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A B S T R A C T   

Long-term primate field research programs contribute to the protection of endangered primate species and their 
vanishing habitats by informing and fostering local and international conservation programs. The Kibale 
Chimpanzee Project (KCP) has studied the Kanyawara community of wild chimpanzees continuously since 1987, 
investigating a wide range of behavioral, ecological, and physiological questions. The study area includes the 
northwest boundary of Kibale National Park, Uganda, and has experienced habitat change driven by multiple 
causes, including forest regeneration, an increasingly warmer and wetter climate, and impacts from the neigh
boring human population. Here, we review the history of research on Kanyawara chimpanzees and examine how 
their demography, diet, and social behavior have changed over the last 30+ years. While Kanyawara chim
panzees were protected from the major threats of poaching and habitat loss, respiratory diseases of human origin 
were a major source of mortality. Many individuals were also injured by wire hunting snares. Nevertheless, the 
study community has grown modestly in size, individuals have become increasingly gregarious, and birth rates 
have increased. These results are likely attributable to improved habitat productivity that can be traced to 
decades-long efforts by wildlife authorities and the associated research and conservation programs in Kibale. 
Overall, research has contributed both to understanding interactions among nutritional ecology, social behavior, 
physiology, and health of an endangered species, and also to conservation activities in the Kibale community 
through direct interventions, positive economic impacts, and conservation education programs.   

1. Introduction 

1.1. The legacy of long-term primate research 

In this paper, we discuss research and conservation contributions 
from the Kibale Chimpanzee Project, a long-term field study of wild 
chimpanzees in Uganda. Long-term field research on non-human pri
mates occupies a unique niche at the intersection of tropical ecology, 
animal behavior, and conservation science. Most diurnal primates are 
relatively large, live in social groups, can be individually identified, and 
occupy stable home ranges. Unlike many species, primates require 
extensive periods of habituation, but can then be readily and safely 
followed through most or all of their daily activities. They also exhibit 
complex cognition and social behavior, requiring extended periods of 

direct observation to adequately characterize. Primates are relatively 
long-lived, with slow rates of reproduction and long periods of devel
opment, meaning that it takes years, or even decades, of study to address 
key questions about fitness. Thus, out of feasibility and necessity, the 
model for modern field research in primatology is quite different from 
most field biology approaches: researchers observe the same groups of 
animals continuously for many hours a day over many years. In tandem, 
most studies accumulate meticulous detail on habitat variation and its 
effects on study groups. While this format is unusual in biology, it has 
yielded enormously valuable datasets comprising many lifetimes of in
dividual primates. 

The legacy of long-term research on great apes began sixty years ago 
when Jane Goodall initiated her studies of chimpanzees in Tanzania 
(Wilson et al., this issue). She founded the Gombe Stream Research 
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Center, dedicated to the continued study and protection of chimpanzees, 
in 1965. This was soon followed by the establishment of the Mahale 
Mountains Chimpanzee Research Project by Toshisada Nishida (in 
1965) and the Karisoke Research Center (in 1967), where Dian Fossey 
observed mountain gorillas. These projects, which continue today, have 
inspired the development of many other long-term research sites. 
Because chimpanzees are our closest living relatives, exhibiting simi
larities to humans in life history, physiology, and cognition, they are one 
of the most intensely studied animals in the wild. Chimpanzees have 
been studied in at least 120 localities in 20 countries, including at least 
10 with continuous research lasting a decade or longer (McGrew, 2017). 
Each study site has unique features that contribute to understanding the 
ecological, demographic, and behavioral diversity of this species. 

1.2. The challenge of chimpanzee conservation 

Primates are among the most endangered of mammalian taxa, owing 
largely to the influence of deforestation and other human activities 
(Estrada et al., 2017). While chimpanzees face a less critical risk of 
extinction than some, they are endangered and their numbers are 
declining in the face of urgent conservation challenges, particularly as 
the majority of chimpanzees live outside protected areas (Heinicke et al., 
2019). The IUCN identifies poaching as the greatest threat to chim
panzees because it can quickly devastate local populations (Humle et al., 
2015). Targeting of chimpanzees for meat or body parts varies across 
their range. However, chimpanzees are also frequently killed inciden
tally by wildlife traps, in retribution for crop raiding, or as a means to 

obtain live infants for the pet and entertainment trades. Habitat loss, due 
to land clearing for subsistence and industrial agriculture or mineral 
extraction, to extraction of forest products, and to climate change, is a 
more insidious threat, reducing the figure viability of chimpanzee 
populations. Habitat loss also exacerbates threats to chimpanzees from 
poaching and disease, as it increasingly puts chimpanzees in close 
contact with human populations and provides the infrastructures (e.g., 
roads, markets) that make chimpanzees more vulnerable to poaching 
(Morgan et al., 2019). 

In Uganda, unlike in most of their range, chimpanzees live primarily 
in protected areas (national parks and forest reserves) (Plumptre and 
Cox, 2006). Kibale National Park is reported to have the highest recor
ded population density of any forest surveyed in Africa, averaging 2.3 
per sq km (Plumptre et al., 2003). It also offers nationally significant 
ecotourism facilities. Long-term research studies are therefore 
welcomed by the Uganda government as sources of recommendations 
for conservation. Within Kibale, long-term research on chimpanzees is 
ongoing at three sites, Kanyawara (since 1987, Wrangham et al., 1996), 
Ngogo (since 1995, Watts, 2012), and Sebitoli (since 2009, Krief et al., 
2014) (Fig. 1). Such studies are in a pivotal position to document habitat 
change and its influences on the health, behavior, and viability of their 
study groups and to take an active role in catalyzing habitat protection 
and other conservation actions at a local and international level. In this 
article, we discuss the successes and challenges of our long-term 
research program at Kanyawara and its applications to conservation in 
and around the Kibale ecosystem. In addition, we examine the con
tributors to habitat change in Kibale and use longitudinal data to assess 
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Fig. 1. Location of the Kanyawara chimpanzee home range (2009–2017, aqua) within Kibale National Park, Uganda. The margins of Kibale National Park are clearly 
visible by satellite image, as the heavily forested areas are bounded by villages and agricultural areas. Shown also is the formerly logged portion of the forest (hatched 
area) and the approximate locations of other major chimpanzee study communities and the ecotourism site. Map courtesy of Jillian Rutherford. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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chimpanzee responses to this change over three decades of study. 

2. The Kibale Chimpanzee Project 

2.1. The Kanyawara field site 

The Kibale Chimpanzee Project (KCP) is based in Kibale National 
Park, a 766km2 reserve located just north of the equator and east of the 
Rwenzori Mountains in southwestern Uganda (Fig. 1). The study area, 
Kanyawara, sits on the western boundary of the park, at an elevation of 
~1500 m. It is a mosaic of primary forest, logged forest, grassland, and 
swamp. 

Kibale soil quality exceeds that of most tropical forests. Conse
quently, Kibale trees exhibit low levels of secondary compounds, and 
support one of the world’s highest reported densities of non-human 
primates (Struhsaker, 1997). Twelve primate species are known in the 
park, including Uganda’s largest population of chimpanzees (Pan trog
lodytes schweinfurthii). Wanyama et al. (2010) estimated a total chim
panzee population of 921, using nest counts, but recent genetic data 
suggest that this is a considerable underestimate (K. Langergraber, pers. 
comm.). 

The Kanyawara field site was established in 1970 by Tom Struhsaker, 
who came to study red colobus monkeys in what was then the Kibale 
Forest Reserve (gazetted in 1932: Struhsaker, 1997). The study was 
planned to last two years. However, Struhsaker recognized the potential 
for comparative behavioral ecology, given the remarkable density and 
variety of primates, and stayed on for two decades, creating the Kibale 
Forest Project (KFP). 

2.2. Establishment of the long-term chimpanzee study 

From 1970 to 1988 more than two dozen researchers worked in 
Kibale under the aegis of KFP. The first to systematically study chim
panzees was Michael Ghiglieri. He was based mainly at Ngogo, in the 
center of the Reserve (Fig. 1), but between 1977 and 1981 he spent 
around 50 h observing chimpanzees in Kanyawara (Ghiglieri, 1984). 
Ghiglieri described the Kanyawara chimpanzees as being particularly 
tolerant of humans, perhaps because of exposure to forestry workers. He 
identified 24 individuals, but did not spend enough time at the site to get 
a good estimate of community size. 

The first detailed work on the Kanyawara chimpanzees was Gilbert 
Isabirye-Basuta’s study of feeding ecology from 1983 to 1985 (Isabirye- 
Basuta, 1988). Basuta estimated a community size of 50, but only one of 
his study subjects, a male with a crippled foot, was clearly recognizable 
from Ghiglieri’s descriptions. Observers were then absent between 
January 1986 and September 1987, during which time several of the 
chimpanzees identified by Basuta disappeared. 

Richard Wrangham initiated the Kibale Chimpanzee Project in 1987, 
shortly before Struhsaker’s Kibale Forest Project transitioned into the 
Makerere University Biological Field Station (MUBFS). Since 1987 the 
Kanyawara chimpanzees have been under continuous observation by 
KCP staff. Kibale became a National Park in 1993, and MUBFS continues 
to maintain the research and training infrastructure that includes an 
extensive trail system. 

The Kanyawara chimpanzees have never been provisioned. In the 
early days of the project, researchers waited near fruiting trees and 
revealed themselves to individuals who came to feed. Over time, ob
servers were perceived as less threatening, with adult males the first to 
become fully habituated. Habituation was achieved through the 
persistence of daily full-day follows coupled with conservative obser
vation distances. Infants and immigrant females have required consid
erably less time to habituate, perhaps because they take cues from their 
groupmates. 

In many ways, the Kanyawara chimpanzees are extraordinarily or
dinary. Their community size, population density, body size, and food 
abundance all fall near the mean, across sites. They have avoided the 

worst anthropogenic influences, enjoying relatively low mortality 
(Muller and Wrangham, 2014). They have a decidedly limited techno
logical repertoire. Yet Kanyawara is unique among chimpanzee field 
sites in pairing detailed behavioral observations with ambitious long- 
term protocols for non-invasive biological sampling and photogram
metric measurement. These approaches have given us an unprecedented 
ability to examine individual health, physiology, and development, and 
their links to ecology and social behavior. 

2.3. Research approach 

Data on the Kanyawara chimpanzees are collected daily by a team of 
Ugandan field assistants (typically 2–4 per day), in collaboration with 
visiting academic researchers. Field assistants are responsible for 
implementing a consistent, core data collection protocol, and visitors 
undertake more focused studies that complement and extend the long- 
term data. Whenever possible, observers follow chimpanzees from the 
time that they wake in the morning (around 6:00) until they construct 
their night nests (11–13 h later). Chimpanzees are usually located at the 
site where they nested the previous evening, but also by following their 
tracks, listening for calls, or waiting near fruiting trees. While the 
chimpanzee community is a clearly defined social unit, members form 
temporary subgroups - or parties - that fluctuate in size, composition, 
and duration. Multiple teams sometimes follow different chimpanzee 
parties simultaneously. 

Three types of data are collected daily: (1) assessments of repro
ductive and health status (presence of clinical signs) for every chim
panzee observed; (2) group-level observations of party composition, 
location, and behavior; (3) detailed focal data on one or more in
dividuals. Biweekly transect-based phenology surveys are also used to 
assess the availability of chimpanzee plant foods. Field assistants 
generally work in pairs, with one person collecting the group-level data, 
and the other collecting focal observations. 

Group-level observations include (a) instantaneous scan samples at 
15-minute intervals for party composition, location on a grid map, 
feeding behavior (species and part of the plant eaten by the majority of 
chimpanzees), and the presence of monkeys; (b) a continuous ad libitum 
record of significant behaviors, including grooming, nesting, tool use, 
and vocalizations; and (c) all-occurrence sampling (on structured data
sheets) of specific target behaviors, including hunting, intergroup en
counters, aggression, and copulations. 

Focal observations record (a) activity (e.g., resting, feeding, trav
eling), (b) the identity of individuals in close proximity (nearest 
neighbor and all within a 5 m radius), and (c) detailed data on target 
behaviors such as aggression and copulations. Between 1995 and 2008 
these took the form of 10-minute focal follows, with observers switching 
among available individuals. In 2009 we initiated all-day focal follows, 
with observers switching targets only if the original focal was lost. Since 
2010 we have collected continuous GPS location data on focals. Since 
2015 we have collected detailed health data, including ratings of body 
condition and mobility, breathing rate, clinical signs, and assessment of 
body parts for wounds or abnormalities. For immature chimpanzees, 
additional data are collected on distance to the mother and play 
behavior. While it is not possible to randomize the selection of focal 
individuals, observers aim to minimize bias by prioritizing chimpanzees 
that have been followed less frequently or recently. We obtain an 
average of 14 follows (133 observation hours) per year from each 
mature chimpanzee and 12 follows (117 h) per year from each immature 
chimpanzee. 

KCP is unusual among field studies in the extent to which non- 
invasive fecal and urine collections are integrated into our routine 
field protocols. When a chimpanzee urinates from a tree, observers trap 
urine on a disposable plastic bag attached to a two-meter pole. If a bag 
cannot be placed in time, then urine is pipetted from leaves in the 
ground layer of vegetation. Fecal sampling was conducted intermittently 
from the beginning of the project, and has been routine since 2015. We 
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maintain a field laboratory that includes two −20 ◦C solar freezers and 
employ a variety of other methods for sample preservation (e.g., fixa
tion, drying, buffering of genetic material). Urine and feces have yielded 
a wealth of information on aspects of chimpanzee biology, including: 
reproductive condition and drivers of mating effort (Muller and 
Wrangham, 2004a; Emery Thompson, 2005; Muller and Wrangham, 
2005; Emery Thompson et al., 2006; Emery Thompson and Wrangham, 
2008a; Emery Thompson and Wrangham, 2008b; Fedurek et al., 2016; 
Muller, 2017), physiological stress (Muller and Lipson, 2003; Muller and 
Wrangham, 2004b; Muller et al., 2007; Kahlenberg et al., 2008a; Emery 
Thompson et al., 2010; Emery Thompson et al., 2020), growth and 
development (Emery Thompson et al., 2016; Sabbi et al., 2020), diet and 
energetic condition (Emery Thompson et al., 2009; Emery Thompson 
et al., 2012b, 2014; Emery Thompson, 2017; Emery Thompson et al., 
2020b), paternity and relatedness (Surbeck et al., 2019; Muller et al., 
2020), sources of infection (Ashford et al., 2000; Rushmore et al., 2015; 
Negrey et al., 2019), digestive efficiency (Weary et al., 2017), and other 
biomarkers of health (Kelley et al., 2004; Krief et al., 2005). These 
sources of data enhance the potential for hypothesis testing but addi
tionally provide a toolkit for monitoring the welfare of the chimpanzees 
over time. 

Since 2012, we have systematically collected photographic data to 
assess body size, dental emergence, and tooth wear/loss, as well as to 
document the status of wounds and other clinical indicators (e.g., skin 
problems) (Smith et al., 2013; Machanda et al., 2015). KCP also curates a 
skeletal collection of chimpanzees and other mammals, providing a 
resource for comparative studies of morphology, pathology, and stable 
isotope ecology (Carter et al., 2008; Nelson, 2013). We maintain a long- 
term database of nutritional biochemistry values for chimpanzee and 
monkey foods, and are developing an accompanying virtual herbarium 
(Conklin-Brittain et al., 1998; Wrangham et al., 1998; Uwimbabazi 
et al., 2019). In 2019, we implemented a veterinary program, in 
collaboration with the Uganda Wildlife Authority and the Jane Goodall 
Institute, to improve health monitoring and permit life-saving in
terventions in cases of snaring or other human-induced injuries. 

KCP data are recorded on paper in the field. Assistants are assigned at 
least one day per week to review and clean their datasheets. These are 
subsequently scanned and then transcribed into spreadsheets by a team 
of Ugandan data assistants. Spreadsheets are reviewed by the field 
managers before being sent to the project directors. Thus, data undergo 
three layers of review and quality control before they leave the field. 
They are inspected for a final time in the US, when they are integrated 
into KCP’s relational database stored on secure, mirrored servers. To 
facilitate data sharing, scanned datasheets have been uploaded to the 
Dataverse Project maintained by the Harvard Institute of Quantitative 
Social Science. We additionally work with interested collaborators to 
provide customized data queries. 

3. Scientific contributions 

Early research at Kanyawara centered on documenting chimpanzee 
diets and testing the role of feeding ecology in shaping group organi
zation and cooperative behavior. Since then, KCP research has main
tained a prominent focus on ecology, and particularly energy 
availability, as a critical constraint on social behavior and life history 
strategies. As such, this body of work provides much-needed empirical 
evidence to evaluate the potential influences of habitat change on 
chimpanzees. Since 1987, almost 200 publications have incorporated 
primary data from the Kanyawara chimpanzees. We highlight here five 
major themes with significant applications to conservation biology: 
feeding ecology, socioecology, reproductive ecology and behavior, 
development, and health. 

3.1. Feeding ecology 

Early studies at Kanyawara confirmed the notion that chimpanzees 

are ripe fruit specialists, even compared to frugivorous monkeys studied 
in the same forest (redtail Cercopithecus ascanius, blue monkey C. mitis, 
gray-cheeked mangabey Lophocebus albigena). Kanyawara chimpanzees 
ate ripe fruit out of proportion to its abundance and were more sensitive 
to antifeedants, such as tannins, neutral-detergent fiber, monoterpenes 
and triterpenes, than were cercopithecines (Isabirye-Basuta, 1988; 
Conklin-Brittain et al., 1998; Wrangham et al., 1998). Availability of 
sugary drupes was unpredictable, however, so chimpanzees utilized 
more reliable, but lower quality figs as fallback foods (Wrangham et al., 
1998). Widespread herbaceous piths, consumed more frequently at 
Kanyawara than at most chimpanzee study sites, were also critical in 
buffering the chimpanzees from nutritional shortfalls when fruit was 
scarce (Wrangham et al., 1996). Early observations of feeding behavior 
at Kanyawara were foundational in the study of chimpanzee self- 
medication, and particularly the ingestion of whole, rough-surfaced 
leaves to expel parasites (Huffman and Wrangham, 1994; Wrangham, 
1995). 

3.2. Socioecology 

As predicted by the socioecological model (Wrangham, 1980), heavy 
reliance on patchily-distributed fruit constrains the sociality of chim
panzees, particularly females. Early work at Kanyawara provided a 
critical test of this hypothesis, showing that the community fragmented 
into smaller parties when fruit was scarce (Chapman et al., 1994; 
Wrangham et al., 1996). Kanyawara males were more gregarious than 
females and formed stronger bonds (Wrangham, 2000; Machanda et al., 
2013). Even when high quality fruit was available, Kanyawara females 
had reduced energy balance when they associated with more males 
(Emery Thompson et al., 2014). Mothers were particularly vulnerable, 
as their juvenile offspring delayed their travel between feeding patches, 
resulting in lost feeding opportunities (Wrangham, 2000). Mothers may 
also have avoided groups to reduce the risk of aggression to vulnerable 
offspring (Otali and Gilchrist, 2005). As in other field sites, Kanyawara 
males maintained larger home ranges than females, as they defended the 
community territory, whereas females spent more time in smaller core 
foraging areas (Chapman and Wrangham, 1993). 

Given the energetic constraints on sociality, females rarely exhibited 
patterns of proximity and grooming with unrelated adults that would 
indicate strong affiliative bonds (Gilby and Wrangham, 2008). Overt 
aggression among females was also rare, but females did compete over 
long-term access to high-quality foraging areas. Female aggression 
greatly intensified when new immigrants entered the community, 
threatening residents’ exclusive access to core areas (Kahlenberg et al., 
2008b). Consequently, the highest-quality core areas were inhabited by 
the highest-ranking females. Stress hormone levels were elevated among 
immigrants, who strategically associated with adult males in an 
apparent attempt to shield themselves from resident female aggression 
(Kahlenberg et al., 2008a). 

Kanyawara males, by contrast, formed strong and stable bonds with 
other males, evinced by reciprocated grooming, mutual support in 
agonistic interactions, and vocal chorusing (Gilby and Wrangham, 2008; 
Fedurek et al., 2013). The strength of such relationships changed over 
time, particularly in response to major disruptions in the male domi
nance hierarchy. 

Kanyawara females associated more with males than they did fe
males, but this appears to have resulted primarily from overlapping 
ranges rather than social preference, as males and females did not 
exhibit proximity and grooming patterns indicative of strong affiliative 
bonds (Machanda et al., 2013). 

Relations between chimpanzee communities are predictably hostile, 
sometimes resulting in coalitionary killing (Wilson and Wrangham, 
2003). Novel field experiments in Kanyawara established that males 
were more likely to engage with intruders when they had a numerical 
advantage that minimized the costs of attacking (Wilson et al., 2001). 
Consequently, males moved in larger parties and produced fewer 
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vocalizations when they traveled to areas of the range periphery where 
encounters with strangers were most likely (Wilson et al., 2007). 
Intergroup interactions occurred more often than expected during pe
riods when one important food species, Uvariopsis congensis, was abun
dant. This species occurs in groves located along the boundary with a 
rival chimpanzee community. Thus, the timing of inter-group conflicts 
appears strongly tied to the distribution and abundance of food re
sources at Kanyawara (Wilson et al., 2012). 

3.3. Reproductive ecology and behavior 

Much of the work at Kanyawara has focused on determinants of 
fertility, including energetic constraints on reproduction, and repro
ductive strategies of male and female chimpanzees. These studies are 
unique in the extent to which they incorporate physiological measures, 
such as assays of steroid hormones or energetic biomarkers, to help 
quantify reproductive function and the costs and benefits of alternative 
strategies. 

As in humans, the relative levels of ovarian steroids throughout the 
cycle positively predicted the likelihood of conception in female chim
panzees (Emery Thompson, 2005). Kanyawara females showed in
creases in estrogen when their preferred foods were abundant, resulting 
in shorter waiting times to conception (Emery Thompson and Wrang
ham, 2008a). Females inhabiting resource-rich core areas had shorter 
birth intervals, higher infant survivorship, and increased ovarian func
tion compared with those in resource-poor areas (Emery Thompson 
et al., 2007). Assessment of C-peptide of insulin, a biomarker of energy 
balance, has allowed us to directly examine chimpanzee energetics 
(Emery Thompson et al., 2009), including the impacts of lactation on 
mothers (Emery Thompson et al., 2012b). While chimpanzee infants 
usually nursed for 4–6 years, maternal energy balance recovered sub
stantially during the first two years, indicating that the nutritional de
mands of older infants on their mothers were relaxed. Resource access 
was an important mediator of this process, as lactating mothers inhab
iting lower-quality foraging areas exhibited lower C-peptide profiles 
than mothers in food-rich areas (Emery Thompson et al., 2012b). This 
resulted in considerable variance in interbirth intervals from only 2.2 
years to more than 8 years. 

Females were frequent victims of aggression from males. Much of 
this violence functioned as sexual coercion, making females less likely to 
mate with males other than the aggressor (Muller et al., 2009; Muller, 
2017). Specifically, Kanyawara males were most aggressive toward the 
females who were most likely to conceive, females mated more with 
their aggressors than with other males, and females who experienced 
male aggression showed elevated stress levels (Muller et al., 2007; 
Emery Thompson et al., 2010; Muller et al., 2011). Thus, intersexual 
conflict was an important contributor to the costs of reproduction. 

Male chimpanzees competed intensely over both status and mating 
opportunities, fighting more over older females, and when females were 
most likely to conceive (Muller et al., 2006; Emery Thompson and 
Wrangham, 2008b). Male testosterone levels were not strongly affected 
by energy availability (Muller and Wrangham, 2005). However, mating 
competition was physiologically costly in the short-term, as indicated by 
substantial rises in male testosterone and cortisol, and reductions in 
feeding time, when females were in estrus (Muller and Wrangham, 
2004a, 2004b; Georgiev et al., 2014). Status competition also incurred 
chronic costs, as high-ranking males exhibited elevated levels of stress 
hormones and testosterone, and reduced energy balance, compared to 
lower-ranked males (Muller and Wrangham, 2004a, 2004b; Emery 
Thompson et al., 2009). As in other sites, dominance rank was a strong 
predictor of male mating success. However, Kanyawara males who 
supported the alpha male in aggressive conflicts achieved higher mating 
success, and copulated with less interference, regardless of their own 
rank (Duffy et al., 2007). Older males relied on this coalitionary tactic to 
extend their reproductive careers, despite declining condition (Muller 
et al., 2020). Shifting behavioral strategies across the life course may be 

critical to balance the costs and benefits of male competition. 

3.4. Development 

We are currently investigating chimpanzee development using a 
wide range of longitudinal data on physiology, morphology, and 
behavior. Wild chimpanzees exhibited slower growth and delayed 
maturation compared to captive chimpanzees, indicating that develop
mental processes are sensitive to differences in energy access (Emery 
Thompson and Sabbi in press). Photographic data on dental emergence 
from Kanyawara suggested that these differences may be magnified 
post-weaning when juveniles need to forage independently (Machanda 
et al., 2015). Maternal factors were also important. Immature chim
panzees experienced compromised growth when their mothers repro
duced again quickly, transferring their nutritional investment to a new 
infant (Emery Thompson et al., 2016). These growth deficits persisted 
even into adolescence. Counterintuitively, these were often the offspring 
of mothers in the best energetic condition, who funneled their energetic 
surplus into increasing their reproductive rates. 

Physiological development in chimpanzees is also delayed in the 
wild, so we are now examining the integration among physiological, 
social, and morphological markers of maturation. Among Kanyawara 
males, testosterone increased sharply around ages 8–9, when males 
became socially independent from their mothers (Muller, 2017). Males 
reached adult levels of testosterone by 15–16, when they began to 
challenge other adult males for status. Measures of muscle mass fol
lowed a similar trajectory, and were highly correlated with testosterone 
(Emery Thompson et al., 2012a). Males who showed earlier develop
mental increases in testosterone also showed earlier increases in muscle 
mass, higher adult levels of testosterone, and greater muscle mass in 
adulthood. Dominance rank, testosterone, and aggression all showed 
peaks around the same time in young adulthood. Prior to reaching their 
physical prime, males were unable to recruit coalition partners to assist 
them in competition (Enigk et al., 2020). Prior to puberty, adrenal 
maturation in chimpanzees showed striking similarities to humans 
during a stage that has been linked to the development of complex social 
behavior (Sabbi et al., 2020). 

3.5. Health 

While intraspecific violence and anthropogenic disease (Section 4) 
kill many chimpanzees, there is little understanding of the determinants 
of individual variation in health and longevity, nor of the natural causes 
of death in the wild. We are currently investigating these issues by 
conducting longitudinal health assessments, examinations of microor
ganisms in feces, and multidimensional analyses of the aging process. 
Like humans, Kanyawara chimpanzees exhibited glucocorticoid dysre
gulation during aging (Emery Thompson et al., 2020a), as well as 
immunosenescence, indicated by increased parasite loads (Phillips et al., 
2020) and more frequent signs of respiratory illness (Emery Thompson 
et al., 2018). On the other hand, they exhibited only moderate changes 
in physical condition and activity with age ()Emery Thompson et al., 
2020b, and failed to show an increased burden of oxidative stress until 
shortly before death (Thompson Gonzalez et al., 2020). Males exhibited 
increased social selectivity as they aged (Machanda and Rosati, 2020; 
Rosati et al., 2020a), which may comprise a strategy to counteract the 
negative effects of male competition on health (Emery Thompson et al., 
2020a; Negrey et al., 2020). These kinds of analyses would be impossible 
with solely cross-sectional data, but are feasible at Kanyawara because 
some individuals have been observed for decades. 

4. Habitat change at Kanyawara 

A key advantage of long-term studies is that they provide scope for 
examining how habitat changes affect the behavior and welfare of study 
populations. This has important conservation implications, particularly 
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in species under threat from expanding human populations and their 
impacts, such as habitat disturbance and hunting. On the one hand, 
human pressure on wildlife has generally increased worldwide, and is 
expected to influence behavior and population health. On the other 
hand, these effects may be counteracted, as in Kibale, by improved 
protections, community conservation education, and other benefits of 
long-term research. While quantifying features of habitat quality across 
populations is difficult, the effects of long-term ecological change within 
a population can be a useful way to generate and test hypotheses about 
the sources of between-population variation in behavior and life history 
features. 

Five major sources of ecological change have affected the Kanyawara 
chimpanzees over 30+ years of study: old-growth maturation, removal 
of exotics, recovery from logging of hardwoods, climate change, and 
increasing human population density. 

The first two appear to have had positive effects on chimpanzees. 
First, old-growth forest has continued maturing naturally in areas where 
it has been protected from major human influences for a century or 
more. The resulting changes in tree species density affect different pri
mates differently, reducing the food supply for blue monkeys Cercopi
thecus mitis but likely increasing it for chimpanzees (Isabirye-Basuta and 
Lwanga, 2008). Second, during the 1990s, several stands of exotic 
softwoods that had been planted on hilltop grasslands by the Forestry 
Department from 1963 to 1965 were removed (Chapman et al., 2002). 
Removal of the exotics led to rapid colonization, first by large herbs, and 
then within less than a decade by fruiting fig-trees (especially Ficus vallis- 
choudae) that provided a substantial novel food supply for chimpanzees 
and other frugivores. 

The impacts of logging and climate change are less clear. Twenty-five 
years prior to the 1993 gazetting of Kibale National Park, parts of the 
Kanyawara area were subject to 6–9 months of managed selective log
ging for hardwood timber, mainly Olea welwitschii. In recent years spe
cies of trees that colonized these areas subsequent to logging have been 
increasingly replaced by more mature stands, with resulting changes in 
food availability for primates (Chapman and Chapman, 2004; Omeja 
et al., 2016). After managed logging ended in 1969, prior to the onset of 
our study, densities of monkey species tended to decline (Chapman 
et al., 2000). However, since the declines occurred both in logged and 
unlogged areas, the specific effects of logging, and recovery from log
ging, on food availability for frugivores such as chimpanzees are un
known (Isabirye-Basuta and Lwanga, 2008). 

Climate change in the last century has included a ~20% increase in 
rainfall and a larger range of temperatures. In the last quarter of the 20th 
century, the average maximum monthly temperature grew 3.5 ◦C hotter, 
and the average minimum monthly temperature became 2 ◦C cooler. 
Fruiting patterns have responded in complex ways (Chapman et al., 
2005). Associations among solar radiation, rainfall, and fruiting pro
ductivity differed between Kanyawara and the neighboring Ngogo site 
during recent years, despite overall increased fruit availability at both 
sites (Chapman et al., 2018; Potts et al., 2020). This may reflect differ
ences in local climate, forest structure, fauna, and other interacting 
patterns of forest disturbance and recovery. Nevertheless, ENSO (El Niño 
Southern Oscillation), a composite measure of climate cycles that is 
influenced by climate change, positively predicted annual fruit avail
ability at Kanyawara between 1998 and 2013 (Chapman et al., 2018), 
suggesting that thus far climate change may have had some positive 
impacts for frugivores in this area. 

The final change, increasing human population density, has clear 
negative effects on chimpanzees. The Kanyawara chimpanzees range 
along the north-west boundary of Kibale National Park, neighboring a 
growing human population. Forest outside the Park is contracting, as 
forest fragments are converted into agricultural plots. Until the early 
1990s, Kanyawara chimpanzees sometimes traveled 2–3 km outside the 
Forest Reserve or Park into village areas to visit fruiting trees, but such 
journeys are now confined to brief excursions close to the Park bound
ary. Because Kanyawara includes both a Uganda Wildlife Authority 

outpost and the permanently-staffed Makerere University Biological 
Field Station, the area benefits from continuous monitoring against 
large-scale hunting or habitat disturbance. However, the proximity to 
villages increases vulnerability to smaller-scale activities, including 
stem cutting and poaching using snares made of wire, nylon or natural 
vegetation. It also increases exposure to human diseases. As in other 
great ape populations (Kaur et al., 2008; Köndgen et al., 2008), the 
Kanyawara chimpanzees have experienced multiple severe outbreaks of 
respiratory illness. We estimate that 25% of all deaths of Kanyawara 
chimpanzees over the past 33 years can be attributed to respiratory 
illness (Emery Thompson et al., 2018). While the timing of outbreaks is 
not easily explained by metrics of human contact, such as the number of 
researchers or the frequency of chimpanzees consuming agricultural 
crops (Emery Thompson et al., 2018), it is clear that the increasing 
human contact poses increased disease risks to chimpanzees. The two 
most recent outbreaks at Kanyawara (in 2013 (5 deaths) and 2017 (1 
possible death and widespread morbidity)) have been traced to viruses 
of human origin (Scully et al., 2018; Negrey et al., 2019). 

5. Secular change in chimpanzee demography, diet, and social 
behavior 

In the face of these substantial ecological changes, the Kanyawara 
community of chimpanzees has fared well. Here we examine secular 
changes in demography, as well as in feeding and social behavior, over 
the course of the study. For most analyses we examined data from 1994, 
when all chimpanzees were identified and data collection standardized. 
Some interbirth intervals are known from Isabirye-Basuta’s observations 
as early as 1983. 

The Kanyawara chimpanzee community has grown modestly over 
the course of the long-term study (Pearson correlation 1994–2020, r =
0.49, N = 27 years, p = 0.009, Fig. 2). The increase has been most 
notable over the past 15 years, as the community grew from a low of 41 
individuals in 2004 to its current maximum of 57. There has been a net 
positive rate of female immigration: 16 nulliparous females immigrated 
into the community, and only 10 emigrated. Immigration cannot explain 
the increase in community size, however, because the number of adult 
females has remained relatively stable over time (rP = 0.15, p = 0.46). 
Instead, the increase in community size reflects an increased number of 
immatures (rP = 0.60, p = 0.0008). Based on three-year moving averages 
that minimize interannual stochasticity, the rate of mortality has not 
changed significantly over time (rP = 0.23, N = 24, p = 0.27) nor has the 
overall birth rate (births/female: rP = 0.37, N = 24, p = 0.11). However, 
the rate of producing infants that survive to age 4 years has increased (rP 

Fig. 2. Kanyawara community size from 1994 to 2020, assessed on January 1 
of each year. Adult males (blue, dotted line) are those aged 15 and over. Adult 
females (red, dashed line) are those who have experienced their first maximal 
sexual swelling. Total community size (black, solid line) also includes infants, 
juveniles, and adolescents. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 
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= 0.48, N = 21, p = 0.029). 
Interbirth intervals across wild chimpanzee study sites average 5–6 

years if the first infant has survived to age 4 or to the mother’s next 
pregnancy (Emery Thompson and Sabbi in press). Excluding those in
tervals with uncertain birth dates, we recorded 36 birth intervals be
tween 1983 and 2020 that followed surviving infants and were known to 
within 3 months’ accuracy. Interbirth intervals have decreased in length 
significantly (correlation with year at start of interval: rP = −0.50, p =
0.002, Fig. 3). We confirmed this within the larger dataset that includes 
open birth intervals (ending with maternal death or currently open, N =
60). Using a Cox proportional hazards model, controlling for infant sex, 
we found a nearly 5% increase in the likelihood of birth for each suc
cessive year of the study (HR: 1.049, z = 2.248, p = 0.025, model as
sumptions verified). Intervals that began prior to 2004 had a median 
length of 5.8 years, while those begun since 2004 have a median length 
of 4.8 years, lower than reported for any of the 5 wild chimpanzee sites 
with published fertility data (Emery Thompson and Sabbi in press). 

Because chimpanzees practice fission-fusion grouping, an increase in 
community size need not mean an increase in party size. However, 
average party sizes have gradually increased from about 7 to 14 in
dividuals (rS = 0.74, N = 24 years, p < 0.001, Fig. 4), despite being 
defined consistently as all individuals within 50 m of others. This was 
almost exclusively a product of increased gregariousness of adult fe
males (rs = 0.74, p < 0.001) and their dependents, as the average 
number of adult males in parties has not changed (rs = −0.05, p = 0.83). 
Greater female gregariousness is particularly notable given that changes 
to our observation protocols in 2009 (from party follows to all-day focal 
individual follows) should have reduced any observation bias favoring 
large parties. 

In light of prior findings from Kanyawara (Section 3), increased 
fecundity and female gregariousness suggest an improvement in the 
availability or quality of food resources. Indeed, phenology surveys of 
both Kanyawara and the nearby Ngogo site have demonstrated increases 
in fruit availability over the past 20–30 years, perhaps a result of 
changing climate and/or forest regeneration (Chapman et al., 2018; 
Potts et al., 2020). 

We examined chimpanzee diets from 1994 to 2018 based on 15-min
ute scan samples of party activity (N = 240,601 scans with feeding), 
which are well correlated with results from focal sampling and have 
been recorded consistently since the onset of the study (Gilby et al., 
2010). The broad composition of the diet has changed little (Fig. 5a). 
Leaves, while a minor contributor overall, were the only plant part to 
change significantly, being consumed slightly more often over time 
(mean 11.2%, range 6.1–17.1%, rS = 0.54, N = 25 years, p = 0.006). 
Average consumption of ripe fruits, the major constituent of the diet, 

Fig. 3. Interbirth intervals for Kanyawara chimpanzee females from 1983 to 
2020. Sample includes only birth intervals following an infant that survived to 
age 4 or at least to the mother’s next conception and excludes intervals esti
mated by more than 3 months. The same intervals are plotted twice, once by 
their start year (orange, dashed line) and once by their end year (blue, solid 
line), each with third-order polynomial fits. (For interpretation of the references 
to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 4. Changes in mean party size from 1994 to 2017. Shown are the annual 
means, calculated from daily means of total party size (all individuals, black 
circle, solid line), adult males (15 years or older, blue squares, dotted line), and 
adult females (after first maximal swelling, red triangles, dashed line). (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 

Fig. 5. Changes in dietary composition for Kanyawara chimpanzees between 1994 and 2018, showing (a) major food types in the diet and (b) fruit species repertoire. 
Percentage of diet calculated from 15-minute scans of feeding at the group level per month and averaged per calendar year. ‘Other’ includes unripe fruit, meat and 
insects, honey, wood/bark, and flowers. Fruit repertoire indicates counts of cumulative species ever consumed (green, solid line) and species consumed per calendar 
year (gray, dashed line). Cumulative counts in 1994 include all observations from 1987 to 1994. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 
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showed no consistent secular change (mean 64.0% of feeding time, 
range 50.0–74.1%, rS = −0.25, p = 0.23). However, the species of fruits 
that chimpanzees ate did change. First, the overall diversity of fruit 
species in the diet increased. By 1995, we had recorded 40 fruit species 
consumed by chimpanzees, and over the next decade, only 9 new species 
were consumed. Since 2005, 44 new fruit species have been added to the 
menu, and there is no indication that this trend is reaching a plateau 
(Fig. 5b). This change resulted in an increase in dietary breadth, rather 
than a mere shift in species composition, as the number of species 
consumed per year has approximately doubled (rS = 0.93, p < 0.0001). 
Second, dominant fruit species in the diet changed. Twelve ripe fruit 
species accounted for a combined 88% of all ripe fruit feeding obser
vations (and 56% of total feeding time) over the study. Several of these 
are highly seasonal drupes that the chimpanzees gorge on during brief 
periods. Of these, only Teclea nobilis was consumed more frequently over 
time (rS = 0.42, p = 0.04). On the other hand, there have been major 
changes in consumption of fig species. Two of the most commonly 
consumed species have declined in use (F. natalensis: rS = −0.42, p =
0.04; F. sansibarica: rS = −0.64, p < 0.01), whereas two species that were 
rarely eaten early in the study have increased to become among the most 
prominent foods in the diet (F. sur: rS = 0.62, p < 0.01; F. vallis-choudae: 
rS = 0.95, p < 0.01). While typically eaten ripe, these figs were also 
among the few species that chimpanzees were willing to eat unripe. We 
are now investigating whether these dietary shifts have resulted in 
increased energy intake or reduced energy expenditure. For example, 
F. sur does not have particularly high energy density per gram (Conklin- 
Brittain et al., 2006), but its large cauliflorous crops result in efficient 
foraging, yielding a high rate of energy intake per unit of time (Potts, 
2013). Interestingly, no single fruit species appears to be responsible for 
the increase in party sizes, as larger foraging parties were observed at 
nearly all of the major fruit species. 

The kinds of effects we observed could be consistent with increased 
habituation, particularly among females, but habituation effects do not 
appear sufficient to explain many of these patterns. For analyses of 
community size and behavior, we excluded the first 7 years of obser
vations to constrain our findings to only the time period after which no 
new adult individuals were identified. As noted above, increases in 
community size were the product of improved birth rates and infant 
survival, not the identification of new adults. Our analysis of interbirth 
intervals excluded those with uncertain dates, a reflection of low 
observation rates of some females early in the study. These estimated 
intervals were from 1998 or earlier and were estimated to be relatively 
long, so excluding them produces a conservative estimate of how much 
the interbirth intervals have decreased. Further, habituation effects are 
expected to diminish over time, but most of the change we observed 
occurred relatively recently or accelerated over time. Such is the case for 
the chimpanzee diet: some ‘new’ dietary items could be accounted for by 
chance observations of rare food items, but we should expect the 
chances of new observations to become increasingly less likely after 30 
years of study. Similarly, female party sizes remained low and stable for 
nearly 20 years of study and only showed appreciable increases after 
2006. Notably, increased gregariousness occurred despite female 
dispersal, meaning that immigrants, most of whom were not previously 
habituated to observation, played a large role in this increase. 

6. Benefits and challenges of long-term research on 
chimpanzees 

Since the Kibale Chimpanzee Project’s inception in 1987, we have 
endeavored to maintain continuous, daily data collection, often col
lecting more than 12 h of observations per day. While the focus on a 
single community necessarily produces a relatively small sample of in
dividuals, we obtain exceptionally rich longitudinal detail. This 
approach has several advantages. Longitudinal datasets allow for an 
increased ability to distinguish cause and effect from correlation. This is 
crucial for studies of processes like development and aging, to illustrate 

that phenomena are not driven by particular individuals and to follow- 
up developmental outcomes. Continuous data collection allows for 
adequate sampling of rare events, such as hunting or tool use, and 
precise quantification of demographic events, such as the timing of 
births, deaths, and dispersal. Perhaps most importantly, complex pro
cesses such as the formation and maintenance of social relationships 
cannot be accurately characterized without thorough sampling of the 
component behaviors. Given that the lifespan of chimpanzees exceeds 
60 years in the wild (Muller and Wrangham, 2014; Wood et al., 2017; 
Emery Thompson and Sabbi in press), our research study (30+ years) is 
still young. Each year of study adds disproportionately to the value of 
the dataset and increases the capacity to address new questions. 

Because we are studying an endangered species in the wild, our study 
relies on non-invasive methods. We take every precaution to minimize 
disruptions to the chimpanzees, and due to the possibility of anthropo
genic disease transmission, we observe strict post-travel quarantine 
protocols and maintain an observational distance of at least 5 m. This is a 
disadvantage compared with captive studies that can obtain weights and 
blood samples, and conduct experimental manipulations. However, 
these limitations are outweighed by the advantages of studying animals 
in their natural environment. The lives of wild animals are structured 
around meeting their nutritional needs, so everything from ranging and 
grouping to cooperation and competition may be affected by the con
straints of when and where to feed. Wild studies preserve the influence 
of important selection pressures, such as energy limitations and infec
tious disease, that have shaped life history and social behavior over 
evolutionary time. In the absence of these influences, the data would 
have little applicability for informing species conservation. 

Long-term studies require different methodological considerations 
than conventional studies. While short-term studies benefit from a 
narrow set of carefully-tailored methods, longitudinal studies require 
methods that are more versatile and yet able to be maintained reliably 
over time. Thus, our daily data collection combines structured and un
structured methods to balance detail and consistency. Alongside stan
dardized checksheets, our team collects extensive, open-ended, ad 
libitum notes on paper. These require significant field effort and present 
a challenge for data archiving and extraction. However, as our research 
agenda evolves, the details from these long-hand notes allow for 
exploration of new questions that we may not have envisioned previ
ously. They provide a solid foundation for retrospective data analysis, 
particularly for rare events, and allow for re-coding for harmonization 
with comparative datasets from other sites. Long-term data often form 
the basis of pilot studies to launch new research protocols, and in many 
cases, provide an essential companion to focused studies that collect 
fine-grained data over shorter periods of time. Similarly, while most 
field studies collect small quantities of biological samples to address 
specific questions, we maintain a continuous, open-ended program of 
urine sample collection. This entails significant supply, storage, and 
export hurdles, but provides flexibility for us to retrospectively select 
samples that match new study criteria. As new assay techniques become 
available, the oversupply also enables us to apply them to previously 
unused specimens. 

An essential ingredient to the success of our project has been a 
sedulous team of local Ugandan staff and counterparts. Between field 
assistants, data technicians, support staff, a conservation team, and a 
veterinarian, we currently employ 25 Ugandans. Since 2005, field op
erations have been directed by Dr. Emily Otali, whose local knowledge 
and scientific experience studying chimpanzees combine to make her 
indispensable for managing routine activities, such as obtaining permits 
and coordinating payroll, but also for monitoring data quality and 
dealing with a wide range of emergencies. Rigorous programs for staff 
training, including periodic assessment and retraining, are essential to 
ensure that we can make effective use of data collected over many years. 
Recruiting and maintaining high quality staff is a challenge, as the field 
work involves long hours and is physically demanding. This requires 
investment in personnel welfare – competitive salaries, healthcare and 
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benefits. KCP has also made investments in formal education for staff, 
including master’s and PhDs, to secure the future of our project and 
promote Ugandan commitment to wildlife conservation. Maintaining 
such a large permanent field staff is among the biggest challenges for 
long-term research, as many funding agencies are reluctant to support 
basic infrastructure costs. In addition to generating the continuous 
longitudinal dataset, the local field team is essential for training visiting 
researchers. They further serve as ambassadors to the local community 
to communicate our conservation message. 

7. Contributions of chimpanzee research to conservation 

All chimpanzee populations in Uganda are threatened by the same 
factors that affect chimpanzees across Africa, namely habitat loss, 
poaching and illegal trafficking, and anthropogenic disease (Humle 
et al., 2015). Although many long-term studies, including KCP, start 
with a focus purely on research, over the years they inevitably confer 
both direct and indirect conservation benefits (Pusey et al., 2007; 
Wrangham and Ross, 2008; Tagg et al., 2015). Our experience illustrates 
how research leads to multi-dimensional efforts to engage governments 
and local people in a common understanding that a particular species 
and its habitat are worth saving. 

First, research can generate political pressure and economic in
centives for habitat protection. Chimpanzee researchers have been 
instrumental in designating the forests in which they work as protected 
areas, as occurred with Gombe and Mahale National Parks in Tanzania. 
Similarly, Kibale Forest was designated as a National Park in 1993, 23 
years after Tom Struhsaker initiated his research in Kanyawara and 
began lobbying for this outcome. These protected areas, in turn, attract 
diverse investigations using the same infrastructure. At Kibale, once 
MUBFS was established in 1987, other researchers studying monkeys, 
fish and other communities of chimpanzees began their own long-term 
projects, each of which organizes their own conservation activities. 

Second, research engages the wider public. Long-term research 
projects have made it possible to highlight complex and fascinating 
chimpanzee behavior in books, photos, and movies. As a result, chim
panzees have become one of the best known mammals and a leading 
‘charismatic’ or flagship species for conservation (Albert et al., 2018). 
Researchers have also collaborated with local governments to develop, 
support, and promote chimpanzee ecotourism. In 1988, Wrangham 
proposed the development of an ecotourism site at Kanyanchu in central 
Kibale, which was eventually opened in 1991. He served as an advisor to 
the site in its early years, and KCP field assistants periodically train the 
Kanyanchu staff in chimpanzee identification and behavior. While ape- 
based ecotourism can bring the risk of disease transmission, if imple
mented well, it can promote local economic development, solidify po
litical support for protected areas, and serve as a uniquely effective 
conduit for spreading conservation messages to an international 
audience. 

Third, research provides data in aid of conservation efforts. For 
example, at Kanyawara, crop-raiding by primates was reduced when key 
wild foods were available, indicating that conservation of particular tree 
species could reduce human-animal conflict (Naughton-Treves et al., 
1998). However, chimpanzees consumed maize regardless of fruit 
abundance in the forest, leading to the practical recommendation that it 
be planted away from forest boundaries. An understanding of how 
feeding ecology affects chimpanzee health and reproduction can inform 
decisions about what kinds of areas should be prioritized for conserva
tion. Data on wild chimpanzee behavior and diet has directly aided the 
selection of release sites and guided the process of reintroducing wild- 
born captive chimpanzees (Tutin et al., 2001; Goossens et al., 2005). 
Chimpanzee researchers at Kanyawara and elsewhere have identified 
the pathogenesis of major disease epidemics (Leendertz et al., 2004; 
Kaur et al., 2008; Köndgen et al., 2008; Scully et al., 2018; Negrey et al., 
2019), and have additionally provided epidemiological data that are 
essential to shape long-term risk assessment and management (Lonsdorf 

et al., 2006; Emery Thompson et al., 2018). Sample collection enables 
additional health monitoring to uncover the proximate determinants of 
energetic condition, reproductive function, and stress. 

Fourth, long-term researchers directly engage in combating illegal 
activity. In Uganda, intentional poaching of chimpanzees is rare. How
ever, hunters set large numbers of wire snares, intended to capture small 
terrestrial mammals, that can also ensnare chimpanzees. At some major 
study sites, including at Kanyawara, approximately 1 in 3 chimpanzees 
exhibit injuries, including missing and malformed digits or extremities 
(Quiatt et al., 2002). In 1997 we established the Kibale Snare Removal 
Project (KSRP) with the support of the Uganda Wildlife Authority 
(UWA). Directed by Drs. Jess Hartel and Emily Otali, KSRP works with 
UWA rangers to search for snares and other illegal activity. Since 1997, 
snare removers have found and destroyed over 10,000 snares (averaging 
between 40 and 60/month). Parallel snare removal projects are oper
ated elsewhere in Kibale by research teams at Sebitoli and Ngogo. We 
found that snare density is lower in the home range of the Kanyawara 
chimpanzees, which is visited daily by research teams, than in neigh
boring areas that are monitored less often, and the frequency of snare 
injuries in Kanyawara chimpanzees has fallen (Hartel et al., in press). 
KSRP patrolling might also contribute to the increase in canopy cover 
between 2000 and 2010 in Kanyawara compared to the rest of the park 
(Hartel et al., in press). KCP and KSRP also provide alerts to UWA about 
illegal activities and injured wildlife. These have triggered rapid in
terventions by UWA veterinary teams to remove snares from chimpan
zees before they caused loss of limb or life. Recently, with the support of 
the UWA and with financial support from the Jane Goodall Institute, 
KCP and KSRP initiated a new veterinary program to allow for a rapid 
response to any wildlife threats in Kibale National Park. Similar effects 
of long-term research sites in improving conservation outcomes have 
been seen across the continent. In Ivory Coast, the presence of a long- 
term field site positively correlated with measures of biodiversity rela
tive to areas without researchers (Campbell et al., 2011). Specifically, 
densities of primates, including chimpanzees, are higher closer to 
research stations (Köndgen et al., 2008; Campbell et al., 2011; N’Goran 
et al., 2012). 

Finally, conservation initiatives can only be successful if local people 
living around protected areas are treated as partners and can benefit 
from the presence of the protected areas. In and around Kibale National 
Park, a number of community development organizations have been 
established by long-term researchers and their families (Kasenene and 
Ross, 2008; Goldberg et al., 2012; Chapman et al., 2015). One such 
organization, the Kasiisi Project, was founded by Dr. Elizabeth Ross in 
1997. Kasiisi Project and KCP have been conservation partners for the 
last 20+ years and while KCP has focused their efforts on conservation 
initiatives within Kibale National Park, Kasiisi Project works on con
servation solutions outside of the Park. Specifically, they work with 
approximately 10,000 children who attend 16 government primary 
schools that are within 5 km of Kibale. By focusing their efforts in 
schools and linking educational resources to the well-being of the Na
tional Park, Kasiisi Project hopes to create opportunities for children so 
that they will not view the Park as a source of free food and other ma
terials. Although conservation and wildlife education are the major foci 
of Kasiisi Project’s efforts, other initiatives concern health, literacy, and 
scholarship programs as well as construction and sustainable energy 
initiatives. As a result of these programs, students at Kasiisi Project 
schools have performed better academically than students at peer 
schools (MacKenzie et al., 2017; Hartel et al., in press). Over the past ten 
years, students’ attitudes to both the Park and chimpanzees have 
therefore significantly improved (Hartel et al., in press). The success of 
the Kasiisi Project has been credited partly to long-term social re
lationships between the research community and local people (Kasenene 
and Ross, 2008). 
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8. Conclusion 

Developing a successful, long-term research project on wildlife 
means more than simply maintaining access to a study area or popula
tion over time. It requires extensive investment in staff development, 
research infrastructure, and community relations, as well as broad, 
prospective methods for data collection, and the ability to adapt to new 
challenges or opportunities while maintaining the highest standards of 
data quality. Overlaying all these demands, long-term research is 
intrinsically linked to the welfare of the study system. Over the past 33 
years, the Kibale Chimpanzee Project has documented the lives of more 
than 150 chimpanzees, including three males that have been studied 
continuously since the project’s beginning. We have compiled over 
85,000 h of observational data and collected more than 40,000 biolog
ical specimens (Table 1). Building from foundational work on chim
panzee nutritional and social ecology, KCP has developed one of the 
richest available longitudinal datasets on wildlife social behavior and 
physiology, and has become a nexus for collaborative research on a wide 
range of topics. The growth of our research program has fostered the 
development of effective conservation initiatives within and outside of 
Kibale National Park. These efforts may contribute in no small part to 
what we report here: the Kanyawara chimpanzees have fared well in the 
face of complex ecological changes. With a healthy community, our 
success is written not by what we have been able to accomplish thus far 
but what is in store for the future. 
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