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Introduction

Biodiversity is being lost at an accelerating rate, with current extinction rates
approximately 1,000 times higher than background rates observed in the fos-
sil record (Pimm et al. 2014). Recent estimates suggest that 11,000-58,000
species are lost annually and that extant vertebrate species have declined in
abundance by approximately 25% since 1970 (Dirzo et al. 2014). Humans are
clearly responsible for this accelerating loss of biodiversity by causing habitat
conversion, climate change, the spread of exotic species, and wildlife overex-
ploitation (Dirzo et al. 2014; Laurance et al. 2012; Ripple et al. 2015). This has
led to almost 50% of the world’s primate species being at risk of extinction
(Estrada 2013; Estrada et al. 2017; Mittermeier et al. 2009), and 14.5% being
critically endangered (TUCN Redlist database 2020).

The endangerment of chimpanzees (Pan troglodytes) is particularly im-
portant because of their iconic status and phylogenetic closeness to humans.
It is estimated that chimpanzee populations have experienced a significant
reduction in the past 20 to 30 years and the overall population reduction over
three generations is estimated to exceed 50% (Walsh et al. 2003), hence quali-
fying this taxon for endangered status. It is officially estimated that only half
a million chimpanzees exist in the wild, with 65,000 in West Africa, 9,000 in
Nigeria and Cameroon, 140,000 in Central Africa, and 256,000 in the Demo-
cratic Republic of Congo above the Congo River and in East Africa (Humle
et al. 2016). However, other estimates suggest much lower numbers (Oates 1996;
Sop et al. 2015) and the level of endangerment and the nature of the threats
differ among regions and across subspecies (Kiihl et al. 2017).

Chimpanzees occur at low densities and they are very difficult to ha-
bituate and follow for scientific observations due to their fission-fusion so-
cial system and large home range (Bertolani and Boesch 2008; Boesch and
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Boesch-Achermann 2000). As a result, to evaluate conservation thre
chimpanzees it is useful to take a comparative approach and contrast
other diurnal primates that inhabit the same forest. These other prim
easier to study and census, thus there is much more data on their respe
adverse conditions people create. Therefore, in our evaluation of chinz=.~

zee conservation, we will draw on a number of examples of how monz:--
respond to threats that similarly affect chimpanzees. However, it is imp:

to acknowledge that chimpanzees represent something special. They
considered to fill important roles as umbrella, flagship, or phylogen
important species (Hartel et al,, chapter 26 this volume; Wrangham
2008). As such, many would argue that they deserve special attention. D
ing conservation efforts to chimpanzees can make great advances at fos:
public awareness and raising funding for conservation. Chimpanzee cc
vation efforts must include a myriad of activities, including protecting
habitat, decreasing bushmeat hunting, and improving park-people i
tions, thus conserving chimpanzees conserves their habitats and the piz==

and animals therein.
The objective of our review is to document current threats to chimp

populations in such a way as to illustrate what the scientific and conserva: -
communities know and what they do not know. In doing so, we hope == =
lustrate the way forward for both communities. There are likely thousa:
publications, government documents, reports from NGOs, and theses
lished every few years on chimpanzee abundance and distribution.
fore, this is not meant to be an exhaustive review, but rather we focus
jor issues. We concentrate our evaluation on the populations in East Az
particularly Uganda, as this is an area we work in and know well; howeve:. = -
make comparisons with threats facing other chimpanzee populations, as ==
as other African primate species, to put chimpanzees’ conservation conce:
in context.

Deforestation

Threats to chimpanzees come in many forms, but likely one of the most
nificant is habitat loss (Morgan et al., chapter 27 this volume). Between

and 2012, it is estimated that 2.3 million km2 of forest was lost globally, a
the tropics rates of loss increased by 2,101 km? per year (Hansen et al.
To put this in perspective, the global annual loss is approximately the size =
Mexico (1.96 million km?). The loss is greatest in South America and Afr
However, estimates of deforestation vary greatly. For example, a recent st
estimates a 62% acceleration in deforestation in the humid tropics betwes:
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TABLE 25.1. Landsat estimates of forest area (106 ha)
in 1990, 2000, and 2010 for different countries in
Tropical Africa, with data from Kim, Sexton, and
Townshend (2015)

Country 1990 2000 2010
Cameroon 20.32 20.21 19.88
Congo o 2388 23.66 23.43
Democratic Republic ~ 153.23 152.2 147.93
of Congo

Equatorial Guinea 2:59 2.56 2.54
Gabon 23.38 2292 2299
Liberia 7.46 7.27 7.23
Madagascar 8.93 8.55 7.58
Sierra Leone 3.76 3.70 353
Total 243,55  241.07  235.11

1990 and 2000 (Kim, Sexton, and Townshend 2015) that dramatically contra-
dicts the 25% reduction reported by the Food and Agriculture Organization of
the United Nations (FAO 2010). This is regrettable as conservation biologists
do not really know the magnitude of the problem they are dealing with and
thus have a difficult time estimating the impact on chimpanzee populations.
Furthermore, in such circumstances policy makers have the option of select-
ing the lower deforestation estimates when they establish policy if that suits
their needs. By one estimate Africa shows the largest accelerating rate of loss
(table 25.1) (Kim, Sexton, and Townshend 2015), which is alarming when one
is considering chimpanzee conservation. The largest loss, and the largest in-
creasing rate of forest loss, is in the Democratic Republic of Congo. This loss
will be accentuated by the discovery of oil reserves in the Virunga National
Park and the desire to exploit this resource (Gouby 2015). The oil industry
- opens up roads that are used to extract bushmeat and the oil workers hunt to
feed themselves (Wilkie 2000). Per-country deforestation rates are a function
both of the pace of logging and conversion to agriculture and of how much
forest remains. For example, in Uganda, closed-canopy tropical forest once
covered 20% of the country’s land area, but deforestation reduced this to just
3% by 1990 (Howard et al. 2000), thus in terms of km2 there is not much left
to lose. However, Uganda still lost 18% of its remaining forest between 1990
and 2000 (Howard et al. 2000) and the most recent estimate suggests that the
annual rate of loss of tropical high forest is 7% (Pomeroy and Tushabe 2004).
Very soon, Uganda will have little or no forests left that could support chim-
panzee outside of the three forested National Parks (Chapman, Lawes, and
Eeley 2006; Chapman et al. 2013). Deforestation rates in Uganda, however,
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pale in comparison to other African countries that harbor chimpanzees. The
worlds’ highest deforestation range, according to the FAO (2010), is Nigeriz
and it is estimated that between 2000 and 2005, Nigeria lost 55.7% of its pri-
mary forest, while the rural poor saw few advances in the quality of life. One
should not simply think of these values as a strict loss in forest; rather, they
also represent a fragmentation and the genetic isolation of populations. From
that perspective, deforestation has resulted in the fragmentation of 58% of the
subtropical forests and 46% of tropical forests (Chapman et al. 2007; Estradz
et al. 2017; Haddad et al. 2015).

Thege statistics represent the general loss of forest; however, chimpas-
zees are a very flexible genus, being found in woodland and riverine forests
to dense closed high-canopy forests (Hockings et al. 2015; see also Pruetz
Bogart, and Lindshield, chapter 17 this volume). Thus, the overall decline ir:
suitable habitat, not just forest, would be a more accurate metric. A recent
study predicted the distribution of suitable environmental conditions for
chimpanzees in the 1990s and 2000s and demonstrated that the area of suit-
able habitat declined by 207,827 km? from 2,015,480 to 1,807,653 km? (i.e..
an area approximately the size of the US state of Kansas or just larger than
the country of Senegal) (Junker et al. 2012). This represents a 10.3% decline
in a decade, and the authors of the study conclude that this represents a dra-
matic decline in suitable environmental conditions and call for an immediate
increase in conservation efforts. In addition to this, the number of suitabic
areas did not decline significantly, suggesting that the size of suitable areas
has shrunk. This raises the serious question of whether existing populations
are large enough to maintain viable populations in the long term. A second
study predicted that by 2030 only 10% of the current African great ape habitat
will remain (Nelleman and Newton 2002).

In general, chimpanzee habitat loss corresponds with an increase in ag-
riculture in tropical countries, which globally expanded by 48,000 km? per
year between 1999 and 2008 (Phalan et al. 2013). One estimate suggests tha:
approximately 1 billion ha of additional agricultural land, primarily in de-
veloping countries, will need to be converted to agriculture by 2050 to mee:
the demands of the growing human population—an area larger than Canadz
(Laurance, Sayer, and Cassman 2014). Ultimately, these changes are driven
by increased human population size and consumption rates (Crist, Mora.
and Engelman 2017). The UN Population Division estimates that the world's
population is expected to rise from 7 billion in 2011 to 9 billion in 2050. Mak-
ing the situation more dire for chimpanzees is the fact that, in primate rangs
countries in Africa, human population density in 1950 was 8 people/km*
while in 2010 it had increased to 35 people/km? (Estrada 2013) and in some
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protected parks harboring chimpanzees, human population density neigh-
boring the park exceeds 400 people/km? (Hartter et al. 2015; MacKenzie and
Hartter 2013). Also, as prosperity in tropical countries increases, there is a ten-
dency for people to want to eat higher on the food chain (e.g., cattle), which
demands greater land conversion,

Chimpanzees are a charismatic species that can be a rallying point for
conservation effects and conserving their populations is the morally correct
thing to do. As a result, it is an urgent imperative that we attempt to reverse a
number of these trends and given that many populations may be approaching
the point where they are no longer viable, the time for action is now.

Bushmeat

The bushmeat trade is a large commercial and local industry that is decimat-
ing many animal populations, particularly in West and Central Africa (Fa,
Peres, and Meeuwig 2002; Walsh et al. 2003). The need to understand the
bushmeat trade is partially created by the fact that a large proportion of the
remaining chimpanzees are not in protected areas—approximately 45-81% of
West African chimpanzees are not in parks or reserves (Kormos et al. 2003).
However, hunting is frequently a serious problem in protected areas as well
(Refisch and Koné 2005). For example, in Budongo Forest Reserve, Uganda,
21% of chimpanzees suffer from limb injuries caused by hunting snares
(Byrne and Stokes 2002) and in Kibale National Park, Uganda, 31% of identi-
fied chimpanzees over the age of two exhibited limb disability (Cibot et al.
2016; Hartel et al., chapter 26 this volume). This is not an issue localized to
Uganda: Quiatt, Reynolds, and Stokes (2002) documented that 32 of 422 chim-
panzees (7.6%) in 10 different communities across Africa had limb disabilities
likely resulting from snares.

There are a number of single-case market studies (Covey and McGraw
2014; Martin 1983), and hunting and the sale of ape meat have been reported
from Nigeria (McFarland 1994), Central African Republic (Goldsmith 1995),
Democratic Republic of Congo (Basabose, Mbake, and Yamagiva 1995),
Gabon (Harcourt 1980), and Equatorial Guinea (Fa et al. 1995). This is not
just a local trade; it is an international trade. Chaber et al. (2010) report that
273 tonnes of bushmeat are confiscated annually at the Charles de Gaulle airport
in Paris, France. Assuming that the weight of the average cow is 625 kg (weight
of an average Canadian cow, but an average Ankole cow in Uganda weighs
485 kg), this would mean that the equivalent of 440 cows were confiscated.
This does not include the bushmeat that was not detected, the importation
into other airports in France or worldwide, or the bushmeat that may come in
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through other routes, such as via shipping or over land. However, despite
this sort of information on the extent of general bushmeat hunting, there is
little large-scale evidence or quantification of bushmeat hunting impacts on
populations of chimpanzees, and most studies simply examine the quantity
of all bushmeat and do not distinguish between animal species (reviewed by
Taylor et al. 2015).

While not informing chimpanzee endangerment, some of these bushmeat
studies reveal some alarming statistics. For example, it has been estimated
that four million metric tons of bushmeat were extracted each year from
the Congo basin alone (equivalent to approximately 4,500,000 cows, Fa and
Brown 2009). The rate of extraction was estimated to be increasing by 90,000
tonnes each year in 2002 and the rate of increase may have gone up (Fa, Peres,
and Meeuwig 2002). In a study considering bushmeat on a species-by-species
basics, Kano and Asato (1994) estimated that in the Mataba River region of
northeastern Republic of Congo, 0.02 chimpanzees were killed annually per
km?. This represents an annual offtake of 5-7%, which, given chimpanzee’s
slow life history strategy, is unsustainable. Two country-wide surveys have
been done in Céte d’Ivoire over a decade apart (1989-1990 and 2007) in na-
tional parks and classified forests, and on Mount Kope. These surveys docu-
mented a 90% decline in chimpanzee nest encounter rates over 17 years and
attributed the decline to the 50% increase in the human population (Camp-
bell et al. 2008). Distressingly, this study illustrates that even the nationa!
parks that are intended to be refuges for chimpanzees and other animals are
not functioning as safe havens, and species in parks can still be driven to ex-
tinction through hunting (see also Laurance et al. 2012; McGraw 2005; Oates
et al. 2000). Such trade from parks is very common in many regions. In 2
global analysis of 60 parks, Laurance et al. (2012) documented that research-
ers consider only approximately half of all reserves to have been effective over
the last 20-30 years, while the remainder of the reserves are experiencing
an alarming erosion of biodiversity, which includes the loss of primate spe-
cies. This phenomenon is poignantly illustrated by a park-wide survey in
Tai National Park, Céte d’Ivoire: regardless of primate species, density was
100 times higher near the protected research station and tourism site than
in the remainder of the park (N'Goran et al. 2012). Similarly, in Moukalaba
Doudou National Park, Gabon, surveys demonstrated that ape nest densitr
(distinguishing chimpanzee and gorilla nests is not possible) was threes time
lower at the park borders near human population centers, as compared to the
park interior (Kuehl et al. 2009).

Associated with the bushmeat trade is the lucrative illegal trade of chim-
panzees to discreditable zoos (often privately owned or in developing coun-
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tries) and private owners, A baby chimpanzee can fetch $12,500 US, and often
more (Shukman and Piranty 2017), and China has been singled out as the
main destination for many of these illegally trafficked apes (Stiles et al. 2013).
But the cost to the population is much larger than the one animal that makes
it to these markets—hunters will typically shoot as many adults as possible
to prevent adults from interfering with the capture of the baby and to get
animals for bushmeat. An inquiry by the British Broadcasting Corporation
estimated that for every infant captured, 10 adults would be killed (Shukman
and Piranty 2017).

Disease

A further threat to chimpanzees is from disease, particularly Ebola (Walsh
et al. 2007). However, surprisingly little is known about Ebola’s impact on chim-
panzees at the population level, This is partially due to the fact that research-
ers working on behavior and ecology have not been closely connected with
researchers in the medical and veterinary fields, though this is changing rap-
idly (Goldberg, Paige, and Chapman 2012; Goldberg et al. 2008: Leendertz
et al. 2006b; Rouquet et al. 2005). It is also due to the fact that chimpanzee pop-
ulations typically inhabit remote forest regions, where road access is limited at
best and researchers often lack access to those regions and are thereby un-
able to document disease outbreaks, Thus, Ebola outbreaks are often inferred
from either low chimpanzee densities or declines in densities (Huijbregts
et al. 2003; Walsh et al. 2003). The most dramatic case where the decline was
estimated occurred in the Lossi Sanctuary in northwest Republic of Congo,
where the chimpanzee population declined by more than 80% (Bermejo et al.
2006; Leroy et al. 2004). Another well-documented case involved a habitu-
ated chimpanzee community in Tai National Park, Céte d’Ivoire, where 11 of
43 (26%) members of one group disappeared in 1994, and where Ebola was
confirmed as the cause (Boesch 2008; Formenty et al. 1999).

Diseases other than Ebola may also threaten chimpanzee populations
(Knott and Harwell, chapter 1 this volume). Anthrax has been documented
to have killed at least six individuals in Tai National Park (Leendertz et al,
2004) and at least three individuals in Cameroon (Leendertz et al. 2006a). Re-
spiratory diseases have also caused deaths of chimpanzees at Kibale National
Park, Uganda (Scully et al. 2018), Tai National Park (Kondgen et al. 2008), and
Gombe National Park, Tanzania (Pusey, Wilson, and Collins 2008) and some of
these infections are believed to have been transmitted to chimpanzees from
people and vise versa, For example, molecular and epidemiologic analyses
demonstrated that the outbreak of a respiratory disease in the chimpanzees of
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Kibale National Park in 2013, which killed an infant chimpanzee, was consis-
tent with the common cold in humans (Scully et al. 2018). However, to date,
peaks in respiratory cases in local clinics have not been shown to correspond
to peaks in similar symptoms in chimpanzees (Chapman and Melissa Emery
Thompson, unpublished data).

There is a detailed record of the causes of deaths of chimpanzees at Gombe
over 40 years and analyses indicate that disease accounted for 58% of the 86
deaths where the cause of death was known (Lonsdorf et al. 2018; Pusey, Wil-
son, and Collins 2008; Williams et al. 2008). Furthermore, major epidemics
accounted for 50% of these disease-related deaths, attributed to a polio-like
disease, mange, and respiratory diseases (Pusey, Wilson, and Collins 2008).

What seems clear to us is that disease, particularly Ebola and Anthrax,
can play a major role influencing the size of chimpanzee populations. How-
ever, we know relatively little about its overall impact at the population level.
This calls for closer collaboration between ecologists and veterinary scientists
(Leendertz et al. 2006b) and large-scale monitoring schemes (Leendertz et al.
2006b; Leroy et al. 2004)—unfortunately there does not seem to be the po-
litical will to pay for such monitoring. These actions are definitely needed if
we are to be able to make informed conservation plans for chimpanzees and
decrease the risk of transmission of Ebola to the human population. The link
between human health and conservation warrants further investigation as
this may prove to be a win-win situation (Kirumira et al. 2019).

Climate Change

Thus far, deforestation and habitat loss seem to be the major threats to chim-
panzees; however, another potential threat to chimpanzee populations comes
from global climate change. Admittedly this risk is one that is very difficult
to evaluate, but here we present data with which we can speculate on the po-
tential outcomes of this global phenomenon. The Intergovernmental Panel
on Climate Change (IPCC) estimates that the earth warmed by 0.85°C (0.65
to 1.06°C) between 1880 to 2012 (IPCC 2014) and temperature is projected to
increase by 1.5°C by 2100 (IPCC 2014). Given where primates occur, estimates
suggest that they will experience 10% greater warming than this global aver-
age, and some primate species will experience a 50% greater temperature in-
crease for every 1°C of global warming (Graham, Matthews, and Turner 2016).
Primates will also face changes in rainfall. This is because rising temperature
alters global patterns of circulation, which affects rainfall patterns; however,
changes will not occur uniformly around the globe (Graham, Matthews, and
Turner 2016). Precipitation changes will likely be quite varied across the areas
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occupied by primates (i.e., from >7.5% increases per °C of global warming to
>7.5% decreases) (Graham, Matthews, and Turner 2016). Furthermore, there
will be “climate change hotspots” and if these areas contain endangered spe-
cies, the consequences could be Very severe and even result in extinctions,
Projections vary considerably; however, considering moderate greenhouse
gas emission estimates, it is estimated that 75% of all tropical forests present
in 2000 will experience temperatures that are higher than the temperatures
that presently support closed canopy forest by 2100 (Wright, Muller-Landau,
and Schipper 2009),

For Africa, climate change projections are that the rainforest regions will
become 3 to 4°C hotter over the next century under the most likely emission
scenarios (Malhi et al. 2013; Zelazowski et al, 2011). This will lead to the re-
treat of forest in some areas, to be replaced by woodland or savannah, With
regard to how rainfall patterns will be altered in Africa with climate change,
the picture is less clear. It seems likely that East African forests will become
wetter. Climate models for West Africa and the Congo Basin produce con-
flicting results; some suggest more rain, while others suggest less (Zelazowski
et al. 2011). However, as recently as 3,000 years ago, there was a substantial
retreat of both of these forest types (Oslisly et al. 2013), thus a climate-change
induced forest retreat is certainly a possibility (Malhi et al. 2013).

The distribution of suitable chimpanzee habitat has been modeled for
Cameroon and Nigeria under three different climate change scenarios for the
years 2020, 2050, and 2080 (Clee et al. 2015). The availability of suitable habji-
tat in northwest Cameroon and Eastern Nigeria is predicted to remain largely
unchanged through 2080; however, in central Cameroon, habitat is predicted
to decline dramatically over the coming century, This must be taken seriously
in conservation planning, because the population in Central Cameroon rep-
resents half of the population of the chimpanzee subspecies Pan troglodytes
ellioti, and this region also experiences high levels of hunting,

Lehmann, Korstjens, and Dunbar (2010) constructed a simulation model
based on chimpanzee time budgets and how they would be altered by ris-
ing temperatures and changing rainfall patterns. The authors noted that
climate variability would play a particularly important role in the degree of
change in ape population size and distribution. Unfortunately, few climate
change models consider such variability, yet intra-annual weather variability
can also strongly impact species behavior and survival, The effect of such
changes on chimpanzee populations will be driven partly by such direct ef-
fects of climate change (e.g., responses to temperature, disappearing habitat),
but it has become clear in recent years that the indirect effects, mediated via
species interactions, could be pronounced and have very significant impacts
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FIGURE 25.1. The 10 year running average of annual rainfall (mm) at Makerere University Biological
Field Station, Kibale Nationa] Park, Uganda from 1903 to 2014.

on populations as well (Angert, LaDeau, and Ostfeld 2013). This is one area
where research on other primates can inform us of what to expect chimpan-
zees will experience, such as our work on the red colobus (Procolobus ruforni-
tratus) of Kibale National Park, Uganda.

It is relatively easy to imagine that in areas becoming hotter and drier,
food trees will die and chimpanzees will die along with them or need to move.
This 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, which is an order of magnitude greater than that predicted by
climate change models (Altmann, Alberts, and Roy 2002). This change cor-
responded to a dramatic loss of tree and shrub cover (Altmann, Alberts, and
Roy 2002) and may have driven the concomitant decline in local vervet mon-
key populations (Struhsaker 1973, 1976). What happens in situations where
the climate gets wetter is much less clear, but potentially equally negative for
chimpanzees and resultant population stability. For example, Kibale National
Park, Uganda, has experienced climate change well above the global average.
The area receives 300 mm more rainfall/year than in 1900 and the average
maximum monthly temperature has increased by 4.4 C° in the last 40 years
(fig. 25.1). Corresponding with this change in climate, we have documented
the cessation of fruiting of a number of plant species (Chapman et al. 2005),
meaning that there is less fruit available for the frugivores, such as chim-
panzees. One example of the localized effects of climate change on fruiting
trees that primates rely on for food is that of Trilepisium madagascariense
(formerly Bosqueia phoberos). This species has stopped fruiting at a site to
the north of the park (Kanyawara) but continues to fruit at a site to the south
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(Dura River), which is drier because of a natural north-south decline in rain-
fall associated with a decline in elevation.

In Kibale National Park there have also been changes in the quality of
the leaf resources that correspond with changing temperature and precipi-
tation. Greenhouse experiments indicate that elevated temperature, rainfall,
and CO? to levels predicted by climate change models will impact the nutri-
tional composition of leaves (Robinson, Ryan, and Newman 2012; Stiling and
Cornelissen 2007; Zvereva and Kozlov 2006). Rothman et al. (2015) show a
general increase in fiber and tannins and a decline in protein compared to data
collected 15 and 30 years previously. This study examined leaves that were
important in the diet of red colobus; however, this may also apply to the ter-
restrial herbaceous vegetation that is often considered an important fallback
food for chimpanzees (Lambert 2007; Malenky and Wrangham 1994; Mar-
shall et al. 2009; Wrangham et al. 1991). A decline in the quality of fallback
foods that are eaten when more-preferred foods are not available could have
serious impacts on a chimpanzee population.

The wetter conditions that East African forests will experience, and that
West and Central African forests may experience (model predictions vary),
are likely to create conditions where diseases become more prevalent. Con-
nections between climate and disease are well established in the human med-
ical literature, with specific diseases occurring during certain seasons, or
erupting in association with specific unseasonable weather conditions. For
example, in sub-Saharan Africa, meningococcal meningitis epidemics erupt
during the hot dry season and subside soon after the onset of the rains (Patz
et al. 1996). Climate change can affect disease transmission by influencing
the ecology of hosts and vectors, or by causing resource shifts that stress the
animals physiology, making them more susceptible to infection (Haines and
Patz 2004). For example, heavy rains are associated with outbreaks of wa-
terborne diseases in humans. In the United States, 68% of waterborne dis-
ease outbreaks, such as Giardia and Cryptosporidium (both of which infect
chimpanzees) were preceded by precipitation events above the 8oth percen-
tile (Hunter 2003). One reason that wetter conditions promote disease is that
they facilitate the survival of infective stage parasitic larvae and eggs. For ex-
ample, in an experimental study Larsen and Roepstorft (1999) demonstrated
a reduction in the number of pig parasite eggs recovered in hot, dry months
compared to wetter months. A study in Kibale National Park on black-and-
white colobus (Colobus guereza) supports the idea that wetter conditions pro-
mote parasitism (Chapman et al. 2010). The study demonstrated that groups
in wetter habitats (e.g., wet valley bottoms) had elevated gastrointestinal in-
fections, as compared to groups in the same region that lived in drier areas



596 CHAPTER TWENTY-FIVE

(e.g., hilltops). Also, in Kibale National Park there is a north-south decline in
rainfall associated with decreasing elevation and as predicted groups living in
the north had elevated gastrointestinal infections compared to groups in the
drier south (Chapman et al. 2010). The population effects of such changes in
parasite infections remain to be evaluated.

Genetic Viability

Knowledge of patterns of chimpanzee population genetic diversity can pro-
vide pivotal insights into the evolutionary history, population structure, mat-
ing system, demographic dynamics, and population viability, which should
be used to inform conservation design and recovery efforts. High-coverage
genome sequencing of chimpanzees supports two distinct lineages, each
comprising two genetic groups: Central/Eastern and Nigeria-Cameroon/
Western chimpanzees (Prado-Martinez et al. 2013). The Central chimpanzee
shows the highest genetic diversity and largest effective population size (N,),
whereas the Western chimpanzee shows the lowest level of genetic diversity
and smallest N, among all populations (Prado-Martinez et al. 2013).

Despite the wide distribution and relatively large total population size,
many of the remaining chimpanzee populations are small and dispersed. This
situation is particularly severe in Senegal, Mali, the Cabinda enclave of An-
gola, Equatorial Guinea, and Sudan. Traditionally, the 50/500 rule has been
applied to gauge the minimal viable population size of endangered species,
i.e.s N, = 50 as the minimum population size for avoiding inbreeding depres-
sion, and N, = 500 for retaining evolutionary potential. Accumulating evi-
dence suggests that these thresholds are too low and a 100/1,000 rule might be
more appropriate for the purpose of maintaining population viability in the
short term, as well as the long term (Frankham, Bradshaw, and Brook 2014).
It is worth noting that N, of a wild population is often only a small fraction of
the census population size, as censuses include immatures and non-breeding
individuals (Frankham 199s5; Palstra and Ruzzante 2008). Additionally, high
variance in sex ratio and reproductive success can lead to a large further re-
duction of the ratio of N, to census population size (Frankham 1995; Luikart
et al. 2010). Taken together, very few extant wild chimpanzee populations
fulfill the minimum population rules for conservation.

Human activity and habitat modification often increase genetic structure
and limit gene flow within and among habitat areas, leading to genetic isola-
tion and inbreeding within small populations (Knight, Chapman, and Hale
2016). High degrees of inbreeding are frequently correlated with low genetic
diversity, impaired resistance to disease and environmental stress, and re-
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duced growth rate and reproductive success, all of which hamper individual
fitness and population viability (Keller and Waller 2002; Knight, Chapman,
and Hale 2016). Therefore, maintaining ecological corridors is critical to
ensure continued chimpanzee dispersal between habitat pockets and com-
bat genetic erosion caused by population isolation and inbreeding (Basab-
ose, Mbake, and Yamagiva 2015). However, genetic information of many local
chimpanzee populations remains uninvestigated or sporadic at best, posing
significant challenges for science-guided management. Future conservation
efforts should stress genetic monitoring of chimpanzee populations to un-
derstand population dynamics and the impacts of anthropogenic disturbance
and environmental variables on population demographic and genetic pat-
terns (Schwartz, Luikart, and Waples 2007). Populations with high genetic
diversity (i.e., genetic reservoirs) can potentially be of importance for genetic
rescue of small, inbred populations threatened with extinction (Whiteley
et al. 2015).

The genetic viability of populations should also be used by conserva-
tion managers to identify conservation priorities in situations where difficult
choices have to be made, which, sadly, is often the case. If conservation man-
agers were to follow these rules of thumb for the minimum viable population
size for avoiding inbreeding depression and retaining evolutionary potential
as around 1,000 breeding individuals and it was assumed that only one-third
of the animals recorded in a typical census were breeding (due to the propor-
tion of immature individuals and the sometimes small proportion of males
that sire offspring), this would mean that populations of greater than 3,000
individuals should be conservation priorities. For East African chimpan-
zees, this would mean emphasizing conservation efforts in the Democratic
Republic of Congo and potentially Uganda (table 25.2; the Central African
Republic is data deficient). Let us consider Uganda in more detail (table 25.3).
Of the 26 forests for which we have census data, only three (Budongo, Bu-
goma, and Kibale) are estimated to have 1,000 individuals, and no area has
the 3,000 individuals needed to maintain the minimum population size for
avoiding inbreeding depression and retaining evolutionary potential (the
Bugoma Forest Reserve has experienced intense pressure recently and the
previous estimates now likely overestimate what remains, C. Chapman and
P Omeja, pers. observations, May 2017). How this information is used should
be debated; however, it does mean that the protection of Budongo and Kibale
should be a Ugandan priority. The situation elsewhere in Africa is not unlike
that in Uganda. For example, Campbell et al. (2008) report a 90% decline in
the chimpanzee populations of Cote d’Ivoire between 1990 and 2007 (see also
N’Goran et al. 2013).



TABLE 25.2. Estimates of eastern chimpanzee populations in each country in

which they occur (adapted from Plumptre et al. 2010).

Country

Country Size (km2)

Chimpanzee Population

Burundi

Central African Republic

Democratic Republic of Congo

Rwanda
Sudan
Tanzania
Uganda
Total

27,834
622,984
2,345,409
26,338
1,886,068
947,303
241,038
6,096,974

450
4
42,798

275

TABLE 25.3. Estimates of the population size of chimpanzees in Uganda (NP = National Park,

FR = Forest Reserve)

Area

Popui}z[ion Estimate

Survey Year

Source

Budongo NP
Bugoma FR
Bugoma-Budongo
Corridor
Buhungiro
Bulindi

Bwindi Impenetrable
NP

Echuya FR
Ibambaro FR
Itwara FR

Kagombe FR
Kagorra region
Kalinzu FR

Kasato FR
Kasyoha-Kitomi FR

Kibale NP

Kibego FR

Kitechura FR
Kyambura Wildlife
Reserve
Maramagambo
Matiri FR

Muhangi FR

500-1,000
500-1,000
50-100

Extirpated
260
100-300

Extirpated
Extirpated
100--300
34
100-300
<50
100-300
220

<50
300-500
370
500-1,000
1,298

921

1,931%
<50
Present
Extirpated
50-100

100-300
Extirpated
Present
<50

1999-2002
1999-2002
1999-2002

2008--2010
2006
1999-2002

1999-2002
1999--2002
1999-2002
2008-2010
1999-2002
1999-2002
2006
1999-2002
1999-2002
2006
1999-2002
2015
1999~2002
2005

No date
1999--2002
2008-2010
1999-2002
1999-2002

1999-2002
1999-2002
2008--2010
1999-2002

Plumptre, Cox, and Mugume (2003)
Plumptre , Cox, and Mugume (2003)
Plumptre, Cox, and Mugume (2003)

Koojo (2016)
McLennan (2008)
Plumptre, Cox, and Mugume (2003)

Plumptre, Cox, and Mugume (2003)
Plumptre, Cox, and Mugume (2003)
Plumptre, Cox, and Mugume (2003)
Koojo (2016)

Plumptre, Cox, and Mugume (2003)
Plumptre, Cox, and Mugume (2003)
Plumptre et al. (2008)

Plumptre, Cox, and Mugume (2003)
Plumptre, Cox, and Mugume (2003)
Plumptre et al. (2008c)

Plumptre, Cox, and Mugume (2003)
Sop et al. (2015)

Plumptre, Cox, and Mugume (2003)

Wanyama et al. (2009), Wanyama (2005)

Plumptre and Cox (2006)

Plumptre, Cox, and Mugume (2003)
Koojo (2016)

Plumptre, Cox, and Mugume (2003)
Plumptre, Cox, and Mugume (2003)

Plumptre, Cox, and Mugume (2003)
Plumptre, Cox, and Mugume (2003)
Koojo (2016)

Plumptre, Cox, and Mugume (2003)
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TABLE 25.3. (continued)

Area Population Estimate Survey Year  Source

Otzi FR <50 19992002 Plumptre, Cox, and Mugume (2003)
Rwenzori Mountains 300-500 1999-2002 Plumptre, Cox, and Mugume (2003)
NP 466 2012 S. M. Koojo, unpublished data
South Bugoma <50 1999-2002 Plumptre, Cox, and Mugume (2003)
Toro-Semliki Wildlife  50-100 2010-2011 Samson and Hunt (2012)

Reserve

Wambabya FR 100-300 1999-2002 Plumptre, Cox, and Mugume (2003)

Note: Adapted from Sop et al, (2015) with additions from a variety of scurces.
*Calculated.

Future Directions

There are a number of excellent studies that discuss means of reducing log-
ging, or lessening its impact (Bicknell and Peres 2010; Morgan 2007; Mor-
gan et al. 2017; Putz, Dykstra, and Heinrich 2000), and there are many ex-
cellent texts that discuss means to decrease the risk of disease transmission
from humans to chimpanzees (Boesch 2008; Cranfield 2008; Leendertz et al.
2016; Pusey, Wilson, and Collins 2008; Rwego et al. 2008; Wallis and Lee 1999;
Woodford, Butynski, and Karesh 2002). Thus, we are not going to review
what has already been so well reviewed. Rather, we would like to present
novel ways forward.

It should be emphasized that a large number of review studies and the rec-
ommendations from many long-term researchers point to the importance of
improved and more extensive law enforcement (Struhsaker, Struhsaker, and
Siex 2005; Tranquilli et al. 2012, 2014). For chimpanzees, particular attention
should be paid to snare removal, which takes different search strategies than
regular patrols that are searching for poachers (Muller and Wrangham 2000;
Quiatt, Reynolds, and Stokes 2002). In addition, long-term research sites and
tourist establishments have proven effective at reducing poaching and should
be encouraged (Sandbrook and Semple 2006; Sarkar et al. accepted with revi-
sion); however, this development must be done in a fashion that minimizes
the risk of disease transmission.

Education and public outreach constitute a conservation strategy that has
been employed for decades. The assumption behind this is that if conservation
biologists can illustrate to the community the value of a protected area, they will
not exploit and harm its resources. Unfortunately, contrary to expectations, stud-
ies in Africa have demonstrated that community outreach programs designed
to promote positive community attitudes through education are seldom asso-
ciated with successful conservation outcomes (Struhsaker, Struhsaker, and Siex
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2005). In fact, a detailed study of protected areas in Uganda found no evidence
that such programs promoted positive community attitudes toward parks (Mu-
gisha and Jacobson 2004). It is our opinion that these negative results do not
mean that this approach should be abandoned, but rather we should learn from
past experiences and make the approach more effective. In fact, there is a resur-
gence of the application of this approach (Padua 2010; Savage et al. 2010) and
its careful long-term evaluation (Jacobson 2010; Kuhar et al. 2010), some of the
original problems of such programs are being addressed (Kasenene and Ross
2008; Struhsaker, Struhsaker, and Siex 2005), and new refined approaches that
deal with chimpanzees appear promising (Leeds et al. 2017). Since education of-
ten targets the young, the impact of such programs will be seen only after many
years (Chapman, Struhsaker, and Lambert 200s; Struhsaker, Struhsaker, and Siex
2005). Also new outreach approaches should be investigated (Leeds et al. 2017).

We have initiated one such new local outreach approach involving the
union of the provision of health care and conservation; namely the delivery of
health care to local communities bordering Ugandan national parks through
a mobile health clinic system and the establishment of a large permanent
clinic (Chapman et al. 2015). The mobile health clinic is a means to reach
many people; in fact, it is estimated that in its first year of operation it helped
1,000 patients a month and delivered conservation outreach information to
10,000 people a month (Kirumira et al. 2019). These examples suggest that if
the goal is to conserve chimpanzees, the local communities’ livelihoods must
be considered so that they perceive receiving benefits from the protected ar-
eas and thus are encouraged to conserve the system and its chimpanzees.
This also calls for strategic intervention in other livelihood activities for local
communities so that pressure on chimpanzee habitat can be reduced.

Lastly, a number of researchers have questioned the model typically used
by large governmental or non-governmental organizations to fund conser-
vation projects (Oates 1999; Struhsaker, Struhsaker, and Siex 2005; Terborgh
1999). Typically, groups like the World Bank give large sums of money to
the central government over a relatively short period of time (e.g., 5 years)
and after this short period funding stops altogether. We suggest that changes
should be made in funding strategies. A recent study used an evaluation of
90 “success stories” provided by conservation scientists and practitioners and
explored characteristics of the projects that were “perceived” successful (Chap-
man et al. 2016). The conservation community viewed successful projects
to most often be long-term, small spatial scale, and relatively low budget, and
involving a protectionist approach alone or in combination with another ap-
proach. This suggests that extending funding over longer periods of time and
investing in long-term projects would help make conservation gains.
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To reduce or remove current threats across the whole range of chimpan-
zees will require huge efforts on a very large scale and very significant fund-
ing. It will require that international and national agencies gain the coop-
eration of local people, alternative sources of income and protein be found,
and a great deal of effort be placed on education and outreach, with novel
approaches being attempted and evaluated, increased efforts toward law en-
forcement, genetic monitoring of existing populations with corridors being
established when possible, and protection of large areas where large popula-
tions are still found (i.e., Democratic Republic of Congo). In reality, it is un-
likely that a project of such a magnitude will be initiated, but attempts must
be made on whatever scale is possible.

Acknowledgments

Funding was provided by Canada Research Chairs Program, Wildlife Con-
servation Society, Natural Science and Engineering Research Council of Can-
ada, National Geographic, and Fonds Québécois de la Recherche sur la Nature
et les Technologies. We thank Aaron Sandel and Sophie Muset for help-
ful comments on this manuscript.

References

Altmann, ], S. C. Alberts, and S. B. Roy. 2002. “Dramatic change in local climate patterns in
Amboseli Basin, Kenya” African Journal of Ecology 40: 248-51.

Angert, A. L., S. L. LaDeau, and R. S. Ostfeld. 2013. “Climate change and species interactions:
Ways forward.” Annals of the New York Academy of Sciences 1297: 1~7.

Basabose, A. K., E. Inoue, S. Kamungu, B. Murhabale, E.-E. Akomo-Okoue, and J. Yamagiwa.
2015. “Estimation of chimpanzee community size and genetic diversity in Kahuzi-Biega Na-
tional Park, Democratic Republic of Congo?” American Journal of Primatology 77: 1015-25.

Basabose, A. K., S, Mbake, and J. Yamagiva. 1995. “Research and conservation of eastern lowland
gorillas in the Kahuzi-Biega National Park, Zaire” Gorilla Conservation News 9:11-12.

Bermejo, M., J. D. Rodriguez-Teijeiro, G. Illera, A. Barroso, C. Vila, and P. D. Walsh. 2006.
“Ebola outbreak killed 5000 gorillas.” Science 314: 1564-64.

Bertolani, P, and C. Boesch. 2008. “Habituation of wild chimpanzees (Pan troglodytes) of the south
group at Tai Forest, Cote d’Ivoire: Empirical measure of progress.” Folia Primatologica 79: 16271,

Bicknell, J., and C. A. Peres. 2010. “Vertebrate population responses to reduced-impact logging
in a neotropical forest” Forest Ecology and Management 259: 2267-75. i

Boesch, C. 2008. “Why do chimpanzees die in the forest? The challenges of understanding and
controlling for wild ape health” American Journal of Primatology 70: 722-26.

Boesch, C., and H. Boesch-Achermann, 2000. The Chimpanzees of the Tai Forest: Behavioural
Ecology and Evolution. New York: Oxford University Press.

Byrne, R. W, and E. ]. Stokes. 2002. “Effects of manual disability on feeding skills in gorillas and
chimpanzees.” International Journal of Primatology 23: 539-54.



602 CHAPTER TWENTY-FIVE

Campbell, G., H. Kuehl, N. G. P. Kouame, and C. Boesch. 2008. “Alarming decline in West Afri-
can chimpanzees in Cote d’Ivoire” Current Biology 18: R903—4.

Chaber, A.-L., S. Sallebone-Webb, Y. Lignereux, A. A. Cunningham, and J. M. Rowcliffe. 2010. “The
scale of illegal meat importation from Africa to Europe via Paris” Conservation Letters 3: 317-23.

Chapman, C. A,, L. J. Chapman, T. T. Struhsaker, A. E. Zanne, C. J. Clark, and J. R. Poulsen. 200s.
“A long-term evaluation of fruiting phenology: Importance of climate change” Journal of
Tropical Ecology 21: 31-45.

Chapman, C. A, A. DeLuycker, R. A. Reyna-Hurtado, J. C. Serio-Silva, T. B. Smith, K. B. Strier,
and T. L. Goldberg. 2016. “Safeguarding biodiversity: What works according to the conser-
vation community” Oryx 50: 302~7.

Chapman, C. A, R. R. Ghai, A. L. Jacob, S. M. Koojo, R. Reyna-Hurtado, J. M. Rothman,
D. Twinomugisha, M. D. Wasserman, and T. L. Goldberg. 2013. “Going, going, gone: A 15-year
history of the decline of primates in forest fragments near Kibale National Park, Uganda”
In Primates in Fragments: Complexity and Resilience, edited by L. K. Marsh and C. A. Chap-
man. New York: Springer.

Chapman, C. A, M. J. Lawes, and H. A. C. Eeley. 2006. “What hope for African primate diver-
sity?” African Journal of Ecology 44: 1-18.

Chapman, C. A, L. Naughton-Treves, M. ]. Lawes, M. D. Wasserman, and T. R. Gillespie. 2007.
“The conservation value of forest fragments: Explanations for population declines of the
colobus of Western Uganda.” Infernational Journal of Primatology 23: 513-78.

Chapman, C. A., M. L. Speirs, S. A. M. Hodder, and ]. M. Rothman. 2010. “Colobus monkey
parasite infections in wet and dry habitats: Implications for climate change” African Journal
of Ecology 48: 555-58.

Chapman, C. A, T. T. Struhsaker, and J. E. Lambert. 2005. “Thirty years of research in Kibale
National Park, Uganda, reveals a complex picture for conservation” International Journal of
Primatology 26: 539~55.

Chapman, C. A, B. van Bavel, C. Boodman, R. R. Ghai, ]. F. Gogarten, J. Hartter, L. E. Mechak,
P. A. Omeja, S. Poonawala, D. Tuli, and T. L. Goldberg. 2015. “Providing health care to pro-
mote people-park relations.” Oryx 49 (4): 636-42.

Cibot, M., S. Krief, J. Philippon, P. Couchoud, A. Seguya, and E. Pouydebat. 2016. “Feeding
consequences of hand and foot disability in wild adult chimpanzees (Pan troglodytes schwein-

Surthii)? International Journal of Primatology 37: 479-94.

Clee, P.R. S., E. E. Abwe, R. D. Ambahe, N. M, Anthony, R. Fotso, S. Locatelli, E Maisels, M. W.
Mitchell, B. J. Morgan, A. A. Pokempner, and M. K. Gonder. 2015. “Chimpanzee population
structure in Cameroon and Nigeria is associated with habitat variation that may be lost
under climate change” BMC Evolutionary Biology 15: 1-13.

Covey, R., and W. §. McGraw. 2014, “Monkeys in a West African bushmeat market: Implications
for cercopithecid conservation in eastern Liberia” Tropical Conservation Science 7: 115-25.

Cranfleld, M. R. 2008. “Mountain gorilla research: The risk of disease transmission relative to the
benefit from the perspective of ecosystem health” American Journal of Primatology 70: 751~54.

Crist, E., C. Mora, and R. Engelman. 2017. “The interaction of human population, food produc-
tion, and biodiversity protection?” Sciernce 356: 260-64.

Dirzo, R., H. S. Young, M. Galetti, G. Ceballos, N. J. B. Isaac, and B. Collen. 2014. “Defaunation
in the anthropocene.” Science 345: 401-6.

Estrada, A. 2013. “Socioeconomic context of primate conservation: Population, poverty, global
economic demands, and sustainable land use” American Journal of Primatology 75: 30-45.




CURRENT PERSPECTIVES ON CHIMPANZEE CONSERVATION 603

Estrada, A., P. A. Garber, A. B. Rylands, C. Roos, E. Fernandez-Duque, A. Di Fiore, K. A.-I. Nek-
aris, V. Nijman, E. W. Heymann, and J. E. Lambert. 2017. “Impending extinction crisis of the
world’s primates: Why primates matter” Science Advances 3: €1600946.

Fa, ]. E., and D. Brown. 2009. “Impacts of hunting on mammals in African tropical moist forests:
A review and synthesis” Mammal Review 39: 231-64.

Fa, J. E., ]. Juste, . del Val, and J. Castroviejo. 1995. “Impact of market hunting on mammal spe-
cies in Equatorial Guinea.” Conservation Biology 9: 1107-15.

Fa, J. E., C. A. Peres, and J. Meeuwig. 2002. “Bushmeat exploitation in tropical forests: An inter-
continental comparison.” Conservation Biology 16: 232-37.

FAQ. 2010. Global Forest Resource Assessment 2010. Rome: Food and Agriculture Organization
of the United Nations.

Formenty, P, C. Boesch, M. Wyers, C. Steiner, E. Donati, E Dind, F. Walker, and B. L. Geunno.
1999. “Ebola virus outbreaks among wild chimpanzees living in a rain forest of Cote
d'Ivoire” Journal of Infectious Diseases 179: $120-26.

Frankham, R. 1995. “Effective population size/adult population size ratios in wildlife: A review?”
Genetical Research 66; 95-107.

Frankham, R, C.]. A. Bradshaw, and B. W. Brook. 2014. “Genetics in conservation management:
Revised recommendations for the so/500 rules, red list criteria and population viability
analyses” Biological Conservation 170: 56—63.

Goldberg, T. L., T. R. Gillespie, I. B. Rwego, E. E. Estoff, and C. A. Chapman. 2008. “Forest
fragmentation as cause of bacterial transmission among primates, humans, and livestock,
Uganda?” Emerging Infectious Diseases 14: 1375-82.

Goldberg, T. L., S. Paige, and C. A. Chapman. 2012. “The Kibale EcoHealth Project: Explor-
ing connections among human health, animal health, and landscape dynamics in western
Uganda” In Conservation Medicine: Applied Cases of Ecological Health, edited by A. A.
Aguirre and P. Daszak. Oxford: Oxford University Press.

Goldsmith, M. L. 1995. “Ranging and grouping patterns of western lowland goriilas (Gorilla g.
gorilla) in the Central African Republic” Gorilla Conservation News 9: 5-6.

Gouby, M. 2015. “Democratic Republic of Congo wants to open up Virunga National Park to oil
exploration” Guardian, May 6.

Graham, T. L., H. D. Matthews, and S. E. Turner. 2016. “A global-scale evaluation of primate
exposure and vulnerability to climate change” International Journal of Primatology 37:
158-74.

Haddad, N. M., L. A. Brudvig, J. Clobert, K. E Davies, A. Gonzalez, R. D. Holt, T. E. Lovejoy, J. O.
Sexton, M. P. Austin, and C. D. Collins. 2015. “Habitat fragmentation and its lasting impact
on Earth's ecosystems.” Scierice Advances 1: €1500052.

Haines, A., and ]. A. Patz. 2004. “Health effects of climate change.” Journal of the American Medi-
cal Association 291: 99~103.

Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, S. A. Turubanova, A. Tyukavina, D. Thau,
S.V. Stehman, S. J. Goetz, T. R. Loveland, A. Kommareddy, A. Egorov, L. Chini, C. O. Justice,
and J. R. G. Townshend. 2013. “High-resolution global maps of 21st-century forest cover
change?” Science 342: 850-53.

Harcourt, A. H. 1980. “Gorilla-eaters of Gabon.” Oryx 15: 248-51.

Hartter, J., S. J. Ryan, C. A. MacKenzie, A. Goldman, N. Dowhaniuk, M. Palace, J. E. Diem, and
C. A. Chapman. 2015. “Now there is no land: A story of ethnic migration in a protected area
landscape in western Uganda.” Population and Environment 36: 452-79.



604 CHAPTER TWENTY-FIVE

Hockings, K. J., M. R. McLennan, S. Carvalho, M. Ancrenaz, R. Bobe, R. W. Byrne, R. I. Dunbar,
T. Matsuzawa, W. C. McGrew, and E. A. Williamson. 2015. “Apes in the anthropocene: Flex-
ibility and survival” Trends in Ecology ¢ Evolution 30: 215-22.

Howard, P. C,, T. R. B. Davenport, E W. Kigenyi, P. Viskanic, M. C. Balzer, C. J. Dickinson,
J. 8. Lwanga, R. A. Matthews, and E. Mupada. 2000. “Protected area planning in the tropics:
Uganda’s national system of forest nature reserves.” Conservation Biology 14: 858-7s.

Huijbregts, B., P. De Wachter, L. S. N. Obiang, and M. E. Akou. 2003. “Ebola and the decline
of gorilla Gorilla gorilla and chimpanzee Pan troglodytes populations in Minkebe Forest,
North-Eastern Gabon.” Oryx 37: 437--43.

Humle, T,, E Maisels, . E Qates, A. Plumptre, and E. A. Williamson. 2016. “Pan troglodytes (errata
version published in 2018).” IUCN Red List of Threatened Species 2016: e.T15933A129038584.

Hunter, P. R. 2003. “Climate change and waterborne and vector-borne disease” journal of Ap-
plied Microbiology 9.4: 375-468.

IPCC. 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Edited by
Core Writing Team, R. K. Pachauri, and L. A. Meyer. Geneva: IPPC,

IUCN Redlist database. 2020 https://www.iucnredlist.org/search/stats?taxonomies=100091&se
archType=species.

Jacobson, 8. K. 2010. “Effective primate conservation education: Gaps and opportunities” Amer-
ican Journal of Primatology 72: 414-19.

Junker, J., S. Blake, C. Boesch, G. Campbell, L. du Toit, C. Duvall, A. Ekobo, G. Etoga, A. Galat-
Luong, and J. Gamys. 2012. “Recent decline in suitable environmental conditions for African
great apes.” Diversity and Distributions 18: 1077-91.

Kano, T., and R. Asato. 1994. “Hunting pressure on chimpanzees and gorillas in the Mataba River
area of northeastern Congo.” African Study Monographs 15 (3): 143-62.

Kasenene, J. M., and E. A. Ross. 2008. “Community benetits from long-term research programs:
A case study from Kibale National Park, Uganda.” In Science and Conservation in Africas:
Forests: The Benefits of Long-Term Research, edited by R. W. Wrangham and E. A. Ross, 99—
114. Cambridge: Cambridge University Press.

Keller, L. E, and D. M. Waller. 2002. “Inbreeding effects in wild populations”” Trends in Ecolog:
& Evolution 17: 230-41.

Kim, D. H., ]. O. Sexton, and ], R. Townshend. 2015. “Accelerated deforestation in the humid
tropics from the 1990s to the 2000s” Geophysical Research Letters 42: 34953501,

Kirumira, D., D. Baranga, ]. Hartter, K. Valenta, C. Tumwesigye, W. Kagoro, and C. A. Chapman.
2019. “Evaluating a union between health care and conservation: A mobile clinic improves
park-people relations, yet poaching increases” Conservation and Society 17 (1): 51-62.

Knight, A., H. M. Chapman, and M. Hale. 2016. “Habitat fragmentation and its implications for
endangered chimpanzee Pan troglodytes conservation” Oryx 50: 533-36.

Kondgen, S., H. Kuhl, P. K. N'Goran, P. D. Walsh, S. Schenk, N. Ernst, R. Biek, P. Formenty, K.
Maetz-Rensing, B. Schweiger, S. Junglen, H. Ellerbrok, A. Nitsche, T. Briese, W. L. Lipkin.
G. Pauli, C. Boesch, and E H. Leendertz. 2008. “Pandemic human viruses cause decline of
endangered great apes” Current Biology 18: 260~64.

Koojo, S. M. 2016. “Influence of human activities on the status of wildlife in four central forest
reserves in Uganda” PhD diss., Makerere University.

Kormos, R., C. Boesch, M. I. Bakarr, and T. M. Butynski. 2003. West African Chimpanzees: Status
Survey and Conservation Action Plan. Gland, Switzerland: IUCN/SSC Primate Specialist Group.



CURRENT PERSPECTIVES ON CHIMPANZEE CONSERVATION 605

Kuehl, H. S., C. Nzeingui, S. L. D. Yeno, B. Huijbregts, C. Boesch, and P. D. Walsh. 2009. “Dis-
criminating between village and commercial hunting of apes” Biological Conservation 142:
1500~1506.

Kuhar, C. W, T. L. Bettinger, K. Lehnhardt, O, Tracy, and D. Cox. 2010. “Evaluating for long-term
impact of an environmental education program at the Kalinzu Forest Reserve, Uganda”
American Journal of Primatology 72: 407-13.

Kihl, H. 8., T. Sop, E. A, Williamson, R. Mundry, D. Brugiére, G. Campbell, H. Cohen, E. Dan-
quah, L. Ginn, and I. Herbinger. 2017. “The critically endangered western chimpanzee de-
clines by 80%” American Journal of Primatology 79: €22681.

Lambert, J. E. 2007. “Seasonality, fallback strategies, and natural selection: A chimpanzee and
cercopithecoid model for interpreting the evolution of hominin diet” In Evolution of Hu-
man Diet: The Known, the Unknown, and the Unknowable, edited by P. S, Ungar, 324-43.
Oxford: Oxford University Press.

Larsen, M. N,, and A. Roepstorff. 1999. “Seasonal variation in development and survival of Asca-
ris suum and Trichuris suis eggs on pastures.” Parasitology 119 (2): 209-20.

Laurance, W. E, D. Carolina Useche, J. Rendeiro, M. Kalka, C. J. A. Bradshaw; S. P. Sloan,
S. G. Laurance, M. Campbell, K. Abernethy, A. Alvarez, V. Arroyo-Rodriguez, P. Ashton,
J. Benitez-Malvido, A. Blom, K. S. Bobo, C. H. Cannon, M. Cao, R. Carroll, C. Chapman,
R. Coates, C. Cords, D. Danielsen, B. D. Dijn, E. Dinerstein, M. A. Donnelly, D. Edwards,
E Edwards, N. Farwig, P. Fashing, P.-M. Forget, M. Foster, G. Gale, D. Harris, R. Harrison,
H. Hart, S. Karpanty, W. J, Kress, J. Krishnaswamy, W. Logsdon, J. Lovett, W. Magnusson,
E Maisels, A. R. Marshall, D. McClearn, D. Mudappa, M. R. Nielsen, R. Pearson, N. Pitman,
J. V. D. Ploeg, A. Plumptre, J. Poulsen, M. Quesada, H. Rainey, D. Robinson, C. Roetgers,
E. Rovero, E. Scatena, C. Schulze, D. Sheil, T, Struhsaker, J. Terborgh, D. Thomas, R. Timm,
J. N. Urbina-Cardona, K. Vasudevan, S. J. Wright, J. C. Arias-G., L. Arroyo, M. Ashton,
P Auzel, D. Babaasa, E Babweteera, P Baker, O. Banki, M. Bass, I Bila-Isia, S. Blake,
W. Brockelman, N. Brokaw, C. A. Briihl, S. Bunyavejchewin, J.-T. Chao, . Chave, R. Chellam,
C.]J. Clark, J. Clavijo, R. Congdon, R. Corlett, H. S. Dattaraja, C. Dave, G. Davies, B. de Mello
Beisiegel, R. N. P. Silva, A. Di Fiore, A. Diesmos, R. Dirzo, D. Doran-Sheehy, M. Eaton,
L. Emmons, A. Estrada, C. Ewango, L. Fedigan, . Feer, B. Fruth, J. G. Willis, U. Goodale,
S. Goodman, . C. Guix, P. Guthiga, W, Haber, K. Hamer, I. Herbinger, J. Jane Hill, Z. Huang,
L. E Sun, K. Ickes, A. Itoh, N. Ivanauskas, B. Jackes, J. Janovec, D. H. Janzen, M. Jiangming,
C.Jin, T. Jones, H. Justiniano, E. Kalko, A. Kasangaki, T: Killeen, H.-b, King, E. Klop, C. Knott,
L. Koné, E. Kudavidanage, J. L. S. Ribeiro, J. Lattke, R. Laval, R. Lawton, M. Leal, M. Leigh-
ton, M. Lentino, C. Leonel, J. Lindsell, L. L. Ling-Ling, K. E. Linsenmair, E. Losos, A. Lugo,
J. Lwanga, A. L. Mack, M. Martins, W. S. McGraw, R. McNab, L. Montag, J. M. Thompson,
J. Nabe-Nielsen, M. Nakagawa, S. Nepal, M. Norconk, V. Novotny, S. O’'Donnell, M. Opiang,
P. Quboter, K. Parker, N. Parthasarathy, K. Pisciotta, D. Prawiradilaga, C. Pringle, S. Rajath-
urai, U. Reichard, G. Reinartz, K. Renton, G. Reynolds, V. Reynolds, E. Riley, M.-O. Rodel,
J. Rothman, P. Round, S. Sakai, T. Sanaiotti, T, Savini, G. Schaab, J. Seidensticker, A. Siaka,
M. R. Silman, T. B. Smith, S. S. de Almeida, N. Sodhi, C. Stanford, K. Stewart, E. Stokes,
K. E. Stoner, R. Sukumar, M. Surbeck, M. Tobler, T. Tscharntke, A. Turkalo, G. Umapathy,
M. Weerd,]. V. Vega Rivera, M. Venkataraman, L. Venn, C. Verea, C. V. de Castilho, M. Waltert,
B. Wang, S. Watts, W. Weber, P. West, D. Whitacre, K. Whitney, D. Wilkie, S. Williams,
D. D. Wright, P. Wright, L. Xiankai, P. Yonzon, and R. Zamzani. 2012. “Averting biodiversity
collapse in tropical forest protected areas.” Nature 489: 200-94.



606 2 CHAPTER TWENTY-FIVE

Laurance, W. E, J. Sayer, and K. G. Cassman. 2014. “Agriculture expansion and its impacts on
tropical nature” Trends in Ecology & Evolution 29: 107-16.

Leeds, A., K. E. Lukas, C. J. Kendall, M. A. Salvin, E. A. Ross, M. M. Robbins, C. van Weeghel,
and R. A. Bergl. 2017. “Evaluating the effect of a year-long film focused environmental edu-
cation program on Ugandan student knowledge of and attitudes toward great apes.” Aseri-
can Journal of Primatology 79 (8): e22673.

Leendertz, E H., H. Ellerbrok, C. Boesch, E. Couacy-Hymann, K. Matz-Rensing, R. Hakenbeck,
C. Bergmann, P. Abaza, S. Junglen, Y. Moeblus, L. Vigilant, P. Formenty, and G. Pauli. 2004.
“Anthrax kills wild chimpanzees in a tropical rainforest.” Nature 430: 451-52.

Leendertz, E H., E Lankester, P. Guislain, C. Neel, O. Drorj, J. Dupain, S. Speede, P. Reed, N.
Wolfe, S. Loul, E. Mpoudi-Ngole, M. Peeters, C. Boesch, G. Pauli, H. Ellerbrok, and E. M.
Leroy. 2006a. “Anthrax in Western and Central African great apes.” Awmerican Journal of
Primatology 68: 928-33.

Leendertz, F H., G. Pauli, K. Maetz-Rensing, W. Boardman, C. Nunn, H. Ellerbrok, S. A. Jensen,
S. Junglen, and C. Boesch. 2006b. “Pathogens as drivers of population declines: The impor-
tance of systematic monitoring in great apes and other threatened mammals” Biologica!
Conservation 131: 325-37.

Leendertz, S. A. ], §. A, Wich, M. Ancrenaz, R. A. Bergl, M. K. Gonder, T. Humle, and F. H.
Leendertz. 2016. “Ebola in great apes-Current knowledge, possibilities for vaccination, and
implications for conservation and human health” Mamumnal Review 47 (2): 98-111.

Lehmann, J., A. H. Korstjens, and R. I. M. Dunbar. 2010. “Apes in a changing world—The effects
of global warming on the behaviour and distribution of African apes” Journal of Biogeog-
raphy 37: 2217-31.

Leroy, E. M., P. Rouguet, P. Formenty, S. Souquiere, A. Kilbourne, J.-M. Forment, M. Bermejo.
S. Smit, W. Karesh, R. Swanepoel, S. R. Zaki, and P. E. Rollin. 2004. “Multiple Ebola virus
transmission events and rapid decline of central African wildlife” Science 303: 387~90.

Lonsdorf, E. V., T. R. Gillespie, T. M. Wolf, L. Lipende, J. Raphael, J. Bakuza, C. M. Murray.
M. L. Wilson, S. Kamenya, and ID. Mjungu. 2018. “Socioecological correlates of clinical signs in
two communities of wild chimpanzees (Pan troglodytes) at Gombe National Park, Tanza-
nia.” American Journal of Primatology 80 (1): e22562.

Luikart, G., N. Ryman, D. A. Tallmon, M. K. Schwartz, and E W. Allendorf. 2010. “Estimation ¢
census and effective population sizes: The increasing usefulness of DNA-based approaches.”
Conservation Genetics 11: 355-73.

MacKenzie, C., and J. Hartter. 2013. “Demand and proximity: Drivers of illegal forest resource
extraction.” Oryx 47: 288-97.

Malenky, R. K., and R. W. Wrangham. 1994. “A quantitative comparison of terrestrial herbaceous
food consumption by Pan paniscus in the Lomako Forest Zaire, and Pan troglodytes in the
Kibale Forest, Uganda” American Journal of Primatology 32: 1-12.

Malhi, Y., S. Adu-Bredu, R. A. Asare, S. L. Lewis, and P. Mayaux. 2013, “The past, present and
tuture of Africa’s rainforests” Philosophical Transactions of the Royal Society of London B
368: 20120312,

Marshall, A. J., C. M. Boyko, K. L. Feilen, R. H. Boyko, and M. Leighton. 2009. “Defining fallback
foods and assessing their importance in primate ecology and evolution” American Journa:
of Physical Anthropology 140 (4): 603-14.

Martin, G. 1983. “Bushmeat in Nigeria as a natural resource with environmental implications.
Environmental Conservation 10: 125-32.



CURRENT PERSPECTIVES ON CHIMPANZEE CONSERVATION 607

McFarland, K. 1994. “Update on gorillas in Cross River State, Nigeria” Gorilla Conservation
News 8:13-14,

McGraw, WL 8. 2005. “Update on the search for Miss Waldron's red colobus monkey.” Interna-
tional Journal of Primatology 26: 605-19.

McLennan, M. R. 2008. “Beleaguered chimpanzees in the agricultural district of Hoima, West-
ern Uganda.” Primate Conservation 23: 45=54.

Mittermeier, R. A., J. Wallis, A. B. Rylands, J. Ganzhorn, J. E Qates, E. A. Williamson, E. Pala-
cious, E. Heymann, M. C. M. Jierulff, Y. Long, . Saupriatna, C. Roos, S. Walker, L. Cortes-
Ortiz, and C. Schwitzer. 2009. “Primates in peril: The world’s 25 most endangered primates
2008-2010." Primate Conservation 24; 1-57.

Morgan, D. 2007. Best Practice Guidelines for Reducing the Impact of Commercial Logging on
Great Apes in Western Equatorial Africa. Gland, Switzerland: IUCN.

Morgan, D., R. Mundry, C. Sanz, C. E. Ayina, S. Strindberg, E. Lonsdorf, and H. S. Kiihl. 2017,
“African apes coexisting with logging: Comparing chimpanzee (Pan troglodytes troglodytes)
and gorilla (Gorilla gorilla gorilla) resource needs and responses to forestry activities.” Bio-
lagical Conservation 218: 277-86.

Mugisha, A. R, and S. K. Jacobson. 2004. “Threat reduction assessment of conventional and
community-based conservation approaches to managing protected areas in Uganda” Envi-
ronmental Conservation 31: 233~41.

Muller, M. N., and R. W. Wrangham. 2000. “The knuckle-walking wounded.” Natural History
109: 44.

Nelleman, C., and A. Newton. 2002. The Great Apes: The Road Ahead. Arendal: UNED.

N'Goran, P. K., C. Boesch, R. Mundry, E. K. N'Goran, L. Herbinger, E E. Yapi, and H. S. Kuhl.
2012, “Hunting, law enforcement, and African primate conservation.” Conservation Biology
26: 565—71.

N'Goran, P. K., C. Y. Kouakou, E. K. N'Goran, S. Konaté, I. Herbinger, E A. Yapi, H. S. Kiihl, and
C. Boesch. 2013. “Chimpanzee conservation status in the world heritage site Tai National
Park, Céte d'Ivoire.” International Journal of Innovation and Applied Studies 3: 326-36.

Oates, J. F. 1996. African Primates: Status Survey and Conservation Action Plan, Rev. ed. Gland,
Switzerland: TUCN,

Oates, J. F. 1999. Myth and Reality in the Rain Forest. Berkeley: University of California Press.

Oates, J. E, M. Abedi-Lartey, W. S. McGraw, and T. T. Struhsaker. 2000. “Extinction of a West
African red colobus monkey.” Conservation Biology 14: 1526~32.

Oslisly, R, L. White, I. Bentaleb, C. Favier, M. Fortungne, J.-E. Gillet, and D. Sebag. 2013. “Cli-
matic and cultural changes in west Congo Basin forests over the past 5000 years.” Philosophi-
cal Transactions of the Royal Society of London B 368: 20120304.

Padua, S. M. 2010. “Primate conservation: Integrating communities through environmental
education programs” American Journal of Primatology 72: 450-53.

Palstra, E. P, and D. E. Ruzzante. 2008, “Genetic estimates of contemporary effective population
size: What can they tell us about the importance of genetic stochasticity for wild population
persistence?” Molecular Ecology 17: 3428-47.

Patz, J. A, P. R. Epetein, T. A. Burke, and J. M. Balbus. 1996. “Global climate change and emerg-
ing infectious diseases.” Journal of the American Medical Association 275: 217-23.

Phalan, B., M. Bertzky, S. H. M. Butchart, P. E. Donald, J. . W, Scharlemann, A. Stattersfield,
and A. Balmford. 2013. “Crop expansion and conservation priorities in tropical countries.”
PL0oS One 8: e51759.



608 CHAPTER TWENTY-FIVE

Pimm, S. L., C. N. Jenkins, R. Abell, T. M. Brooks, J. L. Gittleman, L. N. Joppa, P. H. Raven,
C. M. Roberts, and J. O. Sexton. 2014. “The biodiversity of species and their rates of extinc-
tion, distribution, and protection” Science 344: 1246752.

Plumptre, A. J,, and D. Cox. 2006. “Counting primates for conservation: Primate survey in
Uganda.” Pritmates 47: 65~73.

Plumptre, A. J., D. Cox, and S. Mugume. 2003. “The status of chimpanzees in Uganda?” Albertine
Rift Technical Report Series 2.

Plumptre, A. J., S. Nampindo, N. Mutungire, M. Gonya, and T. Akuguzibwe. 2008. Surveys of
Chimpanzees and Other Large Mammals in Uganda’s Forest Reserves in the Greater Virunga
Landscape. Kampala, Uganda: Wildlife Conservation Society (WCS).

Plumptre, A. J., R. Rose, G. Nangendo, E. A. Williamson, K. Didier, ]. Hart, F. Mulindahabi,
C. Hicks, B. Griffin, H. Ogawa, S, Nixon, L. Pintea, A. Vosper, M. McClennan, F Amsini,
A. McNeilage, J. R. Makana, M. Kanamori, A. Hernandez, A. Piel, E Stewart, J. Moore,
K. Zamma, M. Nakamura, S. Kamenya, G. Idani, T. Sakamaki, M. Yoshikawa, D. Greet,
S. Tranquilli, R. Beyers, T. Furuichi, C. Hashimoto, and E. Bennet. 2010. Eastern Chimpanzee
(Pan troglodytes schweinfurthii): Status Survey and Conservation Action Plan 2010-2020.
Gland, Switzerland: IUCN,

Pomeroy, D., and H. Tushabe. 2004. “The state of Uganda’s biodiversity” National Biodiversity
Data Bank. Makerere University, Kampala.

Prado-Martinez, J., P. H. Sudmant, J. M. Kidd, H. Li, J. L. Kelley, B. Lorente-Galdos, K. R.
Veeramah, A. E. Woerner, T. D. O’Connor, G. Santpere, A. Cagan, C. Theunert, E Casals,
H. Laayouni, K. Munch, A. Hobolth, A. E. Halager, M. Malig, J. Hernandez-Rodriguez,
L. Hernando-Herraez, K. Prufer, M. Pybus, L. Johnstone, M. Lachmann, C. Alkan, D. Twigg,
N. Petit, C. Baker, F. Hormozdiari, M. Fernandez-Callejo, M. Dabad, M. L. Wilson, L. Ste-
vison, C. Gamprubi, T. Carvalho, A. Ruiz-Herrera, L. Vives, M. Mele, T. Abello, I. Kondova,
R.E. Bontrop, A. Pusey, E. Lankester, . A. Kiyang, R. A. Bergl, E. Lonsdorf, S. Myers, M. Ven-
tura, P. Gagneux, D. Comas, H. Siegismund, J. Blanc, L. Agueda-Calpena, M. Gut, L. Fulton,
S. A. Tishkoff, J. C, Mullikin, R, K. Wilson, I. G. Gut, M. K. Gonder, O. A. Ryder, B. H. Hahn,
A. Navarro, J. M. Akey, J. Bertranpetit, D, Reich, T. Mailund, M. H. Schierup, C. Hvilsom,
A. M. Andres, J. D. Wall, C. D. Bustamante, M. E Hammer, E. E. Eichler, and T, Marques-
Bonet. 2013. “Great ape genetic diversity and population history.” Nature 499: 471~75.

Pusey, A. E., M. L. Wilson, and D. A. Collins. 2008. “Human impacts, disease risk, and popula-
tion dynamics in the chimpanzees of Gombe National Park, Tanzania” American Journal of
Primatology 70: 738-44.

Putz, F E., D. P. Dykstra, and R. Heinrich. 2000. “Why poor logging practices persist in the trop-
ics” Conservation Biology 14: 505-8.

Quiatt, D., V. Reynolds, and E. J. Stokes. 2002. “Snare injuries to chimpanzees (Pan troglodytes)
at 10 study sites in East and West Africa.” African Journal of Ecology 40: 303-5.

Refisch, J., and I. Koné. 2005. “Impact of commercial hunting on monkey populations in the Tai
Region, Cote d’Ivoire.” Biotropica 37: 136-44.

Ripple, W. ., T. M. Newsome, C. Wolf, R. Dirzo, K. T. Everatt, M. Galetti, M. W. Hayward, G. 1.
Kerley, T. Levi, and P. A. Lindsey. 2015. “Collapse of the world’s largest herbivores.” Science
Advances 1: €1400103.

Robinson, E. A., G. D. Ryan, and J. A. Newman. 2012. “A meta-analytical review of the effects
of elevated COz2 on plant-arthropod interactions highlights the importance of interacting
environmental and biological variables” New Phytologist 194: 321-36.




CURRENT PERSPECTIVES ON CHIMPANZEE CONSERVATION 609

Rothman, J. M,, C. A. Chapman, T. T. Struhsaker, D. Raubenheimer, D. Twinomugisha, and
P. G. Waterman. 2015. “Cascading effects of global change: Decline in nutritional quality of
tropical leaves.” Ecology 96: 873~78.

Rouquet, P, J. M. Froment, M. Bermejo, A. Kilbourn, W, Karesh, P. Reed, B. Kumulungui,
P Yaba, A. Delicat, P. E. Rollin, and E. M. Leroy. 2005. “Wild animal mortality monitoring and
human Ebola outbreaks, Gabon and Republic of Congo, 2001~2003” Emerging Infectious
Diseases 11: 283-90.

Rwego, I B., G. Isabirye-Basuta, T. R. Gillespie, and T. L. Goldberg. 2008. “Gastrointestinal
bacterial transmission among humans, mountain gorillas, and livestock in Bwindi Impen-
etrable National Park, Uganda” Conservation Biology 22: 1600-1607.

Samson, D, R,, and K. D. Hunt. 2012, “A thermodynamic comparison of arboreal and terrestrial
sleeping sites for dry-habitat chimpanzees (Pan troglodytes schweinfurthii) at the Toro-
Semliki Wildlife Reserve, Uganda” American Journal of Primatology 74: 811-18.

Sandbrook, C., and S. Semple. 2006, “The rules and the reality of mountain gorilla Gorilla
beringei beringei tracking: How close do tourists get?” Oryx 40: 428-S33.

Sarkar, D., C. A. Chapman, K. Valenta, S. Angom, W. Kagoro, and R, Sengupta. Accepted with
revision. “Research stations as instrument of conservation: Value expressed by community
perceptions.” Conservation Letters.

Savage, A., R. Guillen, I. Lamilla, and L. Soto. 2010, “Developing an effective community conser-
vation program for cotton-top tamarins (Saguinus oedipus) in Colombia” American Journal
of Primatology 72: 379-90.

Schwartz, M. K., G. Luikart, and R. . Waples. 2007. “Genetic monitoring as a promising tool for
conservation and management.” Trends in Ecology e Evolution 22: 25-33,

Scully, E. ., S. Basnet, R. W. Wrangham, M. N. Muller, E. Otali, D, Hyeroba, K. A. Grindle, T. E.
Pappas, M. E. Thompson, and Z. Machanda. 2018, “Lethal respiratory disease associated with
human rhinovirus C in wild chimpanzees, Uganda, 2013” Emerging Infectious Diseases 24: 267.

Shukman, D., and S. Piranty. 2017. “The secret trade in baby chimps” BBC News: Science and En-
vironment 30 January 2017 https://wwwbbc‘co.uk/news/resources/idt-5e8c4bac-c236-4cd9
-bace-db96d733f6¢f.

Sop, T, S. M. Cheyne, F. Maisels, S. A. Wich, and E. A. Williamson, 2015. “Abundance Annex:
Ape population abundance estimates” In State of the Apes, edited by A. Lanjouw, H. Rainer,
and A. White. Arcus Foundation. Cambridge: Cambridge University Press.

Stiles, D., I. Redmond, D, Cress, C. Nellemann, and R. K. Formo, eds. 2013. Stolen Apes—The II-
licit Trade in Chimpanzees, Gorillas, Bonobos and Orangutans. A Rapid Response Assessment.
Arendal: UNEP, GRID-Arendal.

Stiling, P, and T. Cornelissen. 2007. “How does elevated carbon dioxide (CO2) affect plant-
animal interactions? A field experiment and meta-analysis of CO2-mediated changes on
plant chemistry and herbivore performance.” Global Change Biology 13: 1823~42.

Struhsaker, T. T. 1973. “A recensus of vervet monkeys in the Masai-Amboseli Game Reserve,
Kenya” Ecology 54: 930~32.

Struhsaker, T, T. 1976. “A further decline in numbers of Amboseli vervet monkeys?” Biotropica
8:211-14.

Struhsaker, T. T,, P. . Struhsaker, and K. S, Siex. 2005. “Conserving Africa’s rain forests: Problems
in protected areas and possible solutions” Biological Conservation 123: 45~54.

Taylor, G, J. B W, Scharlemann, M. Rowcliffe, N. Kiimpel, M. B. J. Harfoot, J. E. Fa,
R. Melisch, E. J. Milner-Gulland, S. Bhagwat, K. A. Abernethy, A. S. Ajonina, L. Albrechtsen,



610 CHAPTER TWENTY-FIVE

S. Allebone-Webb, E. Brown, D. Brugiere, C. Clark, M. Colello, G. Cowlishaw, D. Crookes,
E. De Merode, ]. Dupain, T. East, D. Edderai, P. Elkan, D. Gill, E. Greengrass, C. Hodgkin-
son, Q. llambu, P. Jeanmart, J. Juste, J. M. Linder, D. W. Macdonald, A. J. Noss, P. U. Okorie,
V. J. J. Okouyi, S. Pailer, P. R. Poulsen, M. Riddell, J. Schleicher, B. Schulte-Herbruggen,
M. Starkey, N. van Vliet, C. Whitham, A. S, Willcox, D. S. Wilkie, J. H. Wright, and L. M. Coad.
2015. “Synthesising bushmeat research effort in West and Central Africa: A new regional
database.” Biological Conservation 181: 199-205.

Terborgh, J. 1999. Requietn for Nature. Washington, DC: Island Press.

Tranquilli, S., M. Abedi-Lartey, K. Abernethy, E Amsini, A. Asamoah, C. Balangtaa, S. Blake,
E. Bouanga, T. Breuer, T. M. Brncic, G. Campbell, R. Chancellor, C. A. Chapman, T. R. Daven-
port, A. Dunn, J. Dupain, A. Ekobo, M. Eno-Nku, G. Etoga, T. Furuichi, S. Gatti, A. Ghiurghi,
C. Hashimoto, J. Hart, J. Head, M. Hega, 1. Herbinger, T. C. Hicks, L. H. Holbech, B. Huij-
bregts, H. 8. Kthl, I. Imong, S. L. Yeno, J. Linder, P. Marshall, P. M. Lero, D. Morgan, L. Mu-
balama, P. K. N'Goran, A. Nicholas, S. Nixon, E. Normand, L. Nziguyimpa, Z. Nzooh-Dongmo,
R. Ofori-Amanfo, B. G. Ogunjemite, C. A. Petre, H. ]. Rainey, S. Regnaut, O. Robinson,
A.Rundus, C. M. Sanz, D. T. Okon, A. Todd, Y. Warren, and V. Sommer. 2014. “Protected areas in
tropical Africa: Assessing threats and conservation activities” PLoS One 9: e114154.

Tranquilli, S., M. Abedi-Lartey, E Amsini, L. Arranz, A. Asamoah, O. Babafemi, N. Barakabuye,
G. Campbell, R. Chancellor, T. R. B. Davenport, A. Dunn, J. Dupain, C. Ellis, G. Etoga,
T. Furuichi, S. Gatti, A. Ghiurghi, E. Greengrass, C. Hashimoto, J. Hart, I. Herbinger, T. C. Hicks,
L. H. Holbech, B. Huijbregts, . Imong, N. Kumpel, E Maisels, P. Marshall, S. Nixon, E. Nor-
mand, L. Nziguyimpa, Z. Nzooh-Dogmo, D. T. Okon, A. Plumptre, A. Rundus, J. Sunderland-
Groves, A. Todd, Y. Warren, R. Mundry, C. Boesch, and H. Kuehl. 2012. “Lack of conservation
effort rapidly increases African great ape extinction risk” Conservation Letters 5: 48-55.

Wallis, J., and D. R. Lee. 1999. “Primate conservation: The prevention of disease transmission.”
International Journal of Primatology 20: 803-26.

Walsh, P. D., K. A. Abernethy, M. Bermejo, R. Beyersk, P. De Wachter, M. E. Akou, B. Huljbregis,
D. 1. Mambounga, A. K. Toham, A. M. Kilbourn, S. A. Lahm, S. Latour, F. Maisels, C. Mbina,
Y. Mihindou, S. N. Obiang, E. N. Effa, M. P. Starkey, P. Telfer, M. Thibault, C. E. G. Tutin,
L.]. T. White, and D. S. Wilkie. 2003. “Catastrophic ape decline in Western Equatorial Af-
rica” Nature 422: 611-14.

Walsh, P. D., T. Breuer, C. Sanz, D. Morgan, and D. Doran-Sheehy. 2007. “Natural history mis-
cellany—DPotential for ebola transmission between gorilla and chimpanzee social groups”
American Naturalist 169: 684-89.

Wanyama, E. 2005. “Ground census of mammals in Kibale National Park Uganda: Unpublished
report” Ugandan Wildlife Authority. Kampala, Uganda.

Wanyama, E, R. Muhabwe, A. J. Plumptre, C. A. Chapman, and J. M. Rothman. 2009. “Census-
ing large mammals in Kibale National Park: Evaluation of the intensity of sampling required
to determine change.” African Journal of Ecology 48: 953-61.

Whiteley, A. R., S. W. Fitzpatrick, W. C. Funk, and D. A. Tallmon. 2015. “Genetic rescue to the
rescue.” Trends in Ecology ¢ Evolution 30: 42-49.

Wilkie, D. S. 2000. “Roads, development, and conservation in the Congo Basin” Conservation
Biology 14: 1614-22.

Williams, J. M., E. V. Lonsdorf, M. L. Wilson, J. Schumacher-Stankey, J. Goodall, and A. E.
Pusey. 2008. “Causes of death in the Kasekela chimpanzees of Gombe National Park, Tanza-
nia” American Journal of Primatology 70: 766~77.



CURRENT PERSPECTIVES ON CHIMPANZEE CONSERVATION 611

Woodford, M. H., T. M. Butynski, and W, B. Karesh. 2002. “Habituating the great apes: The
disease risks” Oryx 56: 153-60.

Wrangham, R. W, N. L. Conklin, C. A. Chapman, and K. Hunt. 1901, “The significance of fi-
brous foods for Kibale Forest Chimpanzees” Philosophical Transactions of the Royal Society
of London B 334: 171-78.

Wrangham, R. W, G. Hagel, M. Leighton, A.J. Marshall, P. Waldau, and T, Nishida. 2008. “The
great ape world heritage species project” In Conservation in the 215t Century: Gorillas as
a Case Study, edited by T. S. Stoinski, H. D, Steklis, and P. T. Mehlman, 282-95. Boston:
Springer.

Wright, S. T, H. C. Muller-Landau, and J. Schipper. 2009. “The future of tropical species on a
warmer planet” Conservation Biology 23: 141826,

Zelazowski, P, Y. Malhi, C. Huntingord, S. Sitch, and J. B. Fisher. 2011, “Changes in the potential
distribution of tropical forest on a warmer planet” Philosophical Transactions of the Royal
Society of London B 369: 137-60.

Zvereva, E. L., and M. V. Kozlov. 2006, “Consequences of simultaneous elevation of carbon di-
oxide and temperature for plant-herbivore interactions: A meta-analysis” Global Change
Biology 12: 27-41.



Chimpanzees
in Context

A Comparative Perspective on
Chimpanzee Behavior, Cognition,
Conservation, and Welfare

EDITED BY LYDIA M. HOPPER
AND STEPHEN R. ROSS

With a Foreword by Jane Goodall

ABRE

The University of Chicago Press
Chicago and London



	ChimpanzeeConservation_Page_01
	ChimpanzeeConservation_Page_02
	ChimpanzeeConservation_Page_03
	ChimpanzeeConservation_Page_04
	ChimpanzeeConservation_Page_05
	ChimpanzeeConservation_Page_06
	ChimpanzeeConservation_Page_07
	ChimpanzeeConservation_Page_08
	ChimpanzeeConservation_Page_09
	ChimpanzeeConservation_Page_10
	ChimpanzeeConservation_Page_11
	ChimpanzeeConservation_Page_12
	ChimpanzeeConservation_Page_13
	ChimpanzeeConservation_Page_14
	ChimpanzeeConservation_Page_15
	ChimpanzeeConservation_Page_16
	ChimpanzeeConservation_Page_17
	ChimpanzeeConservation_Page_18
	ChimpanzeeConservation_Page_19
	ChimpanzeeConservation_Page_20
	ChimpanzeeConservation_Page_21
	ChimpanzeeConservation_Page_22
	ChimpanzeeConservation_Page_23
	ChimpanzeeConservation_Page_24
	ChimpanzeeConservation_Page_25
	ChimpanzeeConservation_Page_26
	ChimpanzeeConservation_Page_27
	ChimpanzeeConservation_Page_28

