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Abstract

With 60% of all primate species now threatened with extinction and many species
only persisting in small populations in forest fragments, conservation action is urgently
needed. But what type of action? Here we argue that restoration of primate habitat will
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be an essential component of strategies aimed at conserving primates and preventing
the extinctions that may occur before the end of the century and propose that primates
can act as flagship species for restoration efforts. To do this we gathered a team of aca-
demics from around the world with experience in restoration so that we could provide
examples of why primate restoration ecology is needed, outline how primates can act
as flagship species for restoration efforts of tropical forest, review what little is known
about how primate populations respond to restoration efforts, and make specific rec-
ommendations of the next steps needed to make restoration of primate populations
successful. We set four priorities: (1) academics must effectively communicate both the
value of primates and the need for restoration; (2) more research is needed on how pri-
mates contribute to forest restoration; (3) more effort must be put into Masters and PhD
level training for tropical country nationals; and finally (4) more emphasis is needed to
monitor the responses of regenerating forest and primate populations where restora-
tion efforts are initiated. We are optimistic that populations of many threatened species
can recover, and extinctions can be prevented, but only if concerted large-scale efforts
are made soon and if these efforts include primate habitat restoration.

© 2020 S. Karger AG, Basel

Introduction

The world is changing rapidly, and many of these changes negatively affect trop-
ical forests and the primates they support [Kalbitzer and Chapman, 2018] (Fig. 1).
Overall, 60% of all primate species are threatened with extinction [Estrada etal., 2017]
(Table 1); approximately 75% of primate species have declining populations, and 14%
of species are Critically Endangered [TUCN, 2018]. If action is not taken, several spe-
cies may not persist past the turn of the century. Of particular concern are a number
of lemurs, slow lorises, red colobus in general, several gibbon species, and even some
great apes [Schwitzer et al., 2015]. While it remains to be confirmed, it seems almost
certain that with the disappearance of Miss Waldron’s red colobus (Procolobus wal-
dronae) in Africa [Oates et al., 2016], we will have lost the first primate species in the
last century. The situation there in West Africa and in China and Madagascar illus-
trates what can become a global reality. In China, at least three species - the red-
shanked douc (Pygathrix nemaeus), the white-handed gibbon (Hylobates lar yunna-
nensis), and the northern white-cheeked gibbon (Nomascus leucogenys) — have been
extirpated, and the Hainan (Nomascus hainanus) and Cao-vit gibbons (Nomascus
nasutus) will not see the turn of the century without effective conservation action [Li
etal., 2018]. Orangutans (Pongo spp.) were found throughout much of Southern Asia,
including China, as recently as 12,500 years ago, but today occur only in Borneo and

Fig. 1. Changes in human population sizes, agricultural area, and mammalian livestock in pri-
mate-range and other countries between the periods 1991-95 and 2011-15. The distribution of
extant primates is outlined with dashed, black lines. a Changes in human population sizes.
b Changes in the area used for agriculture. ¢ Changes in the number of heads summarized for the
most common breeds of mammalian livestock (cattle, sheep, goats, pigs, and buffaloes, which all
had at least 194 million heads worldwide in 2014). Data sources are Natural Earth (www.natura-
learthdata.com), IUCN Red List mammal shapefile [[UCN, 2018], and FAOSTAT Database
[FAO, 2018]. (For figure see next page.)
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Sumatra where populations are Endangered [Steiper, 2006]. The lemurs of Madagas-
car represent more than 23% of the world’s primate species, yet 91% of these species
are threatened according to the IUCN. Here deforestation is a particularly acute
threat as only 10-20% of Madagascar’s original forest remains [Schwitzer et al., 2014].
With examples such as these, it is clear that action must be taken to conserve the
world’s primates, but what action and how should academics contribute?

Here we first provide clear examples of why the field of primate restoration ecol-
ogy is a legitimate field of research and is needed to prevent primate extinctions and
to protect endangered populations. Second, we suggest that in many instances pri-
mates can make excellent flagship species for restoration efforts, which demonstrates
the potential importance of primate restoration ecology. A flagship species is typi-
cally a charismatic large vertebrate that can be used to promote a conservation effort
because it stimulates public interest and sympathy [Simberloff, 1998]. Third, we re-
view what little is known about how primate populations respond to both passive
(simple forest recovery) and active restoration (planting areas with trees) efforts. Fi-
nally, we make specific recommendations as to the most critical steps that need to be
taken to make restoration of primate populations successful. To meet these objec-
tives, we gathered a global team of academics with experience in restoration efforts
so that we could provide a more complete and global perspective on primate restora-
tion ecology. We have intentionally used the term “primate restoration ecology” as
this needs to be considered a distinct subfield of ecology and conservation. Restoring
an animal population draws on different theories (e.g., population regulation) and
tools and approaches (e.g., nutritional ecology) than the subfield of forest restoration.
For example, restoring a primate population might involve intentionally planting tree
species that meet the nutritional needs of a critically endangered primate or planting
corridors among fragments in such a way as to minimize the potential of disease
spread.

We contend that conservation efforts should focus first on the conservation and
protection of the old-growth forests for which most primate species are adapted.
These forests harbor high levels of biodiversity that is often relatively rare and can
only be regained after hundreds of years, if at all. Thus, the protection of remaining
old-growth forests must be a priority. From this perspective, restoration should be
viewed as an unavoidable, but often necessary, remedy to a bad situation that humans
have created. Restoration should only be used when populations do not have a suf-
ficient area of habitat remaining, when it can be combined with conservation of old-
growth forest to better the conditions for threatened populations (e.g., connecting
corridors), or when opportunities arise to easily regain forest area from degraded
habitats (e.g., carbon offset projects). The fact that regenerating forests are suitable
for many primates should never be used in arguments to deforest areas, as this will
lead to a general loss of biodiversity on the large scale.

We fully recognize that restoring habitats alone will not be sufficient and that
restoration will not work in all areas or with all cultures. Rather, we present the case
that restoration of habitats will be a critical component of a multidimensional ap-
proach that must also deal with hunting, cultural perspectives of primates, and po-
tential issues of conflict between restoration efforts and local community interests,
including crop raiding. We do not attempt to deal with all issues that must be consid-
ered given that they are typically dependent on specifics of the setting, but rather fo-
cus on generalities of primate restoration ecology.
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Why Is the Field of Primate Restoration Ecology Needed?

Land use change is the greatest threat to biodiversity in the tropics [Pimm et al.,
2014] and is causing the extirpation and endangerment of many populations [Dirzo
et al,, 2014]. In 2015, less than half of the world’s tropical forests remained [Lewis et
al., 2015] and between 2000 and 2012, 2.3 million km? of forest were lost globally and
the loss in the tropics increased by 3% (2,101 km?) a year [Hansen et al., 2013]. To put
this in perspective, an area approximately the size of the Democratic Republic of
Congo was lost in 12 years, or an area larger than the islands of New Guinea, Borneo,
and Madagascar combined. Of the tropical forest that remains, nearly half is already
degraded [Lewis et al., 2015; Chazdon and Guariguata, 2016]. These degraded forests
are increasingly being converted to plantations of oil palm, pine, rubber, and euca-
lyptus trees [Linder, 2013; Azhar et al., 2014]. Globally, governments are allowing this
destruction to happen despite the fact that 500 million people are dependent on trop-
ical forests for their survival [Chomitz, 2007].

The primary habitat of primates is tropical forest, and therefore it is not surpris-
ing that large parts of the extant primate distribution are covered by dense forest
(Fig. 2a). According to the global forest change data set [Hansen et al., 2013], around
15.8 million km? within the primate range were covered by dense forest in 2000 (more
than 50% canopy density; Africa: 3.71 million km?, Americas: 8.3 million km?, Asia:
3.75 million km?; Table 1). Forest degradation, however, is apparent throughout the
primate range (Fig. 2b). It is estimated that 10% of the area covered with dense forest
in 2000 was lost by 2012 (Africa: 0.5 million km?; Americas: 0.7 million km?; Asia: 0.3
million km?).

Many degraded forests occur in small fragments that cannot support many
mammal and bird populations over the long term [Chapman et al,, 2013]. In fact,
globally intact forest landscapes (a continuous mosaic of forest and naturally treeless
areas larger than 500 km? with no remotely detected signs of human activity) com-
prise only 20% of remaining tropical forest, and these forests are disappearing at a
rate of 7.2% annually [Potapov et al., 2017]. Only 12% of these intact forest landscapes
are protected [Potapov et al., 2017]. Furthermore, it is predicted that in the next 50
years there will be a 33-fold increase in the number of fragments and the mean size
of these fragments will be between 0.25 and 17 ha [Taubert et al., 2018]. Unfortu-
nately, many primate species are now only found in fragmented forest. For example,
arecent analysis of 22 of the 27 primate species in China suggests that 15 of these spe-
cies have less than 3,000 individuals, with all living in forest fragments [Estrada et al.,
2017; Chapman, 2018; Li et al., 2018].

This forest loss and fragmentation is clearly driven by increasing human popula-
tions and high consumption rates [Crist et al., 2017; Kalbitzer and Chapman, 2018].
The world’s population is expected to rise from 7 billion in 2011 to almost 10 billion
in 2050 [United Nations, 2009]. Such growth does not occur uniformly, and many
tropical countries are undergoing particularly rapid human population growth
(Fig. 1a) that is coupled with strong economic growth. With this economic prosper-
ity, there is a tendency for people to eat higher on the food chain (e.g., beef cattle)
leading to even greater habitat loss. Globally, agricultural lands expanded by 48,000
km? between 1999 and 2008 [Phalan et al., 2013] - an area slightly less than the size
of Costa Rica. It is estimated that with current agricultural practices an additional 1
billion ha of agricultural land - an area larger than Canada — will be needed to meet
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Fig. 2. Tree canopy cover and changes in canopy cover within the distribution of extant primates.
a Tree canopy cover in the year 2000. The green shades illustrate the percentage of area within
each cell covered by closed canopy for all vegetation taller than 5 m in height. b Area covered by
vegetation with canopy closure of more than 50% in 2000, and areas where loss, gain, or loss and
gain was detected in the years 2001-2012. Loss is only shown for pixels that had a canopy closure
of >50% in 2000, whereas gain are areas where the area changed from nonforest to forest, inde-
pendent of percentage canopy closure. Data taken from the global forest change data set (http://
earthenginepartners.appspot.com/science-2013-global-forest; see Hansen et al. [2013]). To see
more details, zoom into the map or look at the Global Forest Watch webpage (https://www.glo-
balforestwatch.org/).

the demands of the growing human population in 2050 [Laurance et al., 2014]. Agri-
cultural land expanded much faster in tropical countries than in other countries over
the last 20 years (Fig. 1b).

In addition, climate change will pose a significant threat to tropical forest, but
this threat is poorly understood. Understanding and mitigating the impacts of cli-
mate change will be one of the greatest challenges facing primate conservationists in
the coming decades. There are disagreements among climate models about the exact
magnitude of changes to expect, but these models predict that approximately 70% of
seasons in the tropics will exceed the temperature maxima of the late 20th century
between 2010 and 2039 [Diffenbaugh et al., 2011].

These statistics present a very grim picture for primate conservation. Fortunate-
ly, deforested land does not always have to remain deforested. With increasing ur-
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banization, many people are moving off previously deforested land and many areas
are regenerating to secondary forest [Wright and Muller-Landau, 2006; Jacob et al.,
2008]. In fact, the UN Population Division estimates that 90% of the world’s popula-
tion growth between 2000 and 2030 will occur in cities of the developing world [Unit-
ed Nations Population Division, 2008], and much of this growth will be in countries
with primates [Kalbitzer and Chapman, 2018]. As a result of urbanization, through-
out the tropics, secondary forests now cover substantial areas. In fact, for over a de-
cade the area covered by secondary forests has exceeded the area covered by primary
forests in most countries [FAQO, 2005, 2016]. It is estimated that in the 1990s, second-
ary forests replaced at least 1 of every 6 ha of primary forest which was deforested
[Wright and Muller-Landau, 2006]. Secondary forests represent more than 35% of all
remaining tropical forests [Emrich et al., 2000; Chazdon and Uriarte, 2016]. Conse-
quently, more than 1 billion ha of degraded forest and woodlands in the tropics could
be used in restoration efforts [FAQO, 2010; Laestadius et al., 2011]. Abandonment of
land often occurs because the soil nutrients become depleted and crop yields de-
crease, pushing agriculturalists to cut down more forest or move to the cities. This is
particularly the case in Africa where up to 93% of deforestation occurs because of
shifting agriculture [Curtis et al., 2018]. It is slightly counterintuitive that there are
increasing amounts of degraded, often unused, land, while at the same time estimates
of the amount of land required to support the world’s growing human population
rise. This appears to be a result of the fact that much of the land, particularly in Af-
rica, is used inefficiently. What is needed is for farmers to have better access to exist-
ing knowledge and technology [Laurance et al., 2014]. The fact remains that a large
proportion of the Earth’s tropical forest is already cleared degenerated/regenerated
forest and this area can be used for restoration projects.

Evaluating these trends suggests that the window of opportunity to use these
lands for restoration is limited as the rate of conversion of degraded forests to indus-
trial plantations is rapidly increasing in the tropics. For example, conversion to oil
palm production was responsible for 3 million ha of deforestation between 2000 and
2011 (an area the size of the Philippines) [Vijay et al., 2016] and cacao production ac-
counted for between 2 and 3 million ha between 1988 and 2008 [Kroeger et al., 2017].
Also, more land is projected to be needed for agricultural activities because of human
population growth and more people eating higher on the food chain (Fig. 1a, ¢). Thus,
farmers will increasingly reuse degraded land for food crops or cattle grazing. But this
is also the time when people have options for where on the food chain they select their
diet, whether or not to get improved technology to rural farmers, and whether or not
to use products containing palm oil or other products that are associated with defor-
estation. Thus, it is the opinion of the authors, who live and/or work in many of the
important tropical regions, that now is the time to identify and promote restoration
as a major conservation strategy.

Primates as Flagship Species in Restoration Projects

Primates can be used as flagship species [Simberloff, 1998] to promote public
interest and raise sympathy and funding for restoration efforts. In the past, primates
have repeatedly been used as flagship species to promote conservation projects and
to protect areas from deforestation or poaching [Lammertink et al., 2003; Cheyne,
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2009; Strier, 2010; Xiang et al., 2011; Strier et al., 2017], with the apes playing a par-
ticularly important role in these efforts [Williams et al., 2000; Marshall et al., 2016].
The presence of great ape research and the potential of associated ecotourism played
significant roles in the creation of parks, such as Gombe and Mahale in Tanzania and
Kibale, Bwindi, and Mgahinga Gorilla National Park in Uganda. Without using goril-
las and chimpanzees as flagship species, some of these parks would not exist today.
The use of the flagship species approach must consider the target audience and its
purpose (e.g., community outreach or fund raising in wealthy nations). Often the
perspectives of the local community are very different than those of the international
community. For example, it is clear that the use of chimpanzees to promote conser-
vation awareness and fund raising has been very successful in North America and
Europe. The success of the Jane Goodall Institute illustrates this fact. In contrast, in
many communities in Africa chimpanzees are disliked as they raid crops [Naughton-
Treves et al., 1998] and are known to kill children [Wrangham et al., 2000]. Restora-
tion ecologists, who are typically ecologically and botanically oriented researchers,
are, for the most part, missing a big opportunity by failing to pay enough attention to
primates. Similarly, primatologists, who are typically behaviorally oriented research-
ers, are generally missing an important conservation opportunity by failing to make
their voices heard in the international forest restoration arena and with carbon offset
groups. Here we consider restoration initiatives to include both those that plant seed-
lings and young trees of a variety of native species, or protect areas from disturbanc-
es, particularly fire [Omeja et al., 2011b] and facilitate the growth of a species-rich
plant community. We do not consider those instances that consist of planting seed-
lings or young trees of a single species or very few species that have an important
economic value (e.g., eucalyptus, oil palm, or pine), but typically have a limited value
for wildlife [Omeja et al., 2011a; Estrada et al., 2012].

Primates are good flagship species for several reasons, one being that, like many
other mammals and birds, the current conservation situation for primates is grim.
Overall, 60% of all primate species are threatened with extinction [Estrada etal., 2017]
(Table 1). The situation in China and Madagascar illustrates what can become a glob-
al reality. Similarly, in South America 36% of the primate species are threatened, and
many of these species have been or could be used as flagship species (e.g., yellow-
tailed woolly monkey - Lagothrix flavicauda, golden lion tamarin — Leontopithecus
rosalia, muriquis — Brachyteles hypoxanthus and B. arachnoides) [Strier, 2010; TUCN,
2018]. Thus, as primates are so endangered it is generally legitimate to argue for res-
toration efforts to enlarge fragments or parks or to create conservation corridors. This
in turn will help the larger goal of promoting biodiversity recovery.

Furthermore, primates are good flagship species when new habitat is needed to
respond to climate change. The rationale for advocating primates as flagship species
with respect to climate change is that a great deal of information is becoming avail-
able from long-term primate research sites that quantify the cascading effects of cli-
mate change on these charismatic animals [Altmann et al., 2002; Chapman et al.,
2017; Strier et al., 2017; Kalbitzer and Chapman, 2018]. Climate change will not only
influence the extent of available habitat; it will influence the trees in the remaining
forests that provide food resources to animals. It is clear that climate change will im-
pact the phenology of tropical forests, but the exact nature of that impact remains
uncertain [Chapman et al., 2005; Polansky and Boesch, 2013; Chapman et al., 2018¢;
Wright and Calderdn, 2018]. This uncertainty is partially a result of the fact that past
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research on how changing climate patterns have altered phenological responses has
focused on the community level (i.e., many plant species analyzed for a single re-
sponse), whereas animals respond to the availability of important foods. New re-
search is revealing that each tree species responds in dramatically different ways to
changes in climate (C.A. Chapman, unpubl. data — Africa, S.J. Wright, unpubl. data
- Central America). Since different primates often rely on different plant resources,
predicting the future of any single species will prove very difficult. This simply calls
for a greater research effort and some of the needed data are already available from
many long-term primate research sites, but a network of researchers has not co-
alesced.

In general, it is relatively easy to imagine that in areas becoming hotter and drier,
food trees will die, and drought events will have devastating effects. This expectation
is supported by data from Amboseli National Park, Kenya, where the average daily
maximum temperature increased by 0.275 °C per year between 1976 and 2000 (an
order of magnitude greater than climate change models predicted [Altmann et al.,
2002]). This increase contributed to a dramatic loss of tree cover affecting primate
populations [Altmann et al., 2002]. What will happen to tropical forests where the
climate becomes wetter is not clear. For example, Kibale National Park, Uganda
(hereafter Kibale), has experienced changes in climate that are more extreme than
global averages. Rainfall has gradually increased over the last 100+ years, so that by
2017, the area received 345 mm more rainfall per year than in 1900. Furthermore, the
average maximum monthly temperature has increased by 4.5°Cin the last 40 years
[Chapman et al., 2018¢]. Correspondingly, a number of tree species have stopped
fruiting [Chapman et al., 2005], meaning that there is less fruit available for the fru-
givores. For example, Trilepisium madagascariense has stopped fruiting at a site in the
north of the park but continues to fruit at a site to the south where it is drier because
of a natural north-south decline in rainfall [Chapman et al., 2005]. The variability in
the timing of rainfall is also expected to occur, altering wet and dry seasonality [Stam-
pone et al., 2011] and the effects of this variability in food resources on wildlife are
largely unknown. Climate change can also negatively affect food quality. Climate
change corresponds with an increase in fiber and a decrease in protein in leaves in
Kibale [Rothman etal., 2015]. Given that many colobus monkeys exhibit selection for
leaves with a high protein and low fiber content [Chapman et al., 2002], declining leaf
quality would be expected to have a major impact on their populations. In fact,a 31%
decline in colobine abundance is predicted based on a model between colobine bio-
mass and the protein-to-fiber ratio of the mature leaves [Chapman et al., 2004]. How-
ever, illustrating our incomplete understanding of such systems, the predicted decline
has not happened; in fact, colobine populations have increased [Chapman et al.,
2018a]. Further work on the impact of climate change on food quality and primate
abundance at more sites is clearly needed.

How Do Primate Populations Respond to Restoration Efforts?

Not surprisingly, the responses of primates to restoration are dependent on the
type of disturbance and the species involved. Many studies have examined how pri-
mates respond to logging, and although some folivores can benefit from logging, it
generally leads to population declines [Meijaard et al., 2005; Guo et al., 2008; Chap-
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man et al., 2010]. However, the speed with which primate populations rebound after
logging varies tremendously among locations and species and some populations do
not recover even after more than half a century [Chapman et al., 2018a]. Therefore,
despite the efforts made to date, considerable research is still needed to understand
variation in recovery rates. This information is needed for the construction of man-
agement plans for the many species that will be affected by the large areas currently
sold as logging concessions. In the major forest blocks supporting primates, 750,000
km? of forestland are under concession to timber companies [Yale School of Forestry,
2018], an area approximately the size of Turkey. However, since recovery of primate
populations following logging has been extensively reviewed [Johns, 1992; Meijaard
et al., 2005; Brodie et al., 2015; Osazuwa-Peters et al., 2015], we will not explore this
further here.

In contrast to the many studies of the effect of logging on primate populations,
only a handful of studies examine the response of primate communities to forest re-
generation from agricultural or pastoral land [Andresen et al., 2018]. The studies that
do address this generally indicate that forests, and the primate communities they sup-
port, can rebound quickly when left to recover or are encouraged to recover. For ex-
ample, Baya and Storch [2010] surveyed a former village site in Korup National Park,
Cameroon, that had been abandoned for 8 years and found thriving populations of all
8 species of diurnal primates that occur in the region. In addition, sighting frequency
in this recovering area was not significantly different from other sectors of the park.
Successional forests in Sierra Leone aged 5-12 years were used more than expected by
4 of 7 primates studied [Fimbel, 1994]. Seven years after a mosaic of abandoned agri-
cultural land and grassland in Uganda had been replanted with trees as part of a carbon
offset program [Omeja et al., 2012; Wheeler et al., 2016], all local species of diurnal
primates were present in high numbers, including the endangered red colobus (Pilio-
colobus tephrosceles) and chimpanzee (Pan troglodytes). Furthermore, 19 years after
planting, all 6 primate species, except mangabeys (Lophocebus albigena), had densities
in the restored area that were equal to those in the neighboring old-growth forest
[Chapman et al., 2018a, b]. In the 1930s and 1940s, at least 6 economically valuable
tree species were planted in a 2-km? clearing adjacent to a large old natural forest at
Kakamega Forest, Kenya [Fashing et al., 2012]. The planted area was then left to re-
generate naturally with additional tree species arriving from the neighboring natural
forest. Censuses conducted between 2006 and 2010 found that while primate densities
were 35-46% lower in planted forest than natural forest, the same three diurnal pri-
mate species which inhabit the natural forest (Cercopithecus ascanius, C. mitis, Colo-
bus guereza) also occurred in the planted forest [Fashing et al., 2012].

The fact that most species studied to date appear capable of inhabiting a combi-
nation of natural and planted forest provides hope for the future. Furthermore, de-
spite the fact that there are few data on how primate populations change as forests
regenerate, descriptions of how a forest community develops and changes suggest
that when there is a nearby or connected healthy source population, primates will
readily colonize the regenerating forest [Holl and Aide, 2011; Omeja et al., 2012].
Given the high nutritional value of the tree species that first grow after disturbance
[Coley, 1983; Omeja et al., 2016], regenerating forests can provide a great opportu-
nity to help expand the size of threatened populations of primates.

We know of, or are involved in, several forest restoration projects designed, at
least partially, to promote the recovery of primate populations, though many of these
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projects were initiated for their potential conservation gains, and thus have notled to
publications. This is a shame, as it is very beneficial for the conservation community
to learn from the successes and failures of such projects. For example, a project in
Uganda found that while it seemed logical to remove tall grasses (i.e., 2-3 m) away
from planted seedlings to decrease resource competition and shading, doing so led to
soil desiccation and increased seedling mortality in the dry season [Omeja et al., 2009;
Face the Future, 2011].

Examples of primate restoration projects include the following. The Cao-vit gib-
bon (Nomascus nasutus) is a Critically Endangered species, with only one tiny popu-
lation of 110-120 individuals living in a small karst forest patch along the China-
Vietnam border [Fan, 2012]. Starting in 2011 in Vietnam, food trees were planted in
abandoned cultivation fields (32.3 ha in six valleys), while in China pilot habitat re-
habilitation efforts were initiated in 2012 at four sites covering 1.3 ha. It is too soon
to know what the impact of these restoration efforts will be. In southeast Mexico, ef-
forts have been made to connect forest fragments for primates. Tree planting is great-
ly facilitated by at least 20 artisan groups (+350 women) that sell handicrafts, often
depicting monkeys, and part of the profit goes to restoration efforts, and by schools
that grew seedlings and then planted forest corridors. There have been reforestation
efforts along the borders of Ranomafana National Park, Madagascar, since 2006 with
a primary focus on lemur conservation. The project involves cooperation with schools
and villages to create corridors between forest patches. Another example comes from
the Qinling Mountains in central China, an area of vital habitat for the Endangered
golden snub-nosed monkeys (Rhinopithecus roxellana). Since 2005 more than 101,600
saplings were planted by approximately 2,400 students from Northwest University
and local schools to restore over 120 ha. This management has succeeded, as the
golden snub-nosed primate population is recovering. Since 2017, in Uttrakhand State
of India, the planting of seedlings, of species used by langurs as sleeping sites and hu-
mans for livestock fodder, in the forests around high-altitude subsistence farming
communities has begun with the help of groups of village women and school children.

Necessary Next Steps

Given the need for restoration, particularly in the face of climate change, grow-
ing human populations, the number of primate species that are threatened, the extent
of tropical deforestation, and the amount of carbon dioxide already released into the
atmosphere, it is clear that a great deal must change, and that change must occur soon
and on a large scale. We see four priorities.

(1) Promote awareness and action: for the field of primate restoration ecology to
become an important component of conservation strategies on the needed scale, aca-
demics must communicate both the value of primates and the need for restoration to
the affected local communities, the general public globally, and to policy makers. It is
only by convincing the public and government of the value of primates and the forests
that support them that funding will be made available to initiate restoration projects
on the needed scale.

(2) Research: a great deal of research is needed given the paucity of data on pri-
mate restoration ecology and the fact that tree community regeneration and primate
population responses are likely to be highly spatially variable. One of the primary
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questions that needs to be addressed is under what conditions do primates contribute
to restoration efforts through their seed dispersal abilities. Thus, it will be important
to consider the pool of primate seed dispersers that will use grassland, secondary for-
ests, and abandoned agricultural land. Testing whether specific interventions, such as
planting certain plant species to attract primates into secondary areas, represents an
exciting field of research [Jacob et al., 2016].

A second critically important set of questions that requires extensive research
deals with what seeds primates disperse into the areas being restored and the fate of
these seeds at least up to the sapling stage [Tsuji and Su, 2018]. The quantity and di-
versity of fruits eaten by most primates make them potentially very important for
restoring a diverse forest community. However, the disappearance/mortality rate of
seeds in primate dung is typically high (often 75-100%) and postdispersal events can
reverse or eliminate patterns established at the initial stages of seed dispersal [Bal-
comb and Chapman, 2003].

The motivation that the Paris Agreement created to combat climate change and
the refinement of the mechanisms to sequester carbon in the REDD+ programs are
opportunities that must not be missed if the scientific community is to promote pri-
mate conservation. Accepting this statement highlights the need for research into the
extent to which primates contribute to carbon sequestration in the landscapes desig-
nated for restoration for primate conservation.

In many cultures, but not all, primates are viewed positively [Nahallage and
Huffman, 2013], thus they provide an access point to involve local communities in
conservation and conduct research into the human dimensions of conservation.
Research can address how to best involve communities and how involvement
changes attitudes and levels of illegal encroachment [Jacobson, 2010; Kirumira et
al., 2019].

(3) Training: in the tropics, conservation research is often regarded as a low pri-
ority given the unmet needs of people, lack of technical capacity in government agen-
cies, insufficient funding, inadequate infrastructure, and, in many instances, lack of
collaboration among local scientists and members of the international community
[Atickem et al., 2019; Kiihl et al., submitted]. Many tropical countries have rapidly
growing economies but lack the scientific and technological capacity needed to trans-
late rapid economic growth into the type of sustainable development that could pro-
mote tropical forest conservation and restoration. Owing to massive differences in
funding, student-staff ratios, and access to facilities [Teferra, 2013], education in
much of the tropics does not provide Masters and PhD students as rigorous a back-
ground as students receive in most high-income countries. As a result, more funding
and effort must be put into Masters and PhD training in countries with tropical for-
ests. It is our opinion that the universities of higher-income countries have largely
failed to provide the atmosphere that would encourage their professors to invest their
limited energy and resources in the training of Masters and PhD students from coun-
tries that are the home of most primates. Thus, it is well past time that the reward
system of universities in higher-income countries changes to meet the reality of a
global society [Chapman and Peres, 2001; Atickem et al., 2019]. Working conditions
must also change in tropical countries. For instance, the pay for professors in coun-
tries supporting tropical forests is typically abysmal [UNESCO, 2010]; as little as USD
300-500 per month at even the best universities. Without improved working condi-
tions, the brain drain of the talent needed to construct and manage the required large-
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scale restoration projects will continue [UNESCO, 2010]. In 2001, it was estimated
that 30,000 PhD holders of African descent were living and working outside their
home countries; this number exceeds the total number of African-born scientists with
PhDs working in Africa [Hassan, 2001].

(4) Long-term research and monitoring: while it may seem obvious, we wish to
emphasize the need to monitor plant community and primates’ responses to restora-
tion. Many, if not most, conservation projects are not monitored using rigorous
methods, over a sufficiently long duration, to be able to evaluate the projects’ suc-
cesses and failures. With restoration projects aimed to help threatened populations
to recover, we suggest this evaluation should involve a minimum of a decade of re-
search. This long evaluation is needed because first the tree community must become
established and grow, and then the longer-lived primates must respond. It is ironic
that at a time when there is such a clear need for effective restoration, funding for
long-term research is becoming increasingly difficult to obtain [Chapman et al., 2017;
Hayes and Carsten, 2017].

It is critical in this evaluation that methods are standardized so that comparisons
can be made among species, habitats, geographical regions, and restoration methods.
Again, this statement might seem obvious, but even after decades of testing, no agree-
ment has been reached on the best methods for censusing primate populations, and
disparity in estimates based on different methods can exceed 400% [Chapman et al.,
2010]. Without employing similar methods across time, changes cannot be evaluated.
For evaluating changes in primate numbers, it has been suggested that the simplest
approach is to always report groups seen per kilometer walked [Chapman et al.,
2018a] and while this might not be the final technique to be agreed upon, it is a step
in the right direction, especially if presented along with more complex measures of
density.

In 1962, before almost all of the authors of this paper were born, Francois
Bourliére wrote: “Unfortunately, at the very moment when we are becoming aware
of the uniqueness of the Primates..., we are also realizing how precarious is the
future of the Primates and to what point competition with industrial man is threat-
ening their survival ... Can we remain unmoved at such annihilation?” [Bourliére,
1962, p. 185]. Since this statement was made, the situation has only gotten much
worse. This suggests that it is only with a great deal of effort from many highly
motivated individuals that society will overcome the inertia of maintaining the
status quo so that we will not bear witness to the extinction of primate species be-
fore the next century.
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