into urban parks.
They also provide education to farmers and ranchers in the extended area on how
best to manage their land in a way that aids primates. Where primates are subsumed
within cities (Chap. 23), we are seeing action groups popping up to find creative
solutions for their safety and long-term management. There are small projects like
this all over the world, but the ideas are clear: primates and humans must find a way
to co-exist.
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Conclusions
It is apparent that there are great challenges ahead of the scientific community if we
are to formulate effective conservation plans for primates living in fragments.
We still have a great deal to do: we must integrate approaches across disciplines,
develop effective predictive models of how species will respond to change, and we
must understand how to effectively influence policy. In another decade’s time, we
hope to report that all of these needs have been met, and the challenges have been
embraced to drive our knowledge of primates in fragments toward the broadening
goal of never losing a single primate species to extinction.
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