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Foreward 
 

In 2000, MacArthur Foundation identified the Albertine Rift as an area of global importance for 
biodiversity conservation and it became a focal region for our Conservation and Sustainable Development 
program.  We supported the creation of a common vision for conservation in the Albertine Rift through a 
process involving NGOs, protected area authorities, national universities and other stakeholders.  In April 
2003, we brought together key players who established key conservation objectives, defined the 
boundaries of the region, and identified six smaller landscape units for sub-regional planning.  This plan 
has informed all our subsequent work in the region. 
 
An important recommendation in the plan was that a collaborative and standardized ecological 
monitoring framework was needed to gather information for all stakeholders interested in biodiversity 
conservation and sustainable development in the region.  There are several long-term ecological 
monitoring programs in the Albertine Rift, including some that are more than 50 years old, but most of 
these programs do not monitor or share information across sites.  The recommendation was echoed by the 
Wildlife Conservation Society in 2009 in a study of how climate change was affecting the biodiversity of 
the Albertine Rift; WCS found a scarcity of detailed, modern climate information for the region to work 
from.  Despite Africa’s rich biodiversity and the importance of its ecosystem services, it has relatively 
few collaborative, network-based studies that examine the ecological impacts of climate change. 
 
This book marks the beginning of just such collaboration. It covers ecological information that spans 
across five countries in the Albertine Rift region, reflects over 50 years of research, and includes 
contributions from 65 researchers who represent 44 organizations at work in 11 sites.   It provides 
invaluable information about past and current trends in the status of species, ecosystems and associated 
threats, as well as recommendations for interventions.   
 
This kind of ecological monitoring is crucial.  It helps us understand the breadth and impact of ecological 
change, and regional and global drivers for the change; and allows us to respond more proactively to 
threats and opportunities for conservation and sustainable development. 
 
MacArthur Foundation is very pleased to provide funding in support of this book. 
 
  

 Elizabeth Chadri, MacArthur Foundation
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Preface. 
 

A.J.Plumptre 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Boundary of Volcanoes National Park, Rwanda 
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The first time I was really struck by the enormous changes that have taken place in Africa’s Rift valley, I 
was sipping a cold beer and looking out over the remnants of a savanna woodland that was being 
cultivated. Sitting on the terrace of the guest house of the Nyabyeya Forest College at the edge Budongo 
Forest Reserve, in western Uganda, I had been participating in a workshop with some Norwegian 
foresters. One of them had lived at the college in the 1970s and as we were gazing out over the view he 
simply stated, “last time I was here I saw 250 elephants in front of us. Every time we went to Masindi 
town we had to watch out for elephants on the road”. By 1995 elephants had not been seen in this area for 
over 15 years. In a very short space of time (only 10-20 years) the situation for not only elephants but all 
large mammals changed. Before the mid 1970s people farmed in small islands of cultivation surrounded 
by forest and bush in which elephants, lions, leopards and other dangerous animals roamed, and they had 
been doing this for thousands of years. By the early 1990s most of the land in western Uganda was 
cultivated and the large animals that remained were in islands of protected areas. Migration corridors that 
used to exist had been severed and those animals that still survived had been forced to adapt to this 
sudden change.  

What had caused this enormous shift in the whole ecology of the region? In part it was rise in 
poaching of ivory by the Ugandan army in the 1970s followed by the civil war from the late 1970s to the 
mid 1980s which led to the decimation of the populations of large mammals in Uganda. With the 
increased availability of weapons about 95% of Uganda’s large mammals were lost over a period of about 
10 years (Lamprey, Buhanga and Omoding, 2003). However, it was also due to the increasing number of 
people living in the country. The human population rose from about 7 million in the 1960s to the current 
estimate of 32 million in just 50 years. Most Ugandans rely on small scale farming to feed themselves and 
as a result the demand for land has been high as the population has expanded. 

This major change in landuse is not unique to Uganda but can be found across the whole of 
Africa and the World. The Human Footprint calculated in 2002 indicates that apart from the Sahara desert 
there are few places in Africa that have not been affected by man (Sanderson et al. 2002). Africa’s Rift 
valley has been particularly affected because it contains some of Africa’s most spectacular landforms 
because of the frequent geological activity found here. As a result the soils are volcanic and rich in 
nutrients and there are a diversity of elevations and climates that are suitable for a great variety of crops. 
It is not surprising, therefore, that ecological changes have been greatest in and around Africa’s Rift 
Valley. There is a strong correlation between sites of geological diversity, biodiversity, human population 
density and also human conflict (Balmford et al., 2001a; 2001b; Burgess et al., 2007) and Africa’s rift 
contains all of these factors. Human population density reaches 600-800 people per square kilometer in 
some parts of the Western or Albertine Rift in Rwanda and Burundi. In these areas the only remaining 
natural vegetation occurs in protected areas. There are striking contrasts between the edges of these 
protected areas and the adjacent farmland. Elsewhere in the rift where the soils are less fertile and the 
climate is drier, particularly at the northern and southern ends of the Albertine Rift as well as much of the 
Gregory (eastern Rift) human population density is not so high and there are still areas of natural habitat 
outside protected areas. 

At the same time the world is experiencing rapid climate change with a warming of the planet 
that results from the emissions of CO2 into the atmosphere. For thousands of years CO2 concentration in 
the atmosphere was around 280 ppm but over the last 250 years this has risen to 367 ppm and is higher 
than any level over the past 420,000 years (Clark, 2004). We are only beginning to guess at the impacts 
that the rising temperature of the world will have on the ecology of plants and animals. How will rising 
temperatures affect photosynthesis and respiration in different ecosystems? How will it affect flowering 
and fruiting of plants on which all animals depend? Many studies of phenology look at the timing of 
fruiting and flowering which in the northern climates have been brought forward by several weeks under 
existing climate change (Visser & Both, 2005), but these studies do not look at failure of fruit production 
due to climate change. Some studies in the tropics suggest that flowering of tropical trees is triggered by 
low temperatures (Tutin & Fernandez, 1993). If these are not attained will trees stop flowering and 
fruiting? How will it affect the thermoregulatory ability of cold-blooded species such as reptiles and 
amphibians? Does climate affect them in other ways? A study in Costa Rica suggests that amphibians and 
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reptiles are declining because of warming leading to increased rates of leaf litter decomposition resulting 
in less leaf litter for amphibians (Whitfield et al., 2007). How will global warming affect pollinators such 
as honeybees and what will be the knock-on effects on fruiting of trees which are pollinated by these 
species? Studies of the phenology of African plants and of the swarming and brood rearing of honeybees 
shows a very strong correlation between the two (Hepburn & Radloff, 1995). We rarely know what 
changes are even happening in Africa to be able to even ask these questions. This highlights the need for 
long term monitoring information.  

These two factors, human population growth, with the associated loss and fragmentation of 
habitat, and climate change are affecting all ecosystems around the World but the impacts are not often 
monitored and documented. Africa’s rift valley contains some of the longest running research stations on 
the continent and if anywhere is likley to be able to document any changes it would be these field sites. 
As part of a process to establish a regional monitoring program for the Albertine Rift region a conference 
was held in Kampala, Uganda, to bring together scientists from each of the long term research stations. 
The Albertine Rift Conservation Society (ARCOS) and the Wildlife Conservation Society (WCS) jointly 
organized the workshop, both NGOs having been closely involved in developing a regional strategic 
action plan for the conservation of the Albertine Rift region. Each station was asked to summarize the 
changes that have taken place at their site, focusing on climate changes, habitat changes, changes in plant 
phenology, changes in animal populations and finally changes in human populations, demography and 
attitudes to conservation. This book provides a summary of these changes over the past 30 to 100 years at 
each site and synthesizes lessons that were learned at the conference about changes that have taken place.  

This book will appeal to anyone who has an interest in African ecology and conservation and 
wants to learn more about long term change in African ecosystems. It synthesises a wealth of long term 
data that exists at each of these research sites, much of which has never been published before. By 
summarizing changes at 11 sites it also allows comparisons to be made between each of them to asses 
whether changes are taking place at many sites or are unique to one site. Where this information has been 
published in the literature it is scattered in various scientific journals and is often difficult to find. Many 
of the sites are well known for their work on great apes; chimpanzees (Pan troglodytes schweinfurthii); 
mountain gorilla (Gorilla beringei beringei) and Grauer’s gorilla (G.b.graueri) and summaries are also 
given of changes in behaviour observed as a result of changes in the ecology at a site. 
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Africa’s Western Rift Valley 
From space one of the most striking aspects of Africa are the two great gashes that cut down 

through the continent, starting in Ethiopia and Eritrea dividing to run through Kenya and Tanzania to 
Malawi in the Gregory Rift and also through Sudan and along the border of the Democratic Republic of 
Congo (DRC) with Uganda, Rwanda, Burundi and Tanzania down to Zambia and Malawi in the great 
Western or Albertine Rift. These two rift valleys are being formed by the horn of Africa gradually 
breaking away from the rest of the continent over the past 25 million years, forming the Gregory Rift first 
and then the the Albertine Rift between 15-10 million years ago. Associated with this movement has been 
volcanic activity, due to the separation of the Earth’s crust and magma rising nearer the surface of the 
earth, together with uplifting and faulting creating some of the mountains and valleys of the rift 
(Kingdon,1990).  Most of Africa’s largest mountains are found in this region as a result and the 
spectacular scenery that has been produced by this geological history is unlike anything else in Africa. 
Valley walls rise 2-4 km above lakes that have filled parts of the valleys. For example, moving westwards 
from lake Tanganyika, north of the town of Kalemie, you climb 2 km above the altitude of the lake at 770 
m a.s.l. in only about 10 km walk westwards and then descend back down the other side where it is 
another 2,000 km for the waters of the Congo river to drop the remaining 770 metres to the Atlantic. The 
peaks of the Rwenzori Mountains rise to 5,100 metres a.s.l. and the Virunga Volcanoes to 4,500 metres 
a.s.l. and together with the rift valleys have acted as barriers to the movements of animals and plants 
allowing speciation to occur over time (Kingdon, 1990). It is not surprising therefore that the Rift regions 
are biodiversity hot spots forming the Eastern Afromontane Hotspot which encompasses the Albertine 
Rift, Ethiopian Highlands and the Eastern Arc Forests of Tanzania and Kenya (Plumptre et al. 2004; 
Brookes et al. 2004). 

As a result of the great altitudinal variation and resulting diversity of habitats, Africa’s Western 
Rift Valley or Albertine Rift is the most biodiverse region of Africa for vertebrates, with 1,762 species 
known from this region (and more being discovered regularly). Also it is known to support over 5,700 
plant species (Table 1.1). Endemic vertebrate and plant species (those found in this region and nowhere 
else in the World) number at least 1,181, and threatened species number at least 118 species (but many 
more will be added when all taxa have been evaluated for their threatened status). These numbers are 
likely to increase with further research in the region, particularly the numbers of amphibians, fish and 
plants (Plumptre et al. 2003; 2007). As a result of this diversity, the region is not only recognized as a 
biodiversty hotspot (Brookes et al. 2004) but also an endemic bird area (Stattersfield et al. 1998) and an 
ecoregion (Olson and Dinerstein, 1998). It contains four World Heritage Sites, two Biosphere Reserves 
and four Ramsar Sites (wetlands of international importance). 

Important sites for conservation have been identified within the Albertine rift region (Plumptre, 
2004; Plumptre et al. 2007; Plumptre, Kujirakwinja and Nampindo, 2009) and highlight the importance of 
conserving the larger landscapes around protected areas if all endemic and threatened species are to be 
conserved. Six core landscapes have been identified as part of a strategic planning process, which brought 
together Protected Area Authorities and Conservation NGOs to develop a strategic framework plan for 
the Albertine Rift (ARCOS, 2004). Funded by the John D. and Catherine T. MacArthur Foundation this 
strategy has informed the regional conservation efforts of NGOs, donors and protected area authorities 
since 2003. Only 50% of the total area of these six landscapes is currently protected (Plumptre, 
Kujirakwinja and Nampindo, 2009) although the percentage varies greatly between individual landscapes. 
Some of the most important sites for conservation such as the Itombwe Massif and Misotshi-Kabogo (or 
Kabobo) in DRC currently lack any protection. 
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Table 1.1.  The total number of species, number of endemic species, and threatened species for seven 
taxa in the Albertine Rift. Data on endemic fish species for each of the large lakes in the Rift and a list of 
butterfly endemics were also compiled. This provides a minimum estimate of the number of endemic 
species for these two taxa.  
 

 Species 
richness 

Percentage for 
mainland Africa 

Endemic 
species 

Threatened 
species 

Mammals 406 39.3 38 35 
Birds 1,061 52.3 41 25 
Reptiles 175 13.6 16 2 
Amphibians 112 19.2 36 16 
Butterflies   117  
Fish   366  
Plants 5,793 14.5 567 40 
 
 
History of ecological and behavioural research in the Albertine Rift 

The Albertine Rift has many of Africa’s longest running research institutions, some of which have 
been operating for 40-50 years. Famous scientists working on great apes such as Jane Goodall, Dian 
Fossey, George Shaller, Toshisada Nishida, and Richard Wrangham have launched their careers from this 
region with many staying to continue working here over many years. We here summarise briefly the 
history of each of the research stations (figure 1.1) in the Albertine Rift as in introduction to the more 
detailed chapters that follow in this book. 
 

1. Budongo Conservation Field Station: Established in 1990 by Professor Vernon Reynolds, of the 
Institute of Biological Anthropology at Oxford University, this field station built upon research 
undertaken on the ecology of chimpanzees in 1960 (Reynolds and Reynolds, 1965), of the 
ecology of the forest (Eggeling, 1947) and timber harvesting and regeneration methods (Dawkins 
and Phillip, 1998) in the Budongo Forest Reserve in north western Uganda. The focus of much of 
the research at the field station has been on the ecology and behaviour of a community of 
Chimpanzees, the Sonso Community (Reynolds, 2005), but ecological studies have also been 
undertaken on the impacts of long term selective timber extraction on the forest and its wildlife 
(Plumptre, 1996).   

2. Semliki Chimpanee Project: Established in 1996 by Kevin Hunt this station has been studying a 
community of chimpanzees in the Toro-Semliki Wildlife Reserve in Western Uganda. Despite 
several periods of insecurity the research has been able to continue to the present day and is 
collecting data on chimpanzees at the forest-savanna ecotone. 

3. Kanyawara Research Station: Established by Tom Struhsaker in 1968 in the Kibale National park 
in western Uganda (Struhsaker 1997), research initially focused on primate ecology and 
abundance but since then has broadened to investigate many aspects of forest ecology. Now the 
Makerere University Biological Field Station, it attracts many scientists from around the World. 

4. Queen Elizabeth Park: The savannas of Queen Elizabeth National Park (QENP) in western 
Uganda have been studied since the 1950s. The Nuffield Unit of Tropical Animal Ecology was 
established at Mweya Peninsula in QENP in 1961 and this later became the Uganda Institute of 
Ecology which continued operating until the early 1990s. Individual researchers, however, have 
continued undertaking research here to the present day and the published literature from this site 
is extensive (Olupot, et al. 2010).  

5. Virunga Park: Virunga National Park in eastern DRC was created in 1925, Africa’s first national 
park. Research projects to identify the species found in the park were undertaken in the 1930s-
1960s. Ecological studies of certain species were undertaken in the 1950s-1970s and also 
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assessments made of ecological changes in the park in the 1980s and 1990s with changes in 
animal numbers. In 1972 a research laboratory was established in Lulimbi in the eastern region of 
the park on the border with Uganda. Since the insecurity in DRC since 1996 there has been 
limited research taking place at this station. Much of the research undertaken in Virunga Park is 
summarized by Languy and deMerode (2007). 

6. Institute of Tropical Forest Ecology: This research station was established by Tom Butynski, 
following surveys made in the 1980s of the Bwindi Impenetrable National Park, in 1991 to 
undertake research on the ecology of the forest and in particular of the Mountain Gorillas found 
here. A field station of Mbarara University it has hosted many students over the years since its 
creation. 

7. Karisoke Research Centre: Building on research by George Shaller in 1959-1960 this research 
station was established by Dian Fossey in 1967 to undertake research on Mountain Gorillas.  
Situated for many years in the Volcanoes National park in north west Rwanda it has relocated 
outside the park since the 1994 genocide. Most of the research has focused on the ecology and 
behaviour of mountain gorillas but broadened in the late 1980s to include the general ecology of 
the park (Plumptre, 1991; Plumptre and Williamson, 2001).  

8. Projet Conservation de la Foret Nyungwe: Located in the Nyungwe National Park in south west 
Rwanda research was established here in 1986 by Amy Vedder and has continued to the current 
time with only a brief halt during the genocide in 1994. The research has focused on the ecology 
of the forest, monitoring the changes in animal and bird numbers and the ecology of the primates 
and birds. 

9. Kahuzi Biega Apes Project: Established by Juichi Yamagiwa in the early 1990s, research on 
Grauer’s gorillas and chimpanzees have been undertaken in the highland sector of the Kahuzi 
Biega National Park in eastern DRC. Civil war and the associated insecurity in eastern DRC since 
1996 has made it difficult to operate here but Juichi’s team has managed to continue monitoring 
the gorillas and chimpanzees here over many years of instability. 

10. Gombe Stream Research Centre: Established by Jane Goodall in 1960, this is the longest running 
chimpanzee research station in the World. The focus of much of the research has been on the 
ecology and behaviour of the chimpanzees in the Gombe National Park in Western Tanzania 
(Goodall, 1986) but there have also been studies made of the other primates and changes in the 
habitat. 

11. Mahale Mountains Chimpanzee Research Project: Established in 1965 in the Mahale Mountains 
National Park in Western Tanzania by Toshisada Nishida the research here has focused on the 
ecology and behaviour of chimpanzees (Nishida, 1990). However, other research has collected 
data on the more general ecology of the park and its surroundings (Nishida & Nakamura, 2008). 
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Figure 1.1. The location of the eleven research stations in the Albertine Rift. National Parks are shown in 
orange and wildlife or forest reserves in green. 
 
Long term changes in the Albertine Rift 

The Albertine Rift is also one of the most highly populated regions in Africa with human 
population density reaching 700 people per kilometer square (Cordeiro et al. 2007) which is made 
possible by the fertile volcanic soils . This increase in human numbers has taken place very recently in 
geological history with much of it taking place over the past 50-100 years. Combined with global climate 
change these two factors are affecting the ecology of this globally important hotspot. 

The relatively long history of each of these research stations allows us to assess the ecological 
changes that have been occurring in the Albertine Rift over the past 50-100 years. The following chapters 
in this book document these changes at each of these eleven research sites and is a result of a MacArthur 
Foundation supported conference held in Kampala, Uganda in January 2009.  This conference aimed to 
assess what changes have been taking place and where regional monitoring and research should focus to 
ensure a good understanding of the changes and their causes.  
 

Each site was asked to summarise data they had on the following main subject areas: 
 
1. Overview of the site and the main changes that have taken place since research began  
2. Climatic changes over time (rainfall and temperature) 
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3. Habitat changes in and around the site – changes in habitat types and its causes 
4. Changes in phenology of plants focusing on the frequency and timing of flowering/fruiting, and 
whether there are changes in particular species over time 
5. Animal population changes summarizing any population censuses 
6. Socioeconomic changes in human populations around the site and changes in threats to the site as a 
result. 
7. Conservation changes and the future of the site - what are the looming challenges for a site and where 
should research and conservation management focus to ensure the conservation of the site. 
 

Chapter two summarises recent research on the predicted climate changes that are predicted to 
occur in the Albertine Rift looking at how this may affect the ecology of the region. Chapters three to 
twelve summarise the information on ecological and social changes at the 11 sites listed above (Queen 
Elizabeth and Virunga Parks are combined in chapter 6). The final chapter pulls together lessons learned 
from the research at each of these sites on the changes that are taking place in Africa’s Albertine Rift 
Valley and makes recommendations for future monitoring and research.  
 
 
References 
 
ARCOS. (2004). A strategic plan for the conservation of the Albertine Rift 2004-2030. Strategic Action 

Plan developed by protected area authorities, ministries and over 30 NGOs. Published by 
ARCOS. 

Brooks, T., Hoffmann, M., Burgess, N., Plumptre, A., Williams, S., Gereau, R.E., Mittermeier, R.A. & 
Stuart, S. (2004). Eastern Afromontane, pp. 241-242. In: Mittermeier, R.A., Robles-Gil, P., 
Hoffmann, M., Pilgrim, J.D., Brooks, T.M., Mittermeier, C.G., Lamoreux, J.L. & Fonseca, G.  
(Eds.). Hotspots Revisited: Earth’s Biologically Richest and Most Endangered Ecoregions. 
Second Edition. Cemex, Mexico. 

Cordeiro, N.J., Burgess, N.D., Dovie, D.B.K., Kaplin, B., Plumptre, A.J., & Marrs, R. (2007). 
Conservation in areas of high population density in sub-saharan Africa. Biological Conservation, 
134, 155-163 

Dawkins, H.C. & Philip, M. S. (1998). Tropical Moist Forest Silviculture and Management. A history of 
success and failure. CAB International, University Press, Cambridge. 357 pp. 

Eggeling, W. J. (1947). Observations of the ecology of the Budongo Rain Forest, Uganda. Journal of 
Ecology, 34, 20–87. 

Goodall, J. (1986). The Chimpanzees of Gombe: Patterns of Behaviour. The Belknap Press, Harvard 
University, Cambridge, MA. 

Kingdon, J. (1990). Island Africa: the evolution of Africa’s animals and plants. Collins, London. 
Languy, M., & deMerode, E. (Eds.). (2006). Virunga : survie du premier Parc d’Afrique. Lannoo, Tielt, 

Belgique. 352pp. 
Nishida, T. (1990). The Chimpanzees of the Mahale Mountains: Sexual and Life History Strategies. 

University of Tokyo Press, Tokyo. 
Nishida, T. & Nakamura, M. (2008). Long-term research and conservation in the Mahale Mountains, 

Tanzania. In: R.W. Wrangham & E. Ross (Eds.). Science and Conservation in African Forests 
Cambridge University Press, New York, USA. pp. 173–183. 

Olson, D.M., & Dinerstein, E. (1998). The global 200: a representation approach to conserving the earth’s 
most biologically valuable ecoregions. Conservation Biology, 12, 502-515. 

Olupot, W., Parry, L., Gunness, M. & Plumptre, A.J. (2010). Conservation Research in Uganda’s 
Savannas: A Review of Park History, Applied Research and Application of Research to Park 
Management. Nova Science Publishers, New York. 

Plumptre, A.J. (1991). Plant-herbivore dynamics in the Birungas. Unpublished Ph.D. thesis, University of 
Bristol. 



17 

Plumptre, A.J. (1996) Changes following 60 years of selective timber harvesting in the Budongo Forest 
 Reserve, Uganda. Forest Ecology and Management, 89, 101-113. 
Plumptre, A.J. (2004). Priority Sites for Conservation in the Albertine Rift and the Importance of 

Transboundary Collaboration to Preserve Landscapes. In: D. Harmon and G. L. Worboys (Eds.). 
Managing Mountain Protected Areas: Challenges and Responses for the 21st Century. 
Andromeda Editrice, Italy. Pp. 233-238. 

Plumptre, A.J. & Williamson, E.A. (2001). Conservation-oriented Research in the Virunga Region. In: 
M.M. Robbins, P.Sicotte & K.J. Stewart (Eds.).  Mountain Gorillas: Three Decades of Research 
at Karisoke. Cambridge University Press, Cambridge. pp. 361-389. 

Plumptre, A.J., Behangana, M., Davenport, T., Kahindo, C., Kityo, R.,  Ndomba, E., Nkuutu, D., 
Owiunji, I., Ssegawa, P., & Eilu, G. (2003). The Biodiversity of the Albertine Rift. Albertine Rift 
Technical Reports No. 3, pp105. www.albertinerift.org 

Plumptre, A.J., Davenport, T.R.B., Behangana, M., Kityo, R., Eilu, G., Ssegawa, P., Ewango, C., and 
Kahindo, C. (2004). Albertine Rift. In: Mittermeier, R.A., Robles-Gil, P., Hoffmann, M., Pilgrim, 
J.D., Brooks, T.M., Mittermeier, C.G., Lamoreux, J.L. & Fonseca, G. (Eds.). Hotspots Revisited: 
Earth’s Biologically Richest and Most Endangered Ecoregions. Second Edition. Cemex, Mexico. 
Pp 255-262. 

Plumptre, A.J., Davenport, T.R.B., Behangana, M., Kityo, R., Eilu, G., Ssegawa, P., Ewango, C., Meirte, 
D., Kahindo, C., Herremans, M., Kerbis Peterhans, J., Pilgrim, J., Wilson, M., Languy, M. & 
Moyer, D. (2007). The Biodiversity of the Albertine Rift. Biological Conservation, 134, 178-194. 

Plumptre, A.J., Kujirakwinja, D. and Nampindo, S. (2009).  Conservation of Landscapes in the Albertine 
Rift. pp 27-34  In: K. H. Redford & C. Grippo (Eds.). Protected Areas, Governance and Scale. 
WCS Working Paper No. 36.  182 pp.  www.wcs.org/science 

Reynolds, V. (2005) The Chimpanzees of the Budongo Forest. Oxford University Press. 
Reynolds, V.,& Reynolds, F. (1965). Chimpanzees of the Budongo Forest. In I. DeVore (Ed.). Primate 

Behavior. Holt, Rinehart and Winston, New York. Pp. 368–424. 
Stattersfield, A.J., Crosby, M.J., Long, A.J. & Wege, D.C. (1998). Endemic Bird Areas of the World: 

priorities for biodiversity conservation. Birdlife International Conservation series No. 7, Birdlife 
International, Cambridge. 

Struhsaker, T. T. (1997). Ecology of an African rain forest: Logging in Kibale and the conflict between 
conservation and exploitation. University Press of Florida, Gainsville, FL. 

http://www.albertinerift.org/
http://www.wcs.org/science


18 

2. Regional Climatology of the Albertine Rift  
 

A. Seimon and G. Picton Phillipps 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rushing streams resulting from the high rainfall in the Rwenzori Mountains 
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Introduction 
This chapter presents an assessment of climatological knowledge, patterns, trends and predictions 

for the Albertine Rift at the close of the first decade of the 21st century. Much of the content is taken from 
a whitepaper report prepared for The Albertine Rift Climate Assessment, a project conducted by the 
Wildlife Conservation Society with funding support by the John D. and Catherine T. MacArthur 
Foundation (Seimon and Picton Phillipps, 2010). Additional location-specific content from the 
whitepaper is presented in the chapters on conservation sites of Budongo Forest Reserve (chapter 3), 
Toro-Semliki Wildlife Reserve (Chapter 4), and Queen Elizabeth and Bwindi Impenetrable National 
Parks (chapters 6 and 7) in Uganda; Volcanoes and Nyungwe National Parks in Rwanda (chapters 9 and 
10); and Mahale National Park in Tanzania (chapter 12). 

Among the world’s continental landmasses, tropical Africa is by far the most under-represented 
in terms of systematic, quality controlled climate data. This void of reliable data has many causes and has 
been frequently lamented, but has become a cause for particular concern in contexts of global climate 
change. The baseline data needed as inputs to ensure that models are launched with proper representation 
of actual conditions as a starting point, and which also serve as reference for assessing degrees of change 
shown in predictions, are for many regions of Africa largely unavailable. Instead, interpolation techniques 
must be applied between widely separated data points greatly smoothing out local climatic detail – the 
detail that determines many characteristics and particularities of local ecology. This insufficient 
representation is especially problematic in mountains and other regions of complex topography, where 
both climatic and related ecological gradients are especially large. 
 This is largely the case for the Albertine Rift, where a complex landscape configuration and widespread 
absence of verifiable point data resulting from sparse and poorly sustained climatological observations 
stand as obstacles to efforts to apply models for predicting climatic and ecological futures. Furthermore, 
contemporary understanding of Albertine Rift regional climatology conveyed in scientific literature 
contains notable knowledge gaps, if not fundamental misperceptions, regarding the regional climatic 
system. In particular, prevailing perspectives portrayed in scientific literature and elsewhere tend to 
oversimplify the precipitation hydrology, and thus fail to represent patterns that are likely of consequence 
to ecological systems and, it follows, among those most susceptible to perturbation under changing 
climatic regimes.  

Such simplification is in part the product of expectations by climatologists and other users of 
climatological data that at seasonal time scales, tropical precipitation occurrence is stochastic in terms of 
the frequency of rainstorms and the amount that falls from each storm.  Guided by such expectations, 
rainfall observations taken at daily or hourly intervals is archived, analyzed and presented as monthly and 
annually aggregated totals and means. This process effectively smoothes out high frequency behavior 
before it can be analyzed, and in doing so removes a considerable part of the climatological detail of 
actual relevance to terrestrial biodiversity and many ecological processes. While this is both widely used 
and conventional practice in climatology, the consolidation of raw climatological data into aggregated 
quantities represents innumerable missed opportunities to ecological studies and applications, among 
other things. The monthly data reveals the low-frequency characteristics only; more highly resolved 
information could more effectively elucidate both present-day relationships between climate and ecology, 
and enable stronger inference on likely impacts to ecological systems as a consequence of climate change 
forthcoming.  
 
Data 

Climatological records 
Despite the paucity of climate data from the region, basic climatological observations have been 

collected within most of the key protected areas of the Albertine Rift region. These records are mostly 
from observational periods of less than 30-years, the conventional time period used to establish parameter 
means for climatological applications. We therefore analyze data according to the mean values inherent in 
each data set, and assess anomalies and trends relative to these baselines.  
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There are also many issues concerning data consistency and quality, and most of the raw data 
files required considerable error checking and correction before being considered usable.  The lack of 
standardization in instrumentation quality and in siting weather stations generally means that these 
records cannot be considered authoritative and comparable to the quality controlled data series compiled 
for the Global Hydro Climatological Network (GHCN) and other archives. They are, however, often the 
only direct measurements available within the protected areas so are used here as the principal 
climatological data base, though with various caveats necessarily applied.  
 
Model output 

Observationally based interpolated climatology products offer a baseline for comparison with 
modeled climatic predictions. We used the University of East Anglia Climate Research Unit CRU TS2.1 
interpolated baseline climate gridded data (Mitchell and Jones 2005) averaged over the period 1980-1999 
to determine gridpoint values of monthly mean cloud cover, precipitation and temperature over the 
Albertine Rift project domain. 

The climate and environmental predictions were generated using General Circulation Models 
(GCM) output generated under the SRES A2 emissions scenario (IPCC 2007). Output from low 
resolution GCM multi-model global ensembles were extracted for the Albertine Rift region for the period 
1990 – 2090. The data extracted were the monthly means calculated from the raw GCM output data for 
10 years either side of the year of interest. These datasets were used as input to a statistical downscaling 
procedure, which produced a set of medium resolution climate model data for the same period with a 
spatial resolution of approximately 50 km. These datasets were used in their raw state to provide 
predictions of climate in the Albertine Rift at 2030, 2060 & 2090.  The 20-year period monthly means 
were developed to eliminate single year anomalies that may occur in model simulations.  
 

Albertine Rift Regional Climatology 
The climatic regimes of the Albertine Rift corridor are largely a consequence of its complex 

mountainous topography and a latitudinal domain that extends from the equatorial tropics in the north to 
the outer tropical belt in its southern extreme. Climatic seasonality along the north-south oriented rift 
corridor is largely dictated by the annual back and forth migration of the Inter-Tropical Convergence 
Zone (ITCZ), as can be seen at continental scale in Figure 2.1.   

Thermal conditions are largely a function of elevation throughout the domain, with very little 
thermal seasonality experienced in terms of monthly mean temperatures. An exception is the southern 
part of the rift flanking Lake Tanganyika, where a marked dry season with reduced humidity and cloud 
cover in the austral winter months is associated with slightly lowered nocturnal minima.  Climatic 
variability and seasonality in the Albertine Rift is therefore most evident in moisture variations, in 
cloudiness and precipitation occurrence.  

At the more focused regional scale of the Albertine Rift, complexity becomes evident in climatic 
behavior and spatial patterns throughout the region. At these scales the influences of regional landforms, 
large lakes and vegetation on spatial distributions of climatic parameters become amply apparent, as can 
be discerned from a satellite image of diurnal cloud cover (Figure 2.2).  
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Figure 2.1. Continental scale depiction of moisture distributions over Africa according to monthly 
averages of rainfall rate derived from global analysis products. The Albertine Rift region is outlined by 
the black rectangle in each figure. The annual north and south migrations of the ITCZ, evident as the 
darker green shades over equatorial regions, bring the Short and Long Rains to the northern part of the rift 
region around October and April, respectively, while southern parts of the domain experience a single 
long-duration wet season peaking around January when the ITCZ is at its southern zenith.  Source: 
International Research Institute for Climate and Society (IRI), New York; 
(http://iridl.ldeo.columbia.edu/maproom/.Regional/.Africa/.Climatologies/.Precip_Loop.html) 

 
 
While the seasonal climatology of the Albertine Rift is largely dictated by the invariant solar 

migration, external climatic forcings also play a significant role in inter-annual climatic variability 
through long distance linkages known as teleconnections. Year to year precipitation variability is most 
strongly influenced by the El Niño Southern Oscillation (ENSO), which, despite being focused in the 
eastern equatorial Pacific Ocean at a vast distance from the Albertine Rift, exerts considerable influence 
over rainfall occurrence in eastern Africa (Anyamba et al 2002, Gianini et al, 2008) (Figure 2.3). The 
general pattern links warm ENSO (El Niño) events with regional rainfall surpluses, and cold ENSO (La 
Niña) events with rainfall deficits; this pattern is inconsistent, however, since a more local factor, the 
Indian Ocean Dipole (Saji et al., 1999), must act in concert with ENSO in order to yield the expected 
rainfall anomalies.   Other climatic teleconnections are recognized too. Inter-annual rainfall variability in 
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the Greater Horn of Africa region including northern parts of the Albertine Rift has been shown to 
correlate remarkably well with surface pressure over the Indian subcontinent (Camberlin 1997); these 
factors in turn relate to the ENSO-Indian Ocean complex described above. 

 
 
 
 
 
 

 
 
 
 
 
 

Figure 2.2. (Left) Relief map showing national boundaries and core biodiversity conservation landscapes 
examined in the Albertine Rift Climate Assessment study. Darkening purple and green shades indicate 
increasing highland and decreasing lowland elevations, respectively. Major water bodies are shown in 
blue. (Right) Satellite view of a subsection of the map at similar scale. The spatial organization of 
convective cloudiness under morning sunshine (local time 11:25 AM) reveals the topographic and land 
surface controls over mesoscale meteorology, whereby mountains promote daytime convective 
development and the rift’s great lakes act as suppressors, owing to their cooler surfaces. Red spots are 
“hot” pixels denoting infrared detection of fire occurrence. Image date 13 May 2002.  Source: 
Terra/MODIS image from NASA Visible Earth (http://visibleearth.nasa.gov/)  
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Figure 2.3.  (left) A 60-year chronology of warm and cold ENSO events (i.e. El Niño and La 
Niña) in the tropical Pacific Ocean as represented by the Multivariate ENSO Index. Large positive and 
negative anomalies represent El Niño and La Niña events, respectively. (Source: www.cdc.noaa.gov/mei); 
(right) Warm ENSO influence on influence on East African rainfall. Orange and red areas historically 
have received above-normal rainfall from October to December during times of El Niño. (Source: 
International Research Institute for Climate and Society (IRI), New York; 
http://portal.iri.columbia.edu/portal/server.pt) 

 
 
A current point of debate in African climatology concerns the relative roles played by internal 

versus external forcing factors in determining multidecadal trends in rainfall widely observed throughout 
tropical Africa, most notably the Sahelian region but also in eastern Africa extending to the Albertine Rift 
(Gianini et al. 2008).  Climate modeling studies find the trends to be externally dictated by sea surface 
temperature variations, whereas findings from regional modeling studies determine that internal forcing 
by anthropogenic land cover change within the continent itself largely explains the trend behavior (see, 
e.g. Gianini et al. 2008; Paeth et al. 2009). Both factors are very likely at work, though understanding to 
what degree proportionally, is of considerable importance in assessing climate model predictions and 
improving climate model representation of both forcings and responses. 

Model interpolations 
Climatological representations of monthly mean distributions of key climatological parameters 

based on interpolations incorporating topography are informative for understanding spatial organization 
and seasonal behavior of the annual climate cycle. In a data sparse domain such as the Albertine Rift, the 
limited observational data utilized to generate the gridded products results in low confidence that 
location-specific climatology will be accurately represented. Nevertheless, these products are highly 
informative in conveying the spatial and temporal patterns of the annual climate cycle over the Albertine 
Rift as a whole, and to a lesser degree, at site-specific localities in a general sense as well. At more 
focused scales the representation of the gridded data to actual climatology diminishes considerably, and 
as such, in situ measurements become a necessity in order to ascertain actual conditions. 

The interpolated data fields for each month of the year from the historic 1990 reference dataset 
are presented in Figures 2.4,2.5 and 2.6 for Monthly Mean Cloud Cover, Precipitation Amount and 
Temperature, respectively. Despite the coarse resolution the plotted fields are informative for revealing 
spatial aspects of seasonal evolution and the locations of relative maxima and minima.   

 

 

http://portal.iri.columbia.edu/portal/server.pt
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Figure 2.4. Climatological representation of monthly mean cloud over the Albertine Rift project domain 
based on 1980-1999 interpolated data. The ebb and flow of the rain-bearing Inter-tropical Convergence 
Zone (ITCZ) from its southern perigee in December-January to its northern apogee in July-August and 
subsequent return are readily apparent.  
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Figure 2.5. Climatological representation of monthly mean precipitation amount over the Albertine Rift 
project domain based on 1980-1999 interpolated data. Seasonal ITCZ migrations evident in cloud cover 
bring twin rainy seasons of relatively short duration to the central Albertine Rift each year, and longer, 
unimodal rainfall seasons to both the north and south.   
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Figure 2.6. Climatological representation of monthly mean surface temperature over the Albertine Rift 
project domain based on 1980-1999 interpolated data. Spatial variation remains fixed in place over time, 
reflecting control of terrain elevation over temperature. Some thermal seasonality is evident in the austral 
winter across the southern part of the Albertine Rift domain.
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Climate observations 
In this section we describe some distinct site-specific climatological patterns and trend behavior 

from important protected areas located within several of the sub-regions shown in Figure 2.2.  
 
Murchison-Semliki 

This is the northernmost sub-region considered from the Albertine Rift domain, and is 
characterized by both extensive highlands flanking the rift valley and lowlands of the valley floor itself. 
The project obtained climate observations from two sites here, the lowland Semliki-Toro Wildlife 
Reserve and medium altitude Budongo Forest Reserve.  As with several other protected area data sets 
evaluated, the climate record from Semliki covers a relatively short period only, requiring considerable 
smoothing of daily data, in this case, 15-day running means, to reduce statistical noise in the presentation 
(Figure 2.7). Despite this limitation, a sufficient number of observations are available to reveal patterns 
suggesting complex rainfall climatology might exist in this region similar to these detailed below for 
Bwindi Impenetrable Forest National Park. While additional years of data collection will be required to 
validate this and refine the signals, obvious similarities to the robust patterns demonstrated from Bwindi 
of large magnitude, short-period maxima and minima are clearly evident and thus seem quite plausible. 

The rainfall climatology from the Budongo Forest, developed with more complete records over a 
longer period, likewise exhibits a strongly bimodal rainfall climatology as seen at Semliki, but with less 
amplified short-period behavior (Figure 2.8). An interesting exception to this is found at the annual 
pluvial maximum in October, which is split in two by an anomalous and pronounced minimum of about a 
week’s duration. The significance and cause behind this phenomenon is unknown, but again indicates 
unexpected complexity in local climatic behavior. Of note is that this short-term anomaly is entirely 
unrepresented in the monthly mean data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: Annual rainfall climatology at Mugiri in the Toro-Semliki Wildlife Reserve, Uganda based on 
semi-continuous observations between 1997-2010. Shown are 15-day running means of daily rainfall rate 
and monthly mean rainfall rate. Data provided by Randy Patrick and Kevin Hunt, Indiana University. 
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Figure 2.8.  Annual pluviogram for Sonso, Uganda showing the bimodal seasonality of rainfall at the 
Budongo Forest, to the south and adjacent to Murchison Falls National Park.  Data provided courtesy of 
Fred Babweteera, Budongo Conservation Field Station. 
 
 
Greater Virunga Landscape 

The Greater Virunga Landscape sub-region encompasses the most extreme range of landscapes in 
the Albertine Rift, ranging from the relatively arid lowlands plains on the valley floor in Uganda’s Queen 
Elizabeth National Park to the glacierized heights of the Rwenzori a short distance away. The monthly 
averages from Bwindi clearly portray the annual bimodal seasonality in precipitation delivery, and 
suggest a relatively simple and well-defined hydrological system.  In marked contrast, the sub-monthly 
patterns identify robust intra-seasonal variability to precipitation, whereby both rainy seasons are revealed 
to be interrupted by intense maxima flanked by temporary minima (Figure 2.9).  This in turn identifies the 
likelihood that there is far greater complexity to Albertine Rift regional climatology than can be 
represented in monthly statistics.    

The exceptionally large-magnitude fluctuations in rainfall rate centered in early May and 
September are strongly evident in the short-period data, but entirely masked by averaging in the monthly 
means. Such signals might be of considerable significance to local ecology, yet would remain invisible 
and undetected using conventional climatological analysis.  

Also situated within the Greater Virunga Landscape sub-region, the Kibale region offers more 
than a century of climatological records available thus should offer opportunities for ascertaining long-
term climatic trends and variability. Close to the landscape is Fort Portal in the northeast, where 
systematic climate monitoring was initiated in 1903.   Surprisingly however, analysis reveals rainfall 
trend signals that conflict with published reports, making coherent trends assessment problematic.  In 
particular, a strong, multi-decadal increase in annual rainfall has been reported for the Kibale National 
Park-Fort Portal region based upon spliced data series (Struhsaker 2002, Chapman et al, 2005). We 
analyzed monthly records from Fort Portal and confirmed a slight increasing trend for the data period 
from 1903-71 However, a second data series from the Torokahuna Tea Estate north of Kibale that begins 
when the Fort Portal data ends shows declining rainfall for their period of record (1970-2008), as shown 
in Figure 2.10.  This trend conflicts diametrically with the trends reported from Kibale National Park.  
The reason for this discrepancy remains to be determined, but it is unlikely that long-term trend behavior 
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of opposite sign would exist between nearby sites.  Statistical analysis of seasonal and annual rainfall 
trends from climate stations in the Kibale region are reported by Stampone et al (submitted for 
publication), and confirm that marked spatial differences in rainfall trends are present in observational 
data; the factors underlying these disparate results still remain to be identified, however. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.9. Pluviogram showing rainfall climatology at Ruhija at the Bwindi Impenetrable Forest 
National Park, Uganda for the period 1987-2006. Highly defined rainfall maxima flanked by minima are 
clearly evident in the 9-day running mean traces, yet become obscured when the data is summed into 
monthly means. Data provided courtesy of Robert Bitariho and Badru Mugerwa at the Institute for 
Tropical Forest Conservation at Ruhija. 
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Figure 2.10. Inter-annual and multi-decadal trends in rainfall rate at Torokahuna Tea Estate near Kibale 
National Park, Uganda relative to the long-term mean based on monthly records from 1970-2008. Values 
are calculated as departures from long-term monthly means and then averaged over a 12-month running 
period. Light and dark gray shading indicates positive and negative rainfall anomalies, respectively, while 
the black line shows linear regression of the data. Data provided courtesy of John Prinsloo. 
 
 
Maiko-Itombwe 

Climatological observations from the western side of the Albertine Rift region are extremely 
sparse. The long-term records from the Lwiro research station outside Kahuzi-Biega National Park are 
particularly noteworthy for being sustained almost without interruption. The temperature data exhibits a 
strong and sustained multidecadal warming trend (Figure 2.11). The net change derived by linear 
regression of annual temperature means of +2.1 C over 53 years is extremely rapid, and exceeds warming 
rates reported more widely across eastern Africa (see e.g. Cullen et al., 2006).  

Whether this trend represents a response to local forcings, such as deforestation, external 
forcings, or a combination of the two cannot be immediately ascertained; the possibility of instrumental 
error or drift in measurements must also be considered. However, the ecological impacts of a change of 
this magnitude should be detectable in species response, especially for thermally constrained species with 
habitats organized by altitudinal zonation where the warming would be expected to drive upward 
migrations.  
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Figure 2.11: Annual mean temperatures and 5-year running mean at Lwiro, Congo DRC from 1953-
2006. The data exhibit a sustained warming trend since the 1960s as well as some inter-annual variability. 
Data provided courtesy of the Observatoire Volcanologique de Goma. 
 
 
Mahale Corridors 

The southernmost site with observational data available for climatological analysis is the Mahale 
National Park in southern Tanzania. Analysis of temperature and rainfall observations at Mahale is 
presented by Itoh et al. in Chapter 12, with an additional observation on precipitation trends provided 
here. 

Splitting the hydrological year pluviogram (see Figure 12.2 in Itoh et al, Ch. 12) into two equal-
length periods suggests that during the past 20 years the rainy season has on average decreased in length 
by several weeks, and has significantly more rainfall occurring during the first peak of the wet season in 
November-December, and significantly less rain occurring in the third peak from mid-February through 
mid-April. These signals are quite clearly defined and are suggestive of a shift in distribution of rainfall 
during the hydrological year, as well as the overall reduction shown in the trend diagram (Figure 2.12). 
However, the time period is too short to draw any conclusion regarding whether this represents true 
climate change versus cyclical behavior from decadal climatic variability. 
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Figure 2.12. Hydrological year daily rainfall rate at Mahale smoothed by applying a 21-day running 
mean for the 10-year periods 1989-1998 and 1999-2008. The color shading indicates a shift from wetter 
to drier (light gray) and drier to wetter (dark gray) from the earlier to the latter period. Data provided by 
Dr. Noriko Itoh, Kyoto University. 

 

Albertine Rift region climate projections 
Finally, in this section composite plots are presented of climate parameter changes under the 

SRES A2 emissions scenario for the Albertine Rift project domain as developed for the Albertine Rift 
Climate Assessment project (Picton Phillipps and Seimon, 2010)). These are displayed as monthly mean 
change relative to the baseline conditions displayed Figures 2.13-2.15 summary statistics of these 
parameters averaged over the project domain are presented below in Table 2.1.  
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Figure 2.13. Downscaled GCM predictions of monthly precipitation amount change relative to the 1990 baseline means over the Albertine Rift project 
domain for the benchmark years 2030 (left) 2060 (center) and 2090 (right) 
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Figure 2.14. Downscaled GCM predictions of monthly mean cloud cover change over the Albertine Rift project domain for the benchmark years 2030 (left) 
2060 (center) and 2090 (right) 
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Figure 2.15. Downscaled GCM predictions of monthly mean temperature over the Albertine Rift project domain for the benchmark years 2030 (left) 2060 
(center) and 2090 (right) 
 

 



36 

Table 2.1. Domain-averaged statistics for temperature (deg. C), precipitation (mm per annum) and cloud 
cover (percent) for the 1900 baseline year and 20-year mean values centered on the years 2030, 2060 and 
2090.  The Maximum and Minimum values represent model gridpoint extrema across the project domain, 
whereas the Mean values represent the average of all gridpoints. 
 

  1990 2030 2060 2090  
Max 26.0 27.0 28.1 29.7 

Mean 22.7 23.6 24.7 26.3 Mean annual 
temperature 

Min 15.0 16.0 17.1 18.7 
°C 

Max 1887 1900 1968 2098 
Mean 1199 1233 1287 1406 Mean annual 

precipitation 
Min 821 875 938 1057 

mm 

Max 82.6 82.4 81.7 81.9 
Mean 67.2 67.4 66.9 67.1 Mean annual 

cloud cover 
Min 42.4 43.2 43.2 43.4 

% 

 
When evaluating the GCM-derived products, it is important to consider various caveats 

associated with the use of such projections of the future. These include: GCM accuracy and representation 
are uncertain and of coarse resolution; GCMs are far from consistent in depicting common climatic 
outcomes; emissions scenarios are mere guesses of unknowable future anthropogenic forcings; and that 
non-greenhouse gas climate forcings, especially those related to anthropogenic land cover modification, 
are significantly underrepresented in GCMs (e.g. Paeth et al 2009).  Therefore, potential users of this 
information should apply a high degree of caution when evaluating these results. 
 
Precipitation 

In the A2 model simulations, precipitation changes are both high in magnitude and spatially 
heterogeneous across large parts of the Albertine Rift domain during the course of the 21st century (Figure 
2.13). At regional scales two patterns of change stand out. The first is an overall increase in net annual 
precipitation. Relative to the 1990 baseline, rainfall increases by 3%, 7% and 17% in 2030, 2060 and 
2090, respectively. The second pattern is temporal redistribution in the annual fraction of rainfall 
associated with the twin wet seasons that characterized rainfall over much of the Albertine Rift. The 
model output indicates that the largest increases in rainfall amount will occur from mid-century onward, 
when a large increase in the magnitude of November-December rainfall will occur while little net change 
is evident in the March April period.  As discussed above, redistribution in annual rainfall consistent with 
this pattern is evident in climatological records from Mahale on Lake Tanganyika, though whether this 
represents early establishment of the pattern depicted in the model output or simply climatic variability 
cannot yet be ascertained. 
 
Cloud Cover 

In the A2 model simulations, net cloud cover across the Albertine Rift domain remains almost 
invariant around 67% for all years assessed, but spatial changes nonetheless are significant and increase 
markedly during the course of the century as internal redistribution of cloudiness patterns develop (Figure 
2.14). Monthly cloud cover changes mostly fall within the range of +/- 2% in 2030 relative to the 1990 
baseline, though with some spatial coherence indicating slight moistening in the south and drying in the 
north. More significant changes become apparent by 2060, when cloud cover reduction of 3-5% in April 
and May are widespread in the north, suggesting that the wet season termination will tend to occur earlier 
in the season over time. By 2090, cloud cover during the April wet season peak is reduced region wide, 
indicative of the trend towards a drier season evident in precipitation amount too. A large departure 
relative to the present is also depicted for 2090 in the months of November and December throughout the 
southeastern part of the domain. Here, cloud cover increases significantly, by more than 5%, in 
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association with greatly increased rainfall, yet these factors nonetheless fail to dampen the magnitude of 
thermal increase which is still more than 3°C above the 1990 baseline.   
 
Temperature 

In the A2 model simulations, temperature increases are significant and occur at an accelerating 
pace across the Albertine Rift domain during the course of the 21st century. It is noteworthy that 
temperature extremes in the mapped domain increase at the same rate as the domain-averaged mean 
(Figure 2.15). This identifies unambiguously that no locales will remain unaffected by strong and 
sustained warming relative to current conditions.  

Given that temperatures change as a function of elevation in tropical atmospheres average 5-6°C 
per km of elevation, the net region-wide thermal increase of 3.6°C under the A2 scenario would translate 
to a very large upward displacement, in the range of 600-720 meters.  
 
Long term impacts for conservation 

In terms of regional ecology and phenology, and therefore for conservation as well, the intra-seasonal 
precipitation patterns identified in this study are likely of considerable significance, yet this information is 
effectively lost if only the monthly means are considered. Such patterns may also present targets for 
representation by climate models, both for validation of past and present climate behavior, and also as 
means of diagnosing change in projections of the future. Analysis on observational data sets should 
therefore be expanded and extended to point-specific global and regional climate model output, which 
could be examined for inference on climatic behavior such as: 
• Modal behavior - at what specific times of year do intra-seasonal maxima and minima in precipitation 

amount occur, and what is the inter-annual distribution of these modes in terms of timing and 
amplitude? 

• Intra-seasonal patterns - do high-amplitude, short-term variations in daily precipitation rate occur on a 
regular basis at specific times each year?  The existence of such behavior might identify 
climatological triggers of phenological patterns. 

• Precipitation intensity - how does the fraction of heavy versus light precipitation amount vary through 
time?  

• Dry season duration - can the specific number of days be determined for each dry season to ascertain 
trends over time? 

• Trends - can changes over time be identified for the patterns above? 
 
Such levels of detail require temporal resolution in the data – and in climate modeling output – more 

precise than monthly increments.  Therefore, for the baseline analysis that will serve for comparison to 
future climate change scenarios, effort must be placed in obtaining long-term hourly to daily precipitation 
measurements along the Albertine Rift corridor, and especially where climate station data have been 
collected within protected areas.  
 
Addressing climate monitoring needs 

Climate monitoring in Albertine Rift protected areas, where available, is presently performed 
inconsistently, often with sub-standard instrumentation and lacking the systematic methodologies and 
instrument calibration that make inter-site data comparison possible. Even at research sites where efforts 
have been made to utilize digital sensors, economic considerations have led researchers to utilize lower-
cost instrumentation with short life spans, resulting in truncated or discontinuous data series. The 
installation of appropriately sited, research grade automatic weather stations at Albertine Rift sites must 
be considered among priorities for future work. Such stations should be situated in currently data-void 
regions and also at sites where climate monitoring is already ongoing but with inadequate systems. In the 
latter case, both systems should operate concurrently for at least one year in order to identify possible 
systematic bias and other errors in the historical data set that should become evident when data from the 
old and new systems are compared. 
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Chimpanzees, the most important seed disperser in Budongo Forest Reserve 
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Introduction 
Budongo Forest Reserve (BFR) is a medium altitude, moist semi-deciduous forest (31o 22' – 31o 

46' E and 1o 37' – 2o 03' N), covering an area of 825 km2 of which about 50% is forest and the rest is 
grassland (Figure 3.1). Budongo has for a long period been the centre for studies in tropical silviculture 
and botanical work in the East African region (e.g. Eggeling 1947, Plumptre 1996, Sheil et al. 2000, 
Babweteera et al., 2000).  

Budongo Forest Reserve was gazetted by the British Colonial Administration in the early 1930s 
although timber extraction started as early as 1910. Initially the logging planned to remove all old timber 
trees over 1.3 m DBH followed by felling smaller trees 80 years later. The ultimate aim was to create a 
two-stage uniform crop of trees which would be felled over a 40 year polycyclic interval. However, due 
to the slow recovery of valued timber of suitable sizes harvesting was changed to monocyclic felling at 80 
year intervals and the felling limit lowered to 85 cm DBH (Dawkins, 1958 and Philip, 1965). Enrichment 
planting with mahoganies (Khaya anthotheca and Entandrophragma spp.) was carried out between the 
1940s and 50s but was quickly abandoned after it was found that many seedlings died and that natural 
regeneration in logged areas was as good as that in planted areas. Later planting of saplings was started 
but elephants often ate and killed these. Consequently, during the 1950s and 1960s arboricide treatments 
were carried out on trees with low market value (‘weed species’), together with climber cutting, to open 
up the canopy and encourage the spread of mixed forest which favoured regeneration of the mahoganies. 
However, the treatments were stopped in the 1970s when more tree species became marketable and the 
cost of the arboricide became too high.  

Due to political instability in Uganda between 1972 and 1985, the main logging company, 
Budongo Sawmill, stopped its activities at that time. After the wars it was found that pitsawing was more 
economical and because the Forest Department did not have the manpower to control access to the Forest, 
the two sawmills that tried to establish themselves could not compete. As a result all of the timber 
produced at present is by pitsawing. This management history has had a significant effect on the ecology 
of the forest. Most important was the change in forest types (Plumptre 1996) which is described in detail 
in the proceeding sections. Another key change to the wildlife was the deliberate hunting of elephants 
(Loxodonta africana africana) by the Uganda Forest Department in the 1950s and 1960s and the Ugandan 
army that led to local extinction of the species in the late 1970s, which in turn led to significant changes 
in forest vegetation. 

Around the southern edge of the forest, land use patterns have drastically changed over the last 40 
years. Data from the 2002 census (covering the period 1991 – 2002) indicates a shift from 2.4% to 3.6% 
annual population growth rate for Masindi District. This is higher than the national average of 2.5% 
(UBOS 2007). Subsistence farming was the major land use practice prior to the refurbishment of Kinyara 
Sugarcane Works in the early 1990s. Kinyara Sugar Works provided employment opportunities to various 
immigrants fleeing conflicts in northern Uganda and southern Sudan. This coupled with the high 
population growth rate among the indigenous people, created a population rise in the area leading to land 
shortage, clearance of forests/woodlands and increased cases of illegal activities within the Budongo 
Forest. The immigrant communities have caused social, cultural and economic changes in the area.  

One of the major changes brought about by immigrants was the switch from subsistence 
agriculture with local traditional people working the land while living on their own land, to workers in a 
cash economy living far from their birthplaces in shacks on newly acquired land or in new villages 
(Lauridsen, 1999). In addition, a large area to the south of BFR has been converted to sugarcane fields 
thus escalating the land shortage crisis given that there is less land available for growing food crops. 
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Figure 3.1. Map of Budongo Forest Reserve showing the core research area of Budongo Conservation 
Field Station and the management history of the different compartments in the forested parts of the 
reserve. The reserve boundary is also shown indicating where the reserve includes non-forest habitat 
types. 
 

Climatic changes 
Annual rainfall in Budongo Forest Reserve averaged 1,620 mm over the past fifteen years (Figure 

3.2). There was a slight increase in annual rainfall between 1992 and 1997. Longer term rainfall data for 
Budongo were examined in (Sheil 1997) in which it was shown that, while rainfall is variable there have 
been no consistent trends over the middle decades of the twentieth century.  There does seem to have 
been a “noisy” decline from 1960 to 1980. However, there was an increase in the number of rain days 
between 1992 and 2008 (Figure 3.3). 
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Figure 3.2. Annual rainfall recorded at the Budongo Conservation Field Station 
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Figure 3.3. Number of rain days per year recorded at Budongo Conservation Field Station in Budongo 
Forest Reserve between 1993 and 2007 
 

Maximum and minimum temperatures in Budongo have averaged 27.70C and 16.40C 
respectively. Over the sixteen year period (1993 – 2008) there was a steady decline in minimum and 
maximum temperatures between 1993 and 1997 and thereafter an increase until 2008 (Figure 3.4). An 
analysis of 5-year average minimum temperatures revealed an increase in minimum temperatures from 
150C in 1993 – 1997 to 16.90C in 2004 – 2008. However, 5-year average maximum temperatures were 
variable. 
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Figure 3.4. Annual minimum and maximum temperature recorded at Budongo Conservation Field 
Station in Budongo Forest Reserve 

Vegetation change 
Expansion of tree cover 

Ground based and aerial observations suggest that during the first half of the 20th century, and 
likely for many decades and even centuries before, the southern portion of Budongo was slowly 
expanding outwards into the grasslands. Such observations are documented in Harris 1934, Eggeling 
1947 (who examined documents from 1910 and imagery from 1931, see his map 2), Sheil 1996 (see 
especially the analysis of imagery from 1951, 1960 and 1988 in Appendix A1). This forest expansion was 
blocked by roads and, in recent decades, has been locally reversed by agricultural expansion. In addition, 
many of the woodlands around the forest are of relatively recent origin and likely result from changed 
burning practices in the surrounding landscape along with changes in land-use practices.   
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Effects of silvicultural practices on forest types 
Comparison of aerial photographs taken in 1951 (before arboricide treatment began) and 1990 

show a spread of mixed forest at the expense of the Cynometra forest (Plumptre 1996). In some areas this 
was the direct result of arboricide treatment but it also occurred in untreated areas where logging had 
opened up the canopy. Analysis of species composition in the different compartments indicated that the 
community of trees in the majority of compartments in the east of the forest differed from those in the 
west. Location was a better predictor of species composition than was logging history. A detailed 
inventory of eight compartments across the east-west gradient also showed that there were nearly twice as 
many species of trees per unit area in the compartments in the west compared with the east of Budongo 
Forest (Plumptre 1996). From this study, two key findings are worth noting. Firstly, it is concluded that 
the management history of Budongo Forest did affect the gross distribution of gross forest types and 
expanded the mixed forest type that contained the prized timber species such as the mahoganies. This 
increase in mixed forest at the expense of the Cynometra forest, has been beneficial (i.e. led to increased 
densities of fruit trees) for frugivorous animals including some primates. For instance, Plumptre and 
Reynolds (1994) showed that the density of two monkey species, Cercopithecus mitis (Wolf, 1922) and 
C. ascanius (Audebert, 1799) were positively correlated with the percentage of mixed forest in a 
compartment. Secondly, crude measures of disturbance such as the volume of arboricide applied or 
volume of timber removed are not useful for predicting the species composition of the forest after 
logging. Instead the forest composition before logging, which varies according to geographical position in 
the forest, had more influence on species composition post-logging. 

Monitoring vegetation changes using permanent sample plots 
In addition to the use of aerial photographs, vegetation changes have also been monitored through 

permanent sample plots. The permanent plots in Budongo Forest may be the oldest surviving research 
plots in the humid tropics. They have played a significant role in the interpretations of forest change not 
just at Budongo but in general theories of tropical forest succession, stability and species diversity. W.J. 
Eggeling together with his colleagues established a range of vegetation sample plots during the 1930s and 
early 1940s in order to examine composition, productivity and natural processes of change (Sheil 2003). 
Eggeling eventually published an account of the plot-based work (Eggeling 1947) which asserted that the 
main forest types could be understood as a successional progression from grasslands, to a colonising 
forest, to a mixed forest, to the near monospecific ironwood forest climax of Cynometra alexandri. 
According to this view, changes in species composition were associated with stand level properties, such 
as a progressive increase in overall canopy height and preponderance of large buttressed stems. Crucial in 
terms of subsequent reference was the assertion that species richness first rose and later fell with 
successional status (Eggeling 1947). 
 
Table 3.1. Plots maintained and re-measured in 1992 - 93  

Plot Vegetation in 1940 Vegetation in 1992 Arboricide 
interventions 

Net Basal Area 
Loss m2ha-1  
(min - max 
estimate) 

15 Terminalia 
grassland 

Mixed (with 
Maesopsis) 

1955, 56, 58 8 - 15 

2 Colonising (with 
Maesopsis) 

Mixed 1960, 64 6 - 10 

5 Mixed Mixed 1960, 64 25 - 30 
6 Mixed Mixed 1956, 58, 59 15 - 25 
7 Ecotone to 

Ironwood 
Ecotone to 
Ironwood 

None None 

 
Five of the original plots have been maintained and stem diameters were re-measured in 1992-93 

(Table 3.1). Stem diameters were measured at 1.3 m but buttressed, fluted or deformed stems were 
measured at 3m. Where multiple measurements have been taken, the highest point has commonly been 
used for analysis, and is known as the ‘diameter at reference height’ (drh). For growth data by time 
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interval the highest point measured in the consecutive periods was taken. In the 1992-93 evaluation, we 
measured stems using all known previous points of measurement. A full list of species including notes on 
their ecological guilds, characteristic height, successional status and commercial timber significance, 
along with a description of the major changes seen in the plots, is provided in Sheil et al. (2000). Further 
information regarding the plots and the assessment methods are available in Eggeling (1947) and Sheil 
(1995a; 1997; 1998), and Sheil et al. (2000). 
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Figure 3.5. Recruitment and mortality in (a) plot 15 and (b) plot 7.. Dotted line shows the overall plot 
mean, full line shows one-to-one equality.  For plot 15 the plotted values represent annualised mortality 
(m) and recruitment (r) rates between 1944 and 1950 for those species with stems of 10 cm diameter and 
larger that provide data for both rates. There is a significant relation between the magnitude of gain and 
loss by species (τ = 0.488, p = 0.013*, n = 15). For plot 7 stems are 20 cm diameter and larger and are 
summarised for the period 1939 to 1993, for those species that provide data for both rates. The scale on 
the Y axis is reduced. Species names are designated by six-letter codes provided in (Sheil et al. 2000) as 
ACAHOC = Acacia hockii De Wild.    ALBGRA = Albizia grandibracteata Taub.  ALBZYG = Albizia 
zygia (DC.) J.F.Macbr. ALSBOO = Alstonia boonei De Wild.  ANNSEN = Annona senegalensis Pers. 
subsp. senegalensis LeThomas. CELDUR = Celtis durandii Engl. (Arguably = the Malagasy species 
Celtis gomphophylla Baker). CELMIL = Celtis mildbraedii Engl. CELZEN = Celtis zenkeri Engl. 
CHRPER = Chrysophyllum perpulchrum Mildbr. ex Hutch.& J.M.Dalz. COMCOL = Combretum 
collinum Fresen. subsp. binderanum (Kotschy) Okafor. CUSARB = Cussonia arborea A.Rich.  
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CYNALE = Cynometra alexandri C.H.Wright.  DICCIN = Dicrostachys cinerea (L.) Wight & Arn. 
subsp. cinerea. DOMDAW = Dombeya dawei Sprague. DOMKIR = Dombeya kirkii Mast. ERYABY = 
Erythrina abyssinica DC. subsp. abyssinica.  FICSUR = Ficus sur Forssk. FUNELA = Funtumia 
elastica (Preuss) Stapf. GREMOL = Grewia mollis Juss.  KHAANT = Khaya anthotheca (Welw.) 
C.DC. LASMIL = Lasiodiscus mildbraedii Engl. PILTHO = Piliostigma thonningii (Schumach.) Milne-
Redh. RINBEN = Rinorea beniensis Engl. STEKUN = Stereospermum kunthianum Cham. TERGLA = 
Terminalia glaucescens Benth. TRIMAD = Trilepisium madagascariense DC.(=Bosqueia phoberos).   
 

One hundred and eighty-eight tree species, including two exotics and one unnamed taxa, have 
been recorded from the combined data sets. This represents over 80% of Budongo’s recognised forest tree 
flora. The time series observations added forty species not recorded in Eggeling’s initial evaluations 
(Eggeling 1947). Some species (e.g. Tetrorchidium didymostemon (Baill.) Pax & K.Hoffm. and Trichilia 
martineaui Aubrev. & Pellegrin) have dramatically increased their representation in samples Sheil et al. 
2000). Though possibly chance fluctuations, these species’ changes appear to be part of a more general 
change in forest composition. 

In all the plots there was high variation in mortality and recruitment rates of different species. 
Recruitment and mortality rates for the more common species are correlated in both of the better data sets, 
the ‘late successional’ Plot 7 and the ‘early successional’ Plot 15. This indicates a dynamic component to 
compositional maintenance (Figure 3.5). As total stem number is increasing, species by species 
recruitment rates are also generally outpacing mortality. 

Despite the long history of the sample plots the data remain inadequate to fully address certain 
critical phenomena. For example, the mortality rates of some species, such as Cynometra, appear so low 
that simple estimates imply they may live longer than 500 years (Sheil et al. 2000). The persistence of 
such species is hard to examine as, senescence and catastrophes aside, we can expect current adult 
populations to reflect climatic conditions centuries ago – and steady state models or a century of data 
seem of questionable relevance given known climate flux. Another important observation is the role of 
large trees in determining forest dynamics. For instance, it was observed that loss of only seven stems in 
Plot 7 contributes more than 60% of basal area mortality during the 53 year observation period (Sheil et 
al. 2000). Such change is closely linked to canopy cover and therefore to understorey illumination. 

Community level tree species richness is singled out for more detailed evaluation. The unimodal 
pattern of species-richness in the original comparative plot-series is paralleled by a similar rise-and-fall in 
stem-densities, but rarefaction confirms that the unimodal pattern in richness is observed for fixed stem-
counts (Table 3.2). A similar rise and fall is found with Fisher's α (Table 3.2). The proportion of species 
occurring in both large and small stem-size-classes increases across the series. As richness declines in 
later succession, low abundance species occur predominantly in larger stem-sizes (Sheil 2001). All five 
time-series show a rise in species richness ranging from 12 to 177 % ha-1 (drh ≥ 10 cm, over 50-60 years). 

The disturbed plots achieved higher tree diversity than was encountered in even the richest 
dryland sites in the first half of the century. Contrary to expectation a rise was also recorded in the 
undisturbed late successional plot 7 (in 1940 c. 42 species ≥ 10 cm drh ha-1 rising to c. 47 in 1993). The 
lowest species density observed was a 1940s record of c. 10 species ≥ 10 cm diameter ha-1 in 
monodominant Cynometra forest and the highest record (outside of swamp) is a c. 61 ha-1 recorded in 
1992 in Plot 15 (Table 3.2, and Sheil (2001)).  

Biomass 
A ground check of all five plots and a re-measurement of plot 7 (by Edward Mitchard) was 

undertaken in November 2008. Observations suggest that all plots, including plot 7 have suffered from 
illegal timber cutting. Cutting in plot 5 and 6 is especially severe with the majority of larger trees now 
gone and with areas of the plot dominated by thickets (DS pers. obs.). Initial evaluation of plot 7 implies 
that biomass is still accumulating despite the loss of two or three large trees (Edward Mitchard pers. 
comm. to DS 2008) and thus appears to be increasing in biomass as are many other forests across Africa 
(Lewis et al. 2009). Many of the biases that have accompanied earlier accounts of such forest change now 
appear to be less plausible explanations of these changes which have also been noted in the American 
tropics and elsewhere (Phillips and Sheil 1997, Phillips et al. 2002, Lewis et al. 2004, Sheil 1995a, Sheil 
1995b).  It thus appears that a global phenomenon is involved.   



46 

 
Exotics 

Observations show that a number of exotic tree species are established in and around Budongo. 
Cassia spectabilis is found in a number of areas around the forest edges and within disturbed forest 
around the southern portions of the reserve. It does not pose any clear threat to well established forest 
cover. Broussonetia papyrifera is well established within the research area and is scattered over several 
hectares. Apparently several of the frugivorous animals, including the chimpanzees, now value this 
resource and make it likely that dispersal in open areas will allow wider spread over time. However, the 
indigenous species appear to be recovering in areas that were once dominated by Broussonetia papyrifera 
(Babweteera personal observation). Guava trees, Psidium sp. have also been noted in the south of the 
forest (Sheil 1998). Lantana camara has also been observed in large openings within the forest and at the 
forest edges. 

Determinants of forest change 
The recent expansion of the forest (over a century and more) suggests favourable conditions that 

were not always present. Given the likely longevity of many species it is not clear to what extent we can 
expect a 'steady state' as temperatures and rainfall vary over the centuries. Such changes if influential will 
leave their impression on the successional procession of the forest over time – allowing some 
compositional imprint over the expanding forest that can be seen in the analysis of age location and 
composition. It would be valuable if we could find ways to date recruitment episodes in the larger trees 
found in the forest. In addition, atmospheric change is a plausible explanation for some observations of 
changing forest dynamics across the globe (Korner 1998; Lewis 2006; Phillips and Sheil 1997; 
Stephenson and van Mantgem 2005). There are various other factors that may be involved for example 
the changing nature of solar radiation (Stanhill and Cohen; Wild et al. 2005). This is likely to be a major 
topic of future research. 

Interventions within the forest, and surrounding landscape, have certainly impacted biota, 
influencing a myriad of ecological processes. Seed rain has certainly changed with the establishment of 
exotics. There is likely a general shift in seed production associated with forest harvesting, with for 
example an increased seed rain of pioneers and weedy species from tracks and other disturbed areas. 
Changes in fauna are considerable amongst the larger herbivores. Elephants were relatively common in 
Budongo in the past. During the 1950s the major impact of elephants on the regeneration of commercially 
important species led to significant investment in control measures. Since the early 1970s elephants have 
been more or less eliminated from the central and southern portions of the reserve. This loss means that 
these animals no longer have the pronounced effect they once had on understorey vegetation – such an 
explanation can be examined in greater depth and has been the subject of a number of investigations.  

The hypothesis that it is the loss of elephants (in addition to timber harvesting and silvicultural 
practices) which is responsible for much of the vegetation change at Budongo has been addressed in 
several publications (Sheil 1998, Sheil 1996, Sheil and Ducey 2002, Sheil and Salim 2004, Laws 1970, 
Laws et al. 1975). In brief, the plot based changes; both in terms of structure (thickening up of the 
understory vegetation) and composition (species apparently selected by and vulnerable to elephants 
increase in relative abundance) are as would be predicted. Alternative explanations, such as changed tree-
fall gap dynamics, suggest additional patterns of change (reduced basal area, and spatially localised 
patterns of understorey growth) that are not corroborated by the data – though multiple factors are 
certainly at work.  Acceptance of this ‘elephant loss causing change’ hypothesis suggests that, as long as 
elephants remain absent, Budongo’s vegetation, even if it were once more free of other anthropogenic 
disturbance and interference, will remain distinct (denser undergrowth, different composition) from the 
vegetation communities seen in the early 20th century.  

In reality, many environmental changes contribute to both the accumulation and erosion of 
diversity, at many spatial and temporal scales. Even if artefacts can be removed from the picture, site-
histories, contexts, scales, long-term processes, and species-pool dynamics need greater emphasis in our 
understanding of landscapes, communities and species richness (Sheil 1999). Such an understanding is 
necessary to draw appropriate inferences – for example in recognising that under some conditions the 
Intermediate Disturbance Hypothesis is sufficient to predict that degradation of old-growth forest 
increases tree species richness (c.f. Sheil 1996, 1999). 
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Table 3.2. Summary of tree diversity and richness in Budongo’s permanent plots (after (Sheil 2003)). 

Area 
(ha) 

Stems Species Genera Families Rarefaction 
estimatedb 
species per 
200 stems  

Fisher's 
Alphad 

Plot 

     

Estimateda 
species-

counts per 
ha  

  
Eggeling’s 

series         

1 1.48 473 35 32 22 31 26 8.72 
2 1.48 556 34 33 23 30c 24 7.98 
3 1.48 762 38 35 23 35 27 8.41 
4 1.48 778 58 50 25 51 33 14.49 
5 1.48 752 58 50 20 52 36 14.65 
6 1.48 617 53 45 20 47c 36 13.88 
7 1.48 699 49 40 23 42c 29 12.00 
8 1.48 548 31 25 16 26c 20 7.11 
9 1.48 593 11 10 8 10c 9 1.91 

10 1.48 349 25 22 16 21c 19 6.16 
11(swamp) 1.48 562 80 71 29 68 52 25.50 

Dated 
observations         

2, in 1992 1.86 982 63 57 30 53 38 15.01 
5, in 1992 1.86 808 69 57 22 58 44 18.04 
6, in 1992 2.12 846 70 58 24 57 44 18.11 
7, in 1976 1.86 981 57 47 27 45 29 13.18 
7, in 1978 1.86 975 57 47 27 44 29 13.20 
7, in 1992 1.86 1090 60 49 28 47 29 13.66 
7, in 1993 1.86 1087 60 49 28 47 29 13.67 

15, in 1944 1.86 382 25 21 18 22c 22c 5.99 
15, in 1950 1.86 699 35 30 14 32 28 7.75 
15, in 1992 1.86 921 74 61 19 61 45 18.95 

Notes: 
a Estimated according to Hurlbert’s method (Hurlbert 1971) – but see c. 
b Based on Hurlbert’s method and using the stems ha-1 as the reference number – but see c. 
c In these cases the Hurlbert method cannot be applied and the estimate is provided by a ‘linear’ 
interpolation of the log of species number and the log of stem numbers (see (Sheil 2001)). 
d a widely used index of community richness that is believed robust to sample sizes (see (Parmentier et 
al. 2007)). 

Changes in tree phenology 
Tree phenology has been monitored since 1993. Over 1400 individual trees (> 10cm dbh) located 

along ten 2-km transects in logged and unlogged compartment are monitored every month. During the 
monthly visits a record is made for each tree whether it is fruiting or not. The percentage of fruiting trees 
per year was determined. Fruiting peaks during the April – May wet season. The fruiting phenology 
records indicate that over the last fifteen years the proportion of fruiting trees (> 10cm dbh) has declined 
from 17% to less than 2% (Figure 3.6). However, Plumptre (1995) showed that trees usually fruit once 
they are larger than 20-30 cm DBH and so it is probably better to confine the analysis to trees larger than 
30 cm DBH. Analysis of trees > 30cm dbh also shows a reduction in number of fruiting trees (Figure 3.6). 
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Figure 3.6. Percentage of trees observed fruiting over a 15 year period in Budongo Forest Reserve for all 
trees greater than 10 cm and 30 cm Diameter at Breast Height (DBH). 
 
A consideration of four tree species that fruited quite often in the early 1990s showed that all four tree 
species have experienced significant reduction in fruiting pattern (Figure 3.7). Moreover, the four tree 
species constituted up to 40% of the population of trees monitored for phenology. With the exception of 
Funtumia elastica (a wind dispersed tree species), all other species have registered a more than 60% 
decline in the number of trees fruiting per annum. 
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Figure 3.7. Percentage of the most common trees observed fruiting over a 15 year period in Budongo 
Forest Reserve 
 

There is no direct evidence to explain the observed reduction in the number of fruiting trees. 
Tutin and Fernandez (1993) showed that there is a significant relationship between annual minimum 
temperature and annual fruit production in some tropical forest trees. The changes that took place in 
minimum temperatures in the 1990s may have had some effect on phenology (Figure 3.4) but there could 
be other reasons such as changes in pollinator populations or in other environmental factors such as cloud 
cover. At present we don’t know what is causing this change. The observed reduction in proportion of 
fruiting trees is likely to have profound effects on the dynamics of the forests in relation to regeneration 
potential as well as increased cases of human-wildlife conflict due to reduced food availability. 
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Primate and ungulate population changes 
Periodic surveys of four primate species were conducted in Budongo Forest in 1992 and repeated 

in 1996, 2000 and 2009. The four primate species surveyed were chimpanzee Pan troglodytes, blue 
monkey Cercopithecus mitis, red tail monkey Cercopithecus ascanius, and black and white colobus 
monkey Colobus guereza. These surveys were conducted in seven compartments that were selected to 
represent different forest types in the Budongo Forest. Five 2-km long transects were established in each 
compartment. During each survey, transects were walked approximately every three weeks for 4 months. 
All animals encountered along the transects were recorded. Repeated walks of the transects were made to 
count the number of chimpanzee nests that were constructed over a determined time interval. All nests 
seen were marked with a ribbon and a stake below the nest with the top shaved to make it more visible. 
This marked nest count technique does not need a measure of nest decay rates and is more accurate 
(Plumptre and Reynolds, 1996). The perpendicular distance from the transect to the object being 
measured was taken using a range finder that could measure accurately up to 75 metres (beyond this 
distance objects were not recorded). Encounter rates (number of each animal recorded per kilometre 
walked) were calculated for all the transects. The perpendicular distance data for the transects were 
analysed using the computer package DISTANCE to obtain estimates of animal density with associated 
standard errors per km2 (Buckland et al. 1993). 

Over the seventeen year period there is no clear trend in changes in primate densities in Budongo 
Forest (figure 3.8).  Group densities of the monkey species remained relatively stable although in three 
compartments there was an increase in 1996. Chimpanzee density remained stable throught the census in 
most compartments except Kaniyo-Pabidi (KP) where the density has increased significantly over time 
and in N3 where density was significantly lower in 1996 than in 1992 and 2009. The increase in KP may 
be linked to the habituation process of chimpanzees at this site which has increased protection of the site 
and also made the chimps less fearful of human presence in the forest. In 1996 blue and redtail monkey 
densities appear to increase in compartments N15, N3 and W21 but most of these were not significantly 
different. There are significant differences for blue monkeys between 2000 and 2009 in N3, 1996 and 
2000 in W21 and 1996 and 2000 in KP where blue monkeys were not observed in 2000 and 2009. 
Significant changes in redtail group density occurred in N15 in 1996 compared with the other years, in N3 
between 1996 and 1992 and 2009, and between 1996 and 2000 in W21. There was a significant drop in 
group density of colobus monkeys in N15 after 1996 and between 1996 and 2000 in N11.  

Encounter rates of duikers also peaked in 1996 for many compartments and it is possible that the 
increases observed may have been related to the increased fruit availability at this time (see above) 
compared with recent years (figure 3.8). Where snare removal programs have been carried out 
(particularly in N3) there does seem to have been  a stabilization of the population of duikers and in the 
case of blue duikers a gradual increase in encounter rates indicating that the snare removal is probably 
having an impact on their populations. 
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Figure 3.8. Changes in density of monkey groups and chimpanzees and changes in encounter rates per 
km walked of duikers in 1992,1996,2000 and 2009. Top left: Chimpanzee; top right: Black and white 
colobus monkey; centre left: redtail monkey; centre right: blue monkey; bottom left: blue duiker; bottom 
right: Weyn’s duiker. Dotted lines: logged; Solid thick lines: nature reserves; solid thin line – logged in 
1953 but protected by research station over past 20 years.
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Local communities and conservation 

Demographic patterns 
According to the most recent population census in 2002, Masindi District has more than 56 

different ethnic groups living together (UBOS, 2007). Masindi District is part of the Bunyoro Kingdom, 
homeland of the Banyoro, who are the numerically dominant ethnic group, comprising nearly 30% of the 
district’s population.  Other ethnic groups represented within the district include Alur, Acholi, Lugbara, 
Okebu, and Langi.  This striking ethnic diversity is a consequence of repeated waves of migrants arriving 
in the district, including refuges and Internally Displaced Persons.  Villages around the southern edge of 
the BFR are similarly ethnically diverse, though in studies of human-wildlife conflict within these 
villages the Banyoro are often in the minority with people from the Alur and Lugbara dominating study 
populations. This is most likely a reflection of the fact that (i) many labour migrants arrived in the area 
from northern Uganda during the 1960s, recruited to work in the forestry industries locally, and (ii) the 
Banyoro traditionally allowed incomers to occupy land close to the forest edge, forming a buffer between 
Banyoro cultivated lands and wildlife known to reside in the forest (Beattie, 1960). Hill (2005) found that 
these northern tribes and particularly those from Congo were reportedly more likely to hunt wild animals 
for meat and provided a good buffer to the Banyoro farmers to reduce crop raiding by wild animals from 
the forest. 

People’s livelihood strategies locally are based around agriculture with approximately 70% of the 
population primarily dependent on agriculture as their main source of household income (Hill, 1997; 
Webber 2006). Although agriculture forms the main economic activity in the villages around the BFR, 
field holdings are in general very small, with median household landholdings of 0.7ha in 1993/94 (range 
0.15-14.58ha) (Hill, 2000), and median household landholdings in 2004 – 2005 of 0.37ha (Webber, 
2006).  This apparent decline in farm size during a 10 year period is certainly consistent with local claims 
that land is becoming scarce as a consequence of both natural population increase and immigration into 
the local area. 

Patterns of human-wildlife conflict 
Locally people cultivate a range of different crops. Maize and cassava dominate food crops. 

Tobacco and, more recently sugar cane, are also grown as cash crops. Farmers living around BFR are 
exposed to varying levels of risk from forest animals; the majority experience few raids but those 
cultivating maize close to the forest edge without guarding measures in place are vulnerable to persistent 
damage. This supports previous assumptions that maize may be favoured by raiding wildlife and that 
farms in close proximity to animal habitat are at increased risk of crop damage (e.g. Dardaillon 1987; 
Naughton-Treves 1996; Hill 2000; Gillingham and Lee 2003; Weladji and Tchamba 2003; Priston 2005). 

Eleven species of wild and domestic vertebrate (body weight > 2kg) have been recorded foraging 
or trampling on 17 different crop types.  During a 13 month study wild animals caused 62% and domestic 
animals 33% of all crop damage recorded (the remainder was caused by pigs but it was not possible to 
determine whether they were Potamochoerus sp. or Sus scrofa).   Primates are responsible for forty 
percent of all raids. As at other sites (Else 1991; Andama and McNeilage 2003), baboons cause the most 
loss of any large vertebrate. They damage subsistence crops (maize and cassava) and cash crops (tobacco) 
and are, therefore, capable of contributing to significant food shortage and economic hardship. Monkeys 
(Cercopithecus aethiops sabaeus, C. ascanius, C. mitis stuhlmannii, and Colobus guereza) in contrast, are 
responsible for low levels of damage throughout the agricultural season; although peaks of loss are 
associated with maize development (Webber 2006). Chimpanzees also consume human foods but their 
damage is responsible for less than 1% of all damage recorded (Hill 2005, Webber 2006). They have been 
recorded eating sugar cane, a cash crop grown in this area, but are not numerous enough to cause 
considerable economic loss. However, primates are not the only large vertebrates recorded to damage 
crops around BFR; bush pigs are responsible for a high number of raids and the second highest amount of 
damage for all wild species. 

Farmers claim that human-wildlife conflict has increased locally over time. They link this 
reported increase in human-wildlife conflict with deforestation as a consequence of increased land 
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clearance for cultivation (Tweheyo et al., 2005).  Empirical data, confirming or refuting claims that crop 
damage by wildlife is an escalating problem are not available.  However, it is well documented that many 
factors influence farmers’ perceptions of risk of crop damage by wildlife, and also their willingness, and 
capacity, to tolerate crop or livestock losses to wildlife. Therefore, irrespective of whether human-wildlife 
conflict rates are actually increasing or not, changing cultural, social and economic conditions that 
influence livelihood security, size of land holdings and land tenure, and access to and control over natural 
resources influence local perceptions of risk (Naughton-Treves, 1999; Archabald and Naughton-Treves 
2001; Hill, 2004; Goldman 1996, cited in Naughton-Treves, 2005). 

Developing effective and acceptable human-primate conflict mitigation tools is a priority, likely 
to encourage more positive views of primates, and greater tolerance of the crop damage they cause, 
among local farmers.  Beginning in 2001 Budongo Forest Project (BFP) piloted a live trap project within 
villages along the southern edge of the BFR.  Live traps were installed at various points along the forest 
edge, and were to be managed and maintained by local committees. Using a live trap allowed for the 
release of endangered and/or non-pest species; species classed as vermin by the government of Uganda 
could be killed.  Two years later work by Webber highlighted some of the reasons why this particular 
intervention programme was unsuccessful in the longer term.  Based on data from semi-structured 
interviews (N = 97), focus groups (N = 7) and participant observation, the main areas of failure  were (1) 
inadequate involvement of key stakeholders in the planning and development stages which contributed to 
the lack of a sense of  community ‘ownership’ of the live traps installed, (2) inadequate demonstration of 
value/benefit of the traps prior to farmers assuming responsibility for them, (3) lack of effective 
monitoring and evaluation of the traps to identify potential obstacles to their successful uptake within the 
local communities, and (4) the absence of long-term funding commitment by conservation agencies 
(Webber et al., 2007).  However, whilst this intervention is not perceived locally as a successful 
intervention it has improved communication between wildlife authorities, research organisation and local 
people (Webber et al., 2007), which is likely to have a positive impact on local attitudes towards wildlife 
and perhaps local wildlife and conservation agencies (Newmark et al., 1993). Consequently it is 
important to understand any people-wildlife conflict in the context of social and cultural milieu rather 
than as an isolated phenomenon only linked with the economic components of people’s lives.  Effective 
mitigation strategies must take into account how and why people view crop losses the way they do, what 
they expect from any interventions, and who is expected to take responsibility for the day-to-day delivery 
and management of such activities, as well as in the longer term. 
 
Future threats and opportunities to the forest 

In former times, before the population expansion of the last 20-30 years, the forest edge was 
considered unsuitable by local farmers for crop-growing because of crop-raiding by animals such as pigs 
and baboons, coming out of the forest, often at night. With the advent of out-growing of sugarcane, 
farmers became more concerned to guard their crop against raiding animals because this was now a cash 
crop. This process has changed the land-use pattern around the forest and is due to the revival and 
expansion of the Kinyara Sugar Works Ltd (KSWL). Not only is most of the area to the south of the 
forest now under sugarcane, but plantings of sugarcane have extended right up to the southern and south-
western forest edge due to cultivation by out-growers, a process that is encouraged by KSWL. 

In the 1990s, farmers started to recognize there was an increased opportunities to make money in 
Uganda and as a result became more focused on increasing their incomes. As a result, farmers employed 
armed guards to guard their crops and many crop-raiding animals, mainly baboons, were killed. This had 
two effects: attitudes to forest animals hardened, and it became necessary for an expanded community 
conservation education programme for local village people. Nevertheless, at least one case of a sugarcane 
guard spearing an adult male chimpanzee from the Sonso community to death is on record (O’Hara 
2003), and there are probably other cases that have remained unrecorded. 

Another, potentially ruinous, threat from sugarcane is a change of the use of Budongo from 
natural high forest to sugarcane plantation. It might seem unlikely that a forest like Budongo would be 
converted from a hugely valuable forest (Bush et al., 2004), serving the local population as a catchment 
area for rainfall, and a source of many non-timber forest products such as poles for building and firewood, 
and medicines of many kinds. But we have seen in recent years an effort made to convert a large part of 
Mabira Forest Reserve located in central Uganda into sugarcane. Quite apart from the uses of Budongo 
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mentioned above, the forest has the potential to earn Uganda revenue from a suitably engineered carbon 
trading scheme. This should be the focus of the Government’s and the National Forestry Authority’s 
efforts in years to come. With a carbon trading scheme in place, Budongo Forest Reserve could once 
again become one of Uganda’s main earners of foreign currency. 

Another threat to the forest results from its reduced commercial value, due to the illegal removal 
over the last 20 years of its large crop of mahogany trees. The National Forest Authority (NFA) examined 
the value of Budongo in the late 1990s, at a time when the future of the Budongo Sawmill was being 
decided. The conclusion reached was that the sawmill was uneconomic because it needed a larger volume 
of timber to become economical. Consequently, the sawmill was shut down. However, illegal logging has 
continued targeting other commercial timber species. This further depletes the commercial value of 
Budongo. With the growing demand for timber from the booming construction industry we are likely to 
experience an escalation in illegal timber harvesting. This pattern is almost inevitable due to inadequate 
capacity within NFA to deal with illegal activities coupled with limited supply of timber from the 
plantation sector. There is a need to quickly revamp the plantation sector to supply the much needed 
construction timber. 
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4. Long Term Changes at Toro-Semliki Wildlife Reserve 
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Uganda Kob; Toro-Semliki Wildlife Reserve was created for this species
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Introduction 
Gazetted as the Toro Game Reserve in 1929 by General Notice 546 and since that time renamed 

and consolidated several times, this 548 km2 conservation area (Figure 4.1) is now called Toro-Semliki 
Wildlife Reserve (hereafter TSWR). The Toro Game Preserve was originally gazetted to protect the large 
population of Uganda kob (Lamprey and Michelmore, 1996). TSWR is located northwest of Fort Portal, 
north of the Ruwenzori Mountains, and south of Lake Albert, within the western Great Rift Valley,  (0o 
50' to 1o 05'N, 30o 20' to 30o 35'E). The TSWR is made up principally of the relatively flat rift floor, but 
its eastern boundary runs along the top of the rift escarpment, thus including the eastern escarpment in the 
reserve (Fig. 4.1). Mean elevation of the reserve is 1200m, ranging from a low of 900m in the grassland 
to a high of 1900m on the escarpment. Borassus palm and Combretum grassland make up most of the 
reserve; Hyparrhenia spp. and Themeda spp. are the dominant grasses. Other grassland woody species 
include Acacia, Albizia, and Bauhonia (Verner & Jenik 1984, Allan et al. 1996, Hunt and McGrew, 
2002).   

The principal rivers in the reserve, the Wasa and Mugiri, and their numerous tributaries support 
gallery forests of Celtis spp. and Cynometra alexandri (Figure 4.1, Allan et al. 1996, pers. obs. K.D. 
Hunt, Hunt and McGrew, 2002), in which Phoenix reclinata, Beilschmiedia ugandensis, Polyscias fulva, 
and Cola gigantea are also common, among others (K.D. Hunt unpublished data). Both rivers support 
flora grading from woodland to 30-50m tall gallery forests in 50-250m wide strips flanking the river, 
(Allan et al. 1996, Hunt unpublished data, Hunt and McGrew, 2002). 
 
Semliki Chimpanzee Project 

There may be as many as four communities of chimpanzee in the reserve. The Nyabaroga 
community ranges in the far southwest of the reserve and some distance outside the reserve as well. A 
second occupies the gallery forest of the Muzizi River in the northeast of the reserve. Illegal logging has 
degraded the Muzizi forest, and the community may not persist there for long, if indeed it is still viable. A 
third community may occupy the middle third of the Wasa, if this community is independent of the study 
group. The study community is mostly confined to riverine forest along the banks of the Mugiri River and 
its tributaries, from the top to the base of the eastern escarpment. Thus, the Mugiri community range 
covers nearly the entire elevation range of the reserve (Figure 4.1). 
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Figure 4.1. Toro-Semliki Wildlife Reserve in western Uganda south and west of Lake Albert. 
 

Study of the Mugiri community began in 1996 when one of us (KDH) spent three months in the 
reserve establishing the extent of the community range and initiating habituation. Forty kilometres of 
research trails were cut to initiate habituation.  Initial success led to further funding, but research and 
habituation were subsequently hampered by political unrest. Deadly attacks by rebels known as the Allied 
Democratic Front (ADF) on local villages nearly always culminated in ADF members retreating to the 
Mugiri research trails, after which the Uganda Peoples Defense Forces (UPDF) typically engaged the 
ADF in the study community range.  Particularly damaging to habituation was an extended confrontation 
in late 2001, in which the UPDF made extensive use of mortar. Despite this unrest, since the inception of 
the Semliki Chimpanzee Project in 1996, there has been only one month (i.e., 1% of the project tenure) 
during which no project personnel were at the Mugiri study site. The area has been stable since 2002. 

From 1996 until 2004 the research team camped near the Semliki Safari Lodge (an independent 
tourist lodge), some 5 km. from the Mugiri chimpanzee community. This distance from the chimpanzee 
home range prevented our team from monitoring the location of chimpanzees by their vocalizations over 
large stretches of time, including at night, and restricted search hours. Although the Uganda Wildlife 
Authority (UWA) consented in principle to a research facility in 1996, security issues delayed final 
approval until July 29, 2003. 

Construction of the research camp began in late 2003 and was completed in early 2005.  The 
small SCP camp is located at the ecotones of grassland, riverine forest, and escarpment in the 
approximate center of the Mugiri River chimpanzee range. Sightings and follow times increased 
dramatically once camp was occupied. Since 2005, the SCP research camp has been occupied 
continuously. Recently, researchers from Cambridge University and Miami University of Ohio have 
collaborated with SCP. A daily ranging and activity log records chimpanzee behavior and diet. Research 
has included work on social behavior, ecology, laterality, nest building, and locomotion and posture.  
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Climate and possible change at TSWR 
The TSWR is unusually hot and dry, compared to other chimpanzee research areas.  Long-term 

climate records through the early seventies recorded annual rainfall between 700 and 1300 mm (Pratt & 
Gwynne, 1977). Rainfall at Semliki is seasonal, with heavy rains between August and November and 
again between March and May (Figure 4.3). A distinct dry season with little or no rain is followed by a 
stepped increase in rainfall from January through mid-May, repeated during the June through mid-
November interval. Rainfall peaks occur in late April to mid-May and November (Figure 4.2). The rapid 
decline in daily rainfall around May 18 and November 12 is particularly fixed year to year. Early May 
and early to mid-November are particularly wet and then late May and late November almost as dry as 
any time throughout the year. Average rainfall over the course of our study (1997-2008) is higher, 1344 
mm, but much of this increase is due to four years (2000-2003) of unusually heavy rainfall. Semliki has a 
mean of 10 days of rain per month, and 111 days per year (all figures derived from 1996-2008 project 
records). The mean daily temperature maximum is 33.7° C, and minimum is 19.1° C. The mean relative 
humidity maximum is 92.4%, and the mean minimum is 51.9%. Annual rainfall varies, and the dry season 
is occasionally wet enough that the grassland does not burn (R. Patrick, pers. obs.). 

Table 4.1 shows that since 1996 six months have suffered a decrease in rainfall (January, 
February, March, April, August, and December); May, June, September, October, and November show 
no change. Only July (typically a dry month) has seen an increase in rainfall, an increase that may be a 
factor in a decrease in grassland burns. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2. Daily rainfall averages plotted over a twelve-month period using HOBO and SCP assistant 
data collected from 1997 until August of 2008. Graph created by Anton Seimon. 
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Table 4.1.  Rainfall for the SCP camp area as collected by research assistants and UWA rangers from 
1998 until 2008. Future rainfall data collection will show the significance if any of the trends. 

 
Total annual rainfall increased from 1997 to 2001 and has decreased from late 2006 until our 

latest data point in 2008. November-December of 1997 was the wettest period on record. The Wasa River 
flooded a large area of grassland and was measured as high as fifteen meters above normal high water 
level on the eastern flank of the escarpment within TSWR.  While our records are incomplete, this 
possible cyclic precipitation pattern is tied to worldwide climatic events, particularly to the Indian Ocean 
El Nino effect (A. Seimon pers. comm.). El Nino induced warming covers the entire Indian Ocean with 
effects of this warming reaching at least as far west as the Lake Albert Section of the Western Great Rift 
Valley. The mature phase of the El Nino usually occurs in December, which coincides with the beginning 
of the December through February dry period. Strong Indian Ocean El Ninos, as in 1997, may cause 
additional rainfall in the TSWR area. Indian Ocean basin-wide warming following El Nino is coupled to 
sea surface temperature changes that lag two to four months from the aforementioned Indian Ocean wide 
event. Variation in the strength of the El Nino leads to variation in the sea surface temperature and the 
rate of evaporation. This variation in rainfall that may be linked to the strength of the El Nino is under 
study but as of March 2009 was not deemed predictable (Schott et al., 2009, A. Seimon pers. comm.). 

 
Landcover change in and around TSWR 

In 2008, a satellite study was initiated (Figure 4.3) using the program Multispec that looked at 
major landuse and percentage of land cover change within the SCP study area and the surrounding areas 
of the TSWR. 1995 Landsat and 2006 ASTER images of the TSWR region were selected and converted 
for use in this study. Specific features were photographed in TSWR, ground-truthed, and used by RRP to 
select training fields that gave a satisfactory estimate of total area for a given landuse. Landuse classes 
were then discriminated and quantified. Maps were created of landuse areas within TSWR and percentage 
of total area for each landuse category (Table 4.2) compared between the 1995 Landsat image and the 
2006 ASTER image (Landgrebe and Biehl, 2001). Repeat studies are planned at ten year intervals.   

Month Variability through study time Trend of months data 
January - Dry Lower variability Downward slope 
February - Dry Lower variability Downward slope 
March High variability Downward slope 
April Low variability Recent downward slope 
May Higher variability No slope 
June - Dry Low rainfall No slope 
July - Dry Low rainfall Recent upward slope 
August High variability Downward slope 
September Low variability No slope 
October High variability No slope 
November High variability No slope 
December  High variability Downward slope 
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Landsat Image 1995     ASTER Image 2006 

Figure 4.3.  Portions of ASTER image number AST_L1B_00312252006083033 and Landsat TM image 
p173r059_5t19950117.  The above two satellite images were used to create the landuse percentages for 
this study. 
 
 
Table 4.2.  Land cover classes as percent of total area selected from the ASTER 2006 image and the 
Landsat 1995 image. 

 
 
From 1995 to 2006 land use changes were observed that are almost certainly due to human 

factors. Figure 4.3 shows a 1995 Landsat and a 2006 ASTER image of the SCP study site and 
surrounding areas of grassland and escarpment that include the tea plantations on the top of the 
escarpment. The 1995 Landsat image was acquired during grassland burning.   

Seven distinct landforms/landuse types were compared between the two images.  Cynometra 
forest, grassland, mixed forest and grass, escarpment grass, Jogo Jogo Swamp and permanent wet areas, 
tea plantation, and bare soil were parsed out. Table 4.3 shows the percentage relationships derived from 
the initial study for each of the locations where test fields were created and run. The escarpment grass and 
grassland landforms show decreases in total area while the mixed forest and grass landforms show an 
increase in total area. This may be due to climate change in the form of increased rainfall or the drop in 
the total number of elephants and other grazers/browsers that would consume the young trees growing on 
the escarpment or in the grassland. These vertebrate populations anecdotally appear to be on the increase, 
and a future decrease in tree cover is expected. The reduction in Cynometra Forest may be due to an 
increased presence of forest elephants within the riverine forest. Their normal feeding pattern would 
remove smaller trees and the occasional medium-sized tree from the riverine forest. The area under tea 

Land Cover Class 1995 Landsat TM Image 2006 ASTER Image 
Cynometra Forest 9.64% 3.04% 

Grassland 12.51% 4.23% 
Woodland (Mixed Forest and 

Grass) 
32.95% 50.15% 

Joga Joga Swamp & Wet Area 7.19% 2.34% 
Tea Plantation 0.56% 0.99% 

Bare soil 8.42% 16.66% 
Escarpment grass 5.44% 1.20% 
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cultivation at the top of the escarpment nearly doubled. The number of observable shambas increased 
possibly due to the greater pixel resolution in the ASTER image. The decrease in total area of Joga Joga 
Swamp (swamp forest northeast discharge area of Mugiri River) does not have a current explanation and 
may be due to the size of the training field selected or may be an artifact of the selection process. The bare 
soil increase may be the result of increased shamba numbers and roads on the escarpment. The pixel size 
variation between the two images could account for some of the disparity between the selected landform 
classifications. 
 
Animal Populations 

Large mammal populations of Uganda have been in flux from the 1960s until 2005 (Rwetsiba, 
2005). Elephant, hippopotamus, hartebeest, waterbuck, and Uganda kob populations have increased 
during this time while Burchell’s zebra, Rothschild’s giraffe, buffalo, topi, impala, Bright’s gazelle, roan, 
and eland have decreased, with black rhino, white rhino, oryx, Derby’s eland now extinct in Uganda 
(Rwetsiba, 2005). Plumptre et al. (2003/2007) list 69 species of mammal, 33 species of reptile, 13 species 
of amphibian, and 435 avian species present in the TSWR.  TSWR ranked with a low number of endemic 
species, and was ranked as ‘medium’ for number of globally threatened species. TSWR is rich in bird 
species; only six of thirty-three natural areas had a greater number of species (Plumptre et al., 
2003/2007). The proximity of the TSWR to the greater Virunga landscape and the diversity of landscapes 
within TSWR contributed to this richness. Table 4.3 lists the large mammal species in the TSWR. Note 
the drop in total populations of all measured species from the 1960s until the early 1990s but there has 
been some recovery in the recent census of the reserve (Wanyama. Muhabwe and Enyagu, 2010).  

Seven species of primate have been observed in the TSWR; Chimpanzee (Pan troglodytes 
schweinfurthii), olive baboon (Papio anubis), black and white colobus (Colobus guereza), redtail monkey 
(Cercopithecus ascanius), blue monkey (Cercopithecus mitis), vervet monkey (Chlorocebus aethiops), 
and the northern lesser bush baby (Galago senegalensis; identified by vocalization). All of the primate 
populations appear to be stable with little or no change since the founding of the Semliki Chimpanzee 
Project (Dorst and Dandelot, 1987, Hunt and McGrew, 2002, personal observations). The habitat has been 
relatively undisturbed since research began in 1996. There are occasional reports of firewood gathering, 
and pit sawing is discovered occasionally.  With only rare exceptions only single individuals are 
harvested; the primate habitat has not been fragmented. The riverine forests of the Wasa and Mugiri are 
the principal paths of primate dispersal in the reserve, and the SCP’s activity in the forests has prevented 
disturbance. 

While no formal survey has been undertaken by SCP staff, UWA rangers, assistants, or 
researchers, all agree that their qualitative sense is that the number of large herbivores is increasing.  
Savanna elephant (Loxodonta africana) sightings have increased since 2002, and on two recent occasions 
(2009) elephants entered the SCP camp (pers. comm. M. Hirschauer and Mark Vibbert, lodge manager of 
the Semliki Safari Lodge). Forest elephant (Loxodonta cyclotis) have been observed within the riverine 
forest, woodlands, and grasslands of TSWR. TSWR may be the only area of Uganda with forest elephant. 
Figure 4.4 is a June 2010 image taken in the grassland showing one male savannah elephant and six forest 
elephants. Table 4.4 compares the Savannah elephant to the forest elephant in size, skin, tusk, and ear 
characteristics. Large groups of kob (Kobus kob) are seen with increasing frequency on the reserve tracks 
leading to the SCP camp. Cape buffalo (Syncercus caffer) are regularly observed and skirted as research 
groups move about the reserve habituating the chimpanzees of the Mugiri River group. 
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Table 4.3. History of large mammal surveys within TSWR. The “P” equals observed with no formal 
count or population total attempted. 
 

Common 
Name 

Scientific 
Name 

Kyeyune 
1969 

 

Eltringham 
and 

Malpas 
1993 

Verner 
and 

Jenik 
1984 

Stubblefield 
1993 

Sivell 
et. al. 
1997 

(Count 
1995) 

Lamprey 
and 

Michelmore 
1996 

Wanyama 
et al. 
2010 

Semliki 
Chimpanzee 

Project 
Personnel 

Duiker - 
Blue or 
Common 

Cephalophus 
sp. 

   P  P 15  P 

Defassa 
Waterbuck 

Kobus 
ellipsiprymnus 

537 33 18 P P 5 135 P 

Bohor 
Reedbuck 

Redunca 
redunca 

44  5 P 145 135 8 P 

Bushbuck Tragelaphus 
scriptus 

   P P  3 P 

Cape 
Buffalo 

Syncerus 
caffer 

696  50 P P  261 P 

Uganda 
kob 

Kobus kob 19,117 3,460 2,500 357 652 853 2,584 P 

Giant 
Forest 
Hog 

Hylochoerus 
meinertzhagen
i 

  P P P 5  P 

Warthog Phacohoerus 
aethiopicus 

43  P P P  137 P 

Elephant Loxodonta 
cyclotis 

       P 

Elephant Loxodonta 
africana 

138  P 60 P 25 47 P 

Jacksons 
Hartebeest 

Alcelaphus 
buselaphus 

650        

Lion Panthera leo 36  28 P P   P 
Leopard Panthera 

pardus 
  6  P   P 

Hyena Crocuta 
crocuta 

  25      

 
Lion (Panthera leo) numbers were affected by extensive poaching (Table 4.3) and intentional 

poisoning by cattle farmers (Lamprey and Michelmore, 1996). Current lion numbers are still (as of 2008) 
low, as few individuals are heard during the nights when active hunting is taking place. However, the 
calls of leopards have noticeably lessened. The local population of vultures have been reduced by 
poisoned carcasses set out as bait to kill large cats. 

Estimates of bird species numbers range from 435 (Plumptre et al., 2003/2007), 475 (Rossouw 
and Sacchi, 1998, C. Schipper pers. comm.), and possibly as high as six hundred and seventy-five from 
the range charts of Stevenson and Fanshawe, (2002). Proximity of the TSWR to the high altitude moist 
forest to the east on the top of the escarpment, including the nearly contiguous Itwara Forest Reserve, the 
Semuliki National Park rainforest 20 km to the south east, and the immense Congo basin rainforest just 
west make this a global birding area. 

Nile crocodile (Crocodylus niloticus) are abundant in Lake Albert; one individual was observed 
during the 2007 rainy season several hundred meters from the SCP camp. Dwarf crocodile (Osteolaemus 
tetraspis) are also reported in Lake Albert (Stubblefield, 1993), though no sighting have been reported by 
our assistants and staff. Stubblefield (1993) listed three species of chelonians (turtles and terrapins) and 
twenty-six species of lizard from the TSWR area. Snakes are common and observed on almost a daily 
basis within the riverine forest, the grassland, and the SCP camp. Spawls et al. (2001) lists sixty-six 
species of snakes in the TSWR with twenty of them venomous. Mark Vibbert (personal communication) 
has identified an additional venomous snake, the Egyptian cobra (Naja haje) within the TSWR. Common 
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sightings of snakes and reptiles by SCP personnel indicate that this would be a good location for 
collections that could lead to the expansion of the total number of reptilian species found in this area. 

 
Table 4.4. Comparison of basic morphologic features of savannah and forest Elephants of Africa 
(Shoshani, 2000, p. 40). 
 
 Savannah Elephant Forest Elephant 
 Loxodonta africana Loxodonta cyclotis 
Weight 4000 – 7000 kg 2000 – 4500 kg 
Height at shoulder 3 – 4 m 2 – 3 m 
Skin On average lighter On average darker 
Shape and size of ears Triangular, extend below 

line of neck 
Rounder, do not extend 
below line of neck 

Skull, cranium Much pneumatized Less pneumatized 
Skull, mandible Shorter Longer 
Tusks Curved out and forward, 

thicker 
Straighter, downpointing, 
slender 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.4. Six forest elephants (Loxodonta cyclotis) one male (far right), three females, one 
juvenile, one infant and one savannah elephant (Loxodonta Africana) male (center left) in the 
grassland of TSWR.  
 
 
Habitat Zones 

Figure 4.5 shows the general distribution of types of flora at TSWR. Human encroachment has 
taken place mostly within the southwest section of TSWR and in the Ntoroko area near Lake Albert.  
Acacia species have increased on the escarpment slopes and possibly within the open grassland (Figure 
4.6). Figure 4.6 gives two views of the same area of escarpment slope. One image was taken in September 
of 1997 and the other image taken in May of 2008. There is an increase in tree coverage between 
September 1997 and May of 2008. Two factors may have contributed to this change. The removal of 
elephants has had a significant impact on grassland tree species composition; since a large proportion of 
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their browse is Acacia spp. Large herbivores may significantly decrease the density of trees in grassland 
habitats. It is possible that changes in precipitation patterns may also be decreasing the length of the 
burning season. Bush fires disproportionately kill saplings, and a decrease in burning removes one check 
on tree proliferation. Today, kob and elephant populations appear to be on the rise and if so many of the 
smaller trees in the grassland and on the escarpment will be consumed before they reach maturity.   
 
Conflicts and the Human Population 

Political instability involving the Allied Democratic Front (ADF), and on occasion supplemented 
by Congolese Mai Mai fighters and Rwandan Interhamwe militiamen, has impacted chimpanzee 
habituation and other research activities of the SCP. Rebel activity in and around TSWR and consequent 
Uganda Peoples Defense Force (UPDF) response have reversed habituation gains, disrupted normal 
activities and ranges of the chimpanzee groups and other TSWR wildlife, increased poaching, and added 
human refuse to the reserve. 

Figure 4.7 gives the days per year of ADF and/or UPDF response in the TSWR from 1998 until 
2008 based on SCP’s daily log entries. The SCP assistants or affiliated UWA rangers keep this daily log 
of chimpanzee search information including comments about human activities within TSWR. The daily 
log is discontinuous only during two prolonged periods reflecting construction of the research camp and 
another period of funding interruption. Transient gaps in the log reflect personnel transitions. 

Rebel activities, and UPDF response, including gunfire, have a negative effect on SCP staff and 
researchers’ morale and productivity. The UPDF maintains a base camp within the southern part of 
TSWR. Camp policy is that rebel activity results in SCP evacuation, at least to the Semliki Safari Lodge. 
The UPDF conducts patrols and also accompanies SCP researchers surrounding times of rebel activity. 
UPDF protective patrolling with SCP researchers has an influence on trail choice and time in the field. 
The daily log documents search days lost to rebel activity. In recent years all ADF activities have 
subsided. 

 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5.  Habitat zones in TSWR showing the distribution of floral ecotomes within the reserve. The 
checkered area to the southwest has been completely changed by human occupation and is now cultivated 
land. 
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A                                                                           B 

               
Figure 4.6. Images of the escarpment looking northeast from the grassland west and north of the SCP. A. 
May 2008. B. September 1997.  
 

A separate conflict in the year 2001 involving fighting in the Congo’s Ituri province, between the 
Hema and the Lendu, resulted in between 3500 and 8000 (United Nations estimate) refugees crossing the 
Semliki River and dispersing over fifty kilometers, with Ntoroko suffering an influx of refugees. These 
refugees are thought to have contributed to encroachment in TSWR near Ntoroko, including poaching and 
firewood gathering. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7. Days per year of ADF/UPDF activity in and near the SCP area. 
 
Poaching 

Following the 1978/79 Uganda-Tanzania war, poaching in the reserve was severe, with incursions 
by large groups utilizing spears, automatic weapons, and dogs to slaughter large numbers of Uganda kob 
and other large herbivores (Lamprey and Michelmore, 1996; Stubblefield, 1993). Poacher fires and snares 
were common, organized poaching groups from the Congo were on reserve land during the dry season, 
and numbers of local farmers grazed their cattle on reserve land (Lamprey and Michelmore, 1996: 
Stubblefield, 1993). 

Figure 4.8 shows evidence of poachers taken from the SCP assistants’ daily log from records 
initiated in 1997. In the first few months of SCP activity, July, August and September, 1996, snares were 
found on a weekly basis, but the number rapidly diminished as trail construction extended up the 
escarpment. Aside from evidence of poaching from snares, from July 1996 through all of 1999 footprints 
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of presumed poachers in the forest were observed only once (January 1998). The active ADF years of 
2000/2001, saw only one month each year of recorded poacher activity. The terse May recording “army 
kills two poachers at top of Mugiri” reflects the overall violence of that year.  September 19th and 20th of 
2001 finds only “? Poachers” recorded. Physical evidence in the form of “found 2 snares” follows in 
February of 2002. August of the same year finds UPDF patrolling after a “? 2 individuals” were sighted. 
Numerically, 2003 documents the largest number in January (“1”) and March (“5 poachers”). Mid-June to 
late November no Daily Log was kept as the efforts of our on-site staff were building the Research Camp.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.8. Days of poaching activity recorded within the daily log of the SCP assistants and UWA 
rangers. 
 

Somewhat suggestive that poachers may be more frequent in the dry months of January to March 
are three notations in February of 2005 and 2006 of “poachers” and 2 days in March, 2006 in which 
‘several poachers” and “dogs” were recorded. “Several dogs” were first noted in October of 2005 along 
with “snares”, “2 poachers”, and later “9 snares”. Poaching activity at TSWR appears to be at a lower 
level than in the early 1990’s. The distance to population centers may be one factor for the low current 
number of poacher encounters. Also, the almost random nature of the chimpanzee follows within the 
Mugiri River gallery forest trail system may discourage poaching by making possible discovery by UWA 
Rangers a constant and unpredictable risk. 
 
Conservation and the future of TSWR 

The Toro-Semliki Wildlife Reserve appears to be a location that exhibits rainfall variation with 
links to global climate change. Rainfall variation may affect the frequency and intensity of fires in the 
grassland in such a way that this sensitive habitat will markedly decrease in total hectares in future. An 
associated decrease in grassland fauna and flora would also occur. The number of habitats contained 
within the Western Rift Valley floor to escarpment top of the TSWR should be monitored because of their 
possible sensitivity to climate change. The exact nature of the rain start and stop dates makes the TSWR a 
good location for testing and predicting climatic transition as described by Scheffer et al., (2009).   

Many locations within the TSWR have not had flora and fauna inventories completed. Reptiles 
are numerous and further study is needed for a complete listing of total reptilian species within the 
reserve. The chimpanzees under study by the SCP are only the second group of dry habitat chimpanzees 
to be habituated. The finger-like configuration of the riverine forest confines most of the primates to 
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unique long narrow ranges that may be reflected in unique habits and culture. The unusual habitat, with 
its concomitant unusually large community range, may be responsible for the reduced levels of violence 
at Semliki (Hunt and McGrew, 2002). The sheer number of avian species and the number of biomes 
within the reserve ranging from escarpment forest to grassland should prompt an upgrade Toro-Semliki 
Wildlife Reserve to National Park status as first discussed by Lamprey and Michelmore, 1996. 

We recommend that TSWR be raised to National Park status, that floral and fauna be protected, 
and the species lists completed. The park should have a nature-cultural center constructed for locals and 
tourists alike. TSWR is a unique area that with reasonable protection will harbor a floral and faunal 
population like none other within the Albertine Rift Valley.  

 
Conclusion 

Human induced changes in the TSWR that caused the reduction of large herbivore numbers 
through poaching, from the sporadically heavy grazing of cattle in the reserve, and perhaps indirectly 
from global climate change are all possible culprits that have reduced the number of large vertebrates 
currently observed within TSWR. Recent Uganda Wildlife Authority policies are attempting to push 
cattle grazing outside of the TSWR boundaries.  Grassland avian species may be under pressure from loss 
of nesting area, changes in food types, and encroachment by new predator species due to changes in the 
grassland habitat. If grassland loss leads to forest expansion on the Rift Valley floor, primates may 
actually expand their numbers as new home range opens up. 

Precipitation start and end dates may be shifting as global warming changes the wind and 
precipitation patterns associated with the Indian Ocean El Nino. The habitat types within the TSWR make 
it an ideal place to study climatic change that will affect regions of tropical riverine forest and grassland 
around the world. The location and twelve-month occupation of the SCP camp at the ecotone of 
grassland, riverine forest, swamp, and escarpment flank allow for the secure placement of climate data 
collection devices.   
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Introduction 
 Today the world is experiencing many changes and stresses that affect ecological systems. For 
example, in the past 50 years the size of the human population has grown by 3.7 billion people (Potts 
2007) and is expected to grow to between 8 and 10 billion people within the next half decade (United 
Nations 2005). Between now and 2050, 90% of this growth will occur in developing countries, many of 
which are tropical and sustain the greatest proportion of the world’s biodiversity (Potts 2007). This 
exponential growth in human populations has brought many challenges to ecological systems and is 
responsible for the ecosystem modification that threatens biodiversity on a global scale. Continued 
population growth is predicted to exacerbate the ever-increasing demands for environmental products and 
services, particularly in the tropics (Houghton 1994). For example, the net loss in global forest area 
between 2000 –2005 was ~7.3 million ha per year (~200 km2 of forest per day, FAO 2005). This does not 
consider the vast areas being selectively logged or the forests degraded by fire, both of which can impact 
huge areas. For example, during the 1997/1998 El Nino, 7 million ha of forest burned in Brazil and 
Indonesia alone (Chapman & Peres 2001). Even when the physical structure of the forest remains intact, 
subsistence and commercial hunting can have a profound impact on forest animal populations. For 
example, Chapman & Peres (2001) estimate that 3.8 million primates are eaten annually in the Brazilian 
Amazon.  
 In Uganda, the country where this study focuses, threats to biodiversity are similarly grave. 
Closed-canopy tropical forest once covered 20% of the country, but deforestation has reduced this to just 
3% (Howard et al. 2000). Uganda lost 18% of this remaining forest between 1990 and 2000 (Howard et 
al. 2000). The most recent estimate suggests that the annual rate of loss of tropical high forest in Uganda 
is 7% (Pomeroy & Tushabe 2004).  
 Ecosystems are also indirectly affected from human induced changes to the environment, 
possibly the most dramatic of which is climate change. The earth’s climate has warmed by approximately 
0.6°C over the past 100 years, and some estimates suggest that the climate could warm by up to 5.8oC by 
the end of this century (IPPC 2001; Walther et al. 2002). Recently, there has been a growing appreciation 
within the academic community and policy makers regarding the potential magnitude of climate change 
on ecosystems (Hannah et al. 2002; McClean et al. 2005; van Vliet & Schwartz 2002; Walther et al. 
2002). There have been numerous documented shifts in the distribution, population abundance, life 
history, and even survival of species in response to climate change (Hannah et al. 2002; Parmesan & 
Yohe 2003; Pounds et al. 1999), although the responses to climate change in particular regions, or with 
respect to specific species are largely unknown, particularly for the tropics.  
 Our objective is to use long-term data from Kibale National Park, Uganda to consider complex 
responses to climate and anthropogenic changes, focusing on changes in forest composition, phenology 
patterns, disease, and primate abundance over time. In many of these comparisons we consider changes in 
logged and unlogged forests. These analyses build on the data and publications of many people. Of 
special importance is the work of Tom Struhsaker who not only founded the field station in Kibale and 
protected the area for many years, but provided us with data from 1970 to 1987. Jerry Lwanga started 
research in Kibale in 1983 and Colin and Lauren Chapman came to Kibale in 1989. The remaining 
authors of this paper have been in Kibale for shorter periods, but provide valuable data for comparison.  
 
Kibale National Park, Uganda: The Environment and Recent Changes 
 Kibale National Park (795 km2) is located in western Uganda (0°13' - 0°41' N and 30°19' - 30°32' 
E) near the foothills of the Ruwenzori Mountains (Figure 5.1). Kibale is a mid-altitude, moist-evergreen 
forest receiving 1697 mm of rainfall annually (1990-2009). Kibale has a complicated history of human 
impacts, both in terms of commercial logging and agricultural clearing (Chapman & Lambert 2000; 
Struhsaker 1997). Kibale was established as a forest reserve between 1926 and 1932 with the goal of 
protecting the watershed and providing sustained production of hardwood timber (Osmaston 1959; 
Struhsaker 1997). A polycyclic felling cycle of 70 years was initiated, and it was recommended that the 
canopy be opened up by approximately 50% through the harvest of trees over 1.52 m in girth (Kingston 
1967). This history of logging has led to varying degrees of disturbance among sites (Skorupa 1988; 
Struhsaker 1997). Kibale was gazetted a National Park in 1993 and since that time has been well 
protected by the Uganda Wildlife Authority (UWA).  
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 Chapman and Lambert (2000) conducted a landcover analysis in the mid-1990s and estimated 
that 57.9% of the park was forest, 14.6% was grassland, 5.8% was woodlands (in the far south), and 2.2% 
was wetlands and lakes (Figure 5.1). Plantations (especially the pines Pinus patula and P. caribaea and 
cypress Cupressus lusitanica) were planted on 393 ha of grassland hilltops between 1953 and 1977 
(Kaumi 1989; Kingston 1967; Osmaston 1959) and constituted 1.0% of the park's area. These plantations 
were primarily found in the northern sections of the park near Sebatoli and in more central areas around 
Kanyawara. They were harvested starting in 1996 and 10 years after harvest there were 44 species found 
in a 4 ha area that was evaluated, in some places the trees had formed a closed canopy, and the above 
ground biomass was substantial (Omeja et al. 2009). Abandoned farms (10.3%) and degraded forest 
(8.7%; largely representing secondary forest associated with agricultural encroachment: see below) 
covered 146 km2. Seventy-six percent of these degraded lands were found in the southern corridor, which 
links Kibale with Queen Elizabeth National Park (QENP). The game corridor area covered 340 km2, of 
which 134 km2 had dual status and lay within the Forest Reserve and a Game Reserve (Howard 1991; 
MISR Makerere University Institute for Social Research 1989; Struhsaker 1997; van Orsdol 1986). It was 
managed by a separate government agency from the rest of the Kibale Forest Reserve until 1993, when it 
was incorporated into the National Park. Unfortunately, we do not know what proportion of the farms was 
established on areas that were forest versus grassland. However, if the areas that are now abandoned 
farms were once all forested, this means that 79 km2 of forest has been lost. Animal populations would 
also have been affected by the degradation of a further 66 km2 (8.7%) of forest; the degree to which the 
forest and wildlife populations can recover after this disturbance remains to be seen, but current trends are 
very promising (Omeja and Jacob unpublished data). 
 As early as 1971, illegal destruction and encroachment occurred in the corridor. In 1976, 
approximately 30 eviction orders were issued, but were not carried out. In 1983, the government again 
ordered settlers out of these encroached areas, and by 1984 it was estimated that 60% of the forest plots 
and 30% of the grassland plots had been abandoned. However, the situation soon reverted to the prior 
state and encroachment increased. On April 1st, 1992, the government ordered settlers off the encroached 
land and resettled the people with the aid of a United Nations program (Chapman & Lambert 2000). 
Estimates of the number of people residing in the southern corridor vary dramatically. Based on aerial 
surveys counting houses, van Orsdol (1986) estimated that 8,800 people were living in the southern 
corridor. A national census carried out in 1980 indicated that as many as 17,000 people were residing 
within the bounds of the Kibale Forest Reserve. Baranga (1991) estimated 40,000 people, Makerere 
Institute for Social Research (MISR) (1989) reported some 60,000 people, and after the resettlement the 
National Environment Management Authority (NEMA 1997) estimated that 30,000 households, or 
approximately 170,000 people, had been residing in Kibale. The extreme variance in these estimates 
(from 8,800 to 170,000) illustrates the need for careful research prior to the initiation of resettlement 
programs. Based on surveys conducted by CAC and LJC just after the resettlement program was 
completed, it is our impression that most of these estimates were high. It seems likely that the larger 
estimates were politically and economically motivated.  
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Figure 5.1. A map of Kibale National Park and its placing within Uganda and Africa.   
 
Climate Change: Patterns and Possible Cascading Disease Effects 
 There is growing appreciation that climate change has or could cause significant change to the 
abundance of particular species and ecosystems. We have rainfall data between 1903 and 1971 from the 
Government of Uganda meteorological records for the town of Fort Portal (approximately 20 km east of 
Kanyawara), between 1972 to 1989 from Tom Struhsaker at Kanyawara, and between1990 and present 
from CAC and LJC, again at Kanyawara. Temperature data were available from NASA 
(http://www.giss.nasa.gov/cgi-bin/update/name_or_map.py) between1905 and 1948 at Fort Portal, 
between1976 and1989 from Tom Struhsaker at Kanyawara, and between 1990 and present from CAC and 
LJC at Kanyawara.  
 These data sources suggest that the Kanyawara area of Kibale receives approximately 1697 mm 
of rainfall annually (1990-2009), but it receives ~300 mm more rainfall/year today than it did at the start 
of the 19th century. Other climatic changes include less frequent droughts, an earlier onset of the rainy 

http://www.giss.nasa.gov/cgi-bin/update/name_or_map.py
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season, and an increase of just over 4oC in average maximum monthly temperature over 33 years 
(Chapman et al. 2005; but see Stampone et al. unpublished data). These changes are much higher than 
global averages (IPCC 2001, but see Altmann et al. 2002 for a similar example from East Africa). Since 
the discovery of the magnitude of this change, we established a network of temperature monitors and 
rainfall gauges throughout the park and surrounding landscape (e.g., agricultural land and tea plantations). 
This research is being conducted by JH and CAC. We have also been able to obtained rainfall records 
from a number of government rainfall stations from 1940 to 1975 (Stampone et al. unpublished 
manuscript). Trends identified in this older data set are consistent with current trends where newer data 
are available. However, analysis of this data demonstrate a high degree of spatial variability with respect 
to trends in total seasonal and annual rainfall with some areas getting progressively wetter and some 
becoming drier. This indicates that significant variation is occurring at very localized scales, which 
suggests that monitoring the impact of climate change must be conducted at the appropriate, localized 
scale. Seimon and Phillips (chapter 2) similarly point out that simulation models of climate in the 
Albertine Rift are both high in magnitude and spatially heterogeneous. At the regional scale these models 
suggest a general increase and a temporal redistribution of precipitation. 
 Climate change will have direct impacts on systems (e.g., making them too dry for particular 
plant species or shifting the ranges of animals); however, it can also have unanticipated or cascading 
changes. It is on such complex changes that we believe academics should direct their efforts. One 
potential cascading effect of climate change is the alteration of host-parasite dynamics. In fact, the human 
medical literature illustrates many connections between climate and disease, with specific diseases 
occurring during certain seasons or in association with specific unseasonable weather conditions. For 
example, in sub-Saharan Africa, meningococcal meningitis epidemics occur during the hot dry season 
(Patz et al. 1996). Similarly, in the United States, 68% of waterborne disease outbreaks, such as Giardia 
and Cryptosporidium, are preceded by heavy rain events (Hunter 2003). We do not have long-term 
records of disease dynamics to associate with climate variables for wildlife in Kibale, although we have 
shown that in wetter areas black-and-white colobus (Colobus guereza) have a higher number of parasite 
eggs per gram of feces for some parasite species than dryer areas or sites (Chapman et al. 2010; see also 
Stoner 1996). While some argue that gastrointestinal parasites have little impact on host populations 
(Munger & Karasov 1989), others present evidence of biologically significant impacts, particularly when 
the host population is nutritionally stressed (Chapman et al. 2006; Coop & Holmes 1996). The population 
effects of such changes in parasite infections remain to be evaluated for these monkeys. However, since a 
32-year record of plant phenological patterns (see below) suggests that climate change in this region has 
led to periods of food scarcity causing nutritional stress in primates (Chapman et al. 2005), and since 
stress has been shown to increase the biological significance of parasite infections in colobus monkeys 
(Chapman et al. 2006), the impact of climate change on host-parasite interactions should receive more 
detailed study.  
 Many factors have been proposed to drive phenological patterns of tropical rain forests; however, 
abiotic characters, such as rainfall, day length, irradiance, and temperature are most commonly cited to 
influence the timing of fruiting, flowering, and leafing events (Ashton et al. 1988; Newbery et al. 1998; 
Opler et al. 1976; van Schaik 1986; van Schaik et al. 1993). If climatic factors are important determinants 
of phenological patterns, we might expect that the magnitude of the climate change documented in Kibale 
would result in changes in fruiting, flowering, and leafing patterns. We have used two data sets (1970 – 
1983, Tom Struhsaker and 1990 – 2002, CAC and LJC) to describe the fruiting patterns of the tropical 
tree community in Kibale (Chapman et al. 2005; Chapman et al. 1999). To address variation in spatial 
patterns in phenology (trees > 10 cm dbh) and take advantage of the north-south decline in rainfall, we 
describe fruiting over 2-3 y among four sites each separated by 12-15 km. The 1990 - 2002 phenology 
data illustrated high temporal variability in the proportion of the populations fruiting. Interannual 
variation in community-wide fruit availability was also high; however, the proportion of trees that fruited 
has increased over the past 12 years (5.2). At the species level a variety of patterns were exhibited. A 
number of the most common species rarely fruit, and when they do, <4% of the individuals take part in 
fruiting events. Combining the two datasets for specific species in the Kanyawara region again reveals an 
increase in the proportion of trees fruiting between 1990 and 2002, although the proportion of the 
populations fruiting decreased during the earlier period (Figure 5.3). Using this combined dataset to 
consider patterns for specific species reveals a variety of changes. For example, Pouteria altissima 
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exhibited a relatively regular pattern of fruiting during the 1970s; however, it rarely fruited in the 1990s 
or 2000s (Chapman et al. 2005 CAC & LJC unpubl. data). Similarly, Parinari excelsa fruited consistently 
in the 1970s, but rarely fruited in the 1990s or 2000s. This region of Kibale has long been considered a 
Parinari forest by foresters (Kingston 1967; Osmaston 1959; Struhsaker 1975), thus it is interesting that 
little regeneration is occurring in this dominant species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 5.2. The 4 month running average of the percentage of trees bearing ripe fruit in Kibale National 

Park, Uganda, between 1990 and 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3. The proportion of the tree population fruiting between 1970 and 1984, and 1990 and 2002 in 
Kibale National Park, Uganda. Sampling started in August, so this is the time interval reported for each 
year.  This includes the following species: Pouteria altissima, Celtis africana, Celtis durandii, Diospyros 
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abyssinica, Funtumia latifolia, Parinari excelsa, Strombosia scheffleri, Teclea nobilis and Uvariopsis 
congensis. 
 
Contrasting phenological patterns at four sites along the north-south elevational and rainfall gradient 
within Kibale (Kanyawara, Dura River, Mainaro and Sebatoli) in the mid-1990s revealed that at the 
community level the fruiting patterns of only one of the six pair-wise site combinations were correlated 
and relationships between rainfall and fruiting were variable among sites. Contrasting changes in fruiting 
patterns over 30 y between four sites varying in rainfall suggests that the changes observed in fruiting 
may be due to climate change. For example, at the more northern and wetter site (Kanyawara), 
Trilepisium madagascariense fruited at a low level in the first few years of monitoring that began in 
1990; however, this species has not fruited since 1993. It is possible that the drier climatic conditions 
found in the early half of the century were more favorable for the flower or fruit production of this 
species. To the south, at a drier site (Dura River), a large proportion of the T. madagascariense population 
has repeatedly fruited in recent years (Chapman et al. 2002a,b, CAC & LJC unpubl. data), suggesting that 
drier conditions may promote fruiting. It seems possible that the wetter conditions now found in the north 
are no longer suitable for the fruiting of this species, or these wetter conditions could have negatively 
impacted this species’ pollinators.  
 
Changes in Forest Structure: Climate Change or Forest History? 
 It seems feasible that such changes in climate could influence the ability of some species to 
persist or grow to adulthood. No credit to the foresight of members of our group to anticipate climate 
change, we established 11 permanent vegetation plots in the undisturbed forest near Kanyawara (K30) in 
December 1989. Each plot was 200 m x 10 m, providing a sampling area of 2.2 ha. Plots were placed 
randomly within the existing trail system. Each tree with a diameter at breast height (DBH) > 10 cm 
within 5 m of each side of the trail was identified, individually marked with a numbered aluminum tag 
and measured (DBH). The initial mean number of trees per plot was 97+6.3 SE. This provided an initial 
sample of 1321 trees. Plots were resurveyed in May 2000 and September-November 2006. All tagged 
trees were re-located and measured to assess growth and new trees recruiting into the size class of DBH > 
10 cm were identified, measured, and tagged. Mortality was noted and the cause of death was evaluated 
when possible. 
 It was our impression that the species that normally recruit into large gaps (i.e., 1 ha or more) 
were the class of tree that would be most negatively affected by forest maturation, thus we classified 
species into “mature forest specialists” and “large gap specialists” (Omeja et al. 2009; Zanne & Chapman 
2005). There are very few small gap specialists in the community, so this class was excluded (Chapman et 
al. 2008). We contrasted two indices of tree community structure: 1) change in cumulative DBH in the 
plots, and 2) annualized rate of population change. DBH has been found to vary reliably with both fruit 
crop size and leaf biomass, is practical and easy to measure, and has low inter-observer error (Brown 
1978; Catchpole & Wheeler 1992; Chapman et al. 1992; Chapman et al. 1994; Harrington 1979). 
Annualized rate of population change was calculated using a standard model of exponential population 
growth: 
 r = lnNt – lnN0 
              t 
where Nt and N0 are population sizes at time t and time 0 and ln is the natural logarithm.  
 It is likely that primate populations are more strongly influenced by changes in the abundance of 
tree species that produce food items than by the overall abundance of all trees. Thus, we estimated the 
cumulative DBH of food trees in each plot, for each primate species, at each time period. Kibale is an 
unrivaled location for this type of research because a large number of year-long or longer studies have 
been conducted on the foraging behaviour of its primates and we could rely on published diet data or raw 
data available to CAC. We used these data to determine what should be considered to be food for each 
primate. We included foods (i.e., a specific part from a particular species) that constituted ≥ 4% of the 
time spent feeding reported by Rudran (1978) and Butynski (1990) for blue monkeys, Waser (1975) and 
Olupot (1994) for mangabeys, Harris and Chapman (2007) and Oates (1977) for black-and-white colobus, 
Rode et al. (2006, unpublished data) and Stickler (2004, unpublished data) for redtails, and Chapman and 
Chapman (2002, unpublished data) and Struhsaker (Struhsaker 1975, unpublished data) for red colobus. 
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We chose the 4% cutoff because it included specific food items that were consistently considered 
important by previous researchers, while avoiding large numbers of rarely consumed species.  
 We calculated the annualized rate of population change and the percentage of change in 
cumulative DBH for species assigned to each recruitment category for each of the three sampling periods 
and considered each plot to be independent sample points. To test the significance of temporal variation 
in these parameters, we compared repeat samples of plots across years. Repeated measures analysis of 
variance (ANOVA) tests were used to test the significance of temporal (among years) and between 
recruitment categories (between subject effect), and their interactions. Following Potvin et al. (1990), 
Mauchly’s criterion was used to test for the compound symmetry of the variance-covariance matrix. 
When the criterion was rejected, the Greenhouse-Geisser test, which relaxes the symmetry assumption, 
was used to obtain corrected significance levels (Potvin et al. 1990). We conducted a one-way ANOVA 
when a single species was considered.  
 As predicted, the rate of population change was more strongly negative for species classed as 
recruiting into large gaps (average 1989 to 2000 r = -0.143; 2000 to 2006, r = -0.209) compared to species 
recruiting into the main forest (average 1989 to 2000 r = -0.007; 2000 to 2006, r = 0.009; between-subject 
effects F=24.874, P<0.001). There was no significant time effect (P=0.404), but a marginal interaction 
effect (P=0.055), suggesting that the difference between the two classes of trees is increasing over time. 
As predicted, the percentage change in the cumulative DBH in the vegetation plots was more negative for 
species classed as recruiting into large gaps (average percent change 1989 to 2000 = -13.069; 2000 to 
2006 = -13.047) compared to species recruiting into the main forest (average 1989 to 2000 = -5.417; 2000 
to 2006, 5.731; between-subject effects F=10.446, P=0.004). There was no significant time (P=0.392) or 
interaction effect (P=0.394). 
 This analysis demonstrates a change in species composition over time, but does not necessarily 
indicate that this is driven by climate change. Rather, it may suggest that Kibale has been disturbed in its 
distant past, and species that preferentially recruit into large gaps are dying now that the forest is 
maturing. The window of time with which researchers view these forests is very short compared to the 
life span of the trees that make up the forests. Although Kibale obtained its first legal status in 1932, when 
it was gazetted a crown forest, the first descriptions of the area were not made until the late 1950's 
(Osmaston 1959) and no single researcher has worked in the park for more than 20 years. The analysis of 
pollen deposited on lake bottoms offers a means of quantifying the history of the region’s flora much 
further back in time. Pollen diagrams from the Ruwenzori Mountain Lakes (Livingstone 1967) and Kigezi 
in south western Uganda (Hamilton 1974; Hamilton et al. 1986), suggest extensive anthropogenic forest 
clearance that dates beyond 4800 years ago. A recent 6 m long core from the Kabata Swamp, 10 km from 
Kibale, finds similar evidence of clearing (Taylor et al. 1999) approximately 2500 yrs ago; this clearing 
could have been associated with the entry of Bantu-speaking peoples. There is a second episode of forest 
clearing about 400 years ago associated with shifts in settlement patterns from grassland areas to wetter, 
more forested regions (Taylor et al. 1999; Taylor et al. 2000). Within Kibale, a number of pits for storing 
grain and an array of potshards have been discovered in what has traditionally been considered 
undisturbed forest (Lang Brown and Harrop 1962; Lwanga et al. 2000). It seems likely that in African 
forests, such as Kibale, human activities have altered forest composition for a considerable period of time. 
Differences in forest composition between areas may reflect the period of time that the area has had to 
recover from human induced disturbance. However, based on what is known about the life history of the 
canopy trees in Kibale, identifying an area that had been disturbed 1000 years ago from one that had been 
disturbed 400 years ago is a very difficult task. 
        There have also been significant changes in the park due to regrowth of areas that were disturbed 
recently. A number of researchers have quantified the regeneration of areas of former pine plantations 
(Chapman et al. 2002b; Duncan & Chapman 2003; Omeja et al. 2009), grasslands (Lwanga 2003), 
replanted forest in the south of Kibale (Omeja et al. in prep; UWA-FACE 2005) and areas of logged 
forest (Chapman & Chapman 2004). In all areas except the logged forest, the rate of forest regeneration 
seems promising. In the logged forest the rate of regeneration seems to be very slow or even arrested 
because of a complex set of interactions between tree seedlings/saplings, aggressive herbaceous 
vegetation, primarily Acanthus pubescens, and elephants (Lawes & Chapman 2005; Paul et al. 2004; 
Struhsaker et al. 1996). 
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Figure 5.4. The density (groups / km2) and encounter rate (groups seen per kilometer of transect walked) 
of the five common diurnal primates in Kibale National Park.  K30=unlogged forest, K14=lightly logged 
forest, K15=heavily logged forest.  * indicates that there is a significant change in the density or 
encounter rate from the first estimate to the last, and brackets connecting forestry compartments indicate a 
significant difference in abundance between areas differing in logging history (solid) or a marginal 
difference (dashed line). 
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Change in Primate Abundance Over 30 Years 
 Starting from the initial work by Tom Struhsaker (Struhsaker 1975), research in Kibale has 
focused on primates. As a result we have an extensive record of primate behaviour, ecology, and 
abundance starting in 1970 and continuing to date. Here we use 26 to 36 years of population and habitat 
data to determine the potential causes of population changes for five species of sympatric primates in 
Kibale in areas that were disturbed to varying intensities in the late 1960s. Line-transect censuses were 
initiated in the 1970s to monitor primate biomass and have been replicated several times (Struhsaker 
1970-75, Skorupa 1980-81, Chapman 1996-97) using identical methods and trails (Chapman et al. 2000; 
Chapman et al. 2010 a,b; Skorupa 1988; Struhsaker 1975). We calculated primate density (groups/km2) 
and encounter rate (# groups/km walked) from line transect data. We established vegetation monitoring 
plots in 1989 (see above) and have repeatedly measured species composition and habitat structure 
(cumulative DBH) in these plots since that time. Using these data, we compiled a long-term assessment of 
the variation in Kibale primate abundance and tree community composition and structure through time 
and space.  We use diet records from primate behavioural studies (see above) to identify important 
food resources so that we can examine the relationships between population dynamics and changes in 
food availability and, for the red colobus, food quality. We used the protein to fiber ratio as an index of 
red colobus food quality because it has been found to be a good predictor of folivore leaf choice (Milton 
1979) and biomass (Chapman & Chapman 2002; Chapman et al. 2002a; Chapman et al. 2004; Ganzhorn 
2002; Oates et al. 1990; Waterman et al. 1988). To incorporate the effect of food quality, we weighted 
our DBH measures by the protein to fiber ratio of both young and mature leaves of species constituting ≥ 
4% of total feeding time.  We found that in general mangabey populations increased, blue monkeys 
declined, and redtails were stable in all areas (Figure 5.4). Red colobus monkeys were generally declining 
(particularly indicated by encounter rate), but may have been stable in the heavily logged area. The black-
and-white colobus population is either stable or marginally increasing in some areas. For blue monkeys 
and mangabeys, there were no significant changes in food availability over time, yet their populations 
changed. For redtails, neither population measures nor food availability changed over time. For black-
and-white colobus, a decrease in food availability over time in the unlogged forest surprisingly coincides 
with a possible increase in population density. Finally, while red colobus food availability and quality 
increased over time in the heavily logged area, their population did not show a corresponding increase. In 
the other unlogged and lightly logged forestry compartment, a possible decline in red colobus (suggested 
by encounter rate) was not related to a change in food quality, and in the lightly logged forest the decline 
in red colobus numbers corresponded with an increase in food availability. We suggest that these 
populations are in non-equilibrium states. If such states are widespread, it suggests that large protected 
areas will be required to protect species so that declines in some areas can be compensated for by 
increases in adjacent areas with different histories. 
 
Conservation Changes 
 Overall, the conservation and management approaches applied to Kibale have had several 
programmatic iterations which have in turn affected the attitudes and support for the park by neighboring 
communities. As a Crown Forest Reserve, Kibale was established to protect watersheds and subsequently 
to ensure a sustainable flow of wood products that would supply British colonial interests in East Africa. 
Following independence in 1967, the control of Kibale transitioned to the Uganda Forest Department as a 
Central Forest Reserve. Soon thereafter in a tumultuous 15-year period (1971-1986), where much of the 
country was immersed in war and economic meltdown, management and enforcement by the Forest 
Department fell lax (Hamilton 1984). Neighboring communities often entered the reserve to collect 
fuelwood, building poles, medicinal plants, timber, and to hunt wildlife. Longtime residents describe the 
relationship as an amicable one and Kibale as a “neighbor” and a resource pool, where “you could get 
things if you needed them” (J. Magume, pers. comm. 2006).  
 The outbreak of rinderpest in Uganda during the 1930’s forced many people living in Kibale 
forest to move towards towns (many of whom moved to Bigodi and other towns on the eastern side of 
Kibale). Decades later, displaced and landless people settled in the forest reserve during the period of civil 
war (Naughton-Treves 1999). Many of these people were forcibly evicted when the Forest Department re-
established its presence in 1992 and then further when the Ugandan Wildlife Authority took over control 
of the Game Corridor. Those who did not leave were forcibly removed and resettled, most 100 km away 
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in the Kibaale District (Deneve et al. 1997). Others moved to neighboring areas along the western edge of 
the former game corridor (Edmunds 1997) and east towards Kyenjojo. From their perspective, very few 
of these people were compensated fairly for their loss of crops and land. Forbidding people who lived 
near parks to use its resources can often create strong negative attitudes towards the park (Mugisha & 
Jacobson 2004). The perceived heavy-handed eviction of farmers fueled animosity between neighboring 
communities and the park. To local communities who had felt Kibale was part of the landscape, the park 
now sought to be exclusive and separate itself from the landscape that contained it. Little meaningful 
interaction between the park and local residents took place, and most regarded the park as something that 
belonged to the government (Lepp 2004; Lepp & Holland 2006).   
 In recent years though, the tone appears to have changed in some communities around Kibale. 
The cynicism and suspicion for the park has waned. Though perceptions of and attitudes towards the park 
vary, research in communities outside the park has shown that many people are positive towards the park, 
or at the very least indifferent. Hartter (2007) found that 61% of the people surveyed (n=130) felt their 
households benefited directly from the park. Solomon (2007) examined fishing communities on the 
southwest side of Kibale and found 76% (n=183) benefited in some way from the park.  
 These more positive attitudes can be attributed at least in part to a number of different factors, 
both directly related and unrelated to park initiatives. First, the increasing human population density 
outside Kibale led to conversion of many of the natural forests and wetlands in the surrounding landscape, 
thus destroying habitat and travel corridors for would-be crop raiders. This has increased “edge” habitat, 
which makes it difficult for large animals to range outside the park without crossing agricultural land 
(Naughton-Treves 1998). Despite this, Hartter (2007) quantified that only 31% of respondents felt that the 
park harmed their household, mostly because of problem animals. This problem does not seem to be 
getting worse; only one third of people asked felt crop raiding has become worse in the last ten years 
(Hartter, unpublished data). Intensive land use by the Batoro and Bakiga has not only decreased wildlife 
habitat, but it has led to many farms being buffered by other farms and tea plantations. In fact, most 
farmers say that the best defense against crop raiding by wildlife is having another farm to serve as a 
buffer (Naughton-Treves 1997).  
 Crop raiding continues to be the cause of the largest proportion of negative attitudes towards the 
park, and was found to be important for households within 1 km of the park boundary (Hartter, 
unpublished data). Park managers acknowledge these problems. Many of the landholders want 
compensation for their losses but, according to the Uganda Wildlife Statute 1996, compensation to 
individual farmers for lost crops due to crop raiding is not permitted. Even though respondents feel that 
the park (52%, n = 130) and the government (31%, n = 130) must manage the crop raiding, most 
communities and individuals, especially those not directly neighboring the park, are left to develop their 
own deterrence strategies and means to cope with crop losses.  

Second, to mitigate the effects of crop raiding and to bolster public opinion of the park’s 
existence, UWA mandated a revenue sharing program. Under the Uganda Wildlife Statute of 1996, 
individuals cannot be compensated for property loss or damage due to wildlife. However, 20% of the gate 
receipts from national parks are to be shared with local communities (Government of Uganda 1996). The 
27 parishes that border the park are therefore eligible for a portion of the entry fees collected from the 
modest amount of tourists (5-6000 annually) who visit Kibale. In 2008, Kabarole District received Ush 
36.5 million (~$23,000 USD) under the revenue sharing program (Kajubu 2008) which was dispersed to 5 
sub-counties. Park officials continue to be concerned about the increased destruction of crops by wild 
animals and as such much of the money recently has gone to dig trenches (3 m wide x 3 m deep) along 
the park boundary, primarily to prevent elephant raids. In addition, these monies have gone towards 
infrastructure improvement projects (e.g., classrooms, community buildings). Overall, Archabald and 
Naughton-Treves (2001) report improved attitudes and friendlier relations between local residents and 
park employees since the inception of revenue-sharing programs. 
 Third, park management has worked to improve their relationship with the neighboring 
communities. As such, there is a perception that even though encroachment, resource extraction, and 
hunting are prohibited, park management has become less exclusionary and confrontational, and instead 
seeks to work alongside park neighbors to solve problems of crop raiding and resource scarcity. Kibale 
has entered into Collaborative Resource Management (CRM) Specific Issue agreements with local 
communities. These agreements allow locals to access certain park resources under specific conditions 
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(Chhetri et al. 2003). Agreements have been established to allow access to rattan cane, fish, beekeeping, 
coffee, water for cattle, firewood, medicinal plants, and papyrus from within the park boundaries (Chhetri 
et al. 2003; Solomon 2007). In addition, rangers also help landholders by firing rifles to scare wildlife 
away from fields. The respectfulness with which park managers treat their neighbors seems to have a 
considerable influence on attitudes to parks (Hartter, pers. obs.). By employing more local residents, 
UWA hopes that economic opportunities would have positive effects on local attitudes. Though the 
percentage is still small relative to the surrounding population (Hartter 2007), Kibale employs local 
residents permanently as park rangers, tourist guides, and seasonal or contracted short-term labor as trail 
cutters, timber cutters, and to run the tourist canteen. The presence of the park has also drawn attention by 
international researchers who also hire local residents as field assistants and cooks.    
 Fourth, improved education, outreach, and communication through park programs, UWA, 
National Environment Management Authority, local community-based natural resource groups, and local 
and international NGOs have contributed to increased local ownership of issues and public awareness of 
benefits of conservation and the park beyond material benefits through public discussion, radio 
broadcasts, posters, and increased interaction and training of local government officials. Regular dialogue 
with communities and local government officials raised awareness of management policies and laws. 
Community conservation wardens have become more visible and have visited many communities near 
Kibale. Of the people who believed that the park provided benefits to their livelihoods, Hartter’s (2007) 
work shows that environmental services (e.g., timing and adequate amount of rainfall, fresh air, and 
climate regulation) were mentioned as benefits more often (73%, n=79) than material benefits (e.g., 
employment, infrastructure development, 26%). In addition, 72% of all respondents (n=130) believe 
Kibale should be maintained in its current state with the same rules and regulations and not be destroyed 
(Hartter 2007). Furthermore, 60% (n=183) of respondents disagreed that the park should be given to those 
around the park to convert to agriculture (Solomon 2007). 
 The revenue sharing program, community conservation programs, increased visibility of park 
staff, and cooperation with community groups have all helped to improve relations between the park and 
communities. Despite the trajectory of positive public opinion, the situation around Kibale is far from 
perfect, especially in communities directly adjacent to the park boundary. Crop raiding and small-scale 
encroachment (e.g., timber cutting, fuelwood collection, and hunting) continue inside the park. Money 
dispersed through the revenue sharing program is relatively small and does not adequately offset the cost 
to individuals for loss or damage of crops by wildlife (Archabald & Naughton-Treves 2001). Education 
and outreach programs tend to be focused in areas around park headquarters, ranger outposts, the research 
site, and main transportation arteries. Communities that are further removed from these activities feel less 
of a connection to the park (Hartter unpublished data, Solomon 2007). The park’s community 
conservation unit of 3-5 individuals is severely understaffed and lacks enough financial resources to have 
widespread impacts in all areas around the park; although park warden plans to these address 
programmatic deficiencies (Tumwesigye pers. comm. 2008) in more remote communities. Continued 
disproportionate emphasis on law enforcement illustrates that Kibale’s priority still remains law 
enforcement over collective action and education. Compliance continues to be driven partially by fear of 
punitive measures by rangers (Lepp & Holland 2006). Despite the shortcomings, Kibale has remained 
successful in defending its borders and continues to committed to conservation and improving the 
relationship between the park and its neighbors.  
 
Conclusion 
 In general, the most significant finding from our long-term research is that whatever aspect of the 
environment we examined, it was changing. This suggests that Kibale is in a non-equilibrium state, which 
represents a huge challenge for the management of the park. Not only must data be collected over the 
long-term to identify changes, but continual monitoring is required to evaluate the effectiveness of 
management actions. Some areas of Kibale are experiencing high levels of climate change, which may be 
driving changes in phenological patterns, incidence of disease, and primate abundance.  
 Kibale is in an almost unrivalled position to evaluate long-term changes in primate populations 
and their drivers since we have data which date back to the early 1970s. We were able to determine that 
two primate species appear to be in decline: blue monkeys and red colobus (as evaluated by encounter 
rate). However, despite the wealth of data on these species, we could not identify the cause of these 
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declines. It is thought that there are only four viable populations of red colobus in the world, and Kibale is 
the only one in Uganda (www.iucnredlist.org/details/39993 accessed December 17th 2008). As a result, 
there needs to be continued monitoring of red colobus abundance and research to identify the causes of its 
decline.  
 Our findings have a number of implications. First, it is important for management authorities to 
work closely with researchers willing to collect long-term data in order to document and identify drivers 
of change. Second, adaptive management plans must be constructed to use limited existing data in the 
most efficient way. Where possible, long-term researchers should be encouraged to use existing data to 
attempt to forecast future conditions, as this will help policy makers prevent future problems rather than 
responding to events that are occurring or have occurred. It should also be recognized that taking no 
active management is a management decision in itself. For example, current evidence (Lwanga 2003; 
Omeja et al. in press) suggests that former grassland areas in Kibale will be replaced by forest in the 
coming decades, thus management activities will be required if maintaining grasslands and the animals it 
supports is a priority. 
 While not directly part of our research program, it has become evident from over two decades of 
research in the region that two additional issues need to be addressed. The Uganda Wildlife Authority is 
well aware of both issues and has active programs designed to address them. The first involves the 
growing elephant population in the park and increasing effect they have on adjacent communities when 
they leave the park to raid crops. Research can help with this issue in a number of ways, such as by 
determining elephant population levels, evaluating how their populations will change with the 
regeneration of grasslands, pine plantations, and the southern corridor, and by constructing predictive 
models of how their population will change with existing and alternative management strategies.  
 The second issue involves the relationship between the park and the adjacent villagers.  With 
growing human population sizes, there will be increasing pressure on the park for resources that become 
scare in the surrounding landscape. Currently, the population density of Uganda is 120 people/km2 
(United Nations 2008). However, in areas with fertile lands, such as those that surround Kibale, the 
population density is often between 270 and 315 people/km2 (Hartter 2007). Naughton-Treves (1998) 
estimated the population density neighboring the park nearly tripled around the park between 1959 and 
1990. The density will not be overly impacted by increasing urbanization rates, since in 1950, 3% of 
Uganda’s population lived in urban areas, while in 2030 the percentage of the population living in urban 
areas is expected to grow to only 21% (Jacob et al. 2008). This means that improved protection, enhanced 
park-people relations, and providing alternative sources of fuel will all become increasingly important as 
the growing population requires more resources and land.  
 If change in ecological systems is occurring at a rapid rate, then the few long-term researchers 
that are working in an area need to work hand in hand with managers to attempt to construct informed 
management plans. The most profitable avenue to do this will likely involve scenario planning where 
managers and long-term researchers present potential futures and there is an informed dialogue about the 
probability that different scenarios will occur and the preemptive actions that could be taken. 
Accordingly, we need to use the data from long-term research to project potential futures. These exercises 
should consider the appropriate scale of management (e.g., whether or not Kibale should conserve buffalo 
that prefer grassland when there is thriving populations just to the south in Queen Elizabeth National 
Park). A joint partnership, recognizing the different goals and priorities of the different stakeholders is 
needed to forge a strong future.  
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Fire and Elephants, the two main architects of the Greater Virunga Landscape’s Savannas 
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Introduction 
The Virunga National Park in the Democratic Republic of Congo (DRC) was created as Africa’s 

first national park between 1925 and1935, initially covering only the Virunga Volcanoes but being 
expanded successively to include the total area (7,900 km2) that it is today. It is contiguous with the 
Queen Elizabeth National Park in Uganda which was created as the Lake George Game Reserve in 1906 
and was increased in size and gazetted as the Kazinga National Park in 1952 but renamed Queen 
Elizabeth National Park in 1954 (Olupot, et al. 2010). Together these two parks form the core of the 
Greater Virunga Landscape (latitude 00 58’N- 10 40’S, longditude 280 57’-300 31’E), Africa’s most 
biodiverse landscape (Plumptre et al. 2007a), and they connect to 11 other protected areas thereby 
creating connectivity and the viability of populations of landscape species in these protected areas 
(Plumptre et al. 2007b).  The savannas in this landscape also had the highest biomass of large mammals 
ever recorded on earth in the 1960s, primarily made up of hippopotamuses (Hippopotamus amphibious), 
elephants (Loxodonta africana) and buffalos (Syncerus caffer) (Petrides and Swank, 1965; Bourlière and 
Verschuren 1960; Cornet D’Elzius, 1996; Plumptre et al. 2007b). 

These parks have a long history of research and management, particularly the Queen Elizabeth 
National Park (QENP) where the Nuffield Unit of Tropical Animal Ecology (NUTAE) was established in 
1961 and which later became the Uganda Institute of Ecology and operated until the mid 1990s. The 
research here focused on the impacts of the large herbivores on the vegetation of the park as well as the 
impact of fire. Research was very much aimed at answering applied management questions initially but 
also led to specific studies of the ecology of most of the large mammals and birds with researchers 
coming to the park from all over the world (Olupot et al. 2010). Initial research in Virunga Park (VNP) 
commenced in the 1930s and looked at the various taxa found in the park creating a long list of 
publications that documented the species found in the park from mammals and birds down to insects and 
even protozoa. Ecological and ethological studies started in the 1950s and in 1971 Virunga Park also 
established a research station with laboratory at Lulimbi in the east of the park on the border with Uganda 
where several intensive research projects were carried out on the ecology of the vegetation and plant 
associations as well as on the ecology of the large mammals.  
 
 Climate changes in the Greater Virunga Landscape 

Rainfall in and around the Greater Virunga Landscape has not changed greatly since the early 
1900s (figure 6.1). We compiled monthly data from nine different sites where at least 20 years of data 
were available and several of these show an increasing trend in annual rainfall. There are significant 
increases in total annual rainfall in Beni (1974-2007), Kabale (1918-1996) and at Ruhengeri airstrip 
(1928-1986) over time but the rest do not show any significant trends (P<0.05). Mweya (intermittent data 
1958-2007) and the tea estate at Kiamara (1982-2007) show a trend in increasing rainfall that is almost 
significant (P=0.06). Annual rainfall has increased by 2-3 mm per year at Kabale, Ruhengeri and Mweya 
since records began but have increased by 10 mm per year at Kiamara and 13 mm per year in Beni. 
Rainfall varies across the landscape greatly and we have also compiled monthly data from shorter term 
series of data taken at 43 different sites across the landscape (figure 6.2). These data show that the driest 
parts of the landscape are in the savanna areas to the north and south of Lake Edward where average 
monthly rainfall drops to 30-40 mm. The savannas are therefore partially maintained by the limited 
rainfall in these sites in the landscape and where rainfall increases to the north and south of the landscape 
forest becomes the predominant vegetation type. As climate changes and rainfall is predicted to increase 
in future (chapter 2) it is clear that the savannas will be at risk of loss. The extent to which the 
browsing/grazing effects of large mammal populations and fire can keep in check the change to more 
woody vegetation is uncertain.  
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Figure 6.1. Average monthly rainfall per year from different sites around the Greater Virunga Landscape. Ten year running means are also plotted for each 
site.
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Figure 6.2. Average monthly rainfall (mm) contours extrapolated from 43 weather stations where rainfall 
has been collected for a minimum of 2 years. The locations of the stations are shown as black circles, with 
circle size in proportion to their average monthly rainfall. 
 
 

At the Mweya Peninsula in QENP rainfall data have been collected since the 1960s and daily 
rainfall data was located for 13 of these years, in the 1980s and 1990s and 2000s. A pluviogram was 
produced for the site similar to those produced for sites in chapter 2 and elsewhere in this book, showing 
average daily, 9-day mean and monthly records for Mweya (figure 6.3). The data show consistent peaks 
at certain times of year which are masked in the monthy averaging. July is particulatly marked with a 
peak in the first half of the month and virtually no rainfall in the second half. Similarly there are 
consistent peaks in late March, mid April, mid May, early September, mid November, and early 
December.  These peaks are likely to be quite significant; particularly those that occur in the dry seasons 
from December to February and June to August as they will affect leaf flush of grasses. 
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Figure 6.3. Pluviogram showing average daily, 9day and monthly rainfall for Mweya Peninsula.  
 
 
Vegetation changes over time 

Aerial photography from the 1950s (1954 –QENP and 1959 – VNP) and 1990 (QENP)  allows us 
to compare the vegetation at that time in this landscape with recent aerial photo imagery taken in 2006 by 
the Wildlife Conservation Society (WCS) Flight Programme. The imagery was from before and after 
periods of major changes in the large mammal faunas in the landscape (see the next section). Aerial photo 
coverage of Uganda was taken in 1954 and used to create the East Africa 1:50,000 maps of Uganda that 
are still used today. Copies of the photos were obtained for QENP and scanned into a computer. The 
computer software package ENSO Mosaic was used to create photo mosaics of the park which are 
orthorectified. Photo Mosaics from 1958 of the southern section of VNP was  provided by WWF to WCS. 
Imagery from 2006 was taken with a digital camera and ENSO Mosaic used to create similar photo 
mosaics for both QENP and VNP. The vegetation type of 250 x 250 metre cells was identified by the 
same technician for both sets of photo mosaics and specific descriptions of the 29 habitat classes were 
defined to allow accurate classification. The resolution of the imagery was less than 1 metre making 
identification of the habitat classes relatively simple. The overall impression is that the vegetation of the 
landscape has become more wooded/forested (figure 6.4). The area of grassland has diminished and been 
replaced by woodland/Bush shrub and there has been some expansion of the Maramagambo Forest and 
Kisali Mounts forests. Another clear difference is the isolation of the landscape in a sea of agriculture. 
Whereas in the 1950s there was very little agriculture around the parks now farms are cultivated up to the 
boundary along most of the limit of the parks. 
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Figure 6.4. Map of vegetation types from 1950s (left) and 2006 (right). Covereage of aerial photos for the 
1950s in Virunga park were limited to the area south of Lake Edward. 
 

Woody cover change was calculated for VNP and QENP separately (table 6.1) and shows that 
there have been increases and decreases in woody cover in different parts of the landscape between the 
1950s and 2006 but that the overall trend has been towards an increase in woody cover (1,579 km2 
increase vs 334 km2 decrease). This increase in woody cover could be due to various factors which 
include: a) the decrease in large mammals in the landscape from the 1970s onwards (see below); b) 
continued release of the vegetation from the 1880s when people were living in the landscape (Spinage 
1970); c) increasing rainfall; d) changes in climate variables that have not been measured such as 
temperature and sunshine hours and e) changes in fire frequency (see below). 
 
 
 
Table 6.1. Changes in woody cover (km2) in QENP and VNP and the percentage of the park area 
affected. 
 
Park Increase in woody cover Decrease in woody cover 
QENP 1,021 (27.8%) 260 (7.1%) 
VNP 558 (40.5% )   74 (5.4%) 
 
 
Changes in animal population sizes  
Large Mammal changes since the 1960s 

Historically people used to inhabit what are now the two parks and it is thought that there have 
been people living at Mweya Pensinsula for at least 1-2,000 years and possibly up to 50,000 years 
(Spinage 1970). Similarly there are fossil remains of an early hominid that have been found where the 
Semliki river leaves lake Edward in Virunga Park (Languy and deMerode, 2006). In the 1880s most 
people living in the parks together with their livestock left because of an outbreak of rinderpest coupled 
with sleeping sickness. As a result the numbers of wild animals started to increase. The increasing 
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abundance of wildlife led to the recognition of these sites as important for conservation and hence to the 
creation of the parks.  

By the late 1950s and in the 1960s large mammal numbers were at their highest, probably 
augmented by the increasing human population around the parks causing large mammals to move into 
these areas to avoid conflict. At this time the biomass of large mammals reached 31.4 tonnes per 
kilometre square in the central sector of VNP and were at similar densities in QENP(Cornet D’Elzius, 
1996). It led to the decision to cull hippos in QENP in the 1950s and 1960s to reduce their impacts on the 
vegetation at that time. The collapse of the Uganda National Parks management during the regime of Idi 
Amin in the 1970s led to the wholesale slaughter of large mammals in QENP. Many animals probably 
fled to VNP at that time. The elephant population plummeted from around 3,000 to 150 in 1980 in QENP. 
Continued insecurity during the early 1980s kept numbers low but since 1986 and the improving security 
in Uganda numbers have increased again. The civil war that erupted in 1996 and again in 1998 in DRC 
led to increased poaching in VNP which continues to the present day. As a result many large mammals 
have fled into QENP from VNP highlighting the importance of the transboundary connection between 
these two parks for conserving wildlife at times of insecurity (Plumptre et al. 2007b).  Lake Edward used 
to hold the largest hippopotamus population in the World in the 1960s with around 30,000 animals in 
VNP (Verschuren, 1993; Languy and Demerode, 2006. By 1990 these had dropped to about 22,000 but 
during the wars and subsequently the numbers have plummeted to about 1,200 (Kujirakwinja 2010). 
Figure 6.5 shows some of the changes in large mammal populations that have taken place over the past 50 
years. It can be seen that most large mammals have declined and this is true for other species not 
presented here. Only Uganda kob (Kobus kob thomasi) have remained fairly stable (VNP) or even 
increased (QENP) despite the poaching. The biomass of large mammals in the savanna habitats in QENP 
is now about 9.5 tonnes per square kilometer and only about 1.5 tonnes per square kilometre in VNP 
(calculated from most recent censuses in 2006).  

How this decline in large mammals has affected the vegetation and the changes that have taken 
place (described above) is not totally clear. Around the lake shore there appears to be more swamp 
vegetation (Papyrus or other types) which has probably come back as a result in the decline in 
hippopotamus numbers and reduced trampling effects as a result. Where there is likely to have been 
overgrazing and trampling by hippopotamuses in the past such as along the Kazinga channel, that links 
Lake George to Lake Edward, the vegetation has developed into a scrubby forest of short trees or shrubs 
and the herb/grass layer is still very bare (A. Plumptre pers. obs.). Elsewhere with the decline in elephant 
numbers there has been a re-growth of trees in woodland habitat. However at some sites there has been 
virtually no change in the vegetation over this 50 year period. Prior research shows that both elephants 
and hippopotamuses have a major impact on the vegetation in QENP (Thornton, 1971; Lock, 1972, 1993; 
Eltringham, 1974, 1980; Lenzi-Grinilli, Viscanic and Mapesa, 1996) and VNP (Cornet D’Elzius, 1996; 
Verschuren, 1993) and it is likely some of this re-growth is due to the major declines in numbers and total 
biomass since the 1970s. The vegetation growth does have a lag time in its response as it takes trees some 
time (probably 20-40 years) to reach a height where they will change grassland to wooded grassland or to 
woodland and this lag makes it difficult to be sure that it is the decline in herbivores causing the changes. 
What is more intriguing are the areas where there has been a decline in woody vegetation. It is possible 
these areas were heavily affected between the 1950s and mid 1970s in QENP or mid 1990s in VNP by the 
increasing large mammal numbers at that time, before their crash in populations, and that it is simply 
taking longer for these areas to recover. They tend also to be found in areas where protection may have 
been better and where large mammal population densities have remained relatively high as a result (such 
as along the river Ishasha in south west QENP and Eastern VNP where there are two ranger stations).  
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Figure 6.5. Changes in large mammal numbers in the Greater Virunga Landscape. A) Hippo numbers in 
VNP; b) Elephant numbers in QENP and VNP; c) Uganda Kob in QENP and VNP; d) Buffalos in QENP 
and VNP; e) biomass of three largest species in VNP; f) biomass of three largest species in QENP. Five 
year running means are given for QENP surveys because of the frequency of surveys in the 1960s and 
1970s. 
 
Changes in bird populations in the QENP and other savanna areas 

Bird counts have been made at a number of savanna sites in the Ugandan parts of the Albertine 
Rift area since the 1980s and they continue to be.  Some of these sites are currently being visited twice a 
year as part of a national bird monitoring programme (Pomeroy and Tushabe, in press). For ten of these 
sites, there are data spanning a period of more than ten years, allowing us to look at changes over time.  
Together, they cover a range of habitats : one (Kanyawara) is agricultural, two are in the Bugungu 
Wildlife Reserve, which is part of the Murchison Falls Conservation Area (Waiga River and Waiga 
South) and the rest are in QENP, Murchison Falls (MFNP) and Kibale National Parks (KNP) (4, 2 and 1 
sites respectively) (Table 6.2).  In only a few cases would the data allow trends to be determined for 
individual species, and inevitably these are the commonest.  However, several species-groups contain 
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enough data for analyses (albeit simple ones) and these are also of wider interest. All ten sites are species-
rich, exceeding 120 species in all but one case (the cultivated area) and almost reaching 200 for the two 
Bugungu WR sites (Table 6.2).   
 
Table 6.2. The main characteristics of the survey sites and the years surveys took place. The numbers of 
counts are given in parentheses after the years. Species richness was calculated using the jackknife 
estimator (Magurran, 2004). 
 

Category Site name (no.) 
Vegetation 
structure 

Species 
richness 

First 
surveys 

Second 
surveys 

Years 
elapsed 

QE  Mweya 
peninsula  (1) 

Short grass with 
many thickets 145   1984-87 

(19) 
2006-08 

(6) 21 

QE - Channel 
track (2) 

Grass with dense 
thickets 165 1984-87 

(15) 
2006-08 

(6) 21 

QE - 
Kamulikwezi (3) 

Grass with few 
thickets 125 1989-90 

(5) 
2006-08 

(6) 17 

Open 
Savanna 

MF  Palm 
savanna (4) 

Grass with 
scattered palms 127 1996-97 

(7) 
2006-08 

(6) 11 

QE  Kasese 
woodland (5) 

Woodland with 
clearings 162 1989-90 

(5) 
2007-08 

(4) 17 

MF  Falls 
woodland (6) 

Open 
shrubs/woodland, 
short grass 

164 1983-89 
(4)  

2007-08 
(4) 21 

Waiga river (7) Riverine forest 
with clearings 190 1996 (4) 2007-08 

(4) 11 

Wooded 
Savanna 

Waiga south (8) Thickets with 
trees 199 1996 (5) 2007-08 

(4) 11 

Forest K30, Kibale 
forest (9) 

Tropical high 
forest 135 1990-91 

(5) 2008 (4) 17 

Cultivated Kanyawara (10) Smallholder 
farms, some bush 118 1988 (4) 2007-08 

(4) 19 

 
The relative abundance of the commoner species was compared between the earliest years and the 

most recent. All except two sets of data come from Timed Species Counts (TSCs – Freeman, Pomeroy & 
Tushabe, 2003); the exception is the counts on the Mweya peninsula and along the nearby Channel Track 
in QENP during the 1980s.  Here, birds were counted in each of four 50 by 50 metre quadrats along a 1 
km transect.  Both types of count allowed estimates to be made of relative abundance; for TSCs mean 
scores were calculated and actual numbers counted for transects.  In each site, data for a minimum of four 
successive counts were used.  At all sites, except the forest, many species were recorded only 
sporadically.  These casual records were excluded and only species which were recorded at least twice in 
at least one of the two periods were included.  Less than 10% of qualifying species were Palearctic 
migrants; the rest were probably resident in Uganda during the period of counts, although some are 
known to make local movements.  Only about a quarter of the recordable species for each site (using the 
Jacknife 1 estimates in Table 6.2) actually qualified as being common enough to use in these analyses and 
included in the results shown in Table 6.3. 

Comparisons were simply made on the basis of how many species increased or decreased 
between the two periods (in about 2% of cases, a species scored equally in the two periods; these were 
ignored). A number of species qualifying from this procedure were recorded in only one of the two 
periods.   

The turnover of species (the percentage of those common enough to be considered as residents, or 
common migrants, in at least one of the two recording periods, but not recorded at all in the other) 
averaged 35% or more in all sites except the forest, where it was only 20% (Table 6.3).  These figures are 
remarkably high.  Some common birds, whilst present, may have been missed during some counts, but 
many of the changes that were recorded concern species which are widespread and conspicuous, such as 
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doves, starlings and drongos.  It is of course true that the most numerous species, such as the Common 
Bulbul (Pycnonotus barbatus), are usually present almost everywhere (but not always – during this study 
they apparently disappeared from the palm savanna area).  The data in Table 6.4 show that, for six very 
common species, widespread in the more open areas of western Uganda, the average turnover rate was 
only 10%, suggesting (as perhaps one would expect) that turnover rates are inversely proportional to 
abundance, but are still high amongst the larger group of fairly common species. 
 
Table 6.3. Principal results, including turnover rates and numbers of species in four key groups 
increasing (Inc) and decreasing (Dec) over time. 
 
 Changes in species groups 
Habitat Site Number 

of 
species 

% 
passerines

% 
turnover

Palearctic 
migrants 

a 

Tree 
birds 

b 

Grass 
birds 

Aerial 
species 

     Inc Dec Inc Dec Inc Dec Inc Dec 
1 50 72 35    0    5   10   3    2   3    1   5 
2 47 72 43    1    4   12   4    2   5    0   5 
3 43 67 37    1    4     7   4    8   3    1   2 

Open 
savanna 

4 35 51 46    1    1     2   2    8   6    0   2 
5 39 62 36    0    3         7  10    0   1    0   1 
6 39 72 44    0    1   14    1    0   1    2   2 
7 51 59 43    0    3   12    4    1   0    1   2 

Wooded 
savanna 

8 57 60 44    2    3   10  10    2   0    2   2 
Forest 9 44 64 20    0    0   17  11    0   0    0   0 
Cultivated 10 27 81 44    0    1   11    5    1   0    0   1 
   Averages    0.5  2.5 10.2 5.4 2.4  1.9  0.7  2.2 
a. According to Carswell et al. 2005; b. Bennun et al. 1996. 
 
 
Table 6.4.   Changes in the relative abundance of six common species in open habitats of western 
Uganda.  The figures show the numbers of sites at which the species’ relative abundance increased, 
decreased, or stayed the same.  ‘Turnover’ and ‘absent’ indicate the number of sites where the species 
was absent in one of the two time periods, or both. 

 
 
 
 
 
 
 

Species Increased Decreased No change Turnover Absent
Red-eyed Dove Streptopelia 
semitorquata 4 2 1 3 0
Common Bulbul Pycnonotus 
barbatus 4 3 2 1 0
Tawny-flanked Prinia Prinia 
subflava 4 2 0 0 4
Grey-backed Camaroptera 
Camaroptera brevicaudata 4 4 0 1 1
Scarlet-chested Sunbird 
Chalcomitra senegalensis 3 3 0 0 4
Bronze Mannikin Spermestes 
cucullata 1 1 1 0 7



98 

 
The vegetation at several sites changed between the earlier and later periods.  In Kibale forest, 

there were no major changes ( J Kasenene, pers comm), and none were recorded from the nearby 
Kanyawara cultivations.  In the savanna areas of QENP and MFNP, there has been some recovery of the 
large mammal populations leading to heavier grazing and shorter grass, most noticeably in the Palm 
savanna site where, by about 2003, buffalos, previously sparse, had become common.  The area had 
previously been dominated by tall species of Hyparrhenia but grazing and trampling resulted in that being 
partly replaced by a range of shorter, more palatable grass species.  In QENP, there was evidence of 
changes in the composition of the herb layer, especially the grasses (C Kabuye, unpubl data).  At the 
various wooded savanna sites, trees were also recovering, notably Acacia species and Euphorbia 
candelabrum in QENP and a wide variety of woody species in MFNP, thus increasing the habitat 
available to birds that need trees.  On the Mweya peninsula and along the Channel track, the Capparis-
dominated thickets spread considerably, benefiting species such as various weavers and warblers.   

Some species (but probably not many) will have been affected by changes to the vegetation.  For 
example, amongst the cisticolas in the palm savanna grassland, the Croaking cisticola (Cisticola 
natalensis) became less common and the Siffling Cisticola (Cisticola brachypterus) apparently 
disappeared, whilst the previously rarer Zitting (Cisticola juncidis) became very common.  Similarly, 
Piapiacs (Ptilostomus afer) and the fairly common Fiscal (Lanius collaris)  was replaced by many Grey-
backed Fiscals (Lanius excubitoroides).  Of the four groups of species that are listed in Table 6.3, the 
Palearctic migrants and aerial feeding species both showed considerably more losses than gains, whilst 
‘tree species’, and birds characteristic of grasslands, both showed increases.  Taking these second two 
groups together, there was a net average increase of about six species per site, whilst the losses of 
migrants and aerial species averaged between three and four species per site. 

The fact that there were such large changes in species composition is particularly interesting.  
Although there were also changes in the vegetation, they did not appear to be very great.  But the 
apparently high rate at which species come and go in the presumed stability of national parks needs 
further investigation, and suggests that the analysis of bird faunas over time – as, for example, in 
monitoring studies – may be more difficult to interpret then one might have expected.  The implication of 
these results for conservation is the desirability of more, and perhaps larger, sites with at least some level 
of protection.  For whilst many species occur, some commonly, in agricultural and pastoral areas, these 
habitats are changing with increasing rapidity.  Further, several important groups of species have 
requirements which do not match with intensification of pastoral and agricultural activities, notably forest 
birds and some grassland specialists, as well as others such as waterbirds, not considered here. 

Of immediate concern is the marked decline in Palearctic migrants; they were recorded from all 
sites except the forest in the first period, but from only four sites in the more recent counts. This shows 
that the trend recorded nationally (Pomeroy and Tushabe, in press) as well as internationally is also 
apparent in the Albertine rift area.  This is worrying, since during the 1980s, it was common to see very 
large flocks of Barn Swallows (Hirundo rustica) and Sand Martins (Riparia riparia), but that is no longer 
the case.  These two aerial species also contribute to the decline in that grouping.  To some extent, the 
decline in aerial species is part of the same phenomenon, and similar analyses are needed specifically of 
resident aerial species. 
 
Impacts of fire on vegetation and changes in fire frequency over time 

No studies of plant phenology have been undertaken in QENP or VNP over successive years. 
However fire is a driver of grass and tree phenology in savannas with flowering and fruiting often taking 
place in response to fire (Lock and Milburn, 1971; Mucunguzi and Oryem-Origa, 1996). Fire has been 
studied extensively in QENP in the 1950s-1970s (Eltringham, 1976; Edroma, 1984; Lock, 1998) and 
these studies were used to develop fire management plans at that time. These plans promoted early 
burning at the beginning of the two dry seasons to limit the destructive influence of the fires on the 
vegetation. More recent work in QENP (Plumptre et al. 2008; Jaksic-Born, 2009) shows that some 
species, particularly Uganda kob benefit from fire in the grasslands to stimulate new grass shoots for 
grazing and that there is a need for balance in the fire frequency and extent, dependent on the grassland 
types. In some area late burning may be an option to reduce dense thickets or unpalatable grasses and 
encourage more open grassland types. 
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WCS has been working with the Woods Hole Research Centre to map fires in the Greater 
Virunga Landscape using satellite imagery. Burns, visible as dark swaths in relation to the vegetation on 
the satellite imagery, were digitized using the Landsat Quick-look data available from the USGS Global 
Visualization Viewer (http://www.glovis.usgs.gov).  Normally, Quick-look data are not used for analysis 
since these images are simply "snapshots" of the data that allow analysts to assess image quality (ie., 
determine if the study area is cloud-free before purchasing the image).  However, these data were deemed 
suitable for use since (1) the burn scars were easily discernable, (2) the images were free to download and 
provided a complete digital record of the study area since the Landsat program inception, and (3) the 
image file size was small (~50-300 kb), requiring very little bandwidth to download. WHRC digitized 
burn scars for every year where cloud-free imagery was available for the landscape from 1973 to 2009 
with the following number of images digitized in each decade: 1970s-2 images; 1980s – 8 images; 1990s- 
5 images; 2000s – 17 images. Years were separated into two dry seasons (Dry Season 1: December -
April, Dry Season 2: May-November) to make comparisons between years and seasons.  Burns delineated 
from multiple images, but within the same burn season, were grouped together using a GIS analysis to 
provide one comprehensive dataset for each dry season.   The grouping of data files effectively removed 
duplicate burns that may have been delineated on multiple occasions (ie., burns may be visible in multiple 
images throughout the dry season). 

There is a continuous sequence of images for the end of both dry seasons from 2001 to 2009. The 
results show that northern QENP and the savannas north of Lake Edward in VNP burn much more 
frequently than south of the lake (figure 6.6). Comparisons of the total area burnt in each park per dry 
season show some fluctuations between different decades (figure 6.7) but there is not a significant 
difference in average area burnt per season per decade for either park (QENP: F=0.763, df=3,28, P=0.52; 
VNP: F=0.366, df=3,23, P=0.78). There is therefore no evidence of a difference in the total area burnt per 
season under active fire management in QENP (1970s and 2000s) and when there was no active 
management (1980s and 1990s). Unfortunately we cannot tell from the images which burn scars are 
deliberately set for fire management (early burning) and which were natural or set by local people.  This 
fact may may explain why no differences in average area burnt occur between these decades. 

There is a significant difference in the area burnt in the first dry season (Dec-Feb) and the second 
dry season (Jun-Aug) with the average total area burnt about half the size in the June-Aug dry season 
(Table 6.5). The average area burnt in the two seasons are significantly different (VNP: t=2.51, P=0.019; 
QENP: t=2.38, p=0.024). We also tested to see if there were differences in areas of savanna burnt in El 
Nino or La Nina years but there was no significant difference for the average area burnt per year per 
season. However if we separated seasons then there was a significantly larger area burnt in the Jun-Aug 
period in El Nino years (t=-3.34, P=0.002) and smaller area in La Nina years (t=4.01, p<0.001) but no 
difference for the Dec-Jan period for either El Nino or La Nina years. 
 
 
 
Table 6.5. The average area burnt (km2) in the two parks in the Dec-Feb and Jun-Aug dry seasons with 
standard errors in parentheses.  

Season VNP QENP 
Dec-Feb 228.7   (+/- 39.2) 258.2   (+/- 36.8) 
Jun-Aug 106.8   (+/- 28.4) 136.8   (+/- 35.1) 
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Figure 6.6.  Burn frequency in the savannas of VNP and QENP between 1973 and 2009. Imagery was not 
available for all seasons and years. 
 

Vegetation plots measured in 1991 (Lenzi-Grillini, Viscanic and Mapesa 1996) were revisited in 
2009 and re-measured by WCS botanists. The data are still being analysed but an assessment of habitat 
types shows that burn frequency as measured from the satellite images (above) at a site is strongly related 
to the percentage cover of herbs and grasses (F=5.229, df=5,175, P<0.001) and negatively related to the 
cover of trees (F=3.084, df=5,178, P=0.011) and shrubs (F=11.206, df=5,178, P<0.001). Therefore as the 
vegetation cover changes over time the fire frequency will also change at that site.  It is known that as 
hippopotamus abundance increases that the cover of grasses and herbs decreases and shrubs increase in 
cover and inversely with increases in elephant abundance the vegetation tends to decrease in tree and 
shrub cover and increase in grass cover (Lock, 1972; Eltringham, 1980; Olupot et al. 2010). Therefore the 
changes in abundance of these animal species over time in this landscape has probably affected where 
fires burn. Unfortunately we don’t have enough images from the early decades when animal numbers 
were high to assess where this effect may have occurred.  
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Figure 6.7.  The total area burnt in each park in the Dec-Feb and Jun-Aug dry seasons between 1973 and 
2009. 
 
Changes in human populations around the landscape over time 

The aerial photography used to map vegetation types (section above) in the 1950s, 1990 and 2006 
was used to digitize the number of houses within 2 km of QENP and also to measure the area and number 
of buildings within the legal fishing villages and other settlements around Lakes Edward and George 
where they occur within the park borders. The fishing industry on these two lakes is a major income 
earner for the region as they are two of Africa’s most productive lakes for Tilapia and lungfish. Many of 
the fishing villages existed when the parks were first created and were delimited at the time of their 
creation. However it is clear that despite repeated delimitations they have continued to expand in size 
(figure 6.8). The number of settlements has also drastically increased in VNP since 1996 and in 2006 
there were 3,748 buildings in illegally settled encampments, many along the western coast of Lake 
Edward compared to 2,759 in the legal fishing villages of Nyakakoma, Vitshumbi and Kyavinyonge 
(although these villages have also expanded greatly since 1996). In 2006 there were also 2,903 buildings 
in the legal fishing villages in QENP. The expansion of agriculture that was noted in the section on 
vegetation change (above) also has been accompanied by increased settlement by people. Around QENP 
there were 29,867 permanent houses within 2 km of the park boundary in 2006 while in 1954 there were 
none (figure 6.9). If we assume about 6 people per household (an average household size for this part of 
Uganda) this means there are about 179,200 people living within 2 km of QENP’s boundary and about 
17,400 in the fishing villages in QENP. A similar increase in people living around VNP can also be seen 
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although we have not counted buildings within 2 km. The Rutshuru controlled hunting area to the south 
west of the savanna south of Lake Edward has been almost completely invaded by people and much of it 
is farmed. In the 1950s there were very few buildings or agriculture around these parks and elephants 
were recorded moving between QENP, Kibale and Rwenzori Mountains National Parks through what is 
now all agricultural land (Wing and Buss, 1970). Many of these migration routes are now lost and 
elephants cannot move between the parks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.6. Area (ha) of each legal fishing village/settlement in the 1950s, 1990s and 2006 showing the 
increase in size of individual villages over time and the total area (height of each bar). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.7. Locations of individual buildings (red dots) within 2 km of Queen Elizabeth Park overlaid on 
the vegetation map from 1954 (left) and 2006 (right). 
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The increase in people in the fishing villages has led to overfishing of the lakes’ resources. The 
number of canoes has increased on Lake Edward, the average size of fish has decreased, the average catch 
per canoe has decreased and fishermen state that they have to travel further to find fish (Mulangala, 
2004). As a result fishermen have been switching to other forms of earning a livelihood including 
poaching wildlife and harvesting fuelwood from the parks. The decline in fish stocks has primarily been 
driven by the overfishing but it is also probable that the massive decline in hippopotamuses has also had 
an impact as they would have contributed a lot of nutrients to these lakes in the past because of their habit 
of feeding at night and spending the day in water where they defaecate frequently. 
 
 
The future conservation of the Greater Virunga Landscape 

The Greater Virunga Landscape is one of Africa’s most important landscapes for species and 
habitat conservation. Containing three World Heritage Sites, one Man and Biosphere Reserve and a 
Ramsar site it is globally recognized for it’s importance. It contains the World’s two populations of 
Mountain gorillas, several endemic plants found only on the Rwenzori massif or Virunga volcanoes, the 
world population of the strange-nosed chamaeleon (Chamaeleo xenorhinus) found only on the Rwenzori 
massif, and it contains important populations of Albertine Rift endemic species. Historically it had the 
largest biomass of large mammals ever recorded on earth and it contains some of the most spectacular 
scenery in Africa. The conservation of this landscape is therefore of global concern and it is not surprising 
that efforts have been made to conserve protected areas here for at least 85 years. This chapter highlights 
the changes that have been taking place in the savannas of this landscape (Kibale National Park, Bwindi 
Impenetrable National Park and the Virunga Volcanoes are covered elsewhere in this book and look at 
changes in the forests) and shows that there are significant changes taking place in both populations of 
large mammals and birds as well as the vegetation.  

The transboundary nature of this landscape has meant that some large mammal populations have 
been able to move during periods of insecurity (Plumptre et al. 2007b) first from Uganda to DRC in the 
1970s and early 1980s and from DRC to Uganda since poaching increased dramatically in Virunga Park 
after 1996. It is also important for the long term viability of landscape species such as chimpanzees (Pan 
troglodytes), gorillas (Gorilla beringei), lions (Panthera leo), leopards (Panthera pardus), elephants, and 
large birds of prey which do not have viable populations in any one protected area. The International 
Gorilla Conservation Programme established transboundary collaboration for the Virunga Volcanoes and 
Bwindi area of the landscape in 1991 to support regional management of the mountain gorillas. In 2003 
WCS started a program to support a similar process of collaboration in the rest of the landscape between 
Uganda and DRC.  In 2006 a transboundary strategic action plan was developed by the three protected 
area authorities (DRC, Rwanda and Uganda) and transboundary agreements have been signed between 
the three governments to encourage transboundary collaboration A transboundary core secretariat has 
been established to help the three protected area authorities coordinate their activities and four technical 
committees formed to help advise this secretariat. The management of the landscape as a whole is 
therefore recognized as important but funding for the implementation of the plan is insufficient to enable 
effective action.  

Increasing human populations around the landscape will exert increasing pressures and demands 
for land from the protected areas. This chapter shows the stark changes that have taken place in only 55 
years with the expansion of agriculture and permanent settlements.  In Uganda however, tourism is now 
the primary foreign currency earner for the nation and Queen Elizabeth Park is one of the three most 
visited parks in the country. As a result it is easier to justify conserving the park for the nation as a whole. 
The potential for regional tourism in the landscape as a whole is high if security can improve in Virunga 
Park and management is currently focusing on addressing this. Climate changes in the region may lead to 
increased pressures on land as some land will become less productive over time. Tourism can potentially 
provide alternative livelihood options and less reliance on small scale farming.  

The management of the parks and reserves in this landscape currently use an approach of 
allowing natural change and focusing on managing human caused impacts. This differs to the approach 
used in QENP in the 1950s and 1960s where active fire management plans were developed and the 
culling of hippopotamuses was undertaken to reduce their impacts on the vegetation. As numbers of large 
mammals rebuild in the savannas or as vegetation continues to change there may be a need to re-establish 
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more active management. Exotic species such as Lantana camara and Senna spectabilis have also 
invaded the parks and there is a need to actively remove them to improve the habitat and food availability 
for the ungulates. As climate changes, it is predicted that rainfall will increase in this region (chapter 2) 
which is likely to lead to woody vegetation increasing in the landscape at the expense of the savanna 
grasslands because fires will be less frequent and less extensive. Managers will need to become more 
active in maintaining these grasslands if this is the case and may have to promote late burning and tree 
harvesting at times in order to keep the woody growth at bay. Long term research and monitoring is 
needed to continue to monitor the changes that are taking place in this landscape and to understand the 
underlying causes of the changes. Adaptive management is also needed treating management 
interventions as experiments with monitoring programs to assess their impacts and to test whether the 
interventions have the predicted impacts.  
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7. Long-term ecological and socio-economic changes in and around Bwindi Impenetrable National 
Park, south-western Uganda. 
 
A. Kasangaki, R. Bitariho, P. Shaw, M. Robbins, & A. McNeilage 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mubwindi Swamp in the centre of Bwindi Impenetrable National park.
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Introduction 
 
Bwindi Impenetrable National Park is a UNESCO World Heritage Site and is well known among 

conservationists because of its unique biodiversity that includes approximately half the world’s 
population of mountain of gorillas. The extremely high human population density around the forest (200-
300 people km-2), coupled with a history of forest degradation through logging and other forms of human 
disturbance, has resulted in significant challenges to its conservation. When Bwindi was gazetted as a 
national park in 1991 there were extremely high levels of conflict between park staff and local 
communities, but over the intervening two decades there has been a very large investment in the 
conservation of this forest. In this chapter we review the available evidence of the long term changes in 
the forest habitats and wildlife over that period.  
 
Bwindi Impenetrable National Park – history and context 

Bwindi Impenetrable National Park (BINP) is located in south-west Uganda (latitude 0°53′ S to 
1° 08′ S; longitude 29° 35′ E to 29° 50′ E), and has an elevational range of 1,160-2,607 m above sea level, 
spanning an area of 331 km2 (Figure 7.1). The National Park is located in the Districts of Kabale, 
Kanungu and Kisoro, and borders the Democratic Republic of Congo to the west. The forest was gazetted 
as the Impenetrable Central Forest Reserve in 1948 (Leggat & Osmaston, 1961). It was established both 
as a Forest Reserve and as an animal sanctuary, the latter to protect a population of the threatened 
mountain gorilla. Extractive use of the forest was allowed and, as a result, logging took place in most 
parts of the forest. The park is divided (by the Kitahurira-Kayonza road) into the North and South sectors, 
which differ considerably in terms of flora, fauna and elevation. 

An account of the first systematic ecological and socio-economic research in Bwindi is given in 
Butynski (1984). It was this publication that highlighted the precarious condition of the forest and the 
urgent need for its conservation. The human population around Bwindi is one of the highest densities in 
the region. Its continued growth generates a high demand for forest resources as people have few 
alternatives in the surrounding area. As a result of recommendations made in Butynski (1984), Bwindi 
was gazetted as a National Park in 1991 by an act of Parliament.  

The creation of the national park initially caused resentment among local communities, and 
conflict increased between the local people and park authorities. Cases of arson were reported, with many 
fires set in and around the park. Protected area managers and non -governmental organizations had to find 
ways of diffusing the conflict, and as a result several conservation and development projects were 
initiated around the park. Later in this chapter we will explore the effectiveness of these interventions. 

The Institute of Tropical Forest Conservation (ITFC) was established in 1991, with the aim of 
documenting the biodiversity of the forest and to monitor ecological changes within and around the park. 
This research station has continued to carry out ecological and socio-economic research and monitoring in 
Bwindi and Mgahinga Gorilla parks. The research station carries out most of its research in close 
collaboration with protected area managers to enable them to make informed decisions about the 
management of the parks. 
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Figure 7.1. Map of Bwindi Impenetrable National Park, southwest Uganda. 
 

 
Changes in rainfall and temperature over time. 

 
ITFC has monitored climate changes in and around Bwindi since 1987. Daily temperatures and 

rainfall levels have been collected over a 20-year period (1987-2006) at Ruhija station (2,350 m 
elevation). Maximum and minimum temperatures were recorded each day, and the mean maximum and 
mean minimum temperatures were calculated for each month. However, since these readings were 
occasionally missed, seasonal variation in precipitation was examined by calculating the mean daily 
precipitation for each month, and multiplying this figure by the number of days in the month. The same 
approach was used to estimate the total precipitation within a given season, e.g. the March-May wet 
season. In this analysis, months or seasons in which data were collected on at least 80% of days have been 
distinguished from those with fewer data.   

Mean monthly figures for the 20-year period indicate an average annual precipitation of 1,378 
mm at Ruhija. There are two rainfall peaks (March-May and September-November) and two dry season 
troughs (December-January and June-July). This annual bimodal pattern is common to most areas of the 
Albertine Rift, and suggests a relatively simple and well-defined hydrological system at Bwindi. In 
marked contrast, the sub-monthly pattern, here based on 7-day running means (Figure 7.2), reveals a 
remarkably robust intra-seasonal variability in precipitation, whereby the March-May wet season and, to a 
lesser degree, the September-November wet season, are interrupted by intense maxima flanked by 
temporary minima. The exact nature and significance of these patterns has yet to be determined, and is the 
focus of ongoing investigations (A. Seimon, pers comm.). 

There has been no clear trend in annual precipitation at Ruhija over the 20-year period (Figure 
7.3). Annual precipitation was relatively consistent between 1987 and 1996-97, with evidence of a slight 
rise from 1989 onwards. However, since 1998, annual precipitation has become more erratic, differing by 
as much as 870 mm between consecutive years (2003-04). To determine whether this pattern reflects a 
change in precipitation throughout the year, or in a particular season, precipitation trends were examined 
for each season separately. This showed that there has been little change in the volume of precipitation 
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during the December-February dry season, but a slight decline in variability between years. Similarly, the 
June-August dry season has shown a decline in variability, but also a reduction in the volume of 
precipitation. In contrast, precipitation during the two wet seasons has become much more variable, 
particularly during the September-November wet season, which normally accounts for c. 37% of annual 
rainfall. Figure 7.4 shows that absolute differences in precipitation between consecutive years have not 
only become more marked, they have also become increasingly extreme throughout the 20-year span. 
Thus, very low rainfall during September-November in one year has increasingly been followed by very 
high rainfall during the same period in the following year, and vice versa.              

 

 
 
Figure 7.2. Precipitation rates at Ruhija during 1987-2006, represented as 7-day running means  
 

 
 

Figure 7.3.  Trends in precipitation at Ruhija, 1987-2006. Each point shows the extent to which the daily 
precipitation recorded in a given year differed from the mean recorded throughout the 20-year period. A 
positive value thus indicates higher than average rainfall.  : data available for at least 80% of days in the 
year;  : data available for less than 80% of days.   
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1 To examine yearly trends, the amount of precipitation recorded on a given day was compared with the 
mean value recorded on that date throughout the study period. The difference between these two values 
(the residual) was calculated for each date, and the mean residual calculated for the year in question. 
Hence a value of ‘+1.0’ indicates that daily precipitation during that year exceeded the mean for 1987-
2006 by an average of 1 mm.  
 

 
 
 
Figure 7.4. Variability in the amount of precipitation recorded during the September-October wet season 
in consecutive years. Each point represents the absolute difference in mean daily precipitation between 
consecutive years. A high value thus indicates extreme differences in rainfall between two consecutive 
years.  ‘ ’: data available for less than 80% of days during the September-October wet season in one or 
both years. No data were available for this season in 2005 or 2006. 

 
The mean maximum and minimum temperatures recorded monthly at Ruhija showed little 

seasonal variation. The mean maximum temperature followed a bimodal pattern, broadly coinciding with 
that of precipitation, peaking in February-April and August-October. The degree of change was small 
however, mean maxima varying between 18.0 and 19.1ºC, while mean minima varied between 13.4 and 
14.4ºC. During 1987-2004 there was no evidence of a consistent trend in the mean minimum and 
maximum temperatures. While temperatures dipped and then rose slightly during the late 1980s and early 
1990s, they dropped again (by 1-2ºC) by the early 2000s.  

In summary, there was no consistent trend in mean daily temperature or annual precipitation at 
Ruhija during 1987-2006. Precipitation became slightly less variable during at least one of the two dry 
seasons, however, and much more variable during the two wet seasons. In particular, precipitation during 
the September-November wet season not only became more erratic, but increasingly so over the 20-year 
span.  
 
Water quality changes in Bwindi Impenetrable National Park and surrounding areas 
 

Water quality has been identified as a good indicator of forest health, since streams and rivers act 
as integrators of environmental conditions within watersheds (Allan 1995). Thus, by assessing water 
quality in rivers, it is possible to infer the condition of the catchments from which the river derives its 
water. ITFC has been implementing a water quality monitoring program since 1999. The parameters 
measured include water conductivity (µS/cm), water transparency (cm), dissolved oxygen (mg/l), pH, 
stream water temperature, stream depth and water discharge (m3/s). In addition, aquatic insects are used 
as bioindicators of stream condition (see Kasangaki et al. 2006 for methods used). Water quality 
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monitoring in Bwindi is based on variables that are easy to measure onsite using digital equipment and 
the methods are easy to replicate in other, similar stream types. Although the water quality monitoring 
program has been in existence since 1999, consistent and periodic sampling has been made quarterly over 
the last eight years since 2001. 

Analysis of stream water temperature across all sites has revealed a cyclic pattern with dips and 
rises over the eight year period. The lowest recorded mean stream temperature was 15.9 ºC in 2004 and 
the maximum was 16.4 ºC between 2006 and 2007. The amplitude of change in stream water temperature 
was much higher at sites outside of the forest, for example, at a point where the River Ishasha enters 
BINP forest, compared to the Munyaga site, at the falls inside the forest (Figure 7.5) signifying the 
importance of the forest in ameliorating water temperature . The cyclic nature of stream water 
temperature mirrored the variation in air temperature observed at Ruhija over a 20 year period as 
described in this section above. However, taking year 2001 mean water temperature as the base year and 
comparing it with 2008 mean water temperature; we found no significant changes in stream temperature. 
This finding seems to be in contradiction with studies in other sites (e.g. Kibale, Lwiro – chapters 5 and 
2) where they have reported increases in air temperature over the years as an increase in air temperature 
would be expected to result in an increase in surface water temperature. 

Mean water conductivity increased over the eight year period from 56.1 in 2001 to 74.2 in 2008.  
Significant increases were noted particularly at sites outside of the forest (Figure 7.6). Other variables 
such as dissolved oxygen and pH have remained stable over the years.  An increase in water conductivity 
is often an indicator of human induced changes within the landscape. Human impacts, such as poor 
farming practices on steep slopes and cultivation up to the banks of streams, result in runoff that increases 
stream water conductivity. At Buhoma, located in the western sector at about 1500 m asl, the site for 
gorilla ecotourism, we observed a sudden rise in water conductivity that could be attributed to tourism-
related activities, such as trampling on the numerous footpaths that traverse the area (Kasangaki et al. 
2006). Stability in stream water temperature may mean that cold water species of aquatic insects such as 
the stoneflies (Plecoptera) and fish, the Albertine Rift endemic Varicorhinus ruwenzorii and the montane 
catfish Amphilius uranoscopus (Kasangaki, 2007) may not be in danger from the predicted increases in 
temperature due to climate change. Bwindi forest may be the only forest where a viable population of V. 
ruwenzorii still exists, since the Ruwenzori population has been negatively affected by the numerous 
dams built on the River Mubuku. 

 
 

 
 
Figure 7.5. Variation in stream water temperature inside and outside Bwindi Impenetrable National Park 
over a seven year period. 
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The Mbwa River Tract (MRT) is a 10 km2 narrow strip of land along the north-eastern edge of 
the South sector of BINP. Some 1.17 km2 of the tract were previously encroached on for agriculture, and 
in 1993 its residents were resettled through a compensatory scheme (Werikhe, 1994). A study carried out 
by Mwima & McNeilage (2003) has shown the extent to which this previously cultivated area has 
recovered ecologically, providing additional habitat for gorilla, bush pigs, duikers and baboons. Water 
quality in the nearby River Mbwa, a tributary of Ihihizo River has improved, which is likely to be as a 
result of forest regeneration. Water transparency in the stream is normally high (greater than 100 cm 
using a transparency tube) becoming turbid only after the rains, as a result of runoff from the road and 
surrounding agricultural areas (Kasangaki et al. 2006). Thus, restoration of the MRT has resulted in 
improved habitat quality and ecological functions of Bwindi forest. 
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Figure 7.6. Variation in stream conductivity in Bwindi Impenetrable National Park and surrounding 
areas. 
 
Changes in Forest Size and Extent 

 
Forest loss between 1954 and 1990 was assessed by Scott (1992) from the Uganda Lands and 

Survey topographical maps derived from the 1954 aerial photographs and the 1990 aerial photographs. In 
1954, the total forest area was approximately 442.7km2. In 1990, the forest area was estimated to be 
324.9km2. This represents a reduction in forest area by 27% over a period of 36 years (Figure 7.7).  
Pockets of forest that remained by 1990 are too isolated from BINP itself to be considered part of the 
continuous forest vegetation. The north west and south west regions are where the greatest amount of 
deforestation has occurred. These were the only two areas where considerable forest remained in 1954. 
Population density is highest in areas to the south east and consequently these areas had lost the majority 
of their tree cover before the 1954 photographs were taken. 

There remains today virtually no forest outside the national park boundary, with the exception of 
scattered remnants in the south west. In many areas the border to the National Park forms an extremely 
hard edge, with barely a tree remaining outside the boundary. However, despite the historical 
circumstances and the pressure of increasing population, the forest within the protected area boundary 
remains almost entirely un-encroached.  Figure 7.8 shows a satellite image analysis of forest cover loss 
between 1987 and 2000 carried out by Laporte (2006), with very little forest loss other than small patches 
on community land away from the park. 
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Changes in habitats in Bwindi 
Before Bwindi was gazetted as a National Park in 1991, widespread human activities, such as 

logging and encroachment for agriculture, resulted in habitat modification over a large scale. The 
Afromontane forest is quite different in structure from other forests, characterized by open canopy and 
very dense undergrowth in most parts. The range of habitats in Bwindi is unique due to its altitudinal 
range and in many ways is more similar to what is found in Nyungwe Forest in Rwanda than the nearby 
Virunga Volcanoes.  The vegetation types and habitats in Bwindi forest vary with altitude and past 
disturbance regimes.  Nkurunungi et al. (2004) described the major vegetation types and habitats at two 
sites of different elevation: Buhoma (lower altitude) and Ruhija (high altitude). The major vegetation 
types are open forest, mixed forest, mature forest, swamp forest, riverine forest, and regenerating forest. 
They reported a greater diversity of plant species and greater tree- and shrub densities at lower elevations, 
compared to the high altitude site, whereas there was a higher density of understory herbs at the high 
altitude location.  Plant community composition is related to altitude (Ganas et al., 2008) and there are 
significant differences in plants available for large mammals such as mountain gorillas depending on 
location, but little temporal variation (Ganas et al., 2008, 2009).  It is unknown what impacts past 
disturbances such as logging and/or the extirpation of buffalo have had on the habitat, particularly the 
dense understorey. 

Olupot et al. (2009) assessed the major anthropogenic threats to the park-people interface around 
Bwindi, and reported that wood and pole harvesting was the major threat to the integrity of the edge. They 
found other threats to include the occurrence of exotic species, degradation of adjacent habitat fragments 
and the high impact of problem animals on some of the neighbouring communities. They concluded that 
since the threats were mostly associated with the edges of the Park, when previously they were 
widespread throughout the Park, that illegal resource harvesting had been reduced since the forest was 
upgraded to a national park. Park legislation, enforcement and related conservation efforts have been 
effective, but there should be increased effort to manage the people-park interface (Olupot et al. 2009). 

 

 
 

Figure 7.7. Map of BINP showing extent of the forest in 1954 (pale hatch) and 1990 (dark hatch). 
(Source: Scott 1992). 
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However, although disturbance to the forest caused by illegal resource harvesting may have 
greatly declined in recent years, the previous history of logging may still be having an impact on the 
structure and regeneration of the forest. Many forest gaps were created and natural ones enlarged through 
logging (Babaasa et al. 2004). A subsequent lack of tree regeneration within the gaps has been attributed 
by Babaasa et al. (2004) to the smothering of tree seedlings and saplings by dense tangles of herbs, shrubs 
and semi-woody climbers such as Sericostachys scandens (Babaasa et al. 2004). Gap size in Bwindi is 
considerably larger than, for example, in Kibale National Park, perhaps due to regular tree falls on the 
steep-sided slopes (Babaasa et al. 2004). Although gaps reduce canopy forest cover, they may be 
favoured by herbivorous fauna, such as gorillas, duikers, bushbucks and elephants that frequent them for 
food. It has been argued that gaps should be maintained or even artificially created, with the aim of 
increasing the gorilla population, which use them as feeding areas. However, the fact that Bwindi has lost 
so much canopy cover in the past, coupled with evidence that tree regeneration in gaps is limited, 
suggests that increasing gaps would cause Bwindi to deviate further from a natural forest state and would 
not therefore be recommended for the conservation of overall biodiversity. Furthermore, gorillas feed on 
fruit and other plants found in mature forest habitat, so modifying this habitat type would alter the 
gorillas’ diet. 
 

 
 
Figure 7.8. Forest Loss around Bwindi. Red areas indicate loss of forest cover between 1987 and 2000 
derived from Landsat images. (Source: Laporte 2006) 

 
Changes in animal populations 
 
Large Mammals 

With few exceptions, only circumstantial or anecdotal evidence is available for animal population 
trends in Bwindi. Overall, there is a widespread belief that populations of large mammals, such as 
duikers, are increasing, as a result of increased protection and a reduction in poaching. The frequency of 
sightings of species such as duikers appears high compared to ten years ago, especially on the road 
between Ruhija and Kabale and trails around the Ruhija area. Carnivores such as genets, civets, jackals 
and golden cats have been sighted in the past decade although infrequently (M. Robbins, pers. comm.).  
More evidence of large mammal increases can be derived from an increase in incidences of crop 
depredation reported by the local communities and in park records.  However, a few quantitative studies 
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have been carried out to estimate the populations of large mammals, and these currently provide a 
baseline against which population future changes may be assessed. For example Babaasa (1994) 
estimated the population of elephants in Bwindi to be 27, and currently estimates the population to be less 
than 40 (D. Babaasa pers. comm.). The giant forest hog is thought likely to be extinct, due to poaching 
activities. Buffalo and leopards were also thought to occur in Bwindi in the past, but are no longer 
present.  The absence of buffalo may have important implications for the dynamics of the forest 
understorey. 

Bwindi contains about 44% of the remaining endangered mountain gorillas in the world. Given 
their critically endangered status, they have been the best studied of the large mammals in the park.  The 
diet of Bwindi mountain gorillas differs substantially from their counterparts in the Virunga Volcanoes 
and their diet also varies within Bwindi, largely due to differences in food availability (Ganas et al., 
2004).  In addition to variation in the species of herbaceous vegetation consumed, Bwindi gorillas 
consume fruit, which is rarely available in the Virungas (Ganas et al., 2004).  The Bwindi mountain 
gorillas also have larger annual home ranges and longer daily travel distances than Virunga mountain 
gorillas (Robbins and McNeilage, 2003; Ganas and Robbins, 2005).  Such ecological differences may 
translate into variation in behavior and population dynamics (Robbins, 2008; Robbins et al., 2009).   

The mountain gorillas are also the one species for which repeated census have been carried out.  
The population was estimated at 300 gorillas within sections of the park surveyed during 1987-1993 
(Butynski & Kalina 1993).  In 1997, the entire park was surveyed over a two month period using the same 
systematic ‘sweep census’ as has been applied in the Virunga Volcanoes (McNeilage et al., 2001; Gray et 
al., 2009).  It was estimated that the entire park contained 300 gorillas, suggesting that either the earlier 
surveys overestimated the population size, or that it had remained stable during the decade.  Another 
‘sweep census’ was conducted in 2002, with the population increasing to 320 gorillas, which represents a 
1% annual growth rate (McNeilage et al., 2006).   However, these results were called into question 
following another sweep census in 2006 that also incorporated genetic analysis as a method to identify 
most individuals of the population.   Genotypes of the gorillas, obtained from faeces left in the night 
nests, lead to the finding that some gorillas make more than one nest each night and that some groups 
were counted twice, because it was not possible to discriminate among them using the data obtained from 
the nest sites alone.  While the nest count results suggested that the population had increased to 340, in 
combination with the more precise and accurate genetic analysis, the population was estimated to 
comprise only 300 gorillas (Guschanski et al. 2009).  Because of the possibility of both over- and under-
counting of gorillas, due to a variety of factors, it is not possible to establish the accuracy of earlier 
censuses, making it difficult to determine with certainty if the population has been increasing or declining 
over the past two decades.  However, in all likelihood, the population has been relatively stable in size for 
at least the past two decades.   
 Several patterns have, nonetheless, emerged concerning the distribution of gorillas in the park.  
The gorillas were found to be concentrated more in the center of the southern sector of the park, although 
groups were located along the edge in many locations (Figure 7.9).  The eastern region was devoid of 
gorillas in the 1997, 2002, and 2006 censuses, despite it containing suitable vegetation. Anecdotal 
evidence from the local people indicates that gorillas were poached out of this area in the 1970s and 
1980s.  The northern sector of Bwindi, long considered unsuitable habitat for the gorillas because of the 
lower altitude, was not known to contain any gorillas until one of the groups habituated for tourism began 
to use the southern portion of it in 2006. It is not known how many gorillas the northern sector could 
support. 

There is also evidence that human disturbance is having an impact on the gorilla population. 
When the distribution of gorillas (Figure 7.9) is compared with disturbance patterns (Figure 7.10) for each 
of the censuses, it can be seen that gorillas tend to be found in areas of low disturbance. A negative 
correlation is found in each case between the number of gorillas and gorilla groups found in each sector 
with the encounter rate of signs of human disturbance (Table 7.1). 
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Table 7.1. Spearman rank correlations of human disturbance encounter rates and the number of gorillas 
and gorilla groups found during each of the censuses by sector (n = 39 in each case). 
 

Year Gorillas Groups 
1997 rs = -0.279,  p<0.05 rs = -0.298,  p<0.05 
2002 rs = -0.315,  p<0.05 rs = -0.391,  p<0.01 
2006 rs = -0.317,  p<0.05 rs = -0.380,  p<0.01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.9. The distribution of gorilla groups found during three censuses in Bwindi. Each circle 
represents one group, with the size of the circle proportional to the size of the group.  

 
Analysis of the life history data from known individuals in the gorilla groups habituated for 

research or tourism from 1993 to –2007, and comparisons with the mountain gorillas of the Virunga 
Volcanoes, adds some insight into the population dynamics of the Bwindi mountain gorillas (Robbins et 
al., 2009).  The Bwindi gorillas have a significantly lower birth rate and longer inter-birth intervals than 
their Virunga counterparts.   Unfortunately, not enough data exist to calculate mortality rates per age 
class, except for infants (< 3 years old).  Infant mortality in Bwindi was not significantly different from 
that of the Virunga mountain gorillas.  Using the birth rate from Bwindi and the mortality rates from the 
Virungas, Leslie matrix models predict that the population should be growing at an annual rate of 2.5-
4.4% (depending on whether unexplained ‘disappearances’ from the habituated groups were of gorillas 
that either dispersed or died).  However, even with the inaccuracies inherent in the sweep census method, 
it is unlikely that the entire population could be growing at this rate.  For example, had there been 300 
gorillas in 1986, with an annual population growth rate of 3%, there would have been 540 gorillas in the 
park in 2006.  These results suggest that the habituated groups may be faring better than the unhabituated 
groups, perhaps due to better monitoring and protection.  It is possible that the population is at or near to 
carrying capacity, although there are areas of the park currently under-utilized by the gorillas (eg. the 
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eastern region). Further analysis is necessary to understand the complex interactions among human 
disturbance, ecology, and the gorillas’ population dynamics.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.10.  Distribution of human disturbance in Bwindi during the three gorilla censuses. The darker 
the shading for each sector the higher the encounter rates of signs of human disturbance. The same 
shading scale is used for all years. 
 
Birds 

Bwindi’s diverse bird fauna includes 25 species classed as ‘restricted-range’ (occupying a global 
range of 50,000 km2 or less), of which 23 are endemic to the Albertine Rift and four are listed as globally 
threatened (Stattersfield et al. 1998; BirdLife International 2009). Despite this, and the forest’s relative 
accessibility within the Rift, there are as yet no reliable trend data for Bwindi’s bird populations. 

A number of studies have been conducted with the aim of compiling a comprehensive 
species inventory (Butynski & Kalina 1989, 1993; Kalina & Butynski 1996;) and establishing the 
altitudinal ranges, habitat requirements or population densities of Bwindi’s forest birds (e.g. 
Keith 1980; Bennun 1986; Shaw & Shewry 2001; Gottschalk & Ampeire 2008; Shaw 2010). 
Together, these provide a baseline against which changes in their distributions or densities might 
one day be assessed. Recent studies, based at Ruhija, have focussed on bird densities and 
altitudinal zonation in and adjacent to the forest (G.M. Malinga, L. Twanza, pers. comm.), and 
on the ecology of crimsonwing species (S. Espley pers. comm.). There is also an ongoing study 
of the breeding biology and annual survival of the Stripe-breasted Tit, an Albertine Rift endemic 
(Shaw 2003; Yatuha & Dranzoa 2010). Established in 1995, some 30 nestboxes were erected 
initially in the vicinity of the ITFC Research Station, rising to 50+ in 2003. During the late 1990s 
and early 2000s, 0-3 clutches were recorded annually, reflecting the species’ low population 
density (Figure 7.11). This figure increased to 3-8 during 2005-09, and then to 14 in 2009-10. 
Prior to 2008 the general rise in pairs and productivity is likely to have reflected an increased 
tendency to use nestboxes, rather than a genuine population change. However the increases seen 
in 2008-10, during which the number of nestboxes available remained broadly static, suggests 
that there may have been a genuine rise in the local population. These observations are based on 
very small samples, however, and further monitoring is required to reliably determine population 
trends.          
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Figure 7.11. The number of Stripe-breasted Tit clutches, fledglings and breeding individuals recorded in 
the vicinity of Ruhija during 1995-2010. Since most clutches are laid in December-February, each 
breeding year has been taken to span 1 December – 30 November. ‘Breeding individuals’ here excludes 
non-breeding helpers.  
 
Changes in community attitudes and behavior in response to conservation strategies 
 

Following the gazettement of Bwindi Impenetrable Forest as a National Park in 1991, hostility 
between the local communities and wildlife authority staff increased. Fires, set by arsonists, resulted in 
loss of forest (Kasangaki et al. 2001, Babaasa et al. 1999).  In order to diffuse the tension that existed 
between local communities and protected area managers, several integrated conservation and 
development programs were initiated around the park. They included resource harvest programs in 
multiple use zones (see below); a revenue sharing scheme, in which 20% of the park entry fees from 
visitors (but not the gorilla visit permits) are given to the local communities to invest in developmental 
activities, such as health centers, schools and road construction; an ICD project was established by CARE 
and a Trust fund was created that funded community projects.  

There is evidence that these interventions have been effective at improving relations between the 
local population and park authorities, as the local communities now see the park as their own, as 
evidenced from the economic benefits they gain mainly from tourism-related activities. For example, 
surveys showed improved community attitudes towards participation in putting out fires started 
accidentally within the forest (Kasangaki et al. 2001, Babaasa et al. 1999).  

In 2006 a study was carried out around Bwindi Impenetrable and Mgahinga National Parks, 
aimed at testing the effectiveness of integrated conservation and development (ICD) strategies in 
reconciling the interests of biodiversity conservation and socio-economic development interests. The 
study focussed particularly on interventions which aimed both to improve livelihoods and to increase 
support for conservation, in terms of the attitudes and behaviour of local communities (Blomley et al. in 
press). Six ICD strategies were selected: sustainable agriculture programmes and on-farm substitution, 
both of which aimed to reduce the demand for park resources; multiple use of forest resources; tourism; 
revenue-sharing; and a local conservation trust fund which aimed to provide communities with 
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sustainable benefits derived from the parks.  The study assessed the impact of each strategy in improving 
community attitudes to conservation and cooperation with park authorities, and reducing illegal resource 
exploitation (both in terms of a behavioural change resulting from improved attitudes and a direct 
reduction in the use of forest resources).  Data were collected from a range of sources, including previous 
socio-economic and ecological research, questionnaire interviews of almost 600 households, focal group 
discussions targeted at key groups of people from local communities and from organisations 
implementing ICD, and surveys of human impact in the parks. 

Results from the study showed that community attitudes to the parks have improved greatly since 
gazettement, and that ICD strategies have played an important role in this (Blomley et al. in press).  The 
poorest people generally had less positive attitudes at the outset, but on receiving park-related benefits, 
showed a more pronounced, positive change in attitude than those on higher incomes. Community 
cooperation with Park authorities has also improved, particularly the willingness to assist in fighting fires 
and, to a lesser extent, reporting of illegal activities. Here again, ICD strategies have played an important 
role in this improvement. 

While both community members and park staff stated that illegal resource extraction had 
decreased, there was little evidence to support this from data on illegal activities within the parks in recent 
years (Blomley et al. in press).  Law enforcement was by far the most frequently cited reason as to why 
illegal activities would be reduced, although ICD strategies were sometimes also cited.   

Blomley et al. (in press) conclude that ICD strategies have, through their impact on community 
support for conservation, reduced some of the threats to biodiversity in Mgahinga and Bwindi, in 
particular fires and politically driven threats (e.g. degazettement, roads).  There is also evidence that ICD 
strategies have made the protected area authority’s work easier, through improved community 
cooperation, and have at least the potential to reduce the cost of law enforcement.    ICD strategies, 
however, do not seem to have had a major impact in reducing illegal forest resource exploitation, and 
effective law enforcement is needed to back up ICD strategies.  This could be due to a number of factors.  
First, illegal activities are mainly thought to be conducted by poorer people, but many of the strategies 
have not reached the lowest wealth categories very effectively.  Second, ICD has not been effective in 
establishing explicit links between rights/benefits and responsibilities at the community level, particularly 
with regards to preventing illegal activities. Third, crop damage by problem animals remains a serious 
challenge, and has a strong negative impact on attitudes, which may have diluted the potential impact of 
ICD.  Lastly, ICD strategies were originally intended to improve livelihoods so that local people no 
longer needed to access forest resources. Considerable time and resources have been invested in ICD in 
SW Uganda and this has resulted in a significant change in attitudes. However it is perhaps not realistic to 
expect this investment to have resulted in such significant changes in people’s livelihoods that they 
simply no longer have any need or interest in accessing forest resources  
 
Impacts of local community use of plant resources 
 
 For centuries Bwindi forest has provided a source of livelihood for local people. The forest has 
been used for the extraction of plant resources for food, weaving and medicinal purposes and house 
construction. The forest was also a major source of protein for the local people, in the form of bush meat 
and fish (Bitariho & Barigyira in press). However, all of these activities were stopped in 1991 when 
Bwindi was gazetted as a national park, resulting in conflicts between park managers and the local people.  

After the 1992 Rio de Janeiro conference (the ‘Earth Summit’), events led to a shift in 
management policies, resulting in a greater emphasis on involving local communities in park 
management. Collaborative forest management began in Bwindi in 1994 with local people being allowed 
to harvest plant resources important for medicinal and weaving purposes, from areas at the park periphery 
called ‘multiple use zones’. Plant harvesting in these multiple use zones has been on-going since 1994. 

In 2001 the Institute of Tropical Forest Conservation established Permanent Sample Plots (PSPs) 
in the multiple use zones and non-multiple use zones of Bwindi Impenetrable National Park to monitor 
plant harvest impacts. We established 10 PSPs in a harvest zone and another 10 PSPs in a non-plant 
harvest site, to monitor changes in the density, regeneration and yields of harvested plants. We also 
examined forest societies’ records to determine harvested plant off-takes from the forest since 1994. We 
have been monitoring changes of the three most-utilised plants: Rytigynia kigeziensis (Rubiaceae), Ocotea 



120 

usambarensis (Lauraceae) and Loeseneriella apocynoides (Celastraceae), as indicators of plant harvest 
impacts in Bwindi Impenetrable National Park. 

Results show no significant difference in the biomass production of two medicinal plants (R. 
kigeziensis and O. usambarensis) when harvested and non-harvested plant populations are compared (t-
test = 0.798; P = 0.43; One-way ANOVA = 2.06; P = 0.11) (Bitariho et al. 2006). However the 
commercially utilised weaving plant L. apocynoides, appears to have suffered a negative impact from 
harvesting. The diameter class distribution of the harvested L. apocynoides population differed 
significantly from that of the non-harvested population (Yates corrected X2 (df-t) = 10.21, P<0.001) 
(Ndangalasi et al. 2007). As a result the harvest of L. apocynoides from Bwindi has been banned by park 
authorities. Results further show a decline in the amount of medicinal bark harvested (of R. kigeziensis 
and O. usambarensis) and the number of bark harvesters since the multiple use programme started in 
1994 (Figure 7.12). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.12. Annual bark harvest of Rytigynia kigeziensis and Ocotea usambarensis in Bwindi Multiple 
Use Zones.  
 

The monitoring results suggest that bark harvesting for medicinal use in Bwindi Impenetrable 
National Park is sustainable, as it has been shown to cause minimal impacts on the harvested plants. Most 
of the medicinal plant utilization is at a subsistence level to treat body ailments and diseases locally. Bark 
from the two monitored plants is used in the treatment of intestinal worms (parasites) and coughs. 
Government programs providing health facilities in villages and increases in rural household incomes 
seem to have reduced the demand for bark as medicines. Bark harvesting for medicinal use thus appears 
sustainable only if it continued at the present local subsistence level. However, there is a danger of the 
harvest being increased, following the recent introductions of herbal clinics in the nearby towns of 
Butogota, Kanungu and Kabale.  

Ironically, other government programs for improving rural incomes through cash crop growing, 
especially tea, may have increased the demand for weaving materials, which are used in making tea 
harvest baskets. L. apocynoides is in high demand for making tea harvest baskets, stretchers and storage 
granaries, and products made from it tend to last long. Kayonza Tea Factory, in the vicinity of Bwindi 
Impenetrable National Park, was started in 1966 and, by 1995, processed 4 million kilograms of green tea 
leaf annually. Following refurbishment in 1995, the factory started harvesting 12 million kilograms of 
green tea leaf annually (C Tumwesimire, Chairman of Kayonza Tea Factory pers. comm.). This has 
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increased the demand for tea harvest baskets, and although other plants such as Phoenix reclinata have 
been used as alternatives (due to the scarcity of L. apocynoides),  L. apocynoides is the most preferred. 
With such high demand for L. apocynoides, the ban on its harvesting from Bwindi Impenetrable National 
Park should be continued, to allow its recovery. 
 
Future prospects for Bwindi 
 

In many ways Bwindi can be considered a great conservation success. Twenty years ago high 
levels of disturbance and conflict severely threatened the forest. Since then, however, there has been 
virtually no further loss of forest cover, and conflicts have been greatly reduced. The mountain gorilla 
population appears to be stable, and although no systematic data exist on other species, subjective 
impressions are that there has been a recovery of other species as well. However, continuing immediate 
threats to the forest and its wildlife include illegal use of forest resources (poaching, pit-sawing, firewood 
collection), human induced fires, and human-wildlife disease transmission (Babaasa et al. 1999; 
McNeilage et al. 2006, Olupot et al. 2009; Rwego et al., 2008; Cranfield, 2008). McNeilage et al. (2006) 
reported an increase in signs of human disturbance when they compared the gorilla census results of 1997 
and 2002. The frequency with which snares, beehives, tree cutting and honey gathering were encountered 
was significantly higher in 2002, but was less elevated in 2006. This increase in illegal activities is taking 
place despite heightened patrols by the park rangers. There is thus a need to assess the effectiveness of the 
patrol teams in curbing illegal activities. Other priority research topics include investigating the effects of 
poaching on the populations of hunted mammal species, such as duikers, bushbucks and bushpigs.   

Although Bwindi is currently protected as a National Park, several challenges still threaten its 
existence in perpetuity. These include invasive species of plants, such as Lantana camara, which is 
spreading particularly in the north-eastern part of the park. Safari & Byarugaba (2008) recommended 
physical removal (uprooting and burning) of lantana thickets to encourage regeneration of the natural 
forest. They attribute its rapid spread to past forest disturbance, such as logging and encroachment for 
agriculture when the forest was being managed as a forest reserve.  Lantana camara removal from the 
forest should be given high priority by Park authorities, as it is spreading rapidly and could compromise 
the ecological integrity of the park. 

Climate change impacts are yet to be elucidated for the Bwindi forest ecosystem. However, some 
changes have been noted, such as an increase in water conductivity between 1999 and 2008 that could be 
related to climate change. We need to assess how climate change will affect the biodiversity of the forest, 
through the contraction or expansion of species’ ranges.  There is also a need to assess the potential 
effects of climate change on ecosystem services that the forest provides, such as stream hydrology and 
rainfall patterns in the area. 

While tourism (gorilla viewing) is considered to be a strategic conservation approach for the 
gorillas, the park and the local communities, there are obvious risks associated with it. These include 
disease transmission to the gorillas and behavioral changes through disturbance.  Given that the mountain 
gorilla is a flagship species for Bwindi and they are very few in number, efforts should be made to 
manage gorilla tourism with the gorillas’ well-being first in mind, so as to not diminish their numbers or 
the ecosystem of Bwindi.  

Given Bwindi’s very high biodiversity value, reflected in its status as a World Heritage Site, it is 
critical that conservation efforts continue to address these ongoing challenges. Continued long term 
monitoring focusing on issues of management importance will be important in measuring the success and 
ensuring the effectiveness of these efforts. 
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8. Long term changes in the Virunga Volcanoes 
 

K. Fawcett, G. Bush, A. Seimon, G. Picton Phillips, D. Tuyisingize, and P. Uwingeli. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Virunga Volcanoes contains more than half of the World’s Mountain Gorillas – 
A.J.Plumptre/WCS
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Introduction 
The Virunga Volcanoes are located in the center of the Albertine Rift, (latitude10 21’-10 33’S, 

longditude 290 20’ - 290 43’E) and include three contiguous national parks spanning three countries: the 
Mikeno sector of Virunga National Park in the Democratic Republic of Congo; Volcanoes National Park 
in Rwanda and Mgahinga National Park in Uganda (Figure 8.1). They are part of the oldest national park 
in Africa, The Albert National Park established in 1925 to protect the habitat of the mountain gorilla. The 
protected area of the Virunga Volcanoes is currently approx 430 km2 and the altitudinal range is between 
2100m -  4507m a.s.l. There are eight main vegetation zones: Bamboo, Mixed forest, Meadow, 
Herbaceous, Brush ridge (Hypericum), Hagenia/Hypericum Forests, Sub-alpine, and Alpine zones 
(McNeilage 1995).  

The Virunga Volcanoes are an exceptional area of species conservation importance within the 
Albertine Rift. Considering the species of birds, mammals, reptiles, amphibians and birds found within 
the Albertine Rift approximately 25% of the species richness and 45% of endemic species are found 
within the Virunga Volcanoes (Plumptre et al., 2003). Common large mammals in the area include two 
threatened primate species: the critically endangered mountain gorilla (Gorilla beringei beringei) and the 
endangered golden monkey (Cercopithecus mitis kandti); three ungulates species: the buffalo (Syncerus 
caffer), the black fronted duiker (Cephalophus nigrifons) and the bushbuck (Tragelaphus scriptus), and 
one elephant species (Loxodonta africana). 

Research in the Virunga Volcanoes started in 1901 when the first examples of mountain gorillas 
known to science were shot by Captain Robert von Beringe on the slopes of Mt Sabyinyo. In the 1920s 
Carl Akeley’s expeditions to the region led to the creation of the Albert National Park. However there was 
then a long period with few research studies until George Schaller arrived in 1959 to conduct his seminal 
study of the behavior and ecology of the mountain gorilla (Schaller, 1963). In 1967 Dian Fossey founded 
the Karisoke Research Center which continues to operate to the present day. Over 70 scientists have 
contributed to our knowledge of the Virunga Volcanoes. The focus of this research has been an 
understanding of gorilla behavior and ecology.  The data presented in this chapter largely arise from 
studies conducted at Karisoke Research Center but also include references to other studies in the region. 
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Figure 8.1. Map showing location of Karisoke Research Center 
 
 

The Virunga Volcanoes are surrounded by an extremely high human population density. Land 
scarcity in the region and the high potential for agricultural productivity on the volcanic soils has 
compelled farmers to cultivate on fragile slopes on the edge of the park. Rapid population growth and 
declining agricultural productivity affect the livelihoods and very survival of thousands of 
households.Farm production is oriented toward subsistence cultivation; farms often average less than one 
hectare of land. Beans and potatoes, supplemented by sweet potatoes, sorghum, wheat and peas, are the 
principal food staples. Pyrethrum is also grown as a cash crop. The agricultural system is labor intensive; 
hoes and machetes are the basic farm implements. Livestock has historically been an integral part of the 
farming system, but the progressive conversion of pasture into cropland has caused a reduction in average 
household livestock production, and a parallel decline in the amount of manure available for improving 
soil fertility. 
 
Habitat Loss 
 

The relentless pressure on land has led to a striking decrease in Rwanda's protected areas over the 
last 30 years. The Volcanoes National park has been reduced in area by approximately 50% from its 
original size of 328 km2 in 1958, to its current size of 150.65 km2 (Weber 1989).  In 1958 the Belgian 
authorities permitted 7,000 ha to be cleared for human settlement. Between 1969 and 1973 the Rwandan 
government converted a further 10,500 ha to agriculture primarily to make way for pyrethrum production 
under a European Economic Community sponsored program. In 1979, a further 1,300 ha were cleared for 
human settlement in the western sector. Most of the loss of park land was in the lower elevation zones and 
therefore the associated loss of biological diversity has been significant. 

In 2004 15km2 of bamboo and mixed forest was deforested in the Mikeono sector of Virunga 
National Park. The rate of destruction in clearing this occurred at 2 km2 per day and the land was 
converted to agriculture and pastureland for cattle grazing. Approximately, 6000 local people 
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participated. The movement of Rwandan citizens is reported to have been ordered by military 
commanders of the Rwanda Defence Forces (RDF), in collaboration with certain local chiefs in the 
Kibumba sector (DRC). Representatives of the local community stated that reason for the forest clearance 
was to give benefits to the local population. Other reasons given by the Rwandan military were to 
improve visibility for security operations1. The deforested area included a significant portion of the 
Mwaro corridor connecting Mikeno and Nyamulagira sectors, an important area for large mammals 
moving between the sectors. This corridor is important to ensure the connectivity between the Virunga 
Volcanoes and the other ecosystems of Virunga national park and contiguous protected areas in Uganda. 

In addition to the threats posed by the high human population and degrees of poverty, war and 
political unrest have plagued the region repeatedly. During the mid-60s widespread instability in the then 
Zaire resulted in increased pressure to harvest park resources (Weber & Veder, 1983) and during the 
1990s the Virunga Volcanoes was a refuge for both fleeing refugees and fighting groups increasing 
demand on park resources and hampering the protection efforts of park staff (Plumptre & Williamson, 
2001; Kalpers et al., 2003).  
 
Changes in land use values of the Virunga Ecosystem 

Much of the change in the area of the VNP can be characterized by changing and sometimes 
competing social and economic values towards land uses. The socio-economic context at the time of park 
establishment in 1925 was very different from today, characterized by a relatively low population density. 
The colonial administrations’ concept of a national park was driven by national and global social values 
towards conservation of wild nature. The local values towards the park in the context of relatively 
abundant land meant there was little conflict between the national and local level. Also the management 
regime of the park was one of benign neglect. Moving on to the post colonial period up to the 1970’s, saw 
the socio-economic context change. The national government was eager for economic growth. The 
promise of foreign revenue from pyrethrum production provided a national economic incentive to 
deforest. Locally the needs of an increasing population complemented national plans.  Local households 
were eager to obtain new land and be part of the national pyrethrum production scheme, which brought 
much needed jobs and local revenue.  

In the late 60’s Dian Fossey had established the Karisoke Research Center, documenting the 
human threats to the gorillas and their habitats and advocating for more proactive protection and 
management of the park to combat the evolving human threats. The national policy shifted and in 1972 
the Rwandan Office of Tourism and National Parks was established (today known as Rwanda 
Development Board, Tourism and Conservation Department). Throughout the late 70s and 80’s tourism 
grew in importance bringing with it much needed foreign revenue. Almost simultaneously the world price 
of pyrethrum declined making this crop less competitive as a land use option.  

Tourism to visit mountain gorillas in Rwanda was established in 1979 and quickly grew in 
popularity. Bar the insecurity of the genocide and civil war period, tourism to the mountain gorillas has 
grown steadily; in 2009 there were around 17,000 tourist visits to the Volcanoes National Park and the 
sector is estimated to contribute around 30 million USD to the national economy (RDB, 2009). In 
Plumptre et al. (2004), tourism ranked very low as a benefit from the national parks. Tourism was mainly 
perceived as being useful to the country. It is clear that most tourism revenue does not accrue at the local 
level. However since 2005 the park authority shared benefits from the park with local communities 
through a tourism revenue sharing scheme,  so that local communities are begining to see more of the 
benefits of the park, reconciling national development with local development interests  
 
 
Present day climate  
Hydroclimatology 

In common with much of equatorial Africa, the annual climate cycle across the Virunga 
volcanoes region is bimodal, defined by two distinct wet seasons separated by drier periods. At regional 
to local scales, this characteristic bimodal rainfall pattern is clearly evident in pluviograms displaying 
monthly means and more refined daily precipitation rates (smoothed with a 9-day running average) 

                                                 
1 www.berggorilla.de/igcp-mikeno.doc. 
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developed from daily rainfall records from the former Karisoke research station at 3,000 m ASL (Figure 
8.2). The Karisoke site is among the wettest in the Albertine Rift, averaging an annual accumulation of 
1,856 mm over the 12-year period considered. Long-term trends in precipitation could not be determined 
due to the relatively short length of record. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.2. The monthly mean and 9-day average precipitation (mm/day) at the Karisoke Research 
Centre at 3000m a.s.l. 
 
Temperature 

Temperature is largely a function of elevation throughout the region, with very little thermal 
seasonality experienced in terms of monthly mean temperatures. Nocturnal minima are lowest in the drier 
seasons, when radiational cooling of the highland terrain is less prone to moderation by high relative 
humidity.  
The absence of long time series of climatological data within the range of the mountain gorilla makes 
area-specific assessment of climatic trends difficult at the present time. At present, climate model 
projections for the Albertine Rift region almost invariably indicate strong increases in both temperature 
and rainfall across the course of the 21st century. A thermal increase is already evident in observational 
records across eastern Africa (Cullen et al., 2006), while not far from the Virunga region, the temperature 
trends from the Lwiro research station near Kahuzi-Biega National Park in DRC exhibit a strong and 
sustained multi-decadal warming trend since 1953 (refer to chapter 2).  
 
Climate predictions to the year 2090 

Predictions have been made about how climate may change in this region up to 2090. For this 
prediction, monthly temperature and precipitation projections for several time steps into the future were 
generated for a 2x2 degree latitude-longitude domain centered on the tri-border point of DRC, Rwanda 
and Uganda close to the Karisoke site. The source data is model output from a much larger domain 
generated for the Albertine Rift Climate Assessment project (Picton Phillips and Seimon (2010). The 
climate parameters are broken down temporally according to monthly means.  

Temperature increases are projected to occur relatively uniformly throughout the year, though the 
mid-year months, and exhibit slightly stronger increases by century’s end (Figure 8.3). The maximum 
increase is +3.9°C in May. Given that temperature change as a function of elevation in tropical 
atmospheres average 5-6°C per km, the net region-wide thermal increase of 3.6°C under the A2 scenario 
would translate to a very large upward displacement of species ranges and vegetation zones, on the order 
of 600-720 meters relative to 1990 levels.  
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Figure 8.3. Predicted changes in temperature (oC) over this century. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.4.  Predicted changes in precipitation (mm) over this century. 
 

In contrast to the temperature projections, the monthly precipitation projections display marked 
seasonal differences as well as steepening rates of rainfall increase (Figure 8.4).  Of note is that for the 
20-year period centered on 2030, slight decreases in monthly rainfall are depicted for mid-year, 
corresponding with the longer dry season, before this reverses to rainfall surpluses.  These mid-year 
deficits might be indicative of increasing threat of drought and forest fires, since rising temperatures 
would concomitantly promote stronger seasonal desiccation of the forest.  By 2090, precipitation 
increases of 15% over the 1990 baseline values are registered on average through the modeled domain, 
with much of the largest increase projected in the November-March period. At present, a short dry season 
occurs in most years around the month of January, as can be seen in the observations from Karisoke in 
Figure 8.2. Should these model projections verify, the late-century rainfall increases might effectively 
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eliminate this climatological feature, thus establishing a relatively unimodal annual rainfall pattern with 
potentially significant ecological impacts occurring as a result. 
 
Changes in animal populations 
Gorillas 

When Schaller made his study of mountain gorillas in the late 1950’s he estimated their 
population to be between 4-500 individuals. His population estimate was based on detailed observations 
of gorilla groups around Kabara meadow (between the volcanoes of Mikeno, Karisimbi and Visoke) and 
within the Ugandan area of the Virunga volcanoes, limited observations in the area between Sabyinyo and 
Visoke volcanoes and estimations of available gorilla habitat. Schaller noted that even in the late 1960s 
the distribution of gorillas was not uniform throughout the park. He found larger average group sizes at 
Kabara compared to observations in the east and central areas. He attributed this difference to the lack of 
hunting at Kabara and the variation in habitat quality. He also noted that the Ugandan population was 
transient and suggested there were inadequate food resources to maintain a year round population. 

Detailed censuses of the Virunga mountain gorillas using the sweep method have taken place 
since the early 1970’s (Gray et al. 2003). Since Schallers estimates in the late 50’s the population was 
found to have declined to 260-290 individuals (Groom 1973; Harcourt & Groom 1972). The population 
continued to decline reaching a low of only 242 individuals in 1981 (Aveling & Harcourt 1984). At this 
time the gorilla population was threatened by habitat loss, poaching, habitat disturbance through cattle 
grazing and insecurity and conflict. From the mid-1980’s onwards the population size has been slowly 
increasing. This is widely attributed to the direct benefits of increased protection and health care 
programs, and changes in benefit streams from the park at a national and local level due to tourism and 
education programs.  Despite the war and insecurity affecting most parts of the Virunga Volcanoes during 
the 1990s, the gorilla population increased at a rate of 1.15% per annum from 1989 to 2003 reaching an 
estimated population of 380 individuals (Gray et al. 2003).  

The growth of the population across the Virunga Volcanoes since 1989 has not been uniform. 
Almost the entire growth occurred in the south west of the Virungas among the three Karisoke research 
groups and adjacent tourist group (Susa).  These four groups contained 80 gorillas in 1989 and 137 in 
2003, which represents a 3.9% annual growth rate (Gray et al. 2003).  

Habitat quality and human disturbance are thought to be the factors influencing gorilla population 
growth and distribution. Limited growth in the eastern section of the volcanoes has been attributed to 
lower habitat quality (Weber & Vedder 1983). However, areas such as Mikeno have supported significant 
number of gorillas in the past and whilst no gorillas have ever been recorded on the southern flank of 
Karisimbi, this area is thought to contain good gorilla habitat (McNeilage 1995). During the 2003 census 
the distribution of gorilla groups was negatively correlated with the frequency of human disturbances 
(Gray et al. 2003).  

Studies are underway to assess the ecological basis for the increased density of gorillas in the 
Karisoke area. The density and abundance of plant foods in the Karisoke area will be compared to earlier 
studies in 1970s, 1980s and 1990s. It can be hypothesized that the increased density in gorillas and the 
removal of cattle has led to changes in gorilla food availability. The same study will also address if the 
greater growth rate of the Karisoke groups relative to the rest of the Virunga population was due to 
improved ecological conditions by comparing the density and abundance of gorilla foods in the Karisoke 
area now to that of other areas in the Virunga volcanoes. 

The percentage of the population habituated for tourism and research purposes has also increased 
over time; 1972-3 census 32 habituated individuals total population 274 = 11.7% (Groom 1973; Harcourt 
& Groom 1972; KRC 1967 to 2010); 2003 census 269 habituated individuals; total population 380 = 
70.8% (Gray et al. 2003). This represents an increase in close contact between gorillas and humans and an 
increasing risk of disease transmission.  In addition the human population surrounding the park, and 
living in close contact with the gorillas, is also increasing.  
 
Change in size and composition of research groups 

Since 1967 both the number of gorillas and gorilla groups monitored by Karisoke Research 
Center has increased from 25 individuals in two social groups and one lone silverback to 124 individuals 
in eight social groups and nine lone silverbacks at the end of 2009 (KRC 1967 to 2010). This is a fivefold 



132 

increase in the number of gorillas occupying approximately the same area. This has resulted in increasing 
overlapping home ranges, and a possible increase in feeding competition and stress levels. 

Comparison with the census data show that until the recent census in 2003 (Gray et al. 2003) the 
mean group sizes for the gorilla groups monitored by Karisoke Research Center were within the range of 
those throughout the Virunga Volcanoes. However, in 2003 the average group size for research groups 
monitored by Karisoke was 34 individuals (range 25-57) far greater than the average group size for the 
Virunga volcanoes at that time, (11.4 +/- 11.2) (Gray et al. 2003). In 2006 one of the study groups 
reached 65 individuals, the largest gorilla group ever observed.  

Importantly, the number of adult males (silverbacks and black backs) in the research groups has 
increased dramatically from an average of 2 in 1967 to an average of 8 at the end of 2006 (range: 2 to 14, 
Karisoke long term records).  Throughout the Virunga Volcanoes, only 36% of groups are multi-male and 
the number of adult males in habituated groups ranges from 1 to 7 (average = 1; (Gray et al. 2003).    

The decrease in the number of gorilla poaching events during the last twenty years have allowed 
groups to be stable in composition over a longer time period, with increased tenure of the alpha silverback 
and increased number of males maturing within their natal groups. This has led to a change in both the 
size and composition of the research groups; increased group size and increased number of adult males in 
the group.  

Since 1993 Karisoke has been monitoring three social groups Beetsme (18 individuals), Pablo 
(20) and Shinda (16). Between 1993 and the end of 2006 these groups continued to increase in size: 
Beetsme (25), Pablo (57 having reached a peak of 65 in Oct 2006), and Shinda (26). However from 2006 
onwards changes in group composition resulted in 8 social groups by the end of 2009 and a further social 
group in the process of being established during 2010.  During this period of upheaval the total number of 
individuals occupying the area did not change significantly. Below is a description of the events leading 
to the evolution of new social groups. 

These events were perhaps triggered by several simultaneous events that resulted from the long 
group tenure – increased group size, increasing number of maturing males and an alpha male takeover. In 
2006 Pablo group reached an exceptional size of 65 individuals. The subsequent rapid decline in the size 
of Pablo group to 42 individuals was attributed to an increase in infant mortality, female aggression and 
daily travel distances and consequential female transfer (Vecellio et al., 2008). A gradual shift in 
dominance between father and son in Beetsme group first observed in 2004 resulted in a final split into 
two groups during 2008. In 2006, a young silverback from Beetsme group (Bwenge) left with a recently 
transferred female Bishushwe (recently transferred from Pablo group) to start his own group. Bishushwe 
was resident in Beetsme group for only 19 days before leaving with Bwenge. In 2007 Inshuti, a lone 
silverback formerly a member of Shinda group, successfully started a group with a young female, Ruhuka 
(recently transferred from Pablo group). In 2007 Isabukura, a silverback in Pablo group, left together with 
4 recently transferred females from Susa group (a group monitored for tourism) and a young male. The 
females only spent 2 days in Pablo group. Following the death of the dominant silverback, Shinda group 
split in two sub groups and is in the process of splitting into a third sub group. During this period there 
were a large number of female transfer events; in 2007 there were 33 transfers involving 20 different 
females. This is in contrast to the total of 61 events involving 45 females during the period 1967-2005 
(Robbins et al., 2009. The number of intergroup visual interactions also increased over the same time 
period to an average of three per month compared, to one per month in the 1980s (Sicotte, 2001). 

These changes in group composition have offered a unique insight into the behavioural flexibility 
of the mountain gorilla. Distinct from the observations of group formation during the first two decades of 
research, these changes in group composition were not influenced by the devastating impacts of direct 
poaching observed in the 1970’s and 80’s.  

The increased number of males in the groups in recent years provided an opportunity to study 
reproductive behaviour under different demographic conditions (Stoinksi et al., 2009a, 2009b, Robbins et 
al., 2007, 2009b). Rank was still found to be a predictor of copulation frequency with cycling females, 
however this behavioural evidence of reproductive skew can be interpreted to be a result of concession by 
the alpha silverback rather than limited control (Stoinski et al., 2009a). Perhaps the changing 
demographic environment which increased multi-male groups, increased group size and increased 
frequency of inter-group encounters favoured the retention of lower ranking males to assist in group 
protection (Stoinski et al., 2009a). Analysis of nearly 40 years of demographic data suggest that 
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protection from infanticide is a significant factor influencing natal female transfer decisions and a 
possible influential factor for  non-natal females (Robbins et al., 2009a). Additional data on the role of 
female choice and paternity data are needed to provide conclusive support for either the limited control or 
concession model controlling the reproductive skew in mountain gorillas. 

Despite the increased number of males in the groups, males still dispersed independently, despite 
similar age individuals in the group (Stoinski et al., 2009a). Dispersing males copulated with cycling 
females prior to their dispersal significantly less than philopatric individuals. Dispersal is voluntary and 
not a result of increased peripheralization from the group.  The reasons for male dispersal remain unclear. 
There are clear reproductive costs to dispersal primarily related to the loss of reproductive opportunities 
from time spent solitary. Dispersal decisions may actually be disadvantageous and reflect an incomplete 
adaptation to the ecological extremes of the Virunga region (Robbins & Robbins 2005). Further study of 
the fate of dispersing males including genetics will help shed light on the reasons for dispersal.  

There is no evidence of  female dispersal to avoid feeding competition within large groups, even 
as they have become three to five times larger than average (Robbins et al., 2009b). Analyses of female 
reproductive success as measured through interbirth intervals, infant survival and surviving infant births 
found no evidence of lower female reproductive success in larger groups, even as those groups became 
two to five times larger than the population average (Robbins et al., 2007). 

An analysis of 30 years of data demonstrated that linear hierarchies could be discerned dependent 
on age and group tenure, and that some females maintained a high ranking for most of adulthood 
(Robbins et al., 2005). Earlier studies considered female rank to have little importance however 
undetectable dominance relationships may have reflected an insufficient quantity of data for this species, 
rather than actual nonlinearity. Further work is underway to examine female feeding competition in the 
larger groups.  

These and other studies underscore the value of long term behaviour and demographic data for a 
long lived species such as the mountain gorilla. Importantly the long term behavioural and demographic 
data are now collected by a team of trained local staff, monitoring each group on a daily basis. In 2009, 
4,490 hours of focal observation data were collected. 
 
Golden Monkeys 

The golden monkey is endemic to the Albertine Rift, and is found only in the Virunga volcanoes 
(DRC, Rwanda, Uganda) and a small remnant of Gishwati Forest, Rwanda. It is classified as an 
endangered sub-species as a result of small population size and little remaining habitat.  A decline in the 
golden monkey population has been reported in the Ugandan section of the Virunga  volcanoes despite 
increased protection efforts (Twinomugisha & Chapman 2007). Surveys in Mgahinga and Volcanoes 
National Park show that the golden monkey’s preferred habitat is the bamboo and mixed bamboo zone 
(Twinomugisha & Chapman 2007, and Tuyisingize & Fawcett, 2008). Bamboo (Sinarundinaria alpina) is 
a key food species for the golden monkey, occupying 75% of feeding time (Tuyisingize et al., 2006) and 
their primary source of protein (Twinomugisha & Chapman, 2007). Given that the golden monkey lives 
in high altitude forest and is heavily dependent on one vegetation zone and species, bamboo, the golden 
monkey is particularly susceptible to environmental change, for example changes in the distribution of the 
bamboo zone due to climate change. The irregular and relatively rare bamboo flowering events and 
associated die off may also cause changes in the availability of this food resource. Further long term 
monitoring of these flowering events is required.  
 
Changes in poaching activities  

The high and increasing human population, high degrees of poverty and a reliance on agricultural 
based economy result in enormous pressure on the park resources for household use. Snares are set 
mainly for antelope (bushbuck, Tragelaphus scriptus and black-fronted duiker, Cephalophus nigrifrons), 
other species targeted include buffalo, hyrax and occasionally golden monkey. Gorillas are not the 
principal targets for snares, however they are frequently trapped,   particularly the more curious juveniles.  

RDB data from 2010 show the greatest number of snares were recovered from sector 3. This is 
similar to results of earlier studies in 1980s (Plumptre and Williamson, 2001) and suggests that this may 
be due to the longer term presence of the Karisoke Research Center in the park, with the resulting 
increase in effort to recover snares together with the increased protection of wildlife leading to increased 
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animal numbers making it attractive for poaching efforts.  However during the time period of the current 
study the Karisoke Research Center was not based inside of the park. Results of ungulate surveys during 
2009 show that there is a higher density of animals in this sector. This may be a result of the geographic 
position of the area of the park, it is relatively remote and has a high percentage of Hagenia forest which 
has an open understorey and provides suitable plants for ungulates to feed upon (figure 8.7). As seen in 
other analyses, snare collection data show peaks in snares recovered during the dry season in July-August, 
and around Christmas and New Year. The latter peak can be explained by the families wish for meat 
during the festivities at this time of year and also the need for school fees, and health insurance payments 
at the beginning of the year. The peak in activity during the long dry season may be linked to the lack of 
other on farm manual labour activities at this time of year (Bush et al. 2010) 
 
Table 8.1. Number of snares recovered from Volcanoes National Park 2005-2009 (source RDB and 
Karisoke Research Center long term records ) 

Year  Total snares  Number of 
patrol days  

Snares per patrol day 

2005 1279 562 2.28 
2006 634 408 1.55 
2007 832 328 2.54 
2008 819 301 2.72 
2009 1001 330 3.03 

 
During the last five years there has been a steady increase in the number of snares removed from 

the Volcanoes National Park (VNP 2009).  Compared with data on patrols and snares in the period 
between 1982 and 1988 there appears to be an increase in the number of snares being set in the park. 
Between 1982 and 1988 there was an increasing patrol effort from approx 7 patrols per month to 28 
patrols per month with a corresponding decrease of approx 18 to 10 snares recovered per month. The data 
from 2005 to 2009 (Table 8.1) show an average of 32 patrols per month and 76 snares removed. Despite 
increased patrol effort there is still an increase in snares found per patrol effort: 1982 (2.6), 1988 (0.36) 
compared to 2005 (2.28) and 2009 (3.03).  

The increase in snares removed from the park may be due to several reasons. There have been  
changes in the organizations of patrols to include local community members in the patrols which may 
have increased the detection of snares, and there has also been an increase in the number of joint patrols 
with the DRC park authorities, particularly in 2009. These patrols recover a large quantity of snares from 
the border regions of Rwanda and DRC which are difficult for the routine daily patrols within DRC to 
access due to the long distance from the park boundary. However as discussed above during the same 
time period the human population has been growing, with increasing household sizes and decreasing land 
holdings (Bush et al., 2010). This points to an increasing landless poor who may be increasingly reliant 
on the use of forest resources for their livelihoods. It is also possible that law enforcement is less of a 
threat or deterrent to local people 
 
Changes in density of ungulates in Volcanoes National Park 

Given the difficulties in interpreting data on patrol effort and snare removal to assess changes in 
threats it is beneficial to monitor changes in density and distribution of the target species. The density of 
ungulates around the old Karisoke Research Center forest site has decreased dramatically in the last 20 
years (Table 8.2). Studies conducted in 1988-9 (Plumptre, 1991), 1996 (Plumptre & Bizumuremyi, 1996) 
and 2009 (Arakwiye et al., 2009) used the same methodology; a marked pellet count method and covered 
a similar area over a similar time scale (Plumptre et al., 1997; Plumptre & Williamson, 2001).  
 
Table 8.2. Changes in the density of ungulates in Volcanoes National Park 

Studies Buffalo Bushbuck Duiker 
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Plumptre, (1991)  3.4 39 14 
Arakwiye et al., (2009)             0.88 4.34 1.2 

 
It is possible that the decrease occurred in the last 10 years. In a shorter term study in 1996 the 

density of ungulates around the old Karisoke Research Center was largely not significantly different from 
results in 1988-9 (Plumptre et al., 1997). However at this time the local community perceived a decrease 
in the frequency of crop raiding throughout the area bordering the park, and thus the study concluded that 
throughout the park there had been a decrease in ungulate population.  

A study of the density and distribution of large mammals throughout the Volcanoes National Park 
in 2008 (Tuyisingize et al., 2008; Tuyisingize & Fawcett, 2010) showed that the area around the old 
Karisoke Research Center forest site had the highest abundance of ungulate species (Figure 8.5). With the 
high levels of snaring and the declining populations we can conclude that the situation for large mammals 
throughout the park is bleak.  

All vegetation zones (Figure 8.6) were found to be home for the ungulate species (Arakwiye et 
al., 2010). Buffalos were common in the meadow zone and the antelope species in the herbaceous and 
Hagenia zones. The density of duikers is increasing in the sub-alpine zone and decreasing in the lower 
altitudes. This could be a result of the pressure of hunting in the lower altitude zones closer to the park 
boundary. It could also be an indication of a shift due to climate change. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.5.  Distribution of large mammals through Volcanoes National Park 
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Figure 8.6. Vegetation Zones of Virunga Volcanoes 
 
 
Local community attitudes towards conservation 

 
Despite the acute problems of poverty and economic development for communities around the 

park and growing human population numbers, attitudes have improved as a result of the community 
conservation initiatives and revenue sharing schemes. In 1979, only 49% of respondents in a household 
survey were positive about the existence and maintenance of the park, by 1984 this had improved to 71% 
(Weber 1987) In 2008 this had improved to an incredible 96.6% (Bush & Sabuhoro 2009), however the 
proportion of respondents who feel that they are personally benefitting from the park has dramatically 
declined (Table 8.4). 
 
Table 8.4.  Proportion of respondents indicating the perceived impacts from tourism revenues 
 

Year Personal (%) Regional (%) National (%) 
1979* 26 39 65 
1984* 49 81 85 
2006** 17 85 100 

*Weber (1987); ** Sabuhoro (2006) 
 

Despite the recent reduction in perceived personal benefits from the park, attitudes towards the 
continued existence of the park have improved and are today  highly positive  with over 96% of 
respondents wishing to see the maintenance of the park in the future (Bush & Sabuhoro, 2009),  compared 
to only 49% in 1979 (Weber, 1987).  
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The community conservation initiatives also seek to share advantages from the park and revenue 
generated by tourism. Under the community conservation program, 5% of the total annual tourism 
revenue is invested in community oriented activities. The mechanisms of implementation of the revenue 
sharing scheme suggest that the initiatives to be supported are identified by government decentralized 
institutions after consultation with local communities. Since the inception of the revenue sharing program 
in 2005, a total of $640,903 has been disbursed to fund local community projects (to end of finical year 
2000/10). Whilst these have been important initial contributions to local communities, in respect to the 
population density and catchment for community conservation initiatives, it amounts to a total investment 
of $2.17 per person in a 5 year period or annually an average of only $0.44 per person per year2. . 

National comprehension about the ecosystem service values of the national park have also 
contributed to the political will to conserve it e.g. the soil and water conservation values. Most recently 
interest has peaked in the carbon storage values of tropical forests to offset global climate change.  There 
is now significant potential at the national level to obtain direct payments from the international 
community for tropical forest conservation through such mechanisms as the United Nations program on 
Reduction of Emissions from Deforestation and Forest Degradation Plus (REDD+). Such economic 
incentives are strong enough that it may be conceivable to extend the national park boundary, reestablish 
natural flora and fauna, without compromising the livelihoods of local people. 
 
Population and demographic change3 

 
The historical change in human population density around the Volcanoes National Park is 

dramatic. Surveys during the early colonial (1936) period indicated that in the regions around the VNP 
the population density was around 155 people per km2, by 1984 this had risen to 368 people per km2 
(Weber 1987). National census statistics recorded 463 people per km2 in 1991 and 538 people per km2 in 
2002 (GOR 2002). Data compiled in 2009 from the 12 park adjacent sector offices shows that today’s 
mean population density amongst the territories adjacent to the VNP is 590 per km2  (Figure 8.7).

                                                 
2 Authors own calculation from available national park data on revenue shared and local district population figures. 
3 Comparison of different values presented in this chapter must account for differences in geographical aggregations 
used to estimate values reported in different studies. The most recent study by Bush et al. (2010) and Plumptre et al. 
(2004) survey the 12 park adjacent sectors. Other reports such as Weber (1987) and census figures are for Ruhengeri 
prefecture. Ruhengeri prefecture ceased to exist as a political administrative boundary in 2005 due to a national 
administrative reorganization. This meant that former cells and sectors were merged and regrouped under new 
district and provincial zones. Some variability in the reported values between years may be as a result of these 
differences in aggregation. In general many of the changes reported on in this chapter are large enough that the 
margin of error attributable to the differences in aggregates does not confound the trends being depicted. Ambiguity 
of this nature is highlighted in the text.  
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Figure 8.7. Changes in human population densities around Volcanoes National Park (1936-2009). 
 

There is a great variability in human population densities in different areas of the park (Table 
8.6). In 2010 the population density ranged from 314 people per km2 in the central area of the park 
(Kinigi sector) up to 1,028 people per km2 in the east of the park (Gahunga sector). 
  
Table 8.6.  Population data for the 12 sectors adjacent to the park (2009 data) 

Sectors Geographical 
location 

Land Area 
(km2) 

Population 
Size 

People per 
square km 

Cyanika East 33.00 27,000 818 
Rugarama East 43.00 23,058 536 
Gahunga East 22.00 22,615 1,028 
Nyange Central 54.32 24,171 445 
Kinigi Central 81.04 25,450 314 
Shingiro Central 53.40 19,338 362 
Gataraga Central 50.00 20,846 417 
Mukamira West 38.00 28,576 752 
Jenda West 30.00 29,126 971 
Bigogwe West 30.60 30,575 999 
Kabatwa West 36.00 16,300 453 
Bugeshi West 27.39 27,292 996 
Mean    41.56 294,347 590 

(Source: compiled from local government population data) 
 

The central sectors adjacent to the Volcanoes National Park were found to be populated 
significantly less than the eastern and western sectors  (Bush et al., 2010). The central region is the area 
that was excised from the original park for pyrethrum production. Much of the land is under the control of 
a state managed pyrethrum enterprise (SOPYRWA) and households farm it according to a share cropping 
agreement. Under the agreement a household is obliged to plant 50% of the land parcel under pyrethrum 
for sale to the state enterprise with the remaining 50% to be cropped as the household wishes. 
SOPYRWA then enters in to an agreement to purchase the pyrethrum produced. 
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Local community demographics 

The population age structure of the 12 park adjacent sectors is in general similar to that of the 
overall picture for Rwanda.  Bush et al. (2010) observed a narrow base with a growth then retraction of 
age classes from 5-9 years group to the 20-24years group (Figure 8.8.); from the 25-29 years group the 
population takes on a normal pyramidal structure. The high numbers of observations from 5-9 years to 
15-19 years probably represent the post-war baby boom from Rwanda’s genocide and civil war from 
1994-1996 and the continuing insecurity in the north-western regions until the early 2000’s.. The recent 
retraction in the proportion of 0-4 year olds may indicate that population growth is reducing in this 
sample population area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.8. Count of age groups by gender 
 

The proportion of the population under 20 years of age has increased during the last two decades 
from less than 50% in the mid 1980’s (Weber 1987) to almost 64% today. Interestingly, there is little 
change in proportion of the population under 20 between 2002 and 2009 perhaps suggesting a 
stabilization of the population (Bush et al. 2010; Plumptre et al. 2004).  

Mean household sizes also show evidence of an increase over time (Table 8.7). These household 
sizes are slightly larger than the national averages (RDHS, 2005; WFP, 2006).  
 
Table 8.7. Changes in mean household size over time 
Mean household size Time of study Reference 

4.95 1988 Weber (1989) 
5.32 2002 Plumptre et al., (2004)
5.64 2009 Bush et al., (2010) 

 
Social and economic changes and resource constraints around the VNP 
Land based livelihoods 

The households surrounding the VNP are largely subsistence farmers practicing traditional forms 
of permanent rotational agriculture. Traditionally, as in many other parts of Africa, land was distributed or 
subdivided amongst the male members of the lineage through inheritance or gift. Historically traditional 
forms of tenure where the expropriator of the land holds the use rights developed in to more assured use 
right type tenancies under the late colonial government which remains the situation to the present time 
(Weber, 1987). Thus households do not own their plots of land; they only hold the use right to the plot 
with ownership currently vested in the state. Rwanda is currently undergoing a major land reform process 
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which will eventually see the ownership rights of demarcated plots of land deeded to individuals.  
Generally the production system is arable agriculture with little livestock ownership due to space 
constraints and constraints on fodder and forage (Bush et al., 2010; Plumptre et al., 2004).   

In 1984 the average farm size in Ruhengeri province area was 0.96 ha per household (Weber, 
1987).  In 2000 this had decreased to 0.71 ha per household (Jayne et al., 2003) .  However by 2009 the 
mean holding size reported by households had reduced to 0.56 ha (Bush et al., 2010). Bush et al. (2010) 
asked respondents to rate the quantity and quality of land in their village to assess their perceptions about 
recent changes in the quantity and productivity of land and how they think the situation might change in 
the future. Respondents in both time periods portray a worsening situation in terms of land availability. In 
general there was an increase in response frequency for the not enough land and landless categories over 
time, showing a tendency that in recent years and in the future land will become scarcer (Table 8.8). 
Weber (1987) reported that in the 1980s 29% of farmers felt their land holding was sufficient to make 
their needs in terms of income and consumption and only 11% felt that their farm would be sufficient to 
meet needs in the future.  

Table 8.8. Land quantity change assessment % of all respondents  
Do you have enough land to meet basics needs? 
Time period Weber, 1987 Bush et al., 2010 
Present 29% 9%
In the next 5 
years 11% 3%

 
 Bush et al. (2010) showed that whilst there is about 31% landlessness today; this may increase to 
63.6% in the next five years. There was also a significant decline in the proportion of households who 
thought that they would have sufficient land to meet basic needs in the future. These are worrying 
predictions, particularly given the relative accuracy of the predictions in Weber (1987) study, 11% 
compared to 9% in Bush et al (2010). Soil quality is also an issue with decreasing agricultural output per 
unit are of land indicating declining fertility and erosion problems (Clay 1996).  

A key issue to be highlighted around the PNV is local access to water for domestic and livestock 
use (Plumptre et al., 2004; Bush et al., 2010). The volcanic geology of the PNV area means that rain 
water either runs off rapidly as surface water or through fissures into the ground aquifer. The forest plays 
an important role in maintaining a steady supply of surface water and assisting with ground water 
percolation. However during the drier months permanent water sources for some park adjacent 
households may only be found within the boundary of the national park (Bush et al., 2010). Whilst the 
park authorities often grant permission for local people to access such water sources, this poses a 
conservation risk.  As people access the park their activities may not be restricted to the collection of 
water. It is difficult for the park authorities to monitor and control such activities given their limited 
resources. Attention must be drawn to methods of supplying water to local communities from the 
permanent water found in the forest. However appropriate environmental impact assessment must be 
made to evaluate the risks associated with the supply of water from the park. 
 
Poverty and household income 

Income and income source is of significant interest for planning conservation interventions with 
local communities. Plumptre and Bizumuremyi (1996) showed that people admitting to poaching in the 
park lived near the park boundary and came from poorer households with less land and livestock. In a 
socio-economic study focused on a sample of known poachers,  Kayijamahe (2005) showed that on 
average many of their development indicators were lower than the general population. It would be a 
reasonable assumption in the case of the VNP that higher levels of poverty (low income) lead to increased 
dependency on local park resources. Understanding income and the differences in income levels between 
households yields insights in to the challenges of development planning for the poorest park adjacent 
households that pose the highest conservation risk.  The mean net annual household income in 2009 was 
estimated to be approximately $540 per household (Bush et al., 2010) (Table 8.9).  This is not too 
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different to the mean of $525 reported by Hatfield and Mallaret-King (2003). In adjusted terms4 the mean 
per adult equivalent unit was $139.  Worryingly this is an indicator that in real terms, considering 
inflation since 2003, households in this region have not increased mean incomes.  Furthermore the mean 
proportion of cash realized in the household is just over 40% of the total value of own goods harvested 
and business transactions (Bush et al., 2010). Importantly this means that more than 50% of the total 
value of goods produced is consumed within the home indicating a high level of overall subsistence. 

The key constituent of household income is arable agriculture, both consumed in the home and 
sold.  Arable agriculture constituted (56.62%) of mean net household income, followed by business 
(trade) income (34.8%). Livestock provided a low proportion of overall revenue (6.8%), followed by 
NGO & welfare payments (2.02%) and remittances (1.7%). Importantly income is not uniformly 
distributed between the income groups (Table 8.9). The Upper 20% group of the sample captures more 
than 67% of the available total income with the Lowest 20% of the sample capturing only 0.43% of total 
available income.  
 
Table 8.9.  Quintile cumulative income and proportionate share of total recorded income (US$). 

Income group n 
Cumulative 

income 
%  share of 
all income 

LOWEST 20% 75  $823 0.43 
LOWER MIDDLE 
20% 76 $5,665 2.96 
MIDDLE 20% 76 $16,619 8.68 
UPPER MIDDLE 20% 76 $39,040 20.40 
UPPER 20% 72 $129,243 67.53 
ALL 375 $191,390 100.00 

(Source: Bush et al., 2010) 
 

This shows that there is very high income inequality between the highest and the lowest income 
groups e.g. the highest group has income 157 times more than the lowest. Accepting that the poorest 
households are most likely to engage in illegal activities in the park, community conservation activities 
must be targeted towards them. However, Bush et al., (2010) show that although there was no significant 
difference in terms of exposure to activities, between income groups, the lower income groups were less 
likely to receive tangible benefits from them than higher income groups.  
 Bush and Sabuhoro (2009) illustrate the financial importance of the PNV to households in 4 
sectors adjacent to the park, finding that park income can form up to 10% of household income on 
average. However not all households in the sample admitted to direct use of the protected area; only 37 
out of 116 respondents, representing 31.9% of the sample.  Differences in income sources were examined 
between protected area users and non users. One key parameter was significantly different, that of total 
annual income (Table 8.10).  
 This indicates that park users may have fewer other income and subsistence opportunities than 
those than those that do not use the park and may thus be more dependent on the park to maintain their 
livelihoods.  The proportion of park users reported by Bush and Sabuhoro (2009) is an increase on the 
17.7% reported by Plumptre et al. (2004). This could be an indication that as the economic conditions 
around the park have deteriorated the incentive to illegally use the park has increased. Such dependency 
on forests means that if conservation policies reduce use by, or exclude local people from forests, there 
will be serious implications on their livelihoods security. This implies that in order for conservation 
management strategies to be successful some benefit sharing with communities will be necessary to 
reduce the feeling of alienation by local communities. 

                                                 
4 In order to make valid comparisons in absolute terms across households an “adjusted net household income” was 
used in this study, to reduce bias in inter-household comparisons of income. A coefficient of a standard adult 
equivalent unit is awarded to each household member. The sum of the coefficients gives a standardised measure of 
household size. Each household is scored on its number of occupants and given a coefficient of economy of scale. 
The absolute income (net value) is then divided by the AEU coefficients to give the income per AEU and the 
product then multiplied by the economy of scale coefficient (referred to as an adjusted value). (Bush, 2009) 
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Table 8.10. Annual mean total household income 

Category of 
respondent N 

Annual 
mean 
household 
income ($) 

Std. 
Deviation Minimum Maximum 

Park non user 79 691.55 696.50 111 3,920 
Park user 37 512.08 668.89 0 3,716 
Total 116 634.80 690.11 0 3,920 

(F=4.587, d.f. = 115, p<0.05) 
 

 Despite the initial records of illegal park use, Bush et al. (2010) failed to obtain any records of 
illegal park use. The Plumptre et al. (2004) study was conducted before systematic awareness campaigns 
on the conservation of the park were made. Compared to the recent study by Bush et al. (2010), Bush and 
Sabuhoro (2009) conducted their field work under much more discrete circumstances with a smaller 
survey team (3 people) with more experience of household surveys and conservation issue around the 
PNV. In addition the low key approach attracted less interest from the local government authorities. It is 
highly likely that in an individual interview people were reluctant to discuss illegal activities related to the 
park due to fear of repercussions, despite the guaranteed anonymity of the respondents. 
 
Conclusion and the future of the Virunga volcanoes 
 

The major indirect threat to the conservation value of the Virunga Volcanoes is the ever 
increasing surrounding human population. The human population growth rate is greater than 3% per 
annum. These are already some of the most densely populated and impoverished areas in Africa. Inside 
the protected area the gorilla population is increasing. However, other wildlife targeted by the local 
population as a food source appears to be decreasing. A healthy future for gorillas and other wildlife is 
inextricably linked to a healthy future for the local population.  

Recent advances in community conservation practises include a tourism revenue sharing scheme 
with the local population. This is vital for raising the value of the national park at a local level. The 
number of visitors to the park has been steadily increasing since the program began in the late 1980s, and 
in particular in the early 2000s following stability in the region. However, there is a limit to this growth. 
Already close to 70 % of the gorilla population is habituated and visited on a daily basis by tourists and 
researchers. Permit sales in Rwanda are filled to over 80% capacity. Further tourism activities need to be 
designed to attract tourists to stay longer and spend more money in the communities surrounding the park. 
Further work is needed to ensure that the benefits from tourism activities accrue at a local level and 
evenly throughout the communities surrounding the park.  

It is also clear that current subsistence agriculture practises are not sustainable for current 
population demographic situation let alone projections for human population growth. The scale of 
resources needed to raise living standards to the point that people’s livelihoods are no longer dependant 
on use of the national park is beyond the current capacity of available conservation funds. There is an 
urgent need to further engage different sectors such as health and agriculture in development activities 
around protected areas which will have the added value of assisting in the provision of ecosystem 
services. Research on the ecosystem service values of the park may be used as an important criteria to 
illustrate at the policy level the added value of investing in rural development around national parks. Such 
targeted investment will not only benefit the target population through poverty alleviation and economic 
growth programs, but also indirectly such investments will contribute to ensuring a sustainable flow of 
ecosystem service benefits at the national level. Addressing ecosystem service values will also allow 
conservation to diversify its sources of funding for indirect approaches with local communities in the long 
term (e.g. payments for ecosystem service schemes).  

McNeilage (1995) predicted that the carry capacity of the Virunga Volcanoes was 600 gorillas. 
With the current growth rate of 1.15% per annum this capacity could be reached within 50 years. Further 
work needs to be done to assess and monitor carrying capacity particularly given the increased density of 
gorillas in the Karisoke sector, however it is clear that the available gorilla habitat within the Virunga 
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Volcanoes is limited. Ambitious plans are underway led by the Government of Rwanda to extend the area 
of Volcanoes National Park.  The challenge is to do this in an equitable manner with the local 
populations.  

The density of park guards is one of the highest anywhere in the world. In the Volcanoes National 
Park there is approx 1 guard per km2 (over 40% provided by an NGO, the Dian Fossey Gorilla Fund 
International). The number of patrols has dramatically increased since the 1980s and yet the number of 
snares removed remains constant. Whilst protection efforts need to continue with particular emphasis in 
areas of the park where there are not habituated gorillas, it is clear that protection alone cannot ensure the 
survival of the mountain gorilla and the conservation of Virunga Volcanoes region. Transboundary 
protection efforts need to be enhanced including both patrols by park rangers and convictions.  
 Priority areas for long term monitoring and research include monitoring the impact of climate 
change on the habitat and species within the Virunga Volcanoes. The charismatic critically endangered 
mountain gorilla may fare well given the large altitudinal range it occupies.  However, long term data 
from Karisoke Research Center indicate that gorillas may already range at higher altitudes during the dry 
seasons. Climate change may also bring extra risk and stress for the local subsistence agriculture based 
communities. As neighbouring regions become drier we may see an influx of people to the area, or at very 
least less migration from the area surrounding the Virunga Volcanoes. Long term monitoring of the 
distribution and abundance of species which are considered indicators of climate change such as reptiles, 
amphibians, butterflies and birds will be informative. There is also a need for studies of key habitats and 
food species for endangered and endemic species, including the critically endangered mountain gorilla.  It 
will also be important to monitor emerging diseases in both the human and wildlife populations.  

The interface between the local community and the park is a critical for the long term 
conservation of the Virunga Volcanoes. Long term research and monitoring of the species targeted by 
illegal activities in the park coupled with studies of benefit sharing, costs and associated changes in the 
attitudes and behavior of the local community will be essential for the design of effective community 
conservation programs.   
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9. Long Term Changes in a Montane Forest in a Region of High Human Population Density. 

N.Chao, F. Mulindahabi, J. Easton, A.J. Plumptre, A. Seimon, A. Martin, & R.Fimbel 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The L’Hoest Monkey is commonly seen on the ground in Nyungwe National Park – 
A.J.Plumptre/WCS
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Nyungwe National Park: An Overview 
The Nyungwe Forest is found in south west Rwanda (latitude 2° 15’ and 2° 55’S, longditude 29° 

00’ and 29° 30’E) and is one of the most biologically important afromontane forests in Africa. It 
contributes significantly to the country’s dry season river flow in Rwanda’s principal river system 
(Weber, 1987) as well as redistributing rainfall in the region through high evapotranspiration (Plumptre et 
al, 2004). With an area of 1013km2, and altitudinal range between 1600m and 2950m a.s.l., it is the 
largest protected area in Rwanda. Together with Cyamudongo and Gisakura Forest, isolated forest 
patches, they form the Nyungwe National Park. The park is part of the Albertine Rift and is recognized 
for its conservation importance and high levels of endemism. It protects a complex mosaic of vegetation 
types including montane forest, savanna grassland, bamboo forest and high altitude wetlands such as 
Kamiranzovu swamp, the largest peat bog in Africa (Sun et al. 1996; Fischer & Killman, 2008).  

The Nyungwe Forest harbours 280 species of bird, of which 26 are Albertine Rift endemics and 
11 are classified as either Endangered, Vulnerable or Near Threatened (Plumptre et al, 2007; IUCN, 
2008). It is home to an abundant variety of plant life with more than 260 species of trees and shrubs 
(Dowsett, 1990), over 140 species of orchids, around 47 locally endemic species of flowering plants and 
about 280 Albertine Rift endemics (Fischer & Killmann, 2008). A mammal list for Nyungwe shows 86 
species, mostly rodents and bats, 14 endemics with 16 species classified as either Critically endangered, 
Endangered, Vulnerable or Near Threatened (Plumptre et al, 2007; IUCN, 2008). Nyungwe is world 
renowned for its primate populations with 13 different species, representing 20% of all African primates. 
These include the endangered Eastern chimpanzee (Pan troglodytes schweinfurthii) and Albertine Rift 
near-endemics, the owl-faced monkey (Cercopithecus hamlyni) and l’Hoest’s monkey (Cercopithecus 
hoesti). 

Nyungwe is contiguous with Kibira National Park in Burundi. Taken together, the Nyungwe-
Kibira landscape forms the largest remaining lower montane forest block in Africa. Threats to 
biodiversity in Rwanda have been high, exacerbated by high human population density. Rainforest once 
covered 30% of Rwanda, approximately 8000km2, but by the late 1920s, mountain forests were rapidly 
being cleared for agricultural and pasture land. In response to this, in 1933 Nyungwe was gazetted as a 
forest reserve. The new status prohibited clearing for agriculture but recognized community rights to cut 
and gather wood as well as commercial exploitation of valuable hardwood. There were no mechanisms in 
place to monitor and regulate access to the forest and as a result the forest resources were still heavily 
exploited (Masozera, 2002).  

In 1969 an Action Plan was developed to help conserve the forest including the establishment of a 
buffer zone to mark the boundaries of the forest and to act as a buffer between local communities and the 
interior of the forest. In 1984, the Rwandan Ministry of Agriculture completed a management plan for the 
conservation of Nyungwe with funds from the Swiss government. The Forest was divided into three 
zones: (1) forest fringe zones where some timber harvesting would be permitted (~10% of all forest area), 
(2) natural reserve zones where minimal use would be allowed (~40% of all forest area), and (3) protected 
forest management areas where resources could be used sustainably (~50% of all forest area). The 
development of the buffer zone continued and by 1992 over 107km2 of buffer zone had been planted 
surrounding the majority of the park. The forest was divided into four sectors supported by the Swiss and 
French development aid, the European Development Fund and the World Bank (Plumptre et al, 2002). 

The conservation effort in Nyungwe was strengthened when the Wildlife Conservation Society 
(WCS) began working in Nyungwe in 1986. In 1988 they established the Projet Conservation de la Foret 
de Nyungwe (PCFN) with a research station at Uwinka in the northwest sector of the forest that continues 
to run today. Initially, PCFN focused on field surveys and research in the forest around Uwinka, but this 
expanded to include developing tourism, community education programs and training Rwandan biologists 
in forest ecology and management (Plumptre et al., 2002). In 1988, the Rwandan Office for Tourism & 
National Parks (ORTPN) was given the mandate for enforcement of conservation regulations in the forest 
including efforts to control illegal mining, hunting and clearing (Masozera, 2002).  

The war and genocide in 1994 brought much human suffering to the area, as well as destruction 
of infrastructure in the Nyungwe forest. Many of the senior staff in the park were targets of the 
genocidaires and fled the country. Despite the lack of management and ongoing threats, the junior staff 
continued working (Fimbel & Fimbel, 1997). Government institutions became weak, and aside from 
PCFN, all other internationally funded projects within the Nyungwe Forest were terminated. These other 
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projects never resumed (Masozera, 2002) but PCFN continued and gradually small numbers of 
researchers and tourists returned to Nyungwe (Plumptre et al, 2002).  

A growing body of research has subsequently come out of the Nyungwe Forest including the 
discovery of super-groups of black and white Angolan colobus (Colobus angolensis) of more than 300 
individuals. This led to further research into their diet and ranging behaviours (Fimbel et al, 2001; Vedder 
& Fashing, 2002; Fashing et al, 2007). Kaplin (2001) carried out the first study examining the ranging 
behaviour of the semi-terrestrial l’Hoest’s monkey as well as researching the diet composition and seed-
handling of blue monkeys (Cercopithecus mitis doggetti) during changes in food availability (Kaplin et 
al., 1998) and the role of chimpanzees in seed dispersal (Gross-Camp et al, 2009).  

ORTPN and PCFN together paved the way for the designation of the Nyungwe Forest as 
Rwanda’s third national park. Today the Rwanda Development Board Tourism & Conservation 
Department manages Nyungwe National Park. Daily patrols are carried out throughout the park from nine 
permanent patrol posts to control and monitor illegal activities in the park. Research and monitoring, 
community outreach and environmental education activities all occur within and around the park, and 
tourism in Nyungwe has grown from a few hundred tourists following the war to nearly 3,500 tourists in 
2009 (source: NNP RDB tourism figures).   
 
Climatology and climate hange  

Nyungwe forest is a cool, well-watered upland region with climatic conditions quite typical of a 
tropical montane forest. Annual climatology is characterized by very small thermal seasonality and a long 
wet season extending from September to May and shorter dry season around mid-year. Observed rainfall 
averages between 1,500-2,500 mm per annum (Table 9.1).  
 
Table 9.1. Annual rainfall amounts (mm) and frequencies (days with measurable rainfall) observed in 
Nyungwe Forest and vicinity. Of the stations listed, only Uwinka is located within the national park, 
whereas the other sites are located outside. 

Station Altitude 
(m) 

Annual 
rainfall 
(mm) 

Frequency 
(days per 

year) 

Years of 
record Source 

Gisakura 1946 2,241 233 N.A. Storz (1982) 
Gisakura Tea Estate N.A. 1,822 178 2000-2009 Seimon and Picton Phillips (2010) 
Uwinka 2455 1,744 N.A. 1988-1993 Sun (1996) 
Uwinka (PCFN data) 2450 1,588 152 1996-2009 Seimon and Picton Phillips (2010) 
Kamatsira/ Rangiro 1670 1,787 177 N.A. Storz (1982) 
Kitabi 2200 1,763 188 N.A. Storz (1982) 
Ntendezi 1600 1,813 207 N.A. Storz (1982) 

 
Meteorological data have been collected from within the forest by researchers at Uwinka. 

Analysis of four years of these data (between 1988 to 1993) by Sun et al (1996) shows the average annual 
rainfall during this period to be 1744mm with average maximum and minimum average temperatures to 
be 19.6°C and 10.9°C respectively. Following this, basic climate data collection was implemented by 
PCFN at the same field site at Uwinka from 1996 up to the present. While this time period is too short to 
be able to provide meaningful trend assessments, analysis of the daily rainfall observations from 1996-
2009 shows that Nyungwe is characterized by an 8.5 month pluvial season starting in September that 
transitions rather abruptly to a dry season starting in mid May that is punctuated by intermittent rainfall 
(figure 9.1). March shows the peak of the rainfall with rates of 8mm/day sustained for much of the month 
(Seimon & Picton Phillips, 2010). At Uwinka the data offers no evidence for a short dry season around 
January, as has been occasionally reported. 
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Figure 9.1. Hydrological year (July-June) rainfall rate at Uwinka in Nyungwe National Park between the 
years 1996-2009, shown in mm per day for 7-day running and monthly means.   
 

Analysis of daily maximum and minimum temperatures observations from Uwinka show very 
small seasonal variation typical of tropical latitudes. However, observational bias from improperly 
deployed thermometers and some recording errors have been identified in the records, so detailed 
explication on thermal trends would require additional data validation and collection, so is not available at 
this time (Seimon &Picton Phillips, 2010).  
 
Future projections 

Results of climate predictions developed from downscaled global climate model output under the 
Intergovernmental Panel on Climate Change A2 emissions scenario (IPCC 2007) are reported in Picton 
Phillipps and Seimon (2010). A basic selection of climatological and hydrological parameters developed 
from these results for the Nyungwe highlands and adjacent areas are presented in Table 9.2; the values 
shown are from the entire domain, so should be considered in a relative, rather than absolute sense only. 
The predictions identify intensifying warming and moistening trends through the 21stcentury that proceed 
in relatively proportional balance. The large thermal increases, if realized, would by century’s end 
translate to a rise in isotherms by approximately 600 meters, which would represent marked and growing 
disequilibrium between climatic conditions and the ecology of the montane forest system, and would 
promote upward range extensions and downhill range contractions among numerous taxa with a net 
upward migration. 
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Table 9.2. Modeled climatological and hydrological parameters under the A2 emissions scenario for the 
Nyungwe-Kibira Landscape of Rwanda and adjacent Burundi comparing 20-year means centered on the 
1990 historic baseline year and modeled means centered on the years 2030, 2060 and 2090. The Min and 
Max values represents minimum and maximum pixel values within the domain considered, while the 
Mean is the average of all pixels in the domain. (Source: Picton Phillipps and Seimon 2010) 
 

  1990 2030 2060 2090  
Min 17.3 18.1 19.3 20.9 
Mean 19.7 20.6 21.7 23.3 Mean Monthly 

Temperature 
Max 22.4 23.3 24.5 26.1 

°C 

Min 1019 1041 1089 1201 
Mean 1281 1299 1347 1454 Annual Precipitation 
Max 1603 1617 1674 1792 

Mm 

Min 172 200 251 383 
Mean 317 352 408 536 Runoff 
Max 618 605 638 826 

Mm 

 
Nonetheless, compared to areas at lower elevations, where according to the modeled predictions 

climatic conditions will become increasingly hot, the overall picture for Nyungwe suggests a relatively 
favorable depiction of the future from a biodiversity conservation perspective. This relates to the high 
mean elevation of the landscape, the rainfall increases countering warming-intensified evaporative loss 
and significant tracts of preserved forest cover in protected areas. In the face of climate change, the 
biodiversity stronghold represented by Nyungwe National Park in Rwanda could be anticipated to have 
particularly enduring sustainability compared to many other Albertine Rift protected areas, especially 
those at lesser elevation.  
 
Habitat Changes 

The Nyungwe forest and surrounding areas have been shaped by humans and their activities over 
thousands of years. Archaeological records indicate that modern man has inhabited the region for at least 
2500 years, beginning with the arrival of the indigenous hunter-gatherers (Newbury, 2001). Subsequently, 
migrant populations are estimated to have arrived from the west from approximately 1700 years ago, 
followed by immigration from the north. Increasing human populations and land conversion to agriculture 
have resulted in natural forest areas greatly declining in Rwanda (MINAGRI, 2003). Earliest records from 
1907 show that the natural forest previously extended 19.3km east of its current borders, and along the 
western side descended to the waters of Lake Kivu (Weber & Vedder, 2001).  

Communities living in and around the Nyungwe forest have always relied on the forest as a 
source of subsistence, providing goods such as wood, food, medicines, construction materials and tools. 
Only the indigenous hunter-gatherers lived within and survived entirely off the forest, whilst the 
pastoralists and small scale farmers favoured converting forest habitat into farmland. The forest also 
provided shelter during times of adverse conditions. Pastoralists moved their herds into the forest during 
the 1880s during a Rinderpest outbreak, and in the 1930s and 1940s many households coped with famine 
through access to the forest (Schnitzler & Fourrier, 1993). 

At the beginning of the 20th century, parts of the forest were cleared for farmland and the 
discovery of gold in the 1930s led to further degradation. Following independence in 1962, there was 
another wave of clearance of natural forest due to the demand for land and timber. The shortage of 
agricultural land forced the population to encroach into the forest, and this was only effectively halted 
along the east by the infertility of soils. From aerial photographs taken in 1974, it was found that between 
1958 and 1973 an average of about 1000 hectares of forest was being lost per year (MINAGRI, 1979; 
Storz, 1982). Government provision of permits for harvesting of valuable timber accelerated the problem 
enabling further uncontrolled timber harvesting (Budowski, 1976). Today, Nyungwe forest is surrounded 
by a dense human population living within a transformed habitat of farmland, tea plantations and small 
scattered exotic woodlots. 
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The development of a buffer zone had a dual function in protecting the park, and the provision of 
wood products and jobs for people around the park (Gapusi, 2007). Nyungwe is one of the few national 
parks in the region that has a clear buffer zone consisting mainly of Pinus patula (7150 ha), some 
Eucalyptus maïdenii (area unknown), Acacia melanoxyl (1950 ha) and Cupressus lusitanica (1090 ha) 
(Gapusi, 2007; De Gryze et al., 2008). Since the introduction of these exotics, pine plantations have led to 
acidification of the soil and eucalyptus is believed to cause suppression of natural forest understory, 
increased risk of erosion and use excessive amounts of water (De Gryze et al., 2008). Although 
discouraged by the government, eucalyptus is often favoured as it grows quickly, coppices well and can 
be used in a variety of capacities (De Gryze et al., 2008).  

Tea (Camelia sinensis) and the government–operated tea factories provide a significant amount of 
revenue (Plumptre et al., 2004), and a proposal exists to expand the tea plantations in some areas of the 
buffer zone. This would reinforce the  buffer-function as tea is unpalatable to most animals, and tea 
plantations are hard to penetrate by crop-raiding species. In addition, tea-picking provides year round 
employment to the surrounding community. 

Within the protected area, wildfires, road building, mining, conversion to agriculture and illegal 
harvesting of trees and plants for timber, fuel and fodder have caused the main habitat changes. During 
the 1980’s a Swiss-sponsored project situated on the north side of the forest cleared a forestry road 5 
metres wide across the forest reserve to expedite timber produced in their section of the buffer zone 
(Vedder, 1988). During the same time the gold mining camps of Pindura and Karamba expanded, leading 
to the diversion and degradation of small streams. The areas around the camps were heavily impacted by 
tree-felling for construction wood and fuel, likely to have affected forest composition (Vedder, 1988).  

In the south of Nyungwe, areas of native bamboo forest (Sinarundinaria alpina) exist. The culms 
continue to be illegally harvested for the production of baskets and light furniture (Plumptre et al., 2004) 
and during the past two decades, bamboo resources both within the park and buffer zone have been used 
at an unsustainable level. The buffer zone is now almost depleted of bamboo, and the bamboo forests 
within Nyungwe have been seriously reduced with some estimates, based on satellite imagery, of up to 
1570 ha of bamboo forest having disappeared in the last 10-15 years (De Gryze et al., 2008). 

The recent extirpation of the mega-fauna may also be contributing to vegetation change. Blake et 
al., (2009) found that the loss of elephants and other large-bodied seed dispersers from forest habitats may 
lead to a wave of recruitment failure among animal-dispersed tree species, favouring the regeneration of 
abiotically dispersed guild of trees. In Nyungwe forest, the total extirpation of elephants (Loxodonta 
africana) and forest buffalo (Syncerus caffer nanus), and the much reduced populations of duikers and 
bushbuck may therefore cause a cascade throughout the forest ecosystem, with some flora failing to 
recruit new cohorts. Over time, this may lead to the alteration of the forest structure and characteristics. 

The largest and most recent habitat change has been due to wildfires. The causes are not always 
clear but most are believed to be caused by people collecting various forest products including honey, 
wood and bush meat. Intense fires during the dry season are thought to be started by honey collectors as 
the dry season coincides with the peak honey season in the forest. Fires have had a large but variable 
impact on the Nyungwe forest in the past. They have been a part of the forest system for hundreds of 
years, illustrated by charcoal layers in the soil layers around Uwinka (Mlotha, 2009), but there are no 
records of the history or frequency of fire within Nyungwe. An absence of fire-adapted flora suggests that 
fire is not a major selective force within the forest ecosystem.  

Fires from occasional lighting strikes during the rainy seasons rarely spread far within the forest. 
However, fires that originate during the dry season from June through September can become very 
intense crown fires. A substantial amount of the forest (nearly 13,000ha, or about 12% of the national 
park) was lost to wildfires during the El Niño year of 1997 (figure 9.2), which completely removed 
above-ground vegetation. The El Niño resulted in a dry year, with low moisture content and increased 
evapotranspiration, desiccating vegetation and causing it to become highly vulnerable to wildfire (De 
Gryze et al., 2008). The burned area was immediately colonized with a fern species (Pteridium 
aquilinum), sprouting from existing rhizomes in the soil or germinating from air-borne spores. These 
ferns have formed a dense layer of 1-2 m, blocking out light and reducing or preventing the natural 
regeneration of tree seedlings (De Gryze et al., 2008). 

Multiple-year research of this burnt region conducted by PCFN has shown that repeated cutting 
of the fern layer significantly accelerated the regeneration of trees allowing seedlings to grow taller than 
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the fern layer, and eventually shade out ferns through light competition. After five years, the treated areas 
contained an average of 5,500 trees per ha vs. 1,100 trees per ha in untreated (control) plots, with the 
average height of the five tallest trees in the treated plots 3.6m, compared to 1.6m in the control plots 
(Masozera et al. 2007; Dudley et al. 1997; Mlotha, 2009). 

 
 
 

  
Figure 9.2. Change in landcover in the Nyungwe-Kibira landscape between 1986 and 2003, prepared 
through supervised classifications of Landsat images (source: Forrest, 2004).  
 

A noticeable vegetation change may be due to the woody liana Sericostachys scandens (Troupin, 
1984). Due to the wide–spreading mono-dominant dense tangles that this species forms and its potential 
impact on other vegetation, it has drawn much attention from park management, conservationists and 
academics alike. Some also believe that the recent extirpation of the mega-fauna has caused further 
problems contributing to its spread across the forest. The species is however, within its natural 
geographical range, and despite the presence of mega-fauna at the beginning of the 20th Century, was 
observed by explorers in 1907 to have a prolific spread in the forest (Fischer & Killmann, 2008). 

An international conference held in 2009, recognized Sericostachys scandens as characteristic of 
the forest structure in Nyungwe. It concluded, based on information from Bwindi National Park in 
Uganda, that the large mammals such as elephant and buffalo most likely did not have a controlling 
impact. The creation of forest gaps favour early succession states including Sericostachys scandens and 
the suspected current spread of the liana is thought to be more associated with its long die-back cycle, the 
enlarged forest gaps due to anthropogenic disturbance and forest fires (Chao et al., 2009).  
 
Phenology of flowering and fruiting in Nyungwe National Park 
Trees  
The phenology of trees in Nyungwe had been studied in the early 1990s (Sun et al. 1996). This study 
showed that fruiting peaks in Nyungwe in the main wet season between March-May and continues into 
the dry season while flowering peaks in November-December each year. The trees studied at this time 
were monitored for a longer period of time but the 1994 genocide led to the loss of the data collected and 
phenology studies were restarted in 1996 by PCFN. 
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 Since February 1996, 1,266 individuals from 75 species of tree have been monitored for a study 
of phenology in Nyungwe. Trees were selected based on their dominance in the forest or due to their 
importance for primates and other frugivores. Research assistants visited each tree once per month and 
scored the trees on the amount of flowers, new leaves, mature leaves, immature fruits and ripe fruits 
present. Scores ranged from 0 to 4 based on the percentage of the canopy with the fruit, flowers or leaves. 
Here, we present some preliminary results of an analysis of the data between 1996 and December 2008. 
The analysis is based on the presence of phenological characters and calculates the percentages of trees in 
fruit or flower. 
 Fruiting and flowering continues to peak (figure 9.3) at the same times as found by Sun et al 
(1996). Their study, however, did not separate the phenology of ripe and unripe fruit which shows that 
phenology of immature fruits peaks in the main wet season to early dry season and ripe fruits peak in the 
main dry season in June-August. However, there is quite some fluctuation (figure 9.4), with both 
flowering and fruiting varying greatly between years. We analysed some of the potential causes of this 
variation by relating the monthly variations to climatological factors (average monthly rainfall, average 
maximum and minimum temperatures) and to the presence of El Nino or La Nina years. El Nino years are 
categorized into strong, moderate and weak years and we analysed strong and moderate years and 
compared them with all years. The average percentage of flowering trees per month was significantly 
greater in all El Nino years (F=18.88, df=1,150, P<0.001) and in only strong/moderate years (F=11.51, 
df=1,150, P<0.001) while the average percentage of trees with ripe fruits per month were significantly 
lower when all El Nino years were combined (F=4.93, df=1,150, P=0.028) but not close to significance in 
only strong/moderate El Nino years. The average percentage of trees per month with immature fruits were 
significantly higher in La Nina years (F=5.11, df=1,150, P=0.025). The percentage of trees flowering per 
month was significantly correlated with the maximum temperature in that month (Spearman Rank: 
P<0.001) and the previous month (P=0.002) and also negatively correlated with rainfall in the previous 
month (P=0.006). The percentage of trees with ripe fruit was significantly negatively correlated with 
rainfall (P<0.001) and minimum temperature (P<0.001) and also negatively correlated with these same 
variables in the previous month also (P=0.03 and P=0.005 respectively). It would appear therefore that 
increases in maximum temperatures with global climate change as predicted in chapter 2 may not affect 
flowering in Nyungwe in the immediate future but that increased rainfall may lead to reduced fruiting.  
 The average percentage of species with ripe fruit per month has declined significantly since 1996 
(Spearman rank: P=0.03). However this pattern is masked because of the variation between months of the 
year. If we compare the same months between years for the percentage number of trees with ripe fruit 
there are significant declines in June (Spearman Rank: P=0.03), July (P=<0.001), August (P=0.02) and 
September (P=0.04) but other months are not significantly different. There are also significant declines in 
the percentage of trees with immature fruit in May (P=0.02), June (P=0.004) and July (P=0.01) and in the 
percentage of trees with flowers in November (P=0.02) and December (P=0.04). These therefore indicate 
that declines in fruiting and flowering are occurring at the peak fruiting and flowering times of the year. 
What is causing these declines is uncertain and it may be related to climate change or to something 
affecting pollinators in the forest. There is a need to continue monitoring the phenology in Nyungwe as 
the number of years (13) for which we have continuous data are few. There is also a need to start looking 
at particular species and what is causing the declines in flowering and fruiting. We have started to assess 
some of the common species and know that the average percentage of trees per month for the following 
species are declining significantly for a) flowering: Carapa grandiflora; Psychotria mahonii, b) Ripe 
fruits: Strombosia scheffleri; Parinari excelsa; Psychotria mahonii; and c) Immature fruits: Strombosia 
scheffleri; Macaranga kilimandscharica; Psychotria mahonii.  
 
Sericostachys scandens – a special case 
 A long-term study to examine the ecology of Sericostachys scandens and identify changes in 
vegetation cover and composition was implemented by PCFN in 1992 (Fimbel, 2004). Current findings 
suggest that the phenology of Sericostachys scandens is highly synchronized (figure 9.5), and that 
following its dieback that occurs post-seed production every 10-15 years, a diversity of other life forms 
rapidly increase their ground cover. Following a mass blooming event early in 1994, Sericostachys 
scandens exhibited complete dieback during the mid-year dry season. Ten years after, the liana appeared 
to reach near pre-crash coverage (80+%) with a concomitant decrease in the cover of herbs (figure 9.6) 
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and other life forms including other lianas, shrubs and trees (Mulindahabi & Fimbel, 2009). Sericostachys 
scandens therefore appears capable of suppressing the growth of other life forms, but there is only limited 
evidence that it is permanently altering the cover and composition in the understory (Mulindahabi & 
Fimbel, 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.3. The percentage of trees in flower (top) and with immature or ripe fruit (bottom) during each 
month of the year. The average percentage is plotted with +/- one Standard deviation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.4. The percentage of trees in flower (left) and with immature or ripe fruit (right) plotted by 
month between February 1996 to December 2008
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Figure 9.5. Sericostachys flower and fruit development, Nyungwe NP, January 1993- April 1994. 
(Source: Fimbel, 2004). 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.6. Percentage of Sericostachys scandens (Sesc) and herb cover (Source: Mulindahabi & Fimbel, 
2009). 
 
 
 
Changes in Animal & Bird Populations 
 A number of surveys have been carried out in the Nyungwe Forest over the years. However, due 
to the different methods and sampling sites used, it is difficult to make meaningful comparisons or 
conclusions on changes in animal populations. Initial biodiversity surveys were carried out by Storz 
(1982) and Vedder (1988). Storz collected data in Rangiro and Gisovu along 4 transects, each walked 25 
times in different seasons, and traversing several different forest types. Although very approximate, his 
primate estimations seem to be comparable to those of Vedder (table 9.3) who used line transects 
throughout the year in five areas (Kitabi, Uwinka, Karamba, Gisovu, Kivu) to census primates. She found 
that blue monkeys were encountered much more frequently than any other species, followed by l’hoest’s 
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monkey. Due to the larger group size of the blue monkey, their resultant population estimate was found to 
be much higher than other species (Vedder, 1988).  
 Presence of the golden monkey (Cercopithecus mitis kandti) was first reported from the highly-
harvested bamboo forest in the south by Vedder in 1987. It appeared to be at least partially sympatric with 
its conspecific, the blue monkey, since the majority of animals observed resembled hybrids of the two 
(Vedder, 1988). However, it has not been observed in any of the subsequent survey work although there 
were unconfirmed sightings in 2009. 
 Storz (1982) estimated bushpigs (Potamochoerus larvatus) and black-fronted duikers 
(Cephalophus nigrifrons) to number around 100-300 individuals with other duiker species to be at 
extremely low numbers of less than 100 and giant forest hog (Hylochoerus meinertzhageni) and bushbuck 
(Tragelaphus scriptus) to be at even lower numbers if still present. This is supported by Dowsett (1990), 
who observed that all duikers and bushbuck had become extremely rare. A single bushbuck was observed 
during the 2009 surveys, the first confirmed sighting in several years. 
 Dowsett (1990) observed the apparent impact of hunting on the mammal population, with species 
such as forest buffalo already extinct in the forest and other large mammals on the verge of or already 
possibly extinct. The red-tailed monkey was also noted to be on the edge of extinction due to its limited 
distribution in the forest and the deforestation of the low altitude zones. Black and white Colobus, grey-
cheeked mangabey (Lophocebus albigena), l’hoest’s and blue monkeys were found to be common all 
over the forest (Dowsett, 1990).  

 
Table 9.3. Survey estimates of primate densities and populations in Nyungwe National Park. 
 
Species Est. pop. 

1982 a 
Est. 

density 
inds km-2 

1988 b 

Est. 
pop. 

1988 b 

Est. 
density 
inds km-2  

2006 c 

Est. 
pop. 

2006 c 

Est. 
density 
inds km-2 

2009d 

Est. 
pop. 

2009 d 

Colobus >1000 5.3 5,147 - - - - 
Blue monkey >1000 10.3 10,001 - - 7.19 7,285 
L’hoest’s 
monkey 

>1000 7.23 7,006 - - - - 

Mangabey 300-1000 0.23 258 - - - - 
Mona monkey 100-300 - - - - - - 
Red-tailed 
monkey 

<100 - - - - - - 

Chimpanzee 100-1000 0.8 783 0.353 382 0.311 315 
a Results from Storz (1982); b Results from Vedder (1988); c Results from Barakabuye et al. (2007;) d 

Results from Chao et al. (in prep.). 
 

 A biodiversity survey implemented in 1999 in 13 sites across the forest found sign of at least 18 
species of mammal. Species richness was found to be highest in the west (Uwinka, Gisakura) and lowest 
in the north (Kagano, Muzimu) (Plumptre et al, 2002). Signs of blue monkeys and l’hoest’s monkeys 
were across much of the reserve, while colobus were found only in the west and near the northern tip of 
the reserve. Mangabeys were found primarily in the west although also sighted in the south while baboons 
were only found at one site each in the west and south. Mona (Cercopithecus mona), red-tailed 
(Cercopithecus ascanius) and owl-faced monkeys were not detected (Plumptre et al, 2002).  
 An intensive biodiversity survey was initiated in 2009, systematically surveying 41 randomly 
placed straight line transects across the forest. This included areas previously destroyed by wildfires 
which were found to be poor habitat for wildlife, with no primates detected and few sign of duikers, 
carnivores and bushpigs. As the burned area covers greater than 10% of the total area of the park, it has a 
significant impact on biodiversity and highlights the priority needed for regeneration of these areas. 
 Preliminary analysis of the 2009 data showed similar results to the previous surveys, with both 
blue and l’hoest’s monkeys observed across much of the park, and mangabeys found only in the west. By 
contrast, colobus monkeys were only detected across the central block, southern sector and northwest in 
the Rangiro sector. Observations of mona (4 groups) and red-tailed monkeys (2 groups) were made in the 
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west, and owl-faced monkeys (1 group) in the bamboo forest in the south. Blue monkeys were by far the 
most abundant and were the only monkey which had sufficient observations to calculate a density 
estimate (table 9.3) (Chao et al., in prep). 
 All surveys found chimpanzees occurred across the park. Another chimpanzee survey was carried 
out in 2006 surveying 8 sites across the park (table 9.3) as well as Cyamudongo forest. The 2009 survey 
results did not include Cyamudongo Forest which is estimated to protect an additional 25 to 30 
individuals. The higher results in the 2006 survey, are likely due to the fewer sites sampled, and in 
particular the lack of sampling across the burnt areas of the park.  
 Results for signs of bushpig for both surveys in 1999 and 2009 were consistent, with their 
presence most commonly detected in the higher elevation eastern part of the forest from the northern tip 
to the southern tip. Density estimates from the 2009 survey were 0.746 bushpigs km-2, translating into a 
population size of 758 bushpigs.  Again, both surveys found sign for duikers to be primarily in the eastern 
part of the park and 2009 results estimated a population density of 0.43 duikers km-2 and 431 duikers of 
all species (Chao et al., in prep). Although sign of at least one elephant was found in 1999 near 
Kamiranzovu, it is believed this elephant was poached soon after (Plumptre et al, 2002), and since then 
the species has become locally extinct.   
 The owl-faced monkey is currently only known to occur in and around the bamboo forest in the 
south of Nyungwe. Although previously it may have been more widespread, with reported sightings along 
the Ruzizi-Gatare road and thought to have been heard on Mount Ngabwe (Dowsett, 1990), there have 
been no recorded sightings in these areas since. Survey work found that the bamboo zone is used by at 
least 5 species of primates, with the owl-faced monkey being most common (Easton & Ntare, 2008). 
Vedder (1988) only found l’hoest’s monkeys and blue monkeys in the southern region of the forest, 
although other species might have been present in low densities. She suggested this could be due to 
hunting pressure from evidence of immediate flight behavior observed and reports of formerly large 
groups of colobus that were then limited to 10-20 individuals. During our recent surveys, large groups of 
up to 200 colobus were counted in the bamboo zone (Easton & Ntare, 2008) and  signs of owl-faced 
monkeys, blue monkeys and chimpanzees were all found, with colobus and l’hoest’s monkeys also being 
present in the southern region of the forest (Chao et al., in prep.). 
 Survey work carried out on the small mammals, reptiles and amphibians, give good baseline 
information on species list and possible abundance levels of some species. Seventy-six species of reptiles 
and amphibians have been recorded in the Nyungwe forest (Hinkel & Fischer, 1990; Dowsett, 1990; 
Plumptre et al, 2007). Preliminary results from survey work carried out in 2008 and 2009 found at least 
20 amphibians and 23 reptiles, some of which could be new to science (Menegon et al, 2009). 
Preliminary results from a small mammal survey carried out in 2009 identified at least 40 different 
species of small mammals (not including bats). This included an additional nine species of muridae and 
six of soricidae to the existing Nyungwe mammal list. The Ruwenzori otter shrew (Micropotamogale 
Ruwenzori) was also identified, the first record of this species in decades, and the first confirmation of its 
presence in Rwanda (J. Kerbis & N. Ntare, in prep.).  

 
Long term bird and mammal monitoring 
 A long term bird and mammal monitoring program was implemented by PCFN which enables us 
to look at trends over time. During the 1994 war data collection ceased and all previous data were 
destroyed or lost. Since this period, seven permanent line transects of 19.2 km were established near 
Uwinka reception center in 1995, and three permanent transect of 6 kilometers were established at 
Gisakura. Data are presented from May 1995 to 2006 for Uwinka and August 1996 to October 2006 for 
Gisakura. Transects range from 1.2 to 4.5 kilometers in length and were located at random intervals either 
side along the Gikongoro-Cyangugu road that passes through the forest. The transects were designed to 
traverse the variation in vegetation types and altitudinal ranges. Data was collected once a month from 
1995 to 1999 and once every 3 months from 2000 to 2006. The field team collected all sign of mammals 
including sight, sound, dung and tracks. The total kilometers walked for this period was 369.0 kilometers 
at Gisakura and 1326.2 kilometers at Uwinka. 
 Point count methods were used to collect data for the bird monitoring. Point counts were 
established at an interval of 200m along the standardized transects. At each point count observers waited 
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for 2 minutes to allow birds to settle and then recorded all sightings and calls of birds for a period of 10 
minutes. In addition, the team also recorded small sized mammals such as squirrels.  
 Data were analysed by looking at total species richness recorded for the two sites and for the 
birds, variation in the number of Albertine Rift endemics was also analyzed. Changes in species numbers 
and individual species were analyzed using simple regression analysis to test the significance of any 
changes. For mammals, encounter rates per 10 kilometers walked were used to estimate abundance and 
look at trends over time. Overall encounter rates of birds were presented as the number of birds per 100 
point counts. Variation analyses were made for individual bird species for a number of Albertine Rift 
endemics, large fruit eating birds and birds of prey.  
 
Mammals 
 Analysis of the results showed that a total of 23 species of mammal were observed at Uwinka and 
18 at Gisakura during the monitoring period. No duikers have been observed throughout this period at 
Gisakura and black-fronted duiker, yellow-backed duiker (Cephalophus silvicultor), genet (Genetta 
servalina or Genetta tigrina), serval (Felis Serval) and flying squirrel (Anomalurus derbianus) were only 
observed at Uwinka. 
 During the monitoring period, the trend of the number of mammal species observed at each site 
followed similar patterns, declining until 2005, with a small increase in 2006 at Uwinka but a continued 
decline at Gisakura. This needs to be carefully monitored to see if there is an actual fall in species 
composition at both sites. The reasons for this are not clear, but one explanation could be the reduction in 
the level of data collection from monthly to every 3 months. We also have limited information during this 
period on the levels of poaching in these areas, which could have been a contributing factor.   
 The average encounter rates for mammals between 1996 and 2006 show that at both sites, 
primates appear more abundant than other mammal species. Average encounter rates for duikers and 
carnivores were found to be particularly low. Overall, encounter rates of most mammals were found to be 
higher at Uwinka than Gisakura (figure 9.7). 
 Colobus monkeys are displayed on a separate graph due to their high encounter rates (figure 9.8), 
which can be explained by their large group sizes as the encounter rates have been calculated on 
individual animals and not number of groups. The high encounter rates of Colobus at Uwinka from 1997 
to 2000 followed by a sudden drop is explained by the displacement of a large habituated group of over 
450 individuals which moved out of the Uwinka area towards Bweyeye. This was eventually replaced by 
a smaller group. The reason for the large drop in encounter rates for colobus at Gisakura, which has 
remained low, is not clear but is likely to be due to the migration of the group also. It is unknown why 
these large groups suddenly decide to move out of an area and can move several kilometers in a few 
weeks. 
 Although several species show variation in their encounter rates over this period, only 5 species 
showed significant declines in their abundance while no mammal species were found to be significantly 
increasing. Significant declines were observed at Uwinka for Boehm's squirrel (Paraxerus boehmi), and 
cuvier's fire-footed rope squirrel (Funisciurus pyrropus). At Gisakura, significant declines were found for 
the blue monkey and Northern giant pouched rat (Cricetomys gambianus) (table 9.4). The reason is not 
clear for these declines, although they could be attributed to poaching activities. As the populations of the 
large and medium-bodied mammals have disappeared or significantly declined, smaller mammals have 
become targets. Most of the snares removed by the monitoring and patrol teams are for small mammals, 
and squirrels, giant rats and blue monkeys were among the most commonly found  animal carcasses. 
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Table 9.4. Variation of individuals species of mammal at Gisakura and Uwinka sites (ns = not significant, 
sd = significantly decline). 

 
 Uwinka Gisakura 

Species 
t-

value 
P-

value 
Correlation 

Coefficient t-value
P-

value 
Correlation 

Coefficient 
Boehm's bush 

squirrel  
-

4.66 0.001 -0.841 0.45 0.660 0.150 
Cuvier's fire-

footed squirrel 
-

5.16 0.001 -0.864 -1.84 0.100 -0.522 

Greater cane rat 
-

3.59 0.006 -0.767 -- -- -- 

Blue monkey 
-

1.50 0.168 -0.448 -5.56 0.000 -0.880 

Gambian Rat  
-

0.82 0.434 -0.263 -2.86 0.019 -0.690 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.7. Encounter rates of most frequently observed mammal species per 10 kilometer walked on 
transects at Uwinka (left) and Gisakura (right).  
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Figure 9.8. Average encounter rates of colobus per 10 km walked at Uwinka and Gisakura between 1996 
and 2006. 

 
 

Birds  
 Bird monitoring results showed a greater number of species recorded at Uwinka with a total of 
187 species observed between 1995 and 2006, compared to 171 at Gisakura between 1996 and 2006. The 
number of bird species recorded within one year was highest in 1996 at Uwinka after which the number 
of species recorded has gradually decreased. Twenty-six of the bird species at Uwinka were not observed 
at Gisakura, and nine species at Gisakura were not observed at Uwinka. 
 Analysis of the results from the bird monitoring showed that encounter rates of 22 species at 
Uwinka and 15 species at Gisakura increased over this period, ten of these species were the same at each 
site. However, 13 species showed significant declines at Uwinka and 8 at Gisakura, with 3 of these 
species showing a significant decline at both sites (table 9.5).  

 
Table 9.5. List of bird species showing significant increase (si) or significant decrease (sd) in their 

abundance between 1995 to 2006. Increase or decrease tested using a trend analysis. 
 

Bird species Uwinka Giskura 
Andropadus curvirostris Sd ns 
Andropadus latirostris Si ns 
Andropadus nigriceps Si Si 
Andropadus tephrolaemus Sd Sd 
Tauraco johnstoni Ns Sd 
Apalis jacksoni Si Si 
Apalis porphyrolaema Sd ns 
Apalis ruwenzorii Sd ns 
Apaloderma narina Si ns 
Laniarius poensis Ns Si 
Bathmocercus rufus Si ns 
Batis molitor  Sd ns 
Bradypterus cinnamomeus Sd Sd 
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Bycanistes subcylindricus Si ns 
Camaroptera branchyra Si ns 
Cossypha archeri Ns Sd 
Cercococcyx montanus Si Si 
Oriolus percivali Ns Si 
Cinnyris stuhlmanni Si ns 
Corythaeola cristata Si ns 
Prinia subflava Ns Sd 
Cyanomitra olivacea Si Si 
Apalis cinerea Ns Si 
Dyaphorophyia concreta Ns Si 
Elimina albonotata Sd ns 
Graueria vittata Si Si 
Hedydipna collaris Si Si 
Illadopsis pyrrhoptera Ns ns 
Indicator variegates Sd Sd 
Linurgus olivaceus Sd ns 
Centropus monachus Ns Si 
Nectarinia afra Sd ns 
Nectarinia purpureiventris Si ns 
Phylloscopus umbrovirens Si ns 
Ploceus baglafecht Si Si 
Ploceus bicolor Si Si 
Pogoniulus bilineatus Si Si 
Prinia leocupagone Sd ns 
Pseudoalcippe abyssinica Sd ns 
Pychoriotus barbatus Si ns 
Pycnonotus barbatus Sd ns 
Emberiza flaviventris Ns Sd 
Tauraco schuetti Si Si 
Trochocercus cyanomelas Si Ns 
Zosterops senegalensis Si Sd 
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Figure 9.9. Encounter rates of Albertine Rift Endemic bird species per 100 point counts at Uwinka (top) 
and Gisakura (bottom). Only those species with more than 1 sighting per 100 points are shown. 

 
 

 For the Albertine Rift endemics, 22 out of the 26 Albertine Rift endemics were observed at each 
site. Analysis of the results showed a change in trend for 3 species at Gisakura and 2 species at Uwinka. 
Grauer’s warbler (Graueria vittata) showed a significant increase in abundance at both Gisakura and 
Uwinka whereas Archer’s robin chat (Cossypha archeri) and the red-collared mountain babbler 
(Kupeornis rufocinctus) showed a significant decline at Gisakura and the collared apalis (Apalis 
Ruwenzori) showed a significant decline at Uwinka (figure 9.9). 
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Table 9.6. Variation of individuals species of large fruit eating birds at Gisakura and Uwinka sites (ns = 
not significant, si = significant increase, sd = significantly decline). 

 
 Birds are among the major seed dispersers in Nyungwe forest and hence play a crucial role in the 
ecology and functioning of the ecosystem. Fruit is a major component in the diet of species such as 
Black-billed Turaco (Tauraco schuetti), Great Blue Turaco (Corythaeola cristata) and Ruwenzori Turaco 
(Musophaga johnstoni) (Sun et al., 1997) and hence further analysis was carried out on five species of 
large frugivorous birds. On examining the variation in these species, three species were found to have 
increased in abundance at Uwinka (Tauraco schuetti, Corythaeola cristata, Bycanistes subcylindricus) 
and one species (Tauraco schuetti) showed an increase at both Uwinka and Gisakura (table 9.6). The 
increase in encounter rate of frugivorous species is a positive sign and maybe an indicator of the state of 
the remaining intact forest at both sites. Certain fruit species dominate the diets of these bird species or 
provide a pivotal food resource, and are present in both sites throughout the year.  
 In Nyungwe there are at least thirty-three birds of prey and during the monitoring eleven species 
were identified at Gisakura and ten species at Uwinka. None of these species showed any increase in 
abundance and of concern is that five species showed significant declines in Uwinka: the African 
Goshawk (Accipiter tachiro), Mountain Buzzard (Buteo oreophilus), Common Buzzard (Buteo buteo), 
Augur Buzzard (Buteo rufofuscus), and Crowned Eagle (Stephanoaetus coronatus). Two of these (the 
African goshawk, and mountain buzzard) also showed declines in Gisakura (table 9.7). Unfortunately 
there is not enough information available to determine the cause of these declines and more research is 
needed to identify their causes.  
 

Table 9.7. Variations in bird of prey species in Uwinka and Gisakura sites 
 
  Gisakura Uwinka 

Species 
t 

statistics 
Correlation 

Coefficient  
P-

value 
t 

statistics 
Correlation 

Coefficient  P-value 
Accipiter tachiro -5.948 -0.893 0.000 -3.679 -0.758 0.004 
Buteo buteo -0.259 -0.086 0.802 -2.445 -0.6112 0.035 
Buteo oreophilus -2.367 -0.619 0.042 -2.558 -0.629 0.029 
Buteo rufofuscus -1.248 -0.384 0.244 -3.290 -0.721 0.008 
Stephanoaetus coronatus -1.091 -0.342 0.304 -3.532 -0.745 0.005 
 

 Unfortunately limited data are available to determine the cause of the changes that have been 
detected in the mammal and bird species. It is important that relevant research is implemented to 
determine the cause of declines found in some of the Albertine Rift endemics, birds of prey and mammal 
species. Additionally, there are no data available on the trends of carnivores in the park. While it is 
apparent that large carnivores are either extinct or existing in extremely low densities, it is crucial that a 
better understanding of the remaining carnivore populations are better understood and monitored, in 
particular in line with the impacts from hunting pressure and possible decline of prey populations.   

 
 

 Gisakura site Uwinka site 
Fruit eating bird 

species 
t 

statistics 
Correlation 

Coefficient  
P 

value 
t 

statistics 
Correlation 

Coefficient  
P value 

Tauraco schuetti 2.949 0.701 0.016 4.397 0.812 0.001 
Tauraco johnstoni 

(ruwenzori) 
-1.674 -0.487 0.129 -1.021 -0.328 0.298 

Corythaeola cristata 0.762 0.246 0.465 3.228 0.664 0.019 
Bycanistes 

subcylindricus 
1.825 0.520 0.101 2.441 0.611 0.035 

Tockus alboterminatus 1.732 0.500 0.117 -1.733 -0.481 0.114 
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Loss of the mega-fauna  
Many of the large-bodied mammals have been seriously depleted or completely eliminated from 

Nyungwe forest due to hunting. Even in the early 1980’s forest duikers were rarely observed due to 
intensive hunting, despite being regularly observed in Volcanoes National Park (Storz, 1982). Bushbuck, 
duikers and bush pig all survive but in low numbers. The Congo clawless otter (Aonyx congicus) was 
recently observed in Kamiranzovu swamp, but is rare, probably due to previous hunting for its fur. There 
have been no recent confirmed sightings of leopard (Panthera pardus), giant forest hog, golden cat (Felis 
aurata) or spotted hyaena (Crocuta crocuta), although these species once occurred in Nyungwe (Storz, 
1982; PCFN, 1992). According to a gold miner from the late 1960’s, buffaloes, elephants and giant forest 
hogs were all quite common in the southern parts of the Nyungwe forest and in the northern parts of the 
Kibira forest in Burundi. Forest buffalo and elephant have since been extirpated from Nyungwe forest, 
with the last observation of a forest buffalo in 1971 (Dr. Jean Pierre Vande Weghe, pers.comm). 

Intense hunting began during the colonial era and two butcheries were set up for the Belgian 
colonists within the forest, with the exportation of ivory to Europe (PCFN, 1992).This commercialization 
of elephant hunting continued after independence with further catastrophic losses in the early 1970’s as 
markets for ivory became more accessible. It is thought that over 1500 elephants were killed in Nyungwe 
for ivory in the early 1970’s (Dr. Jean Pierre Vande Weghe, pers.comm). By 1976 there were only 5-8 
elephants left and in 1982 it was estimated that 5 individuals lived around the Kamiranzovu swamp 
(Storz, 1982). These few remaining elephants were killed, with the last individual poached for its tusks in 
the Kamiranzovu swamp in 1999 (Plumptre et al, 2002).  

A bone sample taken from the last elephant has been analyzed genetically. Initial results indicate 
the elephant to be a savanna sub-species, genetically most similar to samples from populations in the 
south-eastern region of the Democratic Republic of Congo and studies into the feasibility of re-
introducing elephants to the Nyungwe Forest is underway (Easton, 2009).  
 
Human induced threats to the forest 

The human population in Rwanda has steadily increased over the decades with the estimated 
population in 2008 at 9.72 million people with an annual growth rate of 2.8% (World Bank, 2009). The 
majority of Rwandans (83.3%) still live in rural areas with most continuing to be engaged in subsistence 
agriculture (National Census Service, 2002).  

The population in the districts surrounding Nyungwe has always been high. Prior to 2006, there 
were three provinces around Nyungwe Forest (Cyangugu, Kibuye & Gikongoro) which had a population 
of just under 1million people in 1991 and population density of 261/km2. Between 1991 and 2002 the 
population in these provinces rose by 37% with a population density of 279/km2 (National Census 
Service, 2002). A 2003 poverty study in Rwanda found poverty to be high in provinces adjacent to 
Nyungwe. For example, in Gikongoro 59% of farms were less than 0.2hectares in size and 77.2% suffered 
from consumption poverty (expenditure of less than 64,000Rwf/adult/year) (MINECOFIN, 2002).  

From 2006, the administrative and local government boundaries were re-structured to address 
issues arising from the genocide and to decentralize power. The twelve provinces were redrawn to five 
provinces and 30 districts which are further sub-divided into sectors. Nyungwe National Park now falls 
within the North and South Province and touches five Districts; Karongi in the North, Nyamasheke in the 
West, Rusizi in the South-West and Nyamagabe and Nyaruguru in the East. Within these five Districts, 
twenty-three administrative sectors border the Park. This change in administrative division and the 
corresponding change of geographical boundaries make it difficult to compare population data prior to 
2006 to current population estimates around Nyungwe. The most recent estimates from the District 
Development Plans in 2007 estimate the population in the 23 sectors bordering the Park at 465,452 
people. This gives an average density of over 320 people / km2 (DDP, 2008).  

For Rwanda as a whole, dependence on wood-based fuel remains high, with 90.2% of households 
using wood and 8.4% using charcoal (MINECOFIN, 2002). Around Nyungwe National Park, wood is the 
main source of energy for cooking, lighting and other uses such as warmth. Few people own their own 
forest plantations and therefore there is a high dependency for firewood from Nyungwe forest or the 
surrounding buffer zone. Additionally, many individual plantations are not sufficient to fulfill all the 
household’s energy needs and therefore fuel is often supplemented from the park or surrounding buffer 
zone (Barakabuye et al, 2006).  

http://www.iucnredlist.org/apps/redlist/details/5674/0
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Agriculture still remains the most important activity of the local population living near the forest. 
Plumptre et al (2004) found that only 4% of households interviewed considered themselves to have 
formal employment. Agriculture and livestock were the two most commonly cited sources of income. A 
high percentage of people living near the Nyungwe forest were found to have lower standards of living 
with high levels of poverty. These were characterized by low education levels, households with many 
members, poor quality housing, no access to basic infrastructures such as schools, hospitals, water etc, 
very small farms, shortage of food products and low production of agriculture. There are also small 
populations of Batwa living around the forest whose living conditions are extremely basic, they have no 
land and are no longer able to access the forest resources as they once had (Plumptre et al, 2004).  

The high human pressure from population growth has been a major cause of reduction and 
degradation of natural ecosystems in Rwanda (MINISANTE/ONAPO, 2003; Rutagarama, 2003). This 
has led to an increased and unsustainable demand for natural resources and new land for cultivation 
(Plumptre et al. 2004), and a reduction in farm sizes per household (Weber, 1989). Poverty levels around 
natural ecosystems such as the Nyungwe forest, is a major concern and contributor to the loss of natural 
ecosystems and its biodiversity.  

Goldmining is still a threat to the forest. During the 1950s it was estimated that about 3000 
miners were working the Nyungwe watershed (southwestern part of the forest) which rose to nearly 
12,000 between 1972 and 1985 with their activities expanding throughout the western and southern 
drainages of the forest. Huge amounts of soil within the valley bottoms were displaced in their search for 
gold, and dynamite was often used. By the mid 1990s, with the quantity of economically-exploitable gold 
decreasing, it was estimated that the number of miners had fallen to around 3000 individuals (Kristensen 
& Fimbel, 1994). Mining was also associated with other threats to conservation including stream channel 
destruction and diversion, pollution of waterways with sediment, and loss of the vegetation surrounding 
the rivers. Miners had a serious impact on the forest fauna with thousands of snares being placed in the 
forest combined with other forms of hunting (Budowski, 1976).  

Today, threats to Nyungwe include poaching, tree harvesting for firewood and house 
construction,  livestock grazing, and combined with the lack of alternative income-generating 
opportunities, these have all contributed to the ongoing exploitation of the forest ecosystem. Ranger-
based monitoring is a strategy used in Rwandan national parks to monitor changes in the trends of illegal 
activities. This is based on opportunistic observations of human signs and illegal activities made by 
rangers during their daily park patrols. However, it is not representative of the parks as a whole as there is 
no systematic sampling and some areas are rarely visited.  

We have looked at the results from March 2003 to September 2009 with data analysed by patrol 
effort (distance walked) to estimate encounter rates of illegal activities. The major threats to biodiversity 
in Nyungwe National Park in this period are animal poaching, tree harvesting, mining (gold and coltan), 
and wildfires (figure 9.10). Although the levels of illegal hunting in the Nyungwe forest have been 
dramatically reduced in recent years, it still poses a significant threat to the wildlife populations. Hunting 
is mostly carried out using traditional methods, either with spears or snares targeting mammals or ground 
dwelling birds such as francolins. Most hunting is still believed to be carried out for subsistence needs 
although there is evidence that it is sometimes sold in local markets. Although the larger remaining 
mammals such as bushpigs are targeted, most snares found are targeting smaller species such as the 
pouched rats, squirrels and porcupines. This is evidence of the serious decline and scarcity of the medium 
and large–bodied mammals in the forest.   
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Figure 9.10 Mean value of encounter rates per kilometer of major threats to biodiversity in Nyungwe 
National Park between March 2003 and September 2009 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 9.11. Encounter rates of snares per kilometer walked in Nyungwe National Park: N= 17,155 
snares; mean= 0.367/km 

 
During this period (2003 to 2009), duikers were the most frequently encountered animal carcasses 

found in snares, followed by colobus monkeys. However, the large numbers of duikers and colobus found 
are largely attributed to single incidences. A hunting camp was found in August 2008 where the horns of 
at least 49 duikers were found and in January 2009 discarded skins of 30 colobus monkeys were found. 
The findings of the colobus skins are of particular concern for Nyungwe which is known for its primate 
populations. The primate populations have remained relatively well conserved due to the cultural 
traditions in Rwanda which prevent the consumption of primates. However, Vedder (1988) already 
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observed colobus and l’hoest’s monkeys beginning to be affected with organized and significant levels of 
hunting of monkeys. Additionally, it is known that colobus monkeys were targeted by hunters during the 
genocide.  

During this period (2003-2009) a total of 17,155 snares (wire or nylon) were removed (mean 
annual = 2451). This shows a significant reduction in the number of snares that were being removed from 
the forest in the late 1990s where nearly 4,000 were removed in 1996 alone (PCFN data). However, we 
do not have the level of effort so it is difficult to directly compare these figures. The encounter rates of 
snares between 2003 and 2009 has shown a decline although since 2005 there has not been any further 
reduction (figure 9.11).   

Encounter rates of tree harvesting have shown a steady decline from its peak in 2003 (0.199/km) 
to a low in 2006 (0.053/km) (mean value = 0.092). Unfortunately an increase between 2007 and 2008 was 
observed although this seems to be declining again. Gold mining on the other hand, remained relatively 
stable over this period with a gradual decline between 2003(0.042/km) and 2009 (0.02/km) (mean value = 
0.0278/km). Agriculture has also shown a steady decrease whereas bamboo cutting has shown an increase 
between 2005 and 2008. Since the large wildfires of 1997, significant efforts have been put in place to 
reduce fire as a threat to the forest. This has included sensitization, especially before and during the dry 
season, mobilization of teams with community participation to fight fires and the removal of the majority 
of beehives from the Park. These efforts do seem to be showing positive results with lower rates of fire.  
 
Conservation Changes 

Initial conservation efforts in the Nyungwe forest focused on keeping people out of the forest and 
access to its resources has been restricted since the 1930s. Conservation work first focused on ecological 
and biological research and surveys combined with law enforcement patrols for illegal activities and the 
development of tourism. Today, as a National Park, communities are not permitted to exploit any of the 
forest resources and access is strictly limited.  

However, Nyungwe is surrounded by an extremely high human population density combined 
with high levels of poverty placing huge pressure on the forest resources and wildlife. Therefore, 
understanding community needs and gaining their support for conservation efforts is vital to ensure 
ongoing protection of the forest. Under this context, the conservation approach has gradually changed 
over time to incorporate much greater community conservation and outreach components. A revenue 
sharing policy was introduced in 2005 by ORTPN with 5% of all tourism revenue from the national parks 
being distributed between Volcanoes, Nyungwe and Akagera National Parks to support community 
development projects. Over US$392,000 (224,622,909rwf at US$1=572) (RDB figures, 2009). has been 
distributed around Nyungwe National Park through this scheme over a 5 year period, although there has 
not yet been any critical evaluation on its effectiveness and impact on conservation.    

However, the reality remains that many living next to Nyungwe have borne the costs of 
conservation but have seen no tangible benefits. The high levels of poverty and the subsequent high 
pressure for access to forest resources have meant that community needs could not be ignored if the 
conservation of Nyungwe forest was to be successful. Therefore a combination of environmental 
education, tourism, revenue sharing and other community conservation activities have all been developed 
to contribute to improving support for the park. Activities addressing resource use in the forest such as 
firewood have included the development of energy saving stoves and pico-hydro sites. Other projects 
have focused on providing people with alternative and sustainable livelihoods that are compatible with 
conservation to help alleviate poverty and promote support for the Park. These have targeted specific 
groups such as marginalized communities and poachers. Projects have included working with beekeeping 
associations around the Park, supporting livestock rearing projects and handicraft development.  

Gaining community support for conservation is an ongoing process and to date, efforts although 
significant, have helped only a minority of the population around the park. Community attitudes towards 
conservation are affected by a number of different criteria and understanding their needs and attitudes is 
essential in being able to drive community conservation initiatives appropriately.  

Masozera (2002) found that households which were more dependent on forest resources to meet 
their livelihood needs tended to be younger households, with limited land and those living in more 
isolated areas with limited access to external markets and with poor infrastructure and facilities. These 
households were more likely to remain poor and continue to depend on the forest. It was found in 
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Nyungwe that poor soils and no fertilizer was by far the major constraint for farming identified by 
households surveyed (nearly 70%), and higher than any of the other sites surveyed in the Albertine Rift 
(Plumptre et al, 2004). Households with high agricultural incomes and larger land holdings, as well as 
those better integrated to outside markets were less dependent on forest resources. Those communities 
closer to towns had better and more wide-ranging opportunities for employment and small businesses. 
Those living closer to tea plantations showed less dependency on Nyungwe forest resources due to their 
access to employment opportunities year round. However, for many areas around Nyungwe, 
unemployment is high and families are large. Therefore, many large families still rely on forest resources 
to meet their basic needs (Masozera, 2002). 

Masozera (2002) also looked at local community’s attitude to conservation, analyzed as a 
function of forest dependency and a set of socio-economic factors. He found that about 58% of 
respondents held a positive attitude towards the Nyungwe Forest Conservation Program. However, on 
average 60% of respondents expressed that they have had problems with animals from the forest with 
only 35% reporting benefits from the buffer zone plantations. When looking at issues facing the 
communities, the greatest perceived problem was the lack of sufficient food (91%), land scarcity (89%) 
and limited access to forest resources (54%). As would be expected, households with high levels of 
dependency on the forest were more likely to have negative attitudes towards conservation. 

McShane (2008) found that attitudes around Cyamudongo forest to conservation and tourism 
were generally positive. However, households who experienced the most crop-raiding and livestock 
predation showed decreased support for both conservation and tourism. Perceived benefits from 
conservation included protecting the fresh water that comes from the forest and erosion control. 

Plumptre et al. (2004) found that nearly 60% of households cited no employment as the biggest 
problem with income generation, followed by infertile soils (less than 20%). Only 1.7% of respondents 
stated having relatives working in the forest and only 0.29% felt they benefited from tourism. 
Interestingly a slightly higher percentage (0.57%) felt they benefited from tourism in the past. 
Respondents stating benefits from employment, increased markets, natural resources protected and social 
service projects were negligible. The most commonly cited reason for why people felt they did not benefit 
from Nyungwe was due to no access to non-timber forest products. 

Only 19.6% of respondents felt that they benefited from conservation organizations with 29.6% 
stating having problems with Nyungwe Forest, the largest problem being crop raiding. The majority of 
households perceived no change in the relations between themselves and the protected areas authorities, 
although those that felt the relations had deteriorated stated eviction of people and no access to the forest 
most frequently. 22.75% of respondents admitted to harvesting from Nyungwe. These were found to be 
the poorer households. In Nyungwe, firewood (over 50% of households interviewed) and bean stakes 
(20%) were the most commonly harvested forest products (Plumptre et al, 2004).  

The establishment of the buffer zone around the Park has also had different impacts on the 
communities around the Park. It was found that people who live close to tea plantations with off-farm 
economic opportunities have positive attitudes towards the buffer zone as it provides them with firewood. 
Additionally, they have not had any land confiscated by the government to create the buffer zone. 
However, those living far from tea plantations without economic alternatives see the buffer zone as a 
means of restricting their agricultural expansion. Additionally, some had their land expropriated by the 
government for its establishment. The study found that those who realized benefits from the buffer zone 
had more positive attitudes towards the Nyungwe Forest (Masozera, 2002). McShane (2008) found that 
56% of respondents surveyed around Cyamudongo Forest said they received benefits from the buffer 
zone with the most benefits cited as firewood and wood for construction.  

Households who see that the limited access to the forest is a concern tend to hold negative 
attitudes about its conservation. This would be expected and is not unusual in an area with widespread 
poverty and limited economic opportunities or alternatives. Similarly those who do not own any land and 
those who cannot meet their basic needs hold negative attitudes to conservation of Nyungwe as they 
perceive conservation programs as a means of preventing them to meet their subsistence needs and 
limiting their ability to use the resources in the forest. Those who suffer from human- wildlife conflict, in 
particular, crop raiding, hold a negative attitude towards the conservation of the Nyungwe Forest 
(Masozera, 2002).  
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Farmers interviewed around Cyamudongo Forest reported significant economic and social costs 
caused by crop raiding as well as livestock predation. Crop raiding seemed to be significantly related to 
crop type with cassava, sweet potatoes and beans being destroyed more frequently. Distance from the 
edge of the forest was also an important factor. Primates were found to be responsible for the majority of 
damage, in particular baboons. Several people felt that crop raiding had increased since Cyamudongo 
Forest had become a protected area especially with baboons who were less afraid of people since they 
were no longer hunted (McShane, 2008). 

Further analysis of data collected by Plumptre et al. (2004), confirms that access to substitute 
resources via access to markets also has a significant impact on harvesting of park resources, with those 
living furthest from the market places being more likely to harvest from the park. Distance from the park 
is also an important factor in levels of harvesting from the park with extraction falling away with distance. 
However, distance from the park makes little impact on household’s subjective assessment of whether 
they benefit from the park. 

The availability of sufficient farmland has a significant impact on conservation efforts. This is 
especially true around Nyungwe where agriculture is the main source of income for the vast majority of 
rural households. Around Nyungwe, where soil fertility is low, the population continues to grow and 
average farm sizes are shrinking, socio-economic factors will play an increasingly important factor in 
successful conservation, making alternative sources of income and livelihoods vital in protecting the 
forest resources.  

This highlights the need for effective policies in the communities around the Park to improve 
benefits accrued from the Park to local communities, to help support communities increase their 
agricultural income and generate alternative livelihoods and employment opportunities to reduce their 
reliance on the forest resources. It shows that attitudes toward conservation are strongly influenced by 
dependency on forest resources and that effective conservation is linked to economic development. 
Therefore socio-economic conditions of the communities around Nyungwe are directly linked to 
conservation. Education programs must be developed hand in hand with income generating and poverty 
alleviation strategies. Understanding socio-economic trends of populations living around the Park, their 
changing attitudes, threats and opportunities are critical in being able to develop appropriate approaches 
to conservation.    

In a country characterized by a dense and growing population, the limited land and high poverty 
levels will continue to be a huge threat to the conservation of the forest and its biodiversity. For people 
who have no alternatives, the forest will continue to be worth more as commodities, over an intact living 
forest, and forest degradation and illegal exploitation will continue. 

 
The Future of Nyungwe National Park 

For the long term successful conservation of Nyungwe, economic incentives, sustainable 
livelihoods and alternatives to relying on the forest as means of survival are needed, with the fundamental 
understanding that conservation will not succeed without taking the needs and attitudes of the 
surrounding population into consideration. Today, conservation strategies are being developed to directly 
tackle the threats posed by people living around the park by identifying mechanisms that allow them to 
find value in an intact forest rather than from its destruction. Conservation of Nyungwe will need to 
minimize costs to local people living around its borders while also providing better livelihood 
opportunities. Although a number of community development projects have been implemented, their 
potential for poverty alleviation is limited. Comprehensive education programs need to be developed 
alongside the strengthening of community development initiatives to improve the connection of 
communities with nature and the park. 

An emerging market, payment for ecosystem services, could prove to be one mechanism for 
valuing forests such as Nyungwe. These include the storage of carbon, rainfall generation, soil 
stabilization, biodiversity maintenance and the moderation of weather. Nyungwe forest also provides a 
clean and secure source of fresh water locally and nationally, and is a watershed for the Nile River. The 
Nile River runs through nine other countries, some of the poorest in the world, and its waters support 
hundreds of millions of livelihoods. Efforts are already underway to see how these can be developed 
including generating revenue through carbon credits from forest regeneration.  
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Rich in biodiversity, Nyungwe is home to high levels of endemism, diverse bird-life and 
important populations of primates. However, due to recent degradation, restoration and re-introductions 
will be necessary to return Nyungwe to its original ecological state and re-establish lost ecological 
functions, the impacts of which may not be observed for decades. Large tracts of forest destroyed by 
forest fires have been colonized by ferns, adversely affecting forest regeneration as well as reducing the 
value of these areas as wildlife habitat. Experimental plots have proved that by removing the dense layer 
of ferns, seedlings can germinate from the existing seed bank promoting natural regeneration. Active 
steps in removing exotic plant species found within the Park boundaries are underway and experimental 
trial management actions of Sericostachys scandens are planned. Initial steps have also been taken to 
assess the feasibility of re-introducing elephants.  

Nyungwe National Park has been a focus of USAID funding for developing ecotourism to 
support conservation and local communities. Under this programme tourism products are being developed 
and improved with a new visitor interpretive centre and canopy walkway. There is also a focus on 
“primate discovery” with habituated groups of chimpanzees, colobus, mangabeys and blue monkeys for 
tourism. These all highlight the strong need for the development and implementation of effective and 
stringent management systems to reduce negative impacts from tourism and to ensure that it continues to 
support the conservation of biodiversity. Habituating large numbers of primates may bring greater tourist 
revenue, but it also brings the responsibility to ensure their ongoing protection. Habituated primates are 
more vulnerable to poaching as well as newly introduced diseases. As visitors to the forest become more 
frequent and diverse, the chance of introducing dangerous pathogens and invasive species into the forest 
ecosystem increase with potentially devastating consequences. This has been demonstrated in many other 
sites such as the introduction of harmful agents such as chytrid fungus into amphibian populations, human 
transmitted diseases into primate populations, or invasive plants into the forest.  

Recently there has been an increasing movement in conservation to address “trans-boundary” 
conservation issues. This need is apparent in Nyungwe-Kibira where an extremely porous border between 
Rwanda and Burundi has resulted in major resource exploitation which has been difficult to control. Both 
the Rwandan and Burundian governments have made a significant commitment to tackle this problem by 
developing an effective Nyungwe Kibira Landscape Transboundary agreement. Conservation of this 
larger landscape also ensures the conservation of a viable population of chimpanzees as Kibira Park has 
an additional 400. 

It is critical that the conservation approach is able to adapt to, and address the changing threats 
faced by the forest. The growing population and high levels of poverty combined with the possibility of a 
more variable climate, thus affecting forest fires, agriculture, population movements and associated social 
unrest will create considerable new pressures for Nyungwe National Park. Future conservation initiatives 
will need to not only address direct threats to the forest but also consider people’s attitudes and values to 
tackle the underlying drivers of forest degradation and destruction. Long term monitoring is essential in 
being able to evaluate conservation impacts and the long term monitoring data sets that exist for 
Nyungwe, combined with the baseline data available on biodiversity and the socio-economic status of 
communities living around the Park, gives PCFN and RDB an advantageous position in being able to be a 
key player in monitoring long term changes in afromontane forests. A deep understanding of afromontane 
forest ecology, supported by good governance, social stability, effective on-the-ground management and 
law enforcement, alongside clear wildlife policy and appropriate community development initiatives, will 
all be necessary to successfully meet conservation targets. 
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Kahuzi-Biega National Park 
Kahuzi-Biega National Park (KBNP) is located on the west side of Kivu Lake and covers an area 

of 6,000 km2 (Figure 10.1). It is divided into a highland sector (600 km2 at an altitude of 1,800 to 3,308 
m) covered with montane forest and a lowland sector (5,400 km2 at an altitude of 600 to 1,800 m) covered 
with lowland tropical forest, and a narrow corridor links the two sectors. The highland sector was gazetted 
as a national park in 1970, mainly for the protection of Grauer’s gorillas (Gorilla beringei graueri) 
(Mankoto, 1998). The Park was extended into lowland sector in 1975, and the whole park was inscribed 
in the World Heritage List in 1980 (Table 10.1).  
 
Table 10.1. History of Kahuzi-Biega National Park  
 
1970 Park gazetted in the highland sector (600 km2) 
1972 “Gorilla tour” initiated for public 
1975 Park extended to the lowland sector (6,000 km2) 
1978 First population census of gorillas conducted in the highland sector 
1980 Park inscribed in the World Heritage List 
1985 Cooperative project initiated with GTZ 
1990 Second population census of gorillas conducted in the highland sector 
1991 Riots occurred in major cities of DRC 
1992 Establishment of a local NGO, POPOF 
1994 First population census of large mammals in the lowland sector 
 Influx of 450,000 Rwandan refugees around the park 
1996 Third population census of gorillas conducted in the highland sector 
 First civil war begins 
1997 Democratic Republic of the Congo established 
 Refugees return to Rwanda 
 Elephant hunting begins 
1998 Second civil war begins 
1999 Gorilla hunting increases 
2000 Fourth population census of gorillas conducted in the highland sector 
2004 Preliminary inventory of large fauna started in the lowland sector 
 Fifth population census of gorillas in highland sector 
 

In the early 1970s, the late Adrien Deschryver established a gorilla tourism program in the 
highland sector. Since then KBNP has been well known throughout the world as a center for gorilla 
tourism where visitors observe wild Grauer’s gorillas at close range in their natural habitats. In 1985, the 
Institut Zairois pour Conservation de la Nature (IZCN, now ICCN) launched a conservation project in 
cooperation with the German Technical Cooperation Agency (GTZ) to train guides and regulate the 
gorilla viewing program (von Richter, 1991). Gorilla tourism was well organized during this time, and it 
generated significant revenues. From 1989-93, annual revenues from gorilla viewing were about 
US$210,000 (Butsynski & Kalina, 1998).  

In the 1980s, after 20 years of Independence, people in this region faced a severe economic crisis. 
The national currency was drastically devalued, the cost of living rose ten-fold, while wages had hardly 
doubled (Pay & Goyvaerts, 2000). The payment of wages to civil workers was delayed by months, or in 
some cases, over a year. The IZCN-GTZ project with support from the World Bank, the World Wide 
Fund for Nature, and other international NGOs, supported the wages and infrastructure of KBNP, 
improved public health, and helped lessen the workload of local women by providing water which was 
piped from natural sources (Steinhauer-Burkart et al, 1995). Park authorities decided to devote 40% of 
park revenues to park management and community development near the park, and the benefit derived 
from gorilla tourism helped boost support for gorilla conservation throughout the region. 
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Figure 10.1. Map showing the location of Kahuzi-Biega National Park. Dotted area represents national 
park or forest reserve. Diagonal area represents lake. 
 

However, following the outbreak of riots in Kinshasa, the capital of Zaire, in 1991, the number of 
tourists and the revenue from tourism drastically declined. Most foreign aid and cooperation was 
suspended. Hospitals and clinics faced severe shortages of medicines and supplies. Rather than resigning 
from their formal jobs, many people used their social status to supplement their income with the 
collection of bribes, black-marketeering, or smuggling. The Rwandan genocide in 1994 exacerbated these 
problems by provoking the influx of about 450,000 refugees into the area around the park (Hall, 1994). 
These refugees were driven from the area in 1996 during the civil war that led to the end of the Mobutu 
(the former president of Zaire) regime in 1997. Although the new government succeeded in controlling 
the rampant hyperinflation, a second civil war erupted in 1998 and the communities around the park were 
again shaken by the sound of gunfire. Insecurity has continued on and off to the present day with the 
presence of Interahamwe who caused the genocide in Rwanda in the lowland sector of the park. These 
civil wars caused large-scale hunting of larger mammals. Most of the elephants and half the gorilla 
population in the highland sector were lost during this period when park guards were disarmed and 
prohibited from patrolling the park by the rebel government (Yamagiwa, 1999). Armed militia groups 
frequently camped in the lowland sector and poaching there was likely to have been more intense than in 
the highland sector (Amsini et al, 2007). The new government and rebel groups reached an agreement for 
peace, and a presidential election was carried out in 2006. KBNP resumed regular patrols and has 
accepted tourists since then. However, insecurity caused by political instability has still plagued this 
region and poaching has not entirely stopped until present. 
 
 

 

0 100 200 Km

DEMOCRATIC 
REPUBLIC OF 

CONGO

Kisangani

Maiko N.P.

Bwindi 
N.P.

Virunga N.P.

BURUNDI

RWANDA

Kahuzi-Biega 
N.P.

Itombwe Reserve

Bukavu

Maiko R.

Edward L.
Oso R.

Ulindi R.

Elila R.

Luoma R.

Tanganyika L.

Luka R.

Kivu L.

302826

0

2

4

6

Kahuzi
Itebero



178 

Fauna and Flora of Kahuzi-Biega National Park 
A higher diversity and larger biomass of woody plants was found in the lowland sector than in the 

highland sector. Surveys we made between 1987 and 1991 listed 220 species and 118 species of plants 
during our study of Grauer’s gorillas in the lowland and the highland sectors, respectively (Yumoto et al., 
1994). We set up a belt transect 8,000 m long and 10 m wide along the contour line at 650 m above sea 
level, and identified every tree, shrub or woody vine above 10 cm in diameter at breast height (DBH). 
Another belt transect 5,000 m long and 20 m wide was made at an altitude of 2,050-2,350 m in the 
highland sector in 1994 (Yamagiwa et al., 2008). We recorded 6,922 individual plants belonging to ca. 
150 species and 2,033 individuals belonging to 49 species in the lowland and the highland sectors, 
respectively. Only 9 species were collected in both regions. The most abundant 10 species made up 
61.2% of the total basal area in the transect of the lowland sector and 78.4% (primary forest) and 69.1% 
(secondary forest) in the transect of the highland sector. 

Prior to 1985, the lowland sector was inhabited by local people and used for cultivation, hunting 
and mining. A complex mosaic of primary forest, secondary forest, abandoned fields, and ancient 
secondary forest reflects these human activities. Primary forests are characterized by Caesalpiniaceae: 
Michelsonia microphylla, Gilbertiodendron dewevrei, Julbernardia seretii, Dialium polyanthum and 
Cynometra alexandri; Mimosaceae: Piptadeniastrum africanum; and Myristicaceae: Staudtia gabonensis 
and Pycnanthus angolensis. The secondary forest and abandoned fields have been invaded by Musanga 
cecropioides (Moraceae) and Macaranga spinosa (Euphorbiaceae). Ancient secondary forests are the 
result of deforestation by a mining company in the colonial era and subsequent successional regeneration. 
Ficus sur, Uapaca guineensis and Celtis brieyi are commonly found in this forest.  

The vegetation of the highland sector was composed of bamboo (Sinarundinaria alpina) forest 
(37%), primary montane forest (28%), secondary montane forest (20%), Cyperus (Cyperus latifolius) 
swamps (7%) and other vegetation (8%) in 1970s, as described by Goodall (1977) and Murnyak (1981). 
Subalpine vegetation Erica arborea (Ericaceae) appears at Altitudes of 2,600 m. Giant Senecio (Senecio 
sp.) and lobelia (Lobelia sp.) are found on the top of Mt. Kahuzi (3,308 m). Bamboo forest is found at 
altitudes of 2,350 to 2,600 m, and mixed bamboo/primary or secondary montane forest are found at 
altitudes of 2,200 to 2,350 m. Primary forests are characterized by Euphorbiaceae: Neoboutonia 
microcalyx and Sapium ellipticum; Podocarpaceae: Podocarpus usambarensis; Guttiferae: Symphonia 
globulifera; and Meliaceae: Carapa grandifolia. Secondary forests are characterized by Rosaceae: 
Hagenia abyssinica ; Moraceae; Myrianthus holstii; Euphorbiaceae; Macaranga kilimandscharica and 
Compositae; Vernonia spp. Herbs, vines and tree ferns (Urera hypselodendron, Basella alba, Lactuca sp. 
Pteridium aquilinum, etc) constitute the dense terrestrial vegetation of secondary forest.  From 1994 to 
1997, many bamboo stands withered and died after flowering. In 1998, bamboo shoots appeared and 
bamboo forest started to recover. But some parts have still remained as herbaceous areas. During the two 
civil wars, many refugees and militias roamed in the park and destroyed vegetation by constructing camps 
(Inogwabini et al., 2001; Sato et al., 2000).  

Among larger mammals that are expected to live in KBNP, fifty-six species and forty-four 
species, with fourteen and ten primate species, were confirmed in the lowland sector and the highland 
sectors, respectively (Mankoto et al., 1994). Cercopithecus hamlyni kahuziensis is endemic to KBNP, but 
its presence has not been confirmed recently. The density of chimpanzees in the lowland sector was 
estimated to be 0.27-0.33 individuals/km2 by the nest count method along reconnaissance walks 
(Yamagiwa et al., 1989) and 0.26-0.58 individuals/ km2 by nest counts along transects (Hall et al., 1998). 
The density of gorillas in the lowland sector was estimated to be 0.27-0.32 individuals/ km2 by nest 
counts (Yamagiwa et al., 1989) and 0.81-1.78 individuals/ km2 by nest counts along transects (Hall et al., 
1998). After the civil war, both populations probably drastically decreased in the lowland sector due to 
intensive poaching, although relatively high densities of gorillas and chimpanzees have recently been 
estimated in some parts (Amsini et al., 2008).  

In the highland sector, the density of chimpanzees was estimated to be 0.13 individuals/km2 by 
nest counts (Yamagiwa et al., 1992). We confirmed the presence of three chimpanzee communities 
during the 1990 survey in the highland sector. Their nests were found in the small limited areas covered 
with primary forest. We later habituated one of these communities and estimated their small home range 
(15.7 km2 for 8 years) compared to other habitats and relatively high density (2.4 individuals/km2) within 
their home range (Basabose, 2005). The population survey of gorillas has been conducted periodically in 
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the highland sector since 1978 by the same methods of nest counts (see below). The estimated density of 
gorillas in the three surveys (1978, 1990 and 1996) was stable (0.37-0.43 individuals/km2). We also 
habituated a group of gorillas and measured their home range (42.3 km2 for 8 years) and their density 
(0.54 individuals/km2). As the home range of this gorilla group extensively overlapped with those of 
neighboring groups (Yamagiwa et al., 1996), the actual density of gorillas within their range area was 
about 1 individual/km2. After the civil war, population surveys have only been conducted for gorillas in 
the highland sector. About a half of their population was lost due to widespread hunting during the war. 
Security in the highland sector has been gradually improved with ICCN resuming regular patrols, and the 
most recent survey indicates a slight increase in the number of gorillas.  
 
Recent climate changes 

Meteorological data are available from the Meteorological Station at the Centre de Recherches en 
Sciences Naturelles (CRSN) (1,600 m above sea level), which is located 4 km from the study area. 
Although the long-term data since 1953 show consistent warming, no distinct climatic changes were 
detected in rainfall and temperature during the study period from 1994 to 2008 (Figure. 10.2). This 
warming is probably a result of both climate change and forest clearance around CRSN over this time 
period. The mean annual rainfall during the study period was 1,607 mm (range: 1,316-2,180 mm) with a 
distinct dry season in June, July and August, in which the mean rainfall was below 100 mm (Figure 10.3). 
The monthly rainfall is positively correlated with the number of days with rain (R2=0.696, p<0.0001). 
The annual rainfall is not significantly correlated with the number of days with rain (R2=0.286, p=0.059).  
The mean monthly temperature was 20.1°C (mean maximum: 26.5°C; mean minimum: 13.8°C). The 
mean monthly minimum temperature is positively correlated with the monthly rainfall or the number of 
days with rain (R2=0.183, p<0.0001; R2=0.209, p<0.0001, respectively), but the mean monthly 
maximum temperature has no significant correlation with either of them (R2=0.01, p=0.674; R2=0.19, 
p=0.088, respectively).  
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Figure 10.2. Annual mean temperature at CRSN Meteorological Station (1,600 m above sea level) from 
1953 to 2008 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.3. Monthly rainfall (column) and maximum and minimum temperature (circle) during the 
study period (1994-2008). 
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Ape foods 

In the highland sector, the composition of diet for gorillas and chimpanzees were estimated from 
direct observations, evaluation of feeding remains along fresh trails, and fecal analysis. Fresh (up to one 
day old) feces were collected mainly at nest sites, washed in 1-mm mesh sieves, dried in sunlight, and 
stored in plastic bags. The contents of each sample were examined macroscopically and listed as seeds, 
fruit skins, fiber, leaves, fragments of insects, and other matter. Fruit seeds and skin were identified at the 
species level macroscopically. Over 92 months, from August 1994 to September 2002, 14,367 gorilla 
fecal samples, averaging 152 samples per month (range 36-361), and 8,070 chimpanzee fecal samples, 
averaging 87 samples per month (range 17-427), were collected. Due to the outbreaks of civil war, we did 
not collect enough fecal samples from October 1996 to January 1997 or in October 1997. Preferred fruit 
species were defined as those ranked in the top three fruit species by fecal analysis in a month.  

We found 231 plant foods (116 species) of gorillas and 137 plant foods (104 species) of 
chimpanzees (Yamagiwa & Basabose, 2006a). Among these, 88 foods were eaten by both ape species. 
Fruits accounted for the largest overlap and bark for the least overlap between them (Figure 10.4). 
Chimpanzees consumed more kinds and amounts of fruit than gorillas. The average monthly mean 
number of fruit species per fecal sample of chimpanzees (2.65, n=92, SD=0.723) was significantly higher 
than that of gorillas (0.79, n=93, SD=0.683) (Wilcoxon’s signed-ranks tests, Z=8.329, p<0.0001). The 
average monthly mean proportion of fruit remains per fecal sample of chimpanzees (65%, n=92, 
SD=16.68) was also significantly larger than that of gorillas (12%, n=93, SD=15.25) (Z=-8.329, 
p<0.0001). Instead, gorillas consume more fibrous foods than chimpanzees. The average monthly mean 
proportion of fibrous food remains per fecal sample of gorilla (88%, n=93, AD=15.44) was significantly 
larger than that of chimpanzees (34%, n=92, SD=16.62) (Z=-8.329, p<0.0001). Fragments of ants, honey 
bees, and beetles were included in 5% of 8,040 chimpanzee fecal samples, but in less than 1% of 14,367 
gorilla fecal samples. Predation by chimpanzees on two species Cercopithecus monkeys (C. mitis and C. 
l’hoestii) was seen, and remains of a giant forest squirrel (Protoxerus stangeri) was identified in the fecal 
samples of chimpanzees, whereas no mammals were found in gorilla feces (Basabose, 2002; Basabose & 
Yamagiwa, 1997; Yamagiwa & Basabose, 2006a).  
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Figure 10.4. Dietary overlap between gorillas and chimpanzees 
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The preferred fruits included 13 species for gorillas and 17 species for chimpanzees (Table 10.2). 

Due to the difficulty of identification of seed shape at the species level, more than two species were 
grouped in Ficus spp., Allophyllus spp., Rubus spp., and Impatiens spp. Fruit remains of Ficus spp. and 
Rubus spp. were found in fecal samples of both gorillas and chimpanzees in many months, but the relative 
proportion of fecal samples including these species was lower for gorillas than for chimpanzees. 
Myrianthus holstii, Rubus spp., Bridelia bridelifolia, Syzygium parvifolium and Allophyllus spp. were 
commonly ranked in the top three for both gorillas and chimpanzees. The other fruit species were more 
frequently ranked as preferred fruits only for chimpanzees.  

 
 

Table 10.2. Fruit species found in more than 1% of total fecal samples and those ranked at least once in 
top 3 for monthly fecal samples. G: Gorilla, C: Chimpanzee 
 

Species 

 

Family 

 

Life 

form 

% in total 

fecal sample 

Frequency being 

ranked as top 3 

Density 

(individual/ha) 

Total ripe 

fruit index 

% month in which 

ripe fruit available 

   G C G C G C   

Myrianthus holstii MORACEAE Tree 31.4 31.9 70 58 5.0 0.8 20.9 46 
Ficus spp. MORACEAE Tree 17.1 94.1 76 90 0.8 1.3 63.7 75 
Bridelia bridelifolia EUPHORBIACEAE Tree 7.0 9.4 22 17 7.4 21.8 16.8 25 
Allophyllus spp. SAPINDACEAE Tree 4.1 3.6 9 10 5.4 8.0 5.3 14 
Syzygium parvifolium MYRTACEAE Tree 3.7 6.5 19 16 11.1 0.9 14.9 41 
Rubus spp. ROSACEAE Vine 2.5 11.9 20 22     
Psychotria palustris RUBIACEAE Shrub 1.6 1.7 4 2 3.3 1.1 3.2 38 
Piper capense PIPERACEAE Shrub 0.5 1.7 7 2     
Maesa lanceolata MYRSINACEAE Tree 0.5 11.1 1 14 0.0 5.7 57.9 54 
Landolphia owariensis APOCYNACEAE Vine 0.2 2.5 1 4     
Aframomum sanguineum ZINGIBERACEAE Herb 0.2 2.9 1 2     
Ekebergia capensis MELIACEAE Tree 0.1 7.7 1 16 0.4 0.5 65.7 50 
Impatiens spp. BALSAMINACEAE Herb 0.1 1.0 1 1     
Newtonia buchananii MIMOSACEAE Tree  3.3 4 5.0 0.0 65.7 61 
Gambeya gorungosana SAPOTACEAE Tree  1.1 3 1.7 0.0   
Diospyros honleana EBENACEAE Tree  3.0 6 1.2 0.0 0.2 4 
Cassipourea ruwenzoriensis RHIZOPHORACEAE Tree   1.6 4 4.1 1.1 2.6 23 
          

 
Phenology of fruits preferred by chimpanzees and gorillas 

In order to estimate the abundance of fruits preferred by gorillas and chimpanzees, we monitored 
28 species of trees and shrubs (24 species for which fruit is preferred by apes and 4 species for which fruit 
is not eaten by apes) twice each month for 9 years (Yamagiwa et al., 2008). For each species, fruits (ripe 
and unripe) of at least 10 (range: 10-13) reproductively mature trees were monitored. The monthly datum 
on the presence of fruit was the average of the two records.   
To estimate fruit abundance (biomass and number) of tree species, we used DBH (Chapman et al., 1992).  
We calculated a monthly fruit index (Fm) as 

Fm = PkmBk
k=1

s

∑
 

where Pkm denotes the proportion of the number of trees in fruit for species k in month m, and Bk 
denotes the total basal area per ha for species k in the line transect.  The fruit index was calculated in each 
month, and its seasonal fluctuation was compared between primary and secondary forests.  

Ripe fruit index was calculated from six fruit species preferred by gorillas and twelve fruit 
species preferred by chimpanzees. Monthly changes in ripe fruit index for chimpanzees fluctuates more 
widely than that for gorillas in both primary and secondary forests between 1998 and 2006 (Figure 10.5). 
Ripe fruit index was positively correlated between gorillas and chimpanzees in the secondary forest 
(R2=0.151, p<0.001), but not in the primary forest (R2=0.004, p=0.54). Ripe fruit index did not correlate 
with rainfall in both primary and secondary forests. A comparison within each year shows that the ripe 
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fruit index only negatively correlates with rainfall in the primary forest for gorillas (R2=0.430, p<0.05 in 
2000); R2=0.660, p<0.01 in 2002) and for chimpanzees (R2=0.334, p<0.05 in 2000). These analyses 
suggest that preferred fruits for apes are more abundant in the dry season than in the rainy season in some 
years. Most ape food species bore fruits every year, except for Diospyros honleana and Cassipourea 
ruwenzoriensis, which bore fruits occasionally. 
 
Ranging patterns of gorillas and chimpanzees 

Since 1991 we have tried to habituate a group of gorillas and a group of chimpanzees in the study 
area of the highland sector. Until 1994, both groups were semi-habituated and occasionally tolerated the 
presence of human observers when we stayed at a distance of 20 m or more. We formed two survey 
teams, each consisting of a field assistant and two trackers, who tracked fresh trails (up to 1 day old) 
between consecutive nest sites, recording the locations and compositions of nests (height, material, 
diameter, and the size of feces in each nest). Between 1994 and 2002 the total number of individuals in 
the study group of gorillas was 7-25 and that of chimpanzees was 22-23. The leading silverback and three 
females of the gorilla group were killed by poachers in 1998 and 1999, and the group split into two 
groups in 2000.  

As used in the previous studies on mountain gorillas (Fossey & Harcourt, 1977; Vedder, 1984; 
Watts, 1998a), we plotted daily movements of gorilla study group on a grid of 250 x 250-m quadrats 
superimposed on a 1:25,000 vegetation map of the study area (Yamagiwa & Basabose, 2006b). From 
1994-2002, we collected complete day routes for 1440 days in 92 months, averaging 16 days per month 
(range: 5-29). Due to their fission-fusion nature and the difficulties of following trails on the ground, we 
could not record complete day routes of chimpanzees. Two teams of three people each walked 
simultaneously through the study area, searching for chimpanzee signs. On the map we recorded the 
locations of chimpanzee parties we encountered, their fresh trails we followed for at least 100 m, and their 
nest sites. We recorded these on 1122 days in 82 months, averaging 14 days per month (range: 5-27).  
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Figure 10.5. Top: Monthly change in ripe fruit index for fruit species preferred by gorillas and by 
chimpanzees in primary forest; bottom: Monthly change in ripe fruit index for fruit species preferred by 
gorillas and by chimpanzees in secondary forest 

 
 
Total home range size is the summed area of all quadrates that a group entered during the study 

period. The frequency of visits was counted once per quadrate per day, and multiple visits to the same 
quadrate within a day were counted as one visit. Core area is defined as the summed area of quadrates that 
contained the highest frequency of visits until 50% of total visits were included (Watts, 1998a; Robbins & 
McNeilage, 2003).  
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Based on the number of grid squares visited by the study group, the total home range of the 
gorilla group for 92 months was 42.3 km2, and that of the chimpanzee group for 82 months was 15.7 km2 
(Figure 10.6). The core area occupied 15% of the gorilla total home range and 15% of the chimpanzee 
total home range. The maximum number of visits in a grid (55) and mean number of visits per grid in 
core area (37.1) for chimpanzees were more than that for gorillas (35 and 20.5, respectively). The 
proportion of reused area within one month in the total home range was larger for chimpanzees (54.7%) 
than for gorillas (25.1%). The number of new grid squares visited by gorillas tended to increase every 
year, while that of chimpanzees did not increase substantially after the first 2 years (Figure 10.7). More 
than half of chimpanzee’s total home range was covered by their visits within the first year (Basabose, 
2005).  

These observations suggest different ranging strategies between gorillas and chimpanzees. 
Gorillas tended to expand home range yearly, as observed in mountain gorillas at Virungas who exhibit a 
folivorous strategy to seek high-quality herbaceous vegetation and to avoid previously used areas that 
contained trampled vegetation (Vedder, 1984; Watts, 1987, 1998b). By contrast, chimpanzees tended to 
stay in a particular area and showed high site fidelity over 8 years. These ranging patterns are observed in 
frugivorous primates who harvest fruit efficiently to adjust search paths and patch revisitation (Waser, 
1984; Garber, 1989), as well as chimpanzees in other habitats (Tai Forest, Lehmann & Boesch, 2003; 
Gombe, Williams et al., 2004). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10.6. Daily travel routes of the study groups of gorillas (left) and chimpanzees (right) during the 
study period (1994-2002). 
 
 
Responses of African apes to seasonal or annual changes in food availability 
  The abundance of ripe fruits fluctuates monthly and annually (Figure 10.5). Among twelve 
species whose fruits were preferred by gorillas or chimpanzees, a high proportion of Ekebergia capensis, 
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Maesa lanceolata, and Psychotria palustris trees tended to bear ripe fruits for prolonged periods 
continuously. Ficus oreadryadum, Ficus thonningii, and Newtonia buchananii also bore ripe fruits for 
prolonged periods (in more than 30 out of 56 months), although the proportion of fruiting trees was 
relatively low. Ripe fruits of Allophyllus sp., Bridelia bridelifolia, Cassipourea ruwenzoriensis, and 
Diospyros honleana were available within short limited periods. Ficus thonningii shows positive 
correlations (R2=0.105, p<0.05), and Bridelia bridelifolia (R2=0.089, p<0.05), Maesa lanceolata 
(R2=0.125, p<0.01), and Myrianthus holstii (R2=0.220, p<0.001) show negative correlations with 
rainfall.  

Both gorillas and chimpanzees tended to consume fruits according to their availability. The 
monthly mean proportion of fruit remains per fecal sample was positively correlated with the ripe fruit 
index for gorillas (R2=0.244, p<0.001) and for chimpanzees (R2=0.197, p<0.01). The monthly mean 
number of fruit species per fecal sample was also positively correlated with the ripe fruit index for 
gorillas (R2=0.436, p<0.0001), but there was no correlation for chimpanzees (R2=0.005, p=0.623). These 
results suggest that chimpanzees did not consume fruit species according to their abundance in the habitat. 
This tendency was possibly caused by the chimpanzee’s persistent consumption of some fruit species. For 
example, chimpanzees frequently consumed fruit irrespective of its abundance (Table 10.2). The monthly 
proportion of fecal samples including fig fruit was not correlated with the monthly proportion of fig trees 
with ripe fruit (R2=0.001, p=0.845). Fruit of Syzygium parvifolium was also consumed frequently by 
chimpanzees irrespective of their abundance.  

Chimpanzees usually consumed fruits even during periods of fruit scarcity. The minimum 
monthly proportion of fruit remains per chimpanzee fecal sample was 21.7% in December 1999. By 
contrast, gorillas consumed almost no fruit during the lean fruit period. Instead, gorillas increased their 
consumption of vegetative foods. However, gorillas did not change the type of vegetative food items 
according to fruit consumption. Leaf and bark of terrestrial vines and herbs, such as Urera 
hypselodendron, Basella alba, Jasmiminium abyssinicum and Taccazea apiculata, were consumed 
constantly during the whole year (Yamagiwa et al., 2005). These vegetative foods are regarded as staple 
fallback foods, which are different from filler fallback foods only consumed to supplement the scarcity of 
preferred foods (Marshall & Wrangham, 2006; Yamagiwa & Basabose, 2009). 

The study group of gorillas changed their ranging patterns according to the availability of their 
preferred foods. Gorillas tended to expand daily path length with increasing fruit consumption (R2=0.096, 
p<0.01). They also shifted their monthly range to the bamboo forest in October-December when bamboo 
shoots appeared (Casimir & Butenandt, 1973; Goodall, 1977). They changed the type of vegetative foods 
consumed only when they frequently ate bamboo shoots, due to the low availability of terrestrial herbs 
and vines in the bamboo forest (Yamagiwa et al., 2005). In 1994-1997, when the bamboo flowered and 
bamboo shoots were not available, the study group of gorillas rarely entered the bamboo forest (Figure 
10.8). During this period, the study group occasionally visited the bamboo forest, probably to search 
bamboo shoots, and returned to the previous ranging area in the primary or the secondary forest after a 
few days. The lack of bamboo shoots may influence their ranging patterns to reduce annual range size and 
to increase ranging in the secondary forest (Figure 10. 8). When bamboo shoots appeared in 1998, they 
clearly increased their ranging into the bamboo forest. The annual home range in 1998 and 1999 were 
larger than those of other years, probably due to their extensive search of bamboo shoots.  

By contrast, the study group of chimpanzees rarely visited the bamboo forest and did not shift 
their range at times when the bamboo shoots were absent (Figure 10.6). The bamboo forest does not 
provide enough foods for chimpanzees and may constitute the upper limit of their altitudinal distribution. 
Fruit mainly influences the chimpanzee’s foraging strategy. The monthly range size divided by the 
number of observation days was negatively correlated with the monthly mean proportion of fruit remains 
per fecal sample (R2=0.067, p<0.05). This implies that chimpanzees may disperse when they reduce fruit 
consumption and probably seek fruits widely. The party size of chimpanzees did not vary with fruit 
abundance but did vary with distribution patterns of fruits (Basabose, 2004). When fruits (Maesa 
lanceolata) were clumped and available in large amounts for a long period, chimpanzee party size 
increased. When fruits (Syzygium parvifolium) were highly available for only a limited period, it 
decreased. Temporal and spatial variability in fruit abundance seems to constrain grouping patterns of 
chimpanzees at Kahuzi, where fruit is less available during the whole year than in the other habitats of 
chimpanzees.   
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Figure 10.7. Cumulative number of grids visited by the study groups of gorillas and chimpanzees. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.8. Area of each vegetation type included in the annual home range of the gorilla study group. 
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Conservation pressures 
Large-scale poaching 
  The two civil wars led to more intense exploitation of natural resources by local communities. 
Elephants were heavily poached in the early months of the first civil war in 1996. For two months after 
the outbreak of the war, insecurity prevented park guards, guides, and trackers from returning to the park 
headquarters and stations. The task of the park guards was made more difficult when they were disarmed 
by the new government’s armed forces. When the guards resumed patrolling the park, they found many 
dead elephants. One entire group, including infants, was found together dead. Since then, elephants or 
their footprints have rarely been observed anywhere in the highland sector¸ and few in the lowland sector 
of KBNP. Before the first civil war, about 450 elephants were estimated to survive in the highland sector 
(Inogwabini et al., 2001). It is believed that nearly the entire elephant population was killed in the 
highland sector (Yamagiwa, 2003).  

Large-scale poaching of gorillas occurred during the second civil war. Until the outbreak of the 
second war, park staff had monitored five gorilla groups on a daily basis. Four groups were monitored for 
the purpose of tourism and another group for the purpose of scientific research (our study group). During 
the war (August 1998-March 1999), rebels made it impossible for the park staff to enter the park. When 
the park resumed monitoring of the groups and regular unarmed patrols, four out of the five groups could 
not be located and were presumed to have been hunted for bushmeat. The fourth census found 130 
gorillas surviving in the highland sector (Table 10.3). This indicates that half of the gorillas had been lost 
between 1996 and 2000. Although a silverback and three females were killed by poachers, most of the 
gorillas in our study group escaped the killing. However, other neighboring groups have disappeared from 
the home range of the study groups. Three groups, other than our study group, had ranged around the 
study site until August 1998, but they were not found in October 1999.  

These human disturbances had a strong influence on the movement of gorillas. Before the second 
civil war, the study group tended to expand daily path length with increasing consumption of fruits. 
Between August 1994 and November 1998, monthly mean daily path length was positively correlated 
with monthly mean proportion of fruit remains per fecal sample (R2=0.215, p<0.01). However, from 
December 1998 to April 2000 when the neighboring groups were absent, only a weak correlation was 
found (R2=0.216, p=0.598), and after May 2000 when the size of the study group decreased from 22 to 7, 
due to group fission, no correlation was found (R2=0.00003, p=0.9816). These observations suggest that 
both between-group and within-group competition over fruits may influence their daily travel. The lack of 
neighboring groups and the decrease in group size may facilitate prolonged stay in the fruit patches by the 
study group.    
 
Table 10.3. Population census results in the highland sector of KBNP 
Source: 1, Murnyak, 1981; 2, Yamagiwa et al., 1993; 3, Inogwabini et al., 2000; 4, 5, Amsini et al., 2007. 
 
 19781 19902 19963 20004 20045 
Population size 223 258 247 130 163 
# Groups 14 25 25 13 15 
Mean group size 15.6 10.8 9.8 9.6 17.3 
% Infant 17.0 8.4 12,7 9.3 15.9 
# Solitary males 5 9 2 4 2 
 
 

The large-scale poaching also changed the age-sex composition of the gorilla population in 
KBNP. All the leading silverback males in the habituated groups were killed, and several surviving 
females and immatures immigrated into neighboring groups or associated with solitary males to form new 
groups (Yamagiwa, 2003). Leading males and solitary males usually seek female mates and compete with 
each other to obtain them. Our first case of infanticide was observed in 2004. The killer was one of these 
young males who had established his group in 2002, and the victims were infants of another group with a 
young leading male (Yamagiwa & Kahekwa, 2004). The sudden social changes in the age structure and 
the increase in newly-formed groups with young males may increase the probability of infanticide in the 
population of gorillas at Kahuzi.  
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The large-scale poaching during the civil war had negative effects on the ecological and social 
behaviour of gorillas (Yamagiwa et al, 2009). The lack of neighboring groups may have reduced the daily 
path length and isolated the group from other groups. It may have reduced the opportunity of inter-group 
encounters and prevented female movements between groups. Increased numbers of new groups and 
young leading males may increase agonistic inter-group encounters and the opportunity for infanticide. 
These changes may lead to a risk of extinction for the gorilla population because of their slow 
reproductive rate. 
 
Other human destructive activities 

During and after the civil war, a wide range of human disturbances, such as deforestation, mining, 
charcoal production, cattle or goat encroachment, and slash-and-burn agriculture, increased in the park. 
After the first civil war in 1996, the refugees made two large camps inside the park of the highland sector, 
and the armed conflicts that followed caused three large-scale forest fires (Sato et al., 2000). After the 
outbreak of the second civil war in 1998, the KBNP staff completely lost control of the park, and the 
destructive activities were intensified. In 2000 and 2001, the price of coltan suddenly increased by more 
than 10 times, and approximately 15,000 people rushed into KBNP for mining (Kasereka, 2001). Coltan 
mining was more active in the lowland sector, and the revenues were controlled by the RCD 
(Rassemblement Congolais pour la Democratie), which could have made US$20 million per month 
simply by selling at the height of the coltan boom (D’Souza, 2003; Amsini et al., 2007). In 2004, the 
military forces left the park and the park rangers resumed regular patrols in KBNP. However, more than 
8,000 people were still mining for coltan, cassiterite and gold (Schuler, 2004). These miners were 
camping inside the park, and their exploitative activities also caused permanent damage to vegetation and 
wild animals. The human pressure was the strongest in the corridor (400 km2) linking the highland and 
lowland sectors of KBNP. Until 2008, 60% of the corridor has been degraded due to active farming and 
mining, and the park authority has declared the urgent need to protect this area (Nishuli, 2008). Recent 
deterioration of vegetation by human exploitation is serious. Plants are collected for the purpose of 
construction, food, fuel and medicine. Sivha (1999) interviewed 213 people living around the highland 
sector of KBNP and reported that 93% of 249 wild plants they used came directly from the park. 
Suspension of public services such as clinics and transportation has accelerated exploitative activities of 
local people after the civil war. Vegetation changes as well as the large-scale killing of elephants and 
gorillas is also serious. A native but invasive liana Seriostachys scandens has recently increased and 
overtopped adjacent canopy to kill trees and bamboos (Hart & Liengola, 2005). The disappearance of 
large herbivores may have reduced their feeding and trampling effects on the vegetation, and tree cutting 
by people together with increased fires may have lead to expansion of Seriostachys scandens to expand its 
range in the park and create areas unsuitable for gorillas and chimpanzees.  
 
Subsistence of local people and community-based conservation 

Starvation and the spread of small arms among the local people, combined with the breakdown of 
park protection were the main factors that led to the massive wave of poaching. The main purpose of the 
gorilla poachers were to stave off their own hunger and generate some income by selling portions of meat 
locally. Conflict between the park authorities and the unemployed local people could be an important 
additional factor that predisposes individuals to hunt gorillas in the park. The poaching initially focused 
on the gorillas habituated for tourism, perhaps because of the ease of hunting these groups. However, the 
targeting of these gorillas could be related to the strong hostility and resentment that some villagers felt 
towards the park and the people it employed.  

The Pole Pole Foundation (POPOF), a local NGO, was established in order to mitigate these 
growing conflicts between the local people and the park authority. In 1992, as the political and economic 
situation in the Kivu region deteriorated, people from villages adjacent to KBNP started to organize 
POPOF. The idea for POPOF was proposed by John Kahekwa, a guide of KBNP for tourism, and 
POPOF’s first members included other local park guides. The main purpose of POPOF was to promote 
local conservation knowledge, improve the quality of life in the area’s communities, and reduce conflicts 
between local people and the park. For many local residents, the park had been a longstanding source of 
resentment and conflict. When the national government created the park in the 1970s, it required many 
local villagers to abandon their lands and refrain from using the natural resources of the new reserve. 
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They were also prohibited from shooting the elephants that frequently raided their crops. Furthermore, 
local villages were ordered to absorb the people who were evicted from the new reserve.  

The southern Kivu region has one of the highest human population densities in Central Africa 
with more than 300 individuals/km2 and an annual rate of 4% growth (Institut National de la Statistique, 
1984). A total of 367,570 people are living in the 14 communities surrounding the highland sector of 
KBNP (Rapport annuel collectivité chefferie de Kabare 1995). This large and growing population is 
creating increasing pressures on wildlife in and around the park. Various conservation activities in 
cooperation with international and national NGOs have been undertaken to support KBNP (Bikaba, 
2007). The Gorilla Organization initiated a campaign to minimize the mining impact, Partners In 
Conservation (PIC-Columbus Zoo) funded an animal breeding program that enabled 147 households 
around the park to obtain a goat, and the Rhodes Scholar’s Southern Africa Forum (RSSAF/Oxford 
University) has funded a farming project that distributed agricultural tools and seeds of crops to pygmy 
households around the park. 

POPOF sought to promote local community development through a variety of projects that would 
simultaneously benefit conservation in the park and neighboring lands. These projects included the 
establishment of a handicraft center, a tree nursery, and a school for environment education that employed 
local people, including former poachers. POPOF is currently working with 21 schools and running 11 
Centers of adult literacy. In 2007, POPOF built a secondary school for environmental education, which 
had 6 class rooms and hosted 213 pupils. An average number of 100,000 tree plants has been produced in 
the tree nursery center and distributed to villagers around the park. PIC, Gorilla Organization, and 
POPOF-Japan have supported these projects.  

A bottom-up approach to conservation is very important during the times of armed conflict (Hart 
& Hall, 1996; Mubalama, 1999). With weak enforcement of rules and regulations and national institutions 
in disarray, local people in this region have increasingly made decisions according to short-term personal 
or local interests (Kasereka et al, 2006; Bikaba, 2007). Park authorities are powerless to stop local people 
from using protected areas for agricultural production and mining. Under such desperate conditions, 
NGOs, such as POPOF play an important role by reinforcing conservation knowledge among local people 
and providing alternatives to destructive activities. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.9. Number of females and proportion of females with infants in the habituated groups of 
Kahuzi-Biega National Park. Bars=% females with infants; line=# females per group. 

 
A recent increase in the number of gorillas may be a successful consequence of these efforts 

(Table 10.3). The number of groups monitored (8) and those habituated (3) has recently increased. The 
number of females and the proportion of females with infants in the monitored group have also increased 
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(Figure 10.9). These results may raise the potential of promoting ecotourism. In the 1980s, more than 
3,000 tourists visited KBNP, and more than 240,000 US dollars were paid for viewing gorillas per year 
(Butynski & Kalina, 1998). The annual number of tourists decreased below 1,000 after the influx of 
refugees in 1994 and below 100 after the civil wars in 1997, but it has increased again since 2003. The fee 
for viewing gorillas has increased from 80 US dollars per foreign visitor to 200 US dollars in 2006 and 
350 US dollars in 2008. Ecotourism has a great potential to improve the local economy through 
establishing allied industries. Although habituation of gorillas and promotion of ecotourism may increase 
a risk of disease transmission between humans and wildlife (Butynski & Kalina, 1998; Yamagiwa, 2003), 
ecotourism should be promoted carefully and the benefits from tourism should be distributed equitably 
among local people who bear the greatest burdens of the park. In order to attain this task, monitoring of 
climate, fauna and flora in the park, and positive participation of local people in the research and 
conservation activities are urgently needed in the near future.      
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The chimpanzees at Gombe National Park have been made famous by the work of Jane Goodall and 
other scientists – A.J.Plumptre/WCS 
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Introduction 
 

Gombe National Park, Tanzania, provides a window into more than 50 years of ecological change in 
the Albertine Rift ecosystem of central Africa. While the area protected by Gombe is small, research at 
Gombe has had a substantial impact both within the scientific community and the general public, as 
Gombe is the first sustained and longest running, field study of chimpanzees (Pan troglodytes).  

Because rapid human population growth occurred later in central Africa than in other parts of the 
world, Gombe provides a window into a past less dominated by humans. Gombe also provides a record of 
the transformation of a relatively intact ecosystem into a habitat island surrounded by dense human 
populations – a process which will continue to be repeated throughout the Albertine Rift and elsewhere in 
Africa and the world as a whole.  

In this chapter, we attempt to develop a better understanding of the nature and magnitude of the 
ecological changes that are taking place in chimpanzee habitat in and around Gombe National Park. We 
begin by introducing Gombe National Park and the chimpanzee study. We then provide a description of 
habitat change inside and outside of the park as detected by visual interpretation of historical aerial photos 
and digital image processing of satellite imagery. We discuss concurrent changes in wildlife populations 
with an emphasis on chimpanzee ranging, population dynamics and diet change. We conclude with a 
discussion of human population change and implications for conservation. 
 
Gombe National Park 

Gombe National Park (latitude 40 38’-40 45’S , longditude 290 36’-290 39’E) is a narrow strip 
of mountainous landscape protecting an area of 3,542 ha (35 sq.km or 13.5 sq.miles) along the eastern 
shores of Lake Tanganyika in western Tanzania (Figure 11.1). The park elevation ranges from 766 m 
a.s.l. at the lakeshore to 1623 m a.s.l. at the rift escarpment, with a mean elevation of 1088 m a.s.l.. The 
area is very steep with slopes above 45% covering more than 46% of the park and slopes between 25-45% 
covering 34%. A series of river valleys run from the rift escarpment to the lake, with evergreen and semi-
deciduous forest on the lower elevation slopes and a mosaic of thicket, woodland, and grassland on the 
upper ridge slopes (Goodall, 1986; Clutton-Brock & Gillett, 1979).  

The British colonial administration first designated the area as the Gombe Stream Game Reserve 
in January 1943 (Government Notice 46; Thomas 1961). The main factors that contributed to the 
establishment of the reserve were scenic beauty, threats from deforestation and the presence of 
chimpanzees. An article that appeared in The Tanganyika Standard on October 30th 1942 (cited in 
Moreau, 1945) notes: “It is understood that some two hundred or more chimpanzees inhabit the 
dwindling stretches of forest that cover the sources of several streams in these mountains: and it is only a 
question of time before these rare and interesting animals will either die out or be obliged to move 
elsewhere unless the forest can be preserved”. 

In 1955, the government added a small amount of land to the southern boundary (Government 
Notice 95; Thomas, 1961). In 1968, by a decree of Tanzania’s first president Julius Nyerere, the reserve 
became Gombe National Park.  

 
Chimpanzee Long-Term Study 

 
Jane Goodall started her pioneering research on chimpanzees on July 14th 1960 when Gombe was 

still a game reserve. The Gombe Stream Research Center (GSRC) was established in 1964 (Goodall, 
1986), and students and other scientists arrived to join Goodall’s team to conduct studies on chimpanzees 
and other species, including baboons (Papio anubis) and red colobus monkeys (Procolobus tephrosceles) 
(Clutton-Brock, 1973; Packer et al., 1998; Ransom, 1981; Stanford, 1998). Since then, researchers and 
field assistants at GSRC have studied the lives of more than 300 chimpanzees.  
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Figure 11.1. Gombe National Park and adjacent village boundaries and land uses developed as part of 
Participatory Village Land Use Plans in the Greater Gombe Ecosystem 

 
 
Chimpanzees have a ‘fission-fusion’ social system in which members of a social group (a 

‘community’) of 15-50 individuals form fluid sub-groups (‘parties’) of changing composition (Nishida, 
1968, Wrangham & Smuts, 1980; Mitani, 2009). Gombe National Park currently contains three 
chimpanzee communities (Figure 2) (Pusey et al., 2008). The central Kasekela community was habituated 
to the presence of human observers in the mid-1960s. Systematic data collection on the behavior of 
individual chimpanzees began in 1973, and has continued until the present day. Daily, researchers follow 
a randomly selected focal chimpanzee from its sleeping nest until dusk when it builds a new nest 
elsewhere (Goodall 1986). At 15-minute intervals, the observers record the location of the focal animal on 
a detailed map of the stream network. On average, these estimates fall within 133 meters of the true 
location, measured by GPS (Gilby 2004; Pintea 2007). The researchers also record other data at these 15-
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minute intervals (‘observations’ hereafter), including the focal chimpanzee’s feeding behaviour (food 
species and part) and party composition.  

Habituation of the Mitumba community began in the mid-1980s and was more or less complete 
by the mid-1990s (Pusey et al., 2008, Mjungu, 2010). Systematic focal follows as described for Kasekela 
began in Mitumba in 1994. The Kalande community has not been habituated but has been systematically 
monitored since the late 1990s (Rudicell et al., in review). 

The field data from the paper sheets have been manually digitized, georeferenced using a 
digitizing tablet and ArcInfo/ArcGIS software and stored in a relational database at the Jane Goodall 
Institute’s Center for Primate Studies (JGICPS) at the University of Minnesota from early 1990s to 2009 
(Pusey et al., 1997; Williams et al., 2002; Pusey et al., 2005; Williams et al., 2004) and at Duke 
University from 2010-present. This enormous effort has produced one of the largest long-term animal 
behaviour datasets with more than 300,000 chimpanzee observations collected at 15-minute intervals and 
associated behavioral attributes. The Gombe long-term study resulted in 37 Ph.D. theses, over 230 papers, 
11 books nine films and hundreds of lecture tours and conference presentations (Collins and Goodall 
2008). 

 

Habitat changes 
 
The vegetation of Gombe is of five major types (Clutton-Brock, 1972): evergreen forest with a 

moderate to dense shrub layer in the valley bottoms; semideciduous forest covering slopes of ridges that 
separate valleys, drier areas of the valleys and parts of the lower slopes by the lakeshore; open and dense 
miombo woodland with a grass but no shrub layer along the higher elevation slopes; grassland with 
scattered trees covering the crests and peaks of lower and upper slopes and ridges; and upper ridge 
grassland with grass and rocks along the crest of the rift escarpment (Goodall, 1986).  

 
Habitat change 1947-1974 

Visual interpretation of prints and georeferenced digitized black and white aerial photos acquired 
in 1947 show a mosaic of forests, dense woodlands and grasslands inside and outside of the Gombe 
Stream Game Reserve, with no clear boundaries between the reserve and adjacent lands. Individual 
human structures are difficult to distinguish on these historical aerial photos because of the contrast with 
adjacent dark vegetation. Nonetheless, dozens of houses could be seen in the main villages bordering 
Gombe such as Mwamgongo (Fig. 11.1). Some rectangular features that could be human structures are 
visible inside the Reserve along the shore and on lower ridges. The area north of Gombe along Bugamba, 
Kiziba, Zashe and Kagunga villages to the Burundian border showed signs of deforestation along the 
lakeshore but most of the village lands were covered with woodland and forest patches. Riverine forests 
could still be detected along the streams. The inland areas along the rift north of Gombe were covered in 
large patches of dense woodlands, evergreen forests and grasslands. The main evergreen forest patch was 
Mganza forest covering an area of 400 ha just 5 km north of Gombe. The rolling hills east and south of 
Gombe were covered with a mosaic of dense woodland patches, grasslands and narrow riverine forests.  

Aerial photos acquired in 1958 showed no significant changes in forest and woodland cover. The 
main change was an increase in the number of houses in the main villages. A cluster of new human 
structures was visible within one kilometer of the north-eastern boundary of the park. Sections of the 
footpath between Mwamgongo to Kalinzi villages could be clearly seen. Some isolated human structures 
could also be seen within one kilometer east of the park and inside the Gombe Reserve along the 
shoreline and lower slopes but without a clear clustering pattern. The closest dense human structures east 
of the reserve were located more than three kilometers from the boundary towards Bubango village.      

By 1974, aerial photos showed that the number of houses in the villages had substantially 
increased mainly in the village centers and along the main roads. This could indicate an increase in 
population but also was the result of a villagization tactic used as part of the Ujamaa (“Familyhood”) 
policy by which scattered settlements were transferred by the Tanzanian government to new villages and 
collective farms (Ibhawoh & Dibua, 2003). Houses and footpaths also increased north-east and east of 
Gombe as close as 300 meters from the park boundary, likely due to the refugees from Burundi that 
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settled in marginal areas away from the village centers (Mwamgongo community members, L. Pintea 
pers. Comm.. 2003).  

The main changes in forest and woodland cover between 1958 and 1974 occurred north of 
Gombe. Figure 11.2 shows that in 1958 a woodland patch of approximately 50 ha with canopy cover 
density similar to woodlands inside Gombe was located within 700 meters from the northern boundary of 
the park and 1.7 km east from the lakeshore of Mwamgongo village. By 1974 this woodland patch lost 
most of its canopy cover compared to woodlands inside Gombe. Additionally, significant deforestation 
could be detected along the shoreline and on the lower slopes of Bugamba, Kiziba, Zashe and Kagunga 
villages. The areas east and south of the park showed signs of deforestation and farming but at a much 
lesser extent than north of Gombe. No signs of deforestation were detected in Mganza forest or any other 
forest or woodland patches along the upper ridges of the rift north of Gombe. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 11.2. Deforestation adjacent to the northern boundary of the Gombe National Park between 1958 
and 1974 as detected by black and white aerial photos.  
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Habitat change inside Gombe after 1972 
Chimpanzee habitats, like those of most other animals, can be greatly affected by human 

activities (Cowlishaw & Dunbar, 2000). Habitat destruction results from land-cover conversion, i.e. the 
complete replacement of forest or woodland cover by farmland or settlement. Habitat modification results 
from more subtle changes that affect the character of the forest cover without changing its overall 
classification, such as change in forest species composition or structure. Fragmentation is a spatial 
measure of the process of breaking up the habitat into smaller parcels (Forman, 1995). Multi-temporal 
satellite imagery can be effectively used to detect and monitor such changes in the forest ecosystems at 
the landscape scale (Coppin & Bauer, 1996; Coppin et al., 2004; Hayes & Sader, 2001; Lambin, 1999; 
Rogan et al., 2002; Yang & Prince, 2000).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.3.  Percent canopy cover in 1972 and 1999 and chimpanzee community home ranges (in red) in 
1973 and 2004. The 1973 Kasekela and Kahama ranges are minimum convex polygons that encompass 
99% of all chimpanzee observations per community in 1973 (Williams et al. 2002). The 1973 Mitumba 
and Kalande ranges are estimates based on incidental encounters with chimpanzees. The range of the Rift 
community is derived from anecdotal evidence of chimpanzee calls heard in that area. The 2004 Kasekela 
and Mitumba community ranges are based on 99% minimum convex polygons. The 2004 Kalande 
community range was estimated from regular sightings within the park but without specific location 
estimates. 

 
In dry tropical forests and woodland ecosystems, tree canopy cover provides a quantitative 

measure of vegetation structure (Chudumayo, 1997). Therefore, we selected change in canopy cover as a 
remote sensing indicator with which to quantify habitat loss, degradation and improvement in Gombe. 
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Figures 11.3 and 11.4 show tree canopy cover in Gombe derived from normalized and calibrated Landsat 
MSS and ETM+ imagery for two time periods. The images were acquired on September 13, 1972 and 
September 10, 1999. Normalized Difference Vegetation Index (NDVI) derived from 1972 and 1999 were 
correlated with the percent canopy cover estimated from 1974 aerial photos (r=0.4, p<0.001) and 2000 1-
m IKONOS (r=0.7, p<0.001) satellite imagery using 34 random squares (200x200 m each). Canopy cover 
change estimates from MSS and ETM+ data were validated using another 29 randomly selected 200x200 
m squares from the same historical aerial photographs and IKONOS imagery (r=0.8, p<0.0001) (Pintea 
2007). Image differencing shows that percent canopy cover significantly increased in the northern section 
of the Park, with moderate changes in the central area and stayed approximately the same in the southern 
portion of the park (Figure 11.3 and 11.4).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.4. Image differencing of percent canopy cover change from 1972 to 1999 estimated from 
Landsat MSS and ETM+ satellite data. The large green patch in the south east corner of the imagery is 
new land claimed from the lake as the result of sediment deposition from the Luiche river and wetland 
vegetation succession. 

 
 
No permanent vegetation plots are available from this time period to quantify the extent to which 

changes in the abundance and distribution of different species increased the canopy cover. However, the 
overall perception of long-term field researchers is that forests and woodlands have become denser with 
thickets replacing open woodlands on steep lower slopes and ridges. These observations correspond with 
the remote sensing and GIS data, which show that canopy increase occurred at lower elevations 
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(median=956m, 25% quartile=840m; 75% quartile=1128m) and on steep slopes (median=38%, 25% 
quartile=25%; 75% quartile=53%). It seems likely that at least some of this increase in canopy cover 
resulted from the recovery of vegetation from previous human disturbances. Before Gombe was 
established as a protected area, a small number of people lived along the shoreline and lower elevation 
slopes cultivating in the valleys and on the hillsides (Goodall, 1986, Kamenya, 1997).  

Canopy cover also probably increased in the northern part of Gombe because of the fire control 
efforts by the Tanzania National Parks (TANAPA) along the northeastern boundary of the park. Miombo 
woodlands are adapted to fire and infrequent, low intensity (“cool”) fires (early in the dry season) can 
have a beneficial effect on maintaining woodland communities (Chudumayo, 1997). However, frequent, 
high intensity (“hot” or late dry season) fires can do great damage even to woodland species and fire 
exclusion leads to the formation of closed canopies and a succession towards forest (Furley et al., 2008). 
Therefore TANAPA has a policy of fire suppression (TANAPA, 2005) that likely contributed to the 
increase in forest canopy cover.  

Vegetation in the southern portion of the park changed the least. Some woodland areas showed 
signs of canopy loss (Figure 11.4). However, those areas correspond to burn scars detected on 1999 
imagery. The burn scars probably affected NDVI values and underestimated the canopy cover for 1999 
imagery and exaggerate canopy loss numbers between 1972 and 1999 in burned areas. The overall canopy 
cover in the south remained generally the same in the two time periods. 

Fires regularly swept the various sections of the entire park before fire suppression was 
implemented. Efforts to suppress fire in the south have been less successful, perhaps because it is more 
remote from the main staff settlements within the park, but also because this section of the park is mainly 
dry miombo forest and grassland. Until very recently, vegetation in the southern section of the park has 
been burned almost every year by fires, often originating from outside the park in Kazinga (sub-village of 
Mtanga) and Mgaraganza villages. As a result, frequent fires, combined with a drier microclimate, 
different soils, and narrow valleys created less favorable conditions for an increase in canopy cover, in 
contrast to the more favorable situation experienced in the north (Pintea, 2007).  

Recent high resolution satellite imagery can detect and monitor subtle changes in canopy structure. 
Change analysis using 0.6-m pan-sharpened QuickBird satellite images acquired on June 11, 2005 and 
June 14, 2009 show that the vegetation canopy in Gombe remained relatively intact during this time 
period. However, detailed examination revealed that more than 70 scattered trees have been lost inside the 
park, and that more than 80% of those trees were within 500 m of the park boundary. While natural tree 
mortality could be a factor, the proximity to the park boundary suggests that at least some of those trees 
may have been cut by illegal timber harvesters.    

 
Habitat change outside Gombe after 1972 using image differencing method 

While tree canopy cover increased inside Gombe National Park, forest and woodland habitats 
outside the protected area experienced severe losses between 1972 and 1999 (Pintea et al., 2003, Pintea, 
2007). Conversion of woodland to farmland, replacement of riverine forests by oil palm and banana 
plantations, local logging for timber and charcoal and other intensive land uses have made Gombe 
National Park an isolated patch of chimpanzee habitat in a matrix of human settlements, farmland and 
degraded land.  

Figure 11.4 shows that canopy cover decreased drastically along the eastern Gombe boundary and 
rift escarpment. One of the most dramatic losses in canopy cover occurred in the former Mganza forest 
reserve, five kilometers north of the park. In 1972 the reserve used to be covered by 400 ha of dense high 
elevation evergreen forest and deciduous woodland. Yet, as of 1999 only 40 hectares of forest and 
woodland remained. Similar large forest patches have been lost north of Mganza along the rift escarpment 
towards the Burundi border.  

One of the limitations of using NDVI and canopy cover as an indicator of chimpanzee habitat loss 
in human dominated landscapes is that NDVI cannot easily distinguish between natural forest cover and 
oil palm and banana plantations. For example, most of the increases in canopy cover that occurred outside 
the park along valleys and in proximity to the settlements were due to conversion of riverine forests to oil 
palm and banana plantations (Figure 11.4). However, the images also revealed increases in forest canopy 
cover within protected village forest reserves such as Kitwe forest which, since 1994, has been restored 
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and protected by the Jane Goodall Institute’s TACARE project (Lake Tanganyika Catchment, 
Reforestation and Education) of the Jane Goodall Institute.  

 
Habitat Change outside Gombe after 1972 using Post-Classification Method 

Traditionally, tropical dry forests and woodlands have been difficult to map with medium 
resolution remote sensing methods because of the seasonality and heterogeneity of the vegetation and 
human land uses (Haack & Bechdol, 1999). Miombo woodlands are especially difficult to interpret due to 
the background reflectance from soil and vegetation (Yang and Prince, 1997; Yang and Prince, 2000). In 
areas outside Gombe National Park, forest-woodland mosaics are formed by continuous or scattered 
evergreen and deciduous trees in which small clearings are used for agriculture and other soil areas show 
various degrees of being burned. All these factors greatly complicated image interpretation. Therefore, a 
post-classification change detection method was applied to complement canopy cover differencing by 
separately classifying forests and woodlands outside Gombe (Pintea, 2007).  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.5. Forest and woodland loss outside Gombe National Park suitable as chimpanzee habitat 
between 1972, 1991 and 2003. 
 

 
Three dry season satellite images were selected for the analysis acquired by Landsat MSS sensor 

on September 10, 1972, another one acquired by SPOT 2 on August 28, 1991 and finally by SPOT 4 on 
September 1, 2003. To reduce the variance in the land surface reflectance, forest change detection was 
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conducted only within critical chimpanzee habitats, which were defined as areas of forests and woodlands 
that existed in 1972 outside the park and one kilometer buffer from the village centers. Figure 11.5 
illustrates that in 1972, at least 5,799 ha of high quality chimpanzee habitat composed of dense forest and 
woodlands existed in proximity to Gombe National Park (Anderson et al., 2004, Pintea, 2007). Thus, high 
quality habitat adjacent to the park covered an area almost twice as large as the current forest and 
woodland cover within Gombe (2,931 ha). By 1991 the forest and woodland cover was reduced to 4,138 
ha. Most of the habitat loss occurred adjacent to the southern and eastern boundary of Gombe, 
corresponding to areas with more settlements. However, with increases in the human population and the 
scarcity of forest resources, the threats shifted to include forests in more difficult to access areas north of 
Gombe and along the rift towards the Burundi border. By 2003 only 2,088 ha remained of the 5,799 ha of 
original forests and woodlands that existed within close proximity to Gombe in 1972. This corresponds to 
a 64% loss of the original 1972 habitat. The rate of deforestation doubled from 87 ha/year between 1972-
1991 to 171ha/year between 1991 and 2003. 

The increase in the deforestation rate can be explained in large part by the substantial increase in 
the region’s human population. Most of the people living around Gombe are subsistence farmers and 
subsistence and/or commercial fisherman who rely on wood and charcoal for their main cooking fuels, 
and also use wood extensively to build houses, boats, furniture etc. The population annual growth rate in 
Kigoma increased from 2.8% (1978-1988 census) to 4.8% or possibly as high as 6.9% (2003/4 DHS and 
1988-2002 census). Villages in the habitat change analysis area in Figure 11.5 represented 4.3% of the 
total Kigoma Region population in 2002. If the same relationship is true for the other years, the mid-term 
population size would be 31,000 for the 1972-1991 time period and 58,000 for the 1991-2003 time period 
(1967, 1978, and 1988 census) (President's Office Planning Commission Bureau of Statistics 1995); 
(2002 census) (National Bureau of Statistics (NBS) Tanzania; and ORC Macro 2005). This resulted in 
intense pressure on forest resources. While there were 0.16 ha of forest available per person during the 
1972-1991 period there were only 0.05 ha/person available for the 1991-2003 period. 

Preliminary analysis of recent Landsat imagery indicates that the deforestation rate decreased in 
2003-2009. This decrease in deforestation may have been due at least partially to the decrease in available 
forest left to remove, but may also have resulted from the impact of conservation and reforestation efforts. 
QuickBird imagery acquired between 2005 and 2009 at 60-cm resolution detected dozens of new charcoal 
and farming sites, with most of them concentrated in areas north of Gombe along the rift escarpment. 
However, QuickBird imagery also detected reforestation areas in the Village Forest Reserves such as a 
reforestation area in Kigalye Village Forest Reserve where woodlands have been protected by the local 
communities and have been recovering (see conservation section below).  

 

Wildlife population changes 
 
In the remote past, the area presently enclosed by Gombe National Park would have been 

occupied by, or at least occasionally visited by, the full range of wildlife typical of northwest Tanzania. 
The larger mammals, however, have largely been lost from this area over the years. Goodall (1986) 
reported that in the 1960s, some people still remembered occasions of seeing lions (Panthera leo) in the 
area. A small population of buffalo (Syncerus caffer) existed within the park until the 1980s. 
Hippopotamus (Hippopotamus amphibious) still visit the park on rare occasions, but these likely 
represented migrants passing between breeding populations in Burundi and the Malagarasi River delta. 
Hippos have been shot and killed by Tanzanian army troops posted in neighboring villages, with the meat 
distributed to villagers.  

At least 35 species of mammals remain in Gombe, including large mammals such as bushbuck 
(Tragelaphus scriptus), bushpigs (Potamochoerus larvatus), and a small population of leopards (Panthera 
pardus), as well as smaller mammals such as civets (Civettictis civetta), white-tailed mongoose 
(Ichneumia albicauda), and the checkered elephant shrew (Rhynchocyon cirne).  

The Park has a rich community of at least eight primate species, including chimpanzees (Pan 
troglodytes), olive baboons (Papio anubis), an endangered subspecies of blue monkey (Cercopithecus 
mitis doggetti), red-tailed monkeys (Cercopithecus ascanius), a small population of vervet monkeys 
(Cercopithecus aethiops), a large population of a vulnerable subspecies of red colobus monkeys 
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(Procolobus badius tephrosceles), and at least two species of nocturnal “bushbabies”; Otolemur 
crassicaudatus and Galago matschiei. Little is known about the many species of rodents and other 
smaller mammals.  

Gombe is also home to numerous birds, with over 250 species having been identified. There are 
also diverse reptiles, including pythons (Python sebae), Nile monitors (Varanus niloticus), and a 
threatened subspecies of water cobra (Boulengirina annulata stormsi). Two species of crocodile Nile 
(Crocodylus niloticus) and long-snouted (Crocodylus cataphractus) were seen in the area in the 1970s. 
Nile crocodiles are still occasionally seen along the lakeshore near Kigoma town but do not reside within 
the park.  

 
Changes in Chimpanzee Demographics  

Currently there are three chimpanzee communities that live in the park (Figure 11.3). The 
Kasekela community home range has fluctuated over 40 years but steadily increased in the last 10 years 
from 539 ha (1973) to 1,549 ha (2004), a 187% increase. Demographic data show that in 1966 the 
Kasekela community contained about 60 individuals. Over the last 40 years, it has fluctuated between 38 
and 61 individuals, and contained 61 individuals in January 2010 (Pusey et al., 2008; Rudicell et al., in 
review;) nb. more recent population estimates vary slightly from those in Pusey et al. (2008) due to new 
information about the whereabouts of peripheral individuals).  

We have very limited information on the ranging patterns of the Mitumba and Kalande 
communities prior to the habituation of the Mitumba (~1994) and the regular monitoring of the Kalande 
community (1999-present). Estimates based on the likely ranges of these communities indicate that both 
communities suffered drastic decreases in their ranges outside the park (Figure 11.3). The Mitumba 
community declined from perhaps 30 individuals in 1985 to a low of 19 individuals in 1999, though since 
then the population has recovered somewhat, increasing to 25 individuals (Mjungu, 2010). The Kalande 
community contained an estimated 40 or more individuals in 1969 (Rudicell et al., in review), and 
estimates based on infrequent observations and intergroup encounters with unhabituated chimpanzees led 
to estimates of as many as 50-80 individuals in the 1980s (Greengrass, 2000). Data from nest transects, 
molecular markers, and observations of known individuals indicate that in 1998 the community contained 
19-43 individuals (Rudicell et al., in review). By January 2010, Kalande contained perhaps 15-19 
individuals (Rudicell et al., in review).  

Habitat loss outside the park along with disease and killing by people were thought to be the 
major causes of the decline in numbers of the Mitumba and Kalande communities (Pusey et al., 2007; 
Pintea, 2007; Pusey et al., 2008; JGI, 2009). However, between 2002-2009, the Mitumba community 
experienced a mean annual growth of 1.9% while Kalande chimpanzees suffered a significant decline, 
with a mean growth rate of -6.5% to –7.4% (Rudiecell et al., in review). A recent study in Gombe found 
that Simian Immunodeficiency Virus that infects chimpanzees (SIVcpz) can result in AIDS-like 
symptoms and is associated with increased mortality (Keele et al., 2009). Since the mean SIVcpz 
prevalence in Kalande was 46.1%, almost four times higher than the prevalence in Mitumba (12.7%), it 
has been suggested that the decline of the Kalande community was caused, at least in part, by high levels 
of SIVcpz infection (Rudiecell et al., in review).  

 
Changes in Chimpanzee Diet 

Figure 11.6 illustrates that chimpanzee diets changed dramatically from 1974-1978 to 1997-2001. 
We conducted the analysis using data on adult males (≥15 years old) because they use the entire home 
range more uniformly compared to females that establish smaller ranges within the larger community’s 
territory (Williams, 1999; Williams et al., 2002). Females also tend to forage alone when lactating, 
complicating the interpretation of their ranging and grouping patterns (Goodall, 1986; Matsumoto-Oda et 
al., 1998; Wrangham & Smuts, 1980). 

The time scale of the analysis was 1974-1978 and 1997-2001 to match 1972 and 1999 Landsat 
satellite imagery. Each time interval covered 5 years to minimize inter-annual variability in fruiting, 
climate and seasonal patterns. The total number of chimpanzees in the community was similar during the 
two time intervals: 1974-1978 (mean=46.2; min=43; max=50) and 1997-2001 (mean=45.6; min=43; 
max=49) (Pintea, 2007).  
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In order to remove the bias towards follows close to the feeding stations and staff housing or easy 
to access trails where chimpanzees could have been easier to locate, we analyzed follows that lasted ≥ 540 
min (9 hours). The average length of the follows was 690 min for the 1974-78 and 718 min for the 1997-
01 dataset. Areas infrequently used by chimpanzees were removed from analysis by calculating a home 
range using 95% Minimum Convex Polygon (MCP) approach and by selecting 15-min observations 
within that home range (Pintea, 2007). Only feeding data on plants were included, assuming that plant 
diet is more directly influenced by vegetation characteristics than animal food types such as termites, 
colobus monkeys, or ants. All feeding events on unrecorded species or identified only at the genus level 
were removed. 

Compared to 1974-1976, adult male chimpanzees spent a greater proportion of their feeding time 
in 1997-2001 consuming fruits of two vines, Dictyophleba lucida and Saba comerensis var. florida 
(Figure 11.6). Fruits of both species appear to be highly preferred by chimpanzees. It therefore seems 
likely that the increase in percent time feeding resulted from an increase in fruit availability and overall 
abundance of these two vines. Both vines climb high into the tree canopy and can cover the tree canopy 
tops with bright evergreen leaves, which probably contributed to the increase in estimates of overall 
greenness and canopy cover derived from remotely sensed data.  

A drastic decline in percent time spent feeding on open woodland species such as Diplorhynchus 
condylocarpon supports the remote sensing observations and anecdotal evidence of the succession of 
open woodlands on lower slopes to denser thickets and forest species (Figure 11.6). The decrease in oil 
palm Elaeis guineensisis is most likely due to the natural mortality of oil palm trees initially planted by 
people when they lived in Gombe and now slowly being replaced by other forest species along the 
riverine valleys.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11.6. Change in percent time spent feeding on most frequently eaten foods (>1% time) in 1974-78 
and 1997-01 by the Kasekela adult male chimpanzees.  
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Changes in human population and threats 
 
Gombe is placed in the center of a cultural and historical area called Buha (“Land of the Ha 

people”), (Wagner, 1996). Humans have been part of this landscape as long as we have existed, shaping 
the regions’ vegetation and ecosystem processes. However, never before have people lived in the region 
in such a high density. 

While the Gombe region has been inhabited by modern humans for hundreds of thousands of 
years, and by agriculturalists for thousands of years (Chretien, 2006), population densities were likely 
low, and the area remained mainly forested in the mid 19th century when European explorers first arrived. 
However, it appears that by the mid-20th century, human populations were increasing, and forest and 
woodland habitats in the Gombe region were under human pressure by the 1940s. The Tanganyika 
Standard on the October 30th 1942 (cited in Moreau, 1945) mentions that: “This area, practically 
untouched forest five years ago, is now almost open country due to colonization by the Ba-Rundi 
natives”. This pressure has increased dramatically in recent years. In Kigoma region (land area=38,044 
square kilometers) population density grew from an estimated 12.4 inhabitants per square kilometer in 
1967 to 17.1 in 1978, to 22.6 in 1988 to 44 in 2002 with total population size of 473,443 in 1967 to 
648,941 in 1978, 854,817 in 1988 and 1,674,046 in 2002 (NBS, 2008). 

Since the 1970s several waves of refugees from Rwanda, Burundi, and the Democratic Republic 
of Congo have substantially changed the social and physical landscapes of the region. During the last 
1993-1998 influx, both Kigoma and Kagera regions experienced a 50 percent overall increase in 
population, and in some areas refugees outnumbered locals five to one (Whitaker, 1999). Some refugees 
registered with the United Nations Higher Commissioner for Refugees (UNHCR) and were placed in one 
of the dozens of camps spread in western Tanzania. Many others avoided UNHCR and settled directly on 
the periphery of villages, adjacent to woodlands and forests. These sub-villages are now scattered all 
along the Gombe National Park boundary and in close proximity to deforestation hotspots as detected by 
the canopy cover loss from MSS and ETM+ imagery (Figure 11.1 and Figure 11.4).  

The environmental impacts of refugees are complex but it is likely that refugees increased the 
pressure on forests through direct consumption of firewood, charcoal production and that the provision of 
cheap labor (Whitaker, 1999) has driven conversion of forests and woodlands into farmland in remote and 
difficult to farm steep slopes along the eastern border of the park.  

 
Conservation implications and the future of Gombe 

 
Long-term research at Gombe has provided at least four distinct conservation benefits (Pusey et 

al., 2007). First of all, Jane Goodall’s groundbreaking discoveries of chimpanzee tool use (Goodall, 
1964), hunting, and complex social relationships drew attention to the area and created support for 
upgrading Gombe to national park status in 1968. The highly publicized findings have earned Gombe and 
Tanzania the attention of a worldwide public that includes tourists and donors that provide financial 
support for Gombe, other parks in Tanzania, and chimpanzee conservation in general. Crucial information 
on social structure and habitat use has been gathered that is essential for effective conservation of 
chimpanzees at Gombe and elsewhere. Finally, analysis of chimpanzee population dynamics over the past 
40 years has helped identify the greatest threats to the viability of this population, namely disease and 
habitat loss outside the park (Pusey et al., 2007).  

In 2005 a General Management Plan was developed by TANAPA in collaboration with the Jane 
Goodall Institute (TANAPA, 2005). Conservation efforts on village lands surrounding Gombe National 
Park started in 1994 when JGI initiated the TACARE Project with funding from the European Union. The 
project was conceived as a result of the rapid degradation of forests observed by Dr. Jane Goodall 
between 1969 and 1991 (TACARE-Project, 2002). This degradation was a consequence of extensive 
destructive farming systems, use of firewood for domestic and fish processing purposes, and additional 
pressure on natural resources from the continuing influx of refugees from Burundi and the Democratic 
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Republic of Congo (DRC). This influx began in the 1950s and increased substantially in the early 1990s, 
around the time when the TACARE project was first initiated.   

TACARE was designed as a pilot project to seek ways of arresting the rapid degradation of natural 
resources, especially the remaining indigenous forest in the Kigoma Region of Tanzania and particularly 
those indigenous forest areas providing habitat for chimpanzees (TACARE-Project, 2002).  TACARE 
Project staff quickly learned that community buy-in was essential for success in its conservation 
activities. Therefore, TACARE added agriculture, health, social infrastructure and community 
development and clean water components to the range of interventions under the project (Anderson et al., 
2004). Activities included micro credit schemes for community groups, education for underprivileged 
girls, introduction of fuel efficient stoves, environmental education in primary and secondary schools, 
family planning, water services, and HIV mitigation measures.  

 In 2004, an assessment was conducted by, JGI-USA and the Population and Reproductive Health 
Office of USAID’s Global Health Bureau (GH/PRH) to draw lessons learned and key insights from 
TACARE’s experience for use in other community-centered conservation (CCC) projects. Using Threat 
Reduction Assessment (TRA) and satellite imagery the study concluded that after 10 years of operation, 
the TACARE project had contributed to increased awareness, positive attitudes, and some behavior 
changes with potential benefits for long-term conservation (Anderson et al., 2004). TACARE 
interventions had not kept pace with the growing human population, and the deforestation rate in areas 
important for chimpanzees and other biodiversity almost doubled (see habitat change section). The study 
recommended focusing conservation strategies geographically in areas with the most benefits to keystone 
and umbrella species such as chimpanzees and identifying strategies that would eliminate or minimize the 
most direct threats to forest and woodland habitats.  

In 2005, adopting recommendations from the TACARE assessment, with funds from USAID and 
other donors, the Jane Goodall Institute and its partners embarked on a five-year Greater Gombe 
Ecosystem (GGE) Project to protect biodiversity with an emphasis on chimpanzees through a livelihood-
driven approach. A Conservation Action Plan using the CAP approach (the Nature Conservancy 
http://conserveonline.org/workspaces/cap) was developed to identify and prioritize conservation strategies 
(JGI, 2009).  

Village land use planning was identified as one of the top strategies to address some of the most 
critical threats. 60-cm QuickBird imagery acquired in 2005 were used to map human structures and 
footpaths and overlay them in GIS with historical distribution of forests, chimpanzee presence outside the 
park and steep slopes above 45% to prioritize a conservation area that if protected would substantially 
increase the viability of conservation targets: chimpanzee communities inside and outside the Park and 
stable watersheds for water resources and peoples’ livelihoods. At the end of the project in 2009, 13 
villages within GGE completed their participatory village land use plans which became ratified by the 
Tanzanian government (Figure 11.1). Local communities voluntarily assigned 9,690 ha or 26% of their 
village lands as Village Forest Reserves. These Forest Reserves are interconnected across village 
boundaries to minimize fragmentation. The reserves are designed to potentially function as buffers and 
corridors between the park and other remnant chimpanzee groups outside Gombe and Burundi. 

Participatory Village Land Use Plans in the GGE were prepared by the communities according to 
Tanzanian laws and with full involvement of government and community stakeholders with technical 
support from JGI. The planning process followed seven steps and required villagers to settle any existing 
land disagreements, agree on village boundaries and on how land resources, located within the village 
boundaries, should be used in order to meet specific human livelihoods and environmental objectives. 
This potentially could have important conservation benefits by reducing conditions that create the 
“tragedy of the commons” where local people cut forests because of the lack of clear ownership over the 
forest resources. It is also hypothesized that secure land tenure could help change people attitudes towards 
Gombe by securing their rights to the land and eliminating the misunderstanding of the potential park 
expansion into the village land.  

With renewed financial support from USAID, from 2010 until 2014, JGI and its partners are engaged 
in facilitating Community Based Organizations (CBOs), bylaws and building local capacity to implement 
village land use plans. QuickBird imagery from 2005, 2009 and 2013 (to be acquired) will be 
continuously used to monitor changes in vegetation and human land uses and document deforestation and 
restoration process and measure conservation success.   
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In conclusion, the Jane Goodall Institute initiated community based conservation activities in villages 
adjacent to Gombe that have lasted for more than 15 years and contributed to the conservation of about 
124 chimpanzees in and around the park. Currently the Institute is also engaged south of Gombe in the 
conservation of the Masito-Ugalla Ecosystem, an area of more than 600,000 ha and home to more than 
600 chimpanzees. Major strategies include: Conservation Action Planning, facilitation of Participatory 
Village Land-use Plans and preparedness for REDD carbon markets. Other strategies include micro credit 
schemes for community groups, education for underprivileged girls, introduction of fuel efficient stoves, 
environmental education in primary and secondary schools, family planning, water services, and HIV 
mitigation measures.  
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12. Long-term changes in the social and natural environments surrounding the chimpanzees of the 
Mahale Mountains National Park. 
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Overview of the Mahale Mountains National Park 
The Mahale Mountains National Park (latitude 6° 00’-6° 26’S, longditude 29° 43’-30° 06’E) lies 

in western Tanzania, about 120 km south of Kigoma, on a peninsula jutting out into Lake Tanganyika 
(Nishida 1990). The park’s western boundary protects not only 63 km of lakeshore but also the adjacent 
1.6 km-wide strip of the lake (Figure 12.1). Mahale consists of semi-evergreen medium-altitude forest, 
montane forest, montane savanna, Miombo woodland, and Oxytenanthera bamboo woodland (Nishida & 
Uehara 1981). The coexistence of fauna and flora from eastern and western Africa give this area a unique 
biological diversity (Anonymous 1980). The terrain is mostly rugged and hilly and is dominated by the 
Mahale Mountains chain that runs northwest to southeast across the center of the park. The highest peak 
is Nkungwe, rising 2,462 m above sea level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.1. The Mahale Mountains National Park.  Location of the park boundary follows Anonomous 
(1980) 
 

In 1961, Kinji Imanishi organized the Kyoto University Africa Primatological Expedition 
(KUAPE) and established a research camp at Kabogo Point along Lake Tanganyika (Azuma & 
Toyoshima 1961). Extensive surveys were carried out throughout western Tanzania including the Masito 
Escarpment and Ugalla regions (Suzuki 1969; Izawa 1970; Kano 1972; Itani 1979). Finally, Mahale was 
selected as the site for long-term research after habituation of chimpanzees by provisioning proved 
successful (Nishida 1968; 1990). The Mahale Mountains Chimpanzee Research Project (MMCRP) was 
begun in 1965.  

A proposal to protect the area was made by Toshisada Nishida as early as 1967, but real progress 
was made in 1974 when the Japanese government decided to provide financial support for the basic 
research needed to establish Mahale as a conservation site. This was achieved through the official 
development assistance scheme of the Japan International Cooperation Agency (JICA). Dr. Derek 
Bryceson, the then director of Tanzania National Parks (TANAPA), and Mr. Nobuyuki Nakashima, the 
then Japanese ambassador to Tanzania, pledged their full support for the project. The JICA-funded project 
lasted from 1975 to 1987, during which time Mr. Raphael Jingu, director of the Game Division, 
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established the Mahale Mountains Wildlife Research Centre (MMWRC) under the auspices of the 
Serengeti (now, Tanzania) Wildlife Research Institute. In 1979, Mr. Eramus Tarimo was sent to Mahale 
as the acting director of the MMWRC. He ensured that the necessary preparations and boundary 
demarcations were made for the conservation area. Finally, in 1985, Mahale was declared a national park. 
 
Table 12.1. A Brief History of Research at Mahale 
 
Year Event 
1961 Start of extensive survey throughout western Tanzania led by Kinji Imanishi (the Kyoto 

University African Primate Expedition (KUAPE) now Mahale Mountains Chimpanzee 
Research Project (MMCRP)). 

1965 Start of intensive survey in Mahale by Nishida. 
1966 Habituation of K group (Kajabara group). 
 Discovery of unit group (community). 
1967 Nishida asked the acting director of the game department (Mr. J.C.S. Capon) to establish 

a wildlife reserve at Mahale. 
1968 Habituation of M group (Mimikire group). 
 Discovery of female transfer. 
1975 First Japan International Cooperation Agency (JICA) project (~88). 
 Reduction of provisioning. 
 Prohibition of burning of bush. 
1979 Establishment of Mahale Mountains Wildlife Research Center (MMWRC: First Acting 

Director Mr. E. Tarimo) under Serengeti Wildlife Research Institute (SWRI) (currently 
Tanzania Wildlife Research Institute (TAWIRI)). 

1982 Extinction of the K group 
1985 Gazetted as National Park. 
1987 Stopped provisioning chimpanzees. 
1989 Start of small scale tourism. 
 Lion predation on chimpanzees. 
 First park warden (Mr. A.H. Seki) arrived at Mahale. 
1993 A flu-like disease killed 11 chimpanzees. 
1994 Establishment of Mahale Wildlife Conservation Society (MWCS). 
 Second JICA project (~97). 
2000 Establishment of visitor center. 
 Tourism flourished. 
2005 Start of research on Y group. 
 Earthquake hit Mahale. 
2006 A flu-like disease killed 12 chimpanzees. Use of face masks by tourists, park staff and 

researchers when observing chimpanzees was proposed by MMCRP. 
 Heavy rain caused landslide. 
2009    Conservation Action Plan produced for Greater Mahale Ecosystem 
 

The main area for chimpanzee studies is Kasoje situated at the northwestern foot of the 
mountains. The high mountain chain means that the moisture from Lake Tanganyika forms heavy rains on 
the western side of Mahale, providing running water all year; the resulting vegetation is a continuous, 
moist forest. Steep, higher altitude areas have well-developed montane forests that are often utilized by 
chimpanzees and other forest animals. Two unit groups (or communities; named M and K) of 
chimpanzees were habituated and studied in the 1960s and the 1970s. However, the K group became 
extinct in the early 1980s (Nishida et al. 1985). Since then, the M group has been the main target of 
research. More details of the history of Mahale are summarized in Table 12.1. Additional information is 
available elsewhere (Anonymous 1980; Nishida 1990; Nishida & Nakamura 2008). 
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Climatology and climatic trends 
Meteorological data have been recorded in Mahale since 1973, and the data up to 1988 are 

summarized on a monthly basis (Takasaki et al. 1990). Climatic parameters (precipitation and 
temperature) recorded from 1 January 1989 until 31 October 2008 are used in this paper to characterize 
the climate in Mahale. 

Figure 12.2 shows a pluviogram of daily mean, 7-day moving mean and monthly mean 
precipitation. The hydrological year is considered to begin on 1 July which falls in the middle of the dry 
season. It is characterized by one long rainy season that begins in early October, followed by a relatively 
short dry season that begins abruptly in the middle of May. Precipitation rates peak above 10 mm/day 
during three multi-day periods between November and April. The highest precipitation rates occur early 
in the wet season, with 7-day running means reaching more than 12 mm/day around 1 December. The 
highest daily mean is 19.2 mm/day on 20 December; this value would probably decrease to closer to the 
mean given a measurement period longer than 20 years. Of possible interest, is that this peak is followed 
by a 10-day period of significantly reduced precipitation rates averaging close to 7 mm/day. Overall, the 
climate is very moist, with annual mean precipitation for the 20-year period of 1,769 mm, and even the 
driest years having more than 1,000 mm of precipitation. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12.2. Hydrological year precipitation rate, 1989-2008 
 
 

Figure 12.3 displays daily departures from the normal average precipitation as a 365-day running 
mean, where dark grey and light gray lines indicate above and below normal values, respectively. The 
annual average is 4.85 mm/day; a drying trend is evident (dashed line) at a rate of 11.68 mm/year. Short 
period anomalies range from close to 50% above the mean (1997–1998) to about 33% below the mean 
(1993). The patterns shown are noteworthy in displaying both pronounced interannual and decade-scale 
variability. There are high amplitude year-to-year variations between 1993 and 2001; however, the 
variability has become more moderate since then. A consistent pattern related to the El Niño-Southern 
Oscillation (ENSO) is not recognized, although the extremely wet period in 1997–98 was experienced 
throughout eastern Africa and is undoubtedly related to the extremely strong warm-ENSO event in the 
tropical Pacific Ocean at that time. This is the most anomalous hydrological year in the series. The 
decadal variability is interesting although the recording period is not long enough to make any clear 
determination about its significance. The data suggest that wet and dry years tend to occur in short 
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sequences. There is an overall tendency towards a drier climate, which matches future projections by 
many global climate models for southern Tanzania. 

Figure 12.4 shows the time-series anomalies in daily temperature minima (left) and maxima 
(right) smoothed by applying a 31-day running mean; the scales are the same in each figure. Viewing 
these plots side by side with a common scale, it becomes evident that high and low temperatures are 
largely independent of one another. Daily minimum temperature anomalies rarely exceed +1 or -1°C and 
suggest a warming trend since 1989, although two colder than normal years (2006 and 2008) interrupt this 
trend at the end of the record. Daily maximum temperature anomalies exhibit far greater variability from 
their mean values than do the minima. This result likely reflects a strong dependence on cloud cover 
variability, whereby cloud-free days register much warmer temperatures than days with extensive cloud 
cover. This could be verified with daily observations of solar radiation at the climate station site. An 
objective for further work should be to understand the regional control of cloud cover in Mahale. The 
temperature maxima also display strong year-to-year continuity with alternating periods of positive and 
negative anomalies being maintained for several consecutive years. It is important to note that the 
amplitude of maximum temperature variability (7°C, from +4 to -3°C) in terms of departure from the 20-
year daily mean exceeds all but the most severe projections of temperature change resulting from 
greenhouse gas-induced warming in global climate models. This suggests that the observation site might 
be amplifying maxima on days with strong sunshine. One way to test this would be to have a second 
thermometer located close by, in a fully shaded location, to enable a comparison of temperature maxima 
on sunny and cloudy days. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.3. Annual precipitation anomaly 1989-2008: 365-day running average (annual mean 4.85 mm 
per day, total 1,769 mm) 
 
 

In general, the climate of Mahale can be characterized as highly seasonal with a short dry season 
of 4.5 months and a lengthy wet season for the remainder of the hydrological year. This unimodal pattern 
is different from almost all the rest of the Albertine Rift. Regions located to the north of Mahale have a 
bimodal pattern of twin wet seasons followed by a dry season, which implies that climate change at 
Mahale should be considered somewhat differently from that in areas farther north. 

The significant drying trend of almost 12 mm per year evident over the 20-year series of 
observations is consistent with projections for greenhouse gas-related climate change in southern 
Tanzania (Seimon & Picton Phillips 2010). However, the recording period is too short to draw a firm 
conclusion, and natural decadal-scale variability may well explain the patterns observed. 
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Figure 12.4. Daily minimun and maximum temperature anomaly relative to 1989-2009 means. Left: 
minimum, Right: maximum temperature 
 
 
Habitat changes 

The flora of Mahale has been well-documented since research in the area started (e.g., Nishida & 
Uehara 1981). Mahale has a diverse vegetation, but quantification of the number of species has only just 
begun (Itoh 2002; Turner 2006). Over 550 species have been identified (Nishida & Uehara 1981; Nishida 
& Uehara 1983; Itoh 2002; Turner 2006), and this list will probably increase. Using Shannon’s measure 
of information, Turner (2006) revealed that the diversity of tree species in the Kasoje Forest is similar to 
that of the forest at Lopé in Gabon (Williamson 1988). The lowland forest, which occupies 73% of the 
Kasoje Forest, has the greatest variety of species and contains both moist and dry elements (Turner 2006). 
The presence of a distinct dry season with little or no precipitation (see section 2) means that a number of 
deciduous species can survive among the Mahale flora (Turner 2006). 

The Kasoje Forest is thought to be a remnant of an ancient forest that once extended south along 
the rift valley and included both the Mahale and Gombe areas (Moreau 1942 cited by Nishida 1990). Only 
isolated remnants of this forest remain today. The flora was probably once much richer but has been 
reduced since the Miocene by aridity and heavy impacts of human activity (Turner 2006). Slash-and-burn 
agriculture by local people created continuous disturbance of the lowland forest, except in a small patch 
where a burial ground for traditional chiefs of the Tongwe villages still exists (Nishida 1990). However, 
because the Tongwe tribe had sustainable farming practices with cultivation cycles covering a period of 
30 to 50 years, coexistence of humans and wild animals was possible (Nishida & Nakamura 2008). 

Vegetation in the area has been continuously changing since the site became a national park and 
slash-and-burn farmlands were abandoned. We do not yet know what the forest will look like without 
major human activity. For example, Senna (Cassia) spectabilis is an exotic tree species which invaded 
some parts of the M group range starting in the mid-1980s. Senna is a fast-growing tree of South 
American origin that flourishes by killing indigenous plants with toxins (allelopathy) (Turner 1996). It 
was originally introduced to East Africa as an ornamental or shade tree (Turner 1996). The species prefers 
deep, sandy loams and also grows in poor soils if they do not dry out completely (Watkins 1960). It was 



217 

transplanted from a nearby village (Katumbi) to Kasoje (Kasiha village) and the research camp in 1967. 
Senna is not fire-resistant, and its saplings were burned to the ground during the dry season every year 
until 1975 (Nishida 1996). At that time, however, a ban on bushfires was imposed and the trees began to 
extend beyond the village and the research camp. Since the early 1990s, systematic girdling and cutting of 
Senna (Wakibara 1998) has been carried out to try and eradicate this species. 

Other micro-disturbances also exist. One of these disturbances is caused by the many mountain 
rivers that frequently overflow and change course during the wet seasons. At such times, vegetation can 
be washed completely away. In 1995 and 2005, Noriko Itoh conducted a vegetation survey. The 2005 
survey revealed that several parts of the previous transect had been lost to river flooding over the 10-year 
period. The mountainous geography and shallow soils in some places in Mahale may also affect the 
“natural” growth of plants. It may be that the outside bark diameter at breast height (DBH) of trees in 
Mahale will not increase to the sizes found at other sites, even for the same species, because of the terrain. 
Thus even without human activities, we are not sure of the ultimate extent of growth in Mahale. 

Analysis of satellite imagery indicates that most forest loss has occurred along the northern and 
southern boundaries of the park. Figure 12.5 shows deforestation between 2001 and 2007 as detected by 
Landsat ETM+ and TM data. The images were collected on 1 October 2001 (end of the dry season) and 
20 June 2007 (beginning of the dry season), but because of the highly seasonal dynamics of the tropical 
dry forests and the Miombo woodlands, the forest cover between the two scenes could not be directly 
compared. Therefore, vegetation was mapped from each scene using ground-truthing from field and aerial 
surveys and 60-cm QuickBird satellite imagery. Change detection was conducted using the post-
classification approach by overlaying the forest and woodland classes from 2001 and 2007. 

Figure 12.5 clearly shows a deforestation front along and inside the northern boundary of the 
park, probably due to conversion of the forest and woodland to farmland and the use of trees for firewood 
and timber. It appears that deforestation happened almost along a straight line inside the park. However, 
Koichiro Zamma surveyed around the northern boundary of the park in 2008 and found three beacons 
located inside the boundary (Figure 12.5). Interviews with nearby villagers indicated that they knew the 
locations of these beacons and knew passing the beacons and conducting activities in the park were 
prohibited. Therefore it seems that either the geographic information system (GIS) park boundary layer 
needs to be updated with more detailed Global Positioning System (GPS) field surveys, or that the park 
beacons are located in the wrong places. 

The 2001–2007 imagery also revealed deforestation along and inside the southern boundary of 
the park; however the pattern is more heterogeneous than in the north. This could indicate that the forest 
and woodland loss is due to firewood and timber collection and less from total conversion to farmland. 
The deforestation pattern could also indicate a heavy fire impact since the southern boundary is mostly 
dominated by Miombo woodland and is frequently burned by fires originating from adjacent village 
lands. Overall, analysis of the images indicated that 58 km2 of forest and woodland had been lost in 
Mahale, representing 3.8% of the park (calculated using the current GIS boundary layer of the park 
developed with TANAPA and the Frankfurt Zoological Society (FZS) as part of the Greater Mahale 
Ecosystem Conservation Action Plan; total park area = 1605 km2, land area = 1519 km2, and aquatic area 
= 86 km2). The eastern boundary of the park has the least deforestation because most of it is dominated by 
Oxytenanthera bamboo (Nishida 1990; Nishida unpublished data), and it is also farther from the main 
population centers. However, people are moving into the area, and scattered deforestation spots can be 
detected in the riverine forests. 
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Figure 12.5. Deforestation between 2001 and 2007. Location of park boundary follows JGI (2010) 
 
 

In the central area where intensive chimpanzee surveys have been conducted, vegetation recovery 
is also occurring as a result of fire suppression and forest protection. For example, some arid lands 
vacated by farmers have returned to forest with a drastic decrease in grasses such as Imperata cylindrica 
and Pennisetum purpureum. The recent disappearance or decrease of tall Acacia (A. albida and A. 
sieberiana) and short Harungana in many parts of the Kasoje area may also be due to the plant succession 
process. Another change is the growing density of a liana species called Saba comorensis. The fruits of 
this woody liana provide food for many frugivorous animals and are especially important for the M group 
chimpanzees (Itoh & Nishida 2007). Heavy use by the chimpanzees and the resulting seed dispersal might 
be playing some role in the increase of this liana species. Cleared Senna patches have a dense growth of 
Saba saplings and mature plants also. 

In summary, some changes of flora and habitat seem to be occurring in Mahale, but the largest 
change at present is due to the abandonment of slash-and-burn agriculture. It is difficult to detect climate-
induced changes since we still do not know what “normal” is in Mahale. Deforestation of the northern and 
southern areas is likely due to human activity. Reassessment of the park boundary and the establishment 
of a buffer zone are essential. 
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Phenology 
Plant phenology of a tropical forest is influenced by various abiotic (precipitation, irradiance, 

temperature) and biotic (pollinators, seed dispersers, predators) factors at many levels (community, 
species, individual). However, the resulting phenological patterns are diverse and the factors affecting 
those patterns are often obscure (Chapman et al. 1999). With these issues in mind, we attempt to describe 
the phenological pattern of woody plants in Kasoje forest. 

Itoh (2004) conducted vegetation surveys along a 10-m wide and 8.38-km long line transect and 
found 115 species at a density of 483.9 tree and woody liana plants/ha (see appendix 1 for the list of 
species). On this transect, the presence or absence of new leaves, flowers, and fruits was monitored 
monthly for all mature trees with ≥30 cm DBH (Williamson 1988) and lianas with ≥5 cm DBH. Data 
were collected between May 1997 and July 2001, by local assistants. To reduce sampling errors, species 
with insufficient observations and species with less than 3 individuals were excluded from the analyses 
(Sun et al. 1996). Thus, 41 species in an area with 203.3 tree and liana plants/ha were analyzed over a 
period of 51 months (data for some species are lacking for the first three months, only 48 months data 
were used for statistical tests). The density of plants undergoing flushing, flowering, and fruiting was 
calculated using the following formula: 

∑
=

×=
S

k
kkmm DPD

1

 

where Pkm denotes the proportion of sampled plants in phenophase for species k during month m, Dk 
denotes the density (number of plants/ha) of mature plants for species k, and S denotes the total number of 
plant species (Sun et al. 1996). 

Figure 12.6 shows the climate diagram used to identify the seasons (wet, n = 25 months; dry, n = 
4 months; drought, n = 19 months) during the time the phenological data were collected. To illustrate the 
relationship between phenology and season, the timing of the phenological peaks in relation to the 
seasons was investigated. Hereafter, “peak” means months when the number of species (S) or their 
density (Dm) was larger than the upper quartile for the total time period monitored (n = 48 months). 
Phenological indices were related to the seasons using the Kruskal-Wallis test. The phenological events 
could have been influenced by climatic variables of previous months. Therefore, to detect the climatic 
predictors, phenological data (Dm) in a given month were related to climatic variables (monthly 
precipitation, mean monthly minimum and maximum temperature) for that month and for 1-11 of the 
preceding months (Chapman et al. 1999). Kendall’s rank correlation statistical tests were used for these 
analyses. 

Leaf flushing peaks (34 spp., 105.5 Dm) were observed at the onset of the wet season between 
November and January (Figure 12.7A). This trend seemed to fit the water-limitation hypothesis (van 
Schaik et al. 1993). However, 1–2 months of peaks were observed in the dry or drought seasons in some 
years, indicating that these flushing phenology indices did not correspond to the three seasons (spp.: H = 
1.0 p = 0.6; Dm: H = 0.3 p = 0.8), and that these data do not support the water-limitation hypothesis. 
Monthly precipitation 8 months before was positively related to flushing densities (Figure 12.8A), and the 
tendency of flushing density to peak at the onset of the wet season suggests that it was influenced by the 
precipitation in the preceding wet season. Furthermore, because flushing peaks were also observed in the 
drought season, water limitation may work in complex way in Mahale. That is, precipitation may not be 
the only important factor; there may also be some effect of underground water preserved from the 
previous wet season. 
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Figure 12.6. The climate diagram of Kasoje Forest. Following the definition by Walter (1973), months 
with more than 100 mm of rainfall are "wet" seasons (where the monthly rainfall exceeds 100 mm, the 
rainfall scale is shortened to save space). If the rainfall is under 100 mm, and if below that of the mean 
monthly temperature (measured at 7-8 AM) graph, then a "drought" season occurs. If below the rainfall 
but not beneath that of temperature graph, then a "dry" season occurs. 
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Figure 12.7. Woody Plant phenology in Mahale (May1997-July 2001). Top:leaf flushing; middle: 
flowering; bottom: fruiting. Bars=density; line=number of species. 
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Figure 12.8. Relation between density of plants in phenophase (Dm) and meteorological variables. X-axis 
indicates number of months (0 - 11 months). Y-axis indicates strength of relationships (tau values). 
Significant tau values (p<0.01) are indicted by *. 
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Seasonality of flowering peaks (12 spp.) was not clear, but the density (30.3 Dm) tended to peak 
in the drought season between May and July (Figure 12.7B). However, this trend varied annually; in 2001 
the flowering peaks started early in the late wet season and continued through the drought season. 
Flowering peaks are supposed to coincide with flushing peaks for energetic and efficient transfer of 
assimilates from young leaves (van Schaik et al. 1993). Nevertheless, our data showed quite varied 
intervals between flushing and flowering peaks (0–7 months), and flowering indices did not correlate with 
the three seasons (spp.: H = 5.0 p = 0.08; Dm = 1.8 p = 0.4). Positive correlations were found between 
flowering density and the mean monthly maximum temperatures during the previous 8–9 months (Figure 
12.8B). Similar correlations were found for Kibale in Uganda, but for periods of 8–11 months (Chapman 
et al. 1999). In Kibale this period corresponds to the dry season prior to the flowering peak; for Mahale it 
corresponds to the ending of the previous drought season and the beginning of the wet season. 

Fruiting peaks (18 spp.) also varied yearly. The density of fruiting plants tended to peak (41.8 Dm) 
from the late drought season through to the onset of the wet season in some years (Figure 12.7C). Fruiting 
indices were not related to the three seasons (spp.: H = 1.8 p = 0.4; Dm: H = 0.5 p = 0.8). Fruiting is 
expected to follow flowering, but again the intervals between these two events varied (0–5 months), 
indicating that other factors shape the fruiting pattern. Fruit production is considered to be limited by 
water (Chapman et al. 1999); the observation of fruiting peaks in the later drought season suggests that 
water stress was moderated. The monthly minimum temperature three months before was negatively 
related to the density of fruiting plants in Mahale (Figure 12.8C). Peaks were observed between 
September and December, implying that the minimum temperature in the previous drought season 
influenced the density of fruiting plants. This trend, regardless of precipitation pattern, has also been 
observed at other sites in Africa and Southeast Asia (see Chapman et al. 1999). Several explanations have 
been proposed for the pattern, but more data from various sites and irradiance data are essential to test 
which explanation is most plausible. In other areas in the Albertine Rift, some species that had fruited in 
the past were found to fruit only rarely in more recent surveys (chapters 3, 5 and 9). Such species were 
not found in Mahale in this study, but our 4-year data collection period could not incorporate all species 
and was too short to detect this phenomenon. Further monitoring and analysis are needed. 

In general, community level phenological patterns in Mahale showed roughly 1-year-cycles, but 
the features could not be clearly interpreted based on our knowledge of community-level phenological 
patterns in other tropical forests around the world. One explanation may be that although Mahale has 
distinct drought seasons, water stress seems to act in somewhat complex ways. However, we must also 
consider that many phenological trends that appear over an observation period of several years can 
disappear in longer period of data collection (Chapman et al. 1999). Moreover, data were collected during 
a time when precipitation varied highly between years (see section 2), which may also have influenced 
the phenological pattern. Long-term phenological data are indispensable, not only to reveal a seasonal 
cycle but also to understand the influence on biotic factors and the influence of global climatic change. 
 
 
Animal population changes 

Demographic changes in the M group chimpanzees have been continuously monitored, and 
detailed reports are available (Nishida et al. 1990; Nishida et al. 2003). Thus we only provide a brief 
summary here. 

The largest recorded number of chimpanzees in the M group was 101 in 1984. This number 
rapidly decreased to a low of 45 in 1997 (Nishida et al. 2003). However, the population gradually 
recovered to around 60 and has been more stable in the past 10 years (MMCRP unpublished records). 
Although extensive surveys and observations of other unit groups outside the Kasoje area have also been 
carried out opportunistically (see Nishida & Nakamura 2008 for summary), no systematic analyses of 
their population changes have been made. 

Other wild animal populations in Mahale appear to have gradually increased in number from 
1985 onward as the secondary succession of vegetation and forest colonization have progressed (Uehara 
& Ihobe 1998). Chimpanzees of the K and M groups were found to eat 17 species of mammals (Uehara et 
al. 1992; Nakamura 1997; Hosaka et al. 2001); therefore continuous monitoring of changes in the 
population densities of potential prey animals has been conducted since 1995. Changes in the population 
densities of these animals based on a census conducted in 2002 are discussed below. 
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Three census routes in the home range of the M group chimpanzees were selected (see Fig. 1 of 
Uehara & Ihobe (1998)). The same methods used for the censuses in 1995, 1996, and 2000 were 
employed in the 2002 census (for the detailed methods, see Uehara & Ihobe (1998)). The vegetation was 
classified into forest (F) or woodland (W); as a result, six census subunits were identified (F1–F3 and 
W1–W3). Censuses were carried out six times for each route from 5 to 26 August 2002 by Hiroshi Ihobe. 
Species of interest included red colobus (Procolobus badius), red-tailed monkeys (Cercopithecus 
ascanius), yellow baboons (Papio cynocephalus), blue monkeys (Cercopithecus mitis), warthogs 
(Phacochoerus africanus), blue duikers (Cephalophus monticola), bushbucks (Tragelaphus scriptus), and 
forest squirrels (Protoxerus stangeri and Heliosciurus rufobrachium combined). In 1995, density 
estimations were only made for red colobus, red-tailed monkeys and yellow baboons (Uehara & Ihobe 
1998; Uehara 2003). 

The density of red colobus and red-tailed monkey groups was fairly stable from 1995 to 2002 in 
the forest and woodland (Figure 12.9A, B). Group density of yellow baboons also seemed to remain 
stable from 1995 to 2002 (Figure 12.9C). The density of individual blue duikers in the two vegetation 
types appeared to increase from 1996 to 2000 or 2002 (Figure 12.9D). There was no apparent change in 
the number of individual forest squirrels (Figure 12.9E), and the density of individual bushbucks seemed 
to decrease from 1996 to 2000 or 2002 in the woodland (Figure 12.9F). 

Red colobus did not seem to decrease after 1995 although red colobus hunting by chimpanzees 
frequently occurred in this period (MMCRP unpublished data). This coincides with a previous suggestion 
that chimpanzee hunting did not appear to affect the red colobus population, and that annual predation 
rates for the red colobus (1.1–3.8% of the colobus population) were probably lower than the growth rate 
of the colobus population (Boesch et al. 2002). The situation seemed to be similar at Taï, where annual 
predation rates for the red colobus were 3.2–7.6% (Boesch & Boesch-Achermann 2000). Contrasting 
situations were observed in Gombe (annual predation rates of 16–40% (Wrangham & van Zinnicq 
Bergmann Riss 1990; Stanford 1998)) and Kibale (annual predation rates of 6.5–12% (Watts & Mitani 
2002)). 

The extent to which chimpanzee hunting alters the population density of red colobus may vary 
from site to site. The frequency of red colobus hunting in the northern part of the home range of the 
chimpanzees has decreased in recent years because of changes in their ranging patterns (MMCRP 
unpublished data). This decrease in hunting frequency may explain the increased densities of red colobus 
groups in the northern part of the chimpanzee home range. Meanwhile, the number of red colobus groups 
in the southern part of the chimpanzee home range was highest in 1996 and decreased thereafter. This 
decrease may have been caused by frequent hunting by chimpanzees in this area (MMCRP unpublished 
data). 

The decreased frequency of blue duiker hunting by chimpanzees in recent years (Hosaka et al. 
2001) may explain the higher blue duiker numbers in several census subunits. Chimpanzee hunting may 
have also affected the population density of bushbucks. Estimated chimpanzee predation rates for 
bushbucks before 1996 were 9.3–10% of the bushbuck population (Ihobe & Uehara 1999); these values 
are probably higher than population growth rates for this species. The same situation was observed at 
Gombe, where predation rates of 26.7% for bushbucks by chimpanzees and baboons (Papio anubis) 
almost certainly exceeded population growth rates (Wrangham & van Zinnicq Bergmann Riss 1990). 

Although no apparent changes of vegetation types were detected between 1996 and 2000 (Uehara 
2003), changes in blue duiker and bushbuck densities may be related to changes in habitat (see section 3). 
The number of blue duikers increased but that of bushbucks decreased. This can be explained by the fact 
that the former depend more on the forest than the latter. Such habitat changes would also explain 
increases in the densitiy of red-tailed monkey and red colobus groups in some census subunits because 
these species are often found in the forest. 
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Figure 12.9. Changes in animal populations. A: Group densities of red colobus, B: red-tailed monkeys, 
C: yellow baboons, D: individual densities of blue duikers, E: forest squirrels, F: individual densities of 
bushbucks and group densities of warthogs and blue monkeys. Data in 1995 and 1996 are from Uehara & 
Ihobe (1998), and that in 2000 is from Uehara (2003). F=Forest; W=Woodland. 
 

The density of yellow baboon groups may not have changed since 1995, but the density of 
individuals may have increased. In a previous study we estimated the group size of this species as 40 
(Uehara & Ihobe 1998), but Ihobe observed more than 60 baboons in a group in 2002, and Shigeo Uehara 
observed more than 52 baboons in a group in 2000 (Uehara 2003). Such an increase in baboon numbers 
may have caused them to invade chimpanzee habitat, probably starting in the late 1990s (Nishida 1997; 
Matsumoto-Oda & Kasagula 2000). 
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Leopard (Panthera pardus) predation can also affect the density of individuals of some species. 
Bones and hairs of red colobus were sometimes found in the feces of leopards (Fukuda pers. comm.), and 
leopard predation may explain the decrease in bushbuck numbers (Uehara 2003). Crowned eagles 
(Stephanoaetus coronatus) inhabit Mahale (Itani 1977; Nishida 1990) and prey on small- to medium-
sized mammals. To understand the predator-prey relationships more precisely, further studies of predatory 
animals are needed. 

 
Changes in the human population and threats 
Human population increase in the Kigoma Region 

Population census data by the Tanzanian government are available for 1967, 1978, 1988, and 
2002 (Anonymous 1998; 2005a). The population of the Kigoma Region, in which Mahale is located, rose 
from 473,443 in 1967 to 1,679,109 in 2002. Although the overall population has been increasing 
throughout Tanzania, the growth rate from 1988 to 2002 was much higher in Kigoma (1.96%) than for 
Tanzania as a whole (1.45%). This may be because the human population density in rural areas of the 
Kigoma District was as low as 1/km2 in the 1960s, but recently more people from the heavily populated 
northern part of Kigoma, in addition to refugees, have been moving to the vast, lightly populated, and 
wildlife-rich area from south of the Malagarasi River to Mahale. 

The census data collected by the Tanzanian government do not appear to include the number of 
refugees. There is a refugee camp in the Lugufu area to the north of Mahale. The number of refugees 
increased in the late 1990s and reached nearly 100,000 in 2004 (Anonymous 2005b). Chimpanzees also 
inhabit the area. The refugees not only clear the wooded savanna and riverine forest for cultivation and 
firewood, but also hunt wildlife including chimpanzees (Nishida et al. 2001). Since these refugees have 
no tradition of regulating land use in this area, they devastate one site and move to another, overexploiting 
the natural resources. If such a situation continues without any controls, the chimpanzees and biodiversity 
in western Tanzania will suffer greatly. 
 
Human impacts on habitat 

High and rapid human population growth rates and human desires for more comfortable lives 
have had detrimental effects on the natural environments surrounding Mahale, particularly, along the lake 
shore as forests are converted to farmland. The area around the village closest to the park was wild until 
the 1980s, but recently has been almost completely cultivated. Cultivated fields now approach the border 
of the park, in areas that were Miombo woodland at least until the late 1990s. 

Generally, the park lands have been well protected, as local people have respected the park 
regulations and stayed out. However, the Miombo woodland becomes very dry in the dry season, and 
areas within the park have burned in bushfires presumably set outside the park for slash-and-burn farming 
or for hunting and honey-collecting. Many people say that it is natural for the Miombo woodland to burn 
regularly. Burning may indeed benefit ungulates because the fire stimulates new grasses to shoot. 
However, we do not have enough information to evaluate the impact of annual burning on frugivorous 
animals including the chimpanzees that also inhabit this area. 

Another potential threat for these areas is use of the forest for firewood. As the human population 
increases, especially along the lakeshore, firewood resources have become overused near the lake, and 
people are beginning to utilize untouched forest closer to the park. 
 
Conservation implications and the future of Mahale 

Researchers have been working for many years to conserve chimpanzees and other wildlife at 
Mahale (e.g., by establishing Mahale as a national park or by local-scale conservation actions by the 
Mahale Wildlife Conservation Society (see Nishida & Nakamura 2008 for more details)). In addition, in 
recent years, collaborative chimpanzee conservation action plans have been developed as summarized 
below. For conservation of the habituated M group chimpanzees, we may need better controls on the 
recently flourishing commercial tourism industry (Nakamura & Nishida 2009). Additional basic studies 
outside the Kasoje area are also needed to understand whether global climatic changes may affect the 
wildlife of Mahale. Such studies would require long-term monitoring of fauna, flora, phenology, and 
climatic parameters. 
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In 2008, a Greater Mahale Ecosystem Conservation Action Plan (CAP) was developed facilitated 
by the FZS and TANAPA with funding from the European Union (EU). The planning area covered more 
than 20,000 km2 and included Mahale along with key areas of biodiversity between the Malagarasi River 
in the north, Katavi National Park in the south, and the Ugalla River in the east (FZS 2008). The plan 
integrated existing data on chimpanzees, elephants, forests, woodlands and threats. In the workshops, 
stakeholders identified major threats to chimpanzees, elephants, habitat connectivity and other 
conservation targets and prioritized conservation strategies and strategic actions were identified to address 
these threats. These include supporting village land-use planning; enforcing codes of conduct for tourists, 
staff, and researchers; decreasing pressure on habituated chimpanzees by diversifying tourist activities; 
developing and enforcing an employees' health program; and establishing a sustainable resource use 
program for local communities. The Greater Mahale Ecosystem CAP data and results have been scaled up 
and have contributed to the development of a National Chimpanzee Conservation Action Plan facilitated 
by the Jane Goodall Institute (JGI) and the Wildlife Division (JGI 2010). 
 
Conclusion 

Long-term changes of various aspects in and around Mahale have been investigated. Research in 
Mahale started as early as 1961 as part of an extensive survey throughout western Tanzania. Although 
chimpanzees have been the main research target, basic ecological data on fauna, flora, and climate have 
also been accumulated and efforts to protect the habituated chimpanzees played an important role in 
establishing the Mahale Mountains National Park. Climatic data indicate a significant drying trend, which 
may influence phenological patterns assumed to be related to water stress. With the banning of slash-and-
burn agriculture within the park, secondary succession of vegetation and forest colonization are now 
occurring on former agricultural sites. In general, wild animal populations appear to have gradually 
increased in number since 1985. Diachronic changes in mammal population densities were revealed by 
comparison of censuses from 1995 to 2002. The opportunistic nature of the hunting behavior of 
chimpanzees has influenced the group and/or individual densities of some animals. Deforestation was 
apparent in the northern and southern parts of the park, and appropriate buffer zones need to be 
established in these areas. Expanding human populations, including refugee populations pose threats to 
flora and fauna in the greater Mahale area as well as Gombe. The Greater Mahale Ecosystem CAP has 
recently been developed to investigate and address these issues. 
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Appendix 12.1. List of plant species observed on the transects and the parts eaten by chimpanzees. 
 
FAMILY   iii mean part eateniv  
  speciesv LFii density DBH fruit flow leaf other note 
ANACARDIACEAE                
 Lannea schimperi (A. Rich.) Engl. T     sup   sup re  
�i Pseudospondias microcarpa (A. Rich.) 

Engl. T 9.79  52  maj   sup bk  

                  
ANNONACEAE                
� Annona senegalensis Pers. T 0.84  38  sup   sup bk  
� Artabotrys monteiroae Oliv. L-S 8.11  6  sup        
� Uvaria angolensis Oliv. L-S 11.34  7  imp   sup    
� Xylopia parviflora (A. Rich.) Benth. T 1.31  37           

                  
APOCYNACEAE                
� Baissea major Hiern L-S 3.58  7           

 Diplorhynchus condylocarpon (Muell. 
Arg.) Pichon T     imp sup sup    

� Funtumia africana (Benth.) Stapf T 2.98  49           
� Landolphia owariensis P. Beauv. L 13.60  7  imp   sup sp  

 Rauvolfia caffra Sond. T              
� Saba comorensis (Bojer) Pichon L 42.72  7  maj   sup    

  =S. florida (Benth.) Bullock in 
KNP1981                

 Tabernaemontana patchysiphon Stapf T     sup   sup    

  =T. holstii (K. Schum.) Stapf in 
KNP1981                

 Voacanga africana Stapf T     sup        
  =V. lutescens Stapf in KNP1981                
                  
ARACEAE                
 Culcasia falsifolia Engl. L 1.43  8           
                  
BIGNONIACEAE                
� Markhamia lutea (Benth.) K. Schum. T 1.43  39      sup bk  

  =M. hildebrandtii (Baker) Sprague in 
KNP1981                

� Spathodea campanulata P. Beauv. T 6.32  45  sup        
  =S. nilotica Seem. in KNP1981                
 Stereospermum kunthianum Cham. T 1.07  40      sup sp  
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BORAGINACEAE                
� Cordia africana Lam. T 3.82  46  sup        
� Cordia millenii Baker T 5.61  52  maj sup sup re  

                  
BURSERACEAE                
 Commiphora sp. T              
                  
CAESALPINIACEAE                
 Bauhinia thonningii Schumacher T     sup        

  =Piliostigma thonningii (Schumach.) 
Milne-Redh. in KNP1981                

 Bauhinia petersiana Bolle L 0.12  11    sup sup   usually 
shrub 

 Bauhinia petersiana Bolle S              
                  
CECROPIACEAE                
� Myrianthus arboreus P. Beauv. T 1.31  42  imp   sup bk  

  =M. arboreus P. Beauv. (Moraceae) in 
KNP1981               not 

synonym 
                  
CELASTRACEAE                
 Salacia madagascarensis (Lam.) DC. L 0.24  6  sup   sup    
                  
CHRYSOBALANCEAE                

 Parinari curatellifolia Benth. T 0.24  54  sup   sup bk, wo, 
sp  

                  
COMBRETACEAE                
 Combretum collinum Fresen. T              
� Combretum molle G. Don T 0.60  35      sup sp, re  

 Terminalia kaiserana F. Hoffm. T 0.12  75           
                  
COMPOSITAE                
 Vernonia amygdalina Del. T         sup bk  
                  
DILLENIACEAE                
� Tetracera potatoria G. Don L 2.98  6           

                  
DIPTEROCARPACEAE                
 Monotes elegans Gilg T 0.12  75    sup   re cultigen 
                  
DRACAENACEAE                
 Dracaena usambarensis N. E. Br. T 0.12  30      sup bk  

  =D. reflexa Lam. (Agavaceae) in 
KNP1981                

  =D. usambarensis Engl. (Agavaceae) 
in KNP1981                

           
EUPHORBIACEAE                
 Antidesma membranaceum Muell. Arg. T     imp        
 Bridelia atroviridis Muell. Arg. T     sup        
 Bridelia micaracantha (Hochst.) Baill. T 0.12  36           
� Croton sylvaticus Krauss T 6.21  40  sup   sup    

 Jatropha curcas L               cultigen 
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 Macaranga kilimandscharica Pax T              
 Margaritaria discoidea (Bail.) Webster S     sup   sup    
  =M. discoidea  in KNP1981                
� Uapaca nitida Muell. Arg. T 0.72  39  imp sup      

                  
FLACOURTIACEAE                
 Oncoba spinosa Forsk T     sup        
 Scolopia sp. T     sup        
                  
GUTTIFERAE                
� Garcinia buchananii Baker T 0.72  36  maj     wo, sp  

  =G. huillensis Oliv. in KNP1981                
 Harungana madagascarensis Poir T     maj        
                  
LOGANIACEAE                
� Anthocleista schweinfurthii Gilg T 0.84  33  sup        

                  
MALVACEAE                
� Azanza garckeana (F. Hoffm.) Exell & 

Hillcoat T 0.48  32  imp sup   sp  

                  
MELASTOMATACEAE                
 Memecylon sp. T              
                  
MELIACEAE                
� Trichilia prieuriana A. Juss. T 0.95  47      imp    

                  
MELIANTHACEAE                
 Bersama abyssinica Fresen. T 0.12  83           
                  
MIMOSACEAE                

 Albizia adianthifolia (Schumach.) W. F. 
Wight T              

� Albizia glaberrima (Schum. & Thonn.) 
Benth. T 4.77  56      sup bk, re  

 Parkia filicoidea Oliv. T 0.12  160  imp sup      
                  
MORACEAE                

 Ficus artocarpoides Warb. (det. A. 
Radcliffe - Smith) T     sup        

 Ficus asperifolia Miq. S     imp   maj    

  =F. urceolaris Welw. ex Hiern in 
KNP1981                

 Ficus congensis Engl. T 0.12  44  sup   sup    
� Ficus exasperata Vahl T 8.11  48  maj   maj sp  
� Ficus sur Forssk T 0.36  37  maj   sup wo  

  =F. capensis Thunb. in KNP1981                
 Ficus sycomorus L T              
 Ficus thonningii Blume T 0.12  56  sup        
� Ficus vallis-choudae Del. T 5.73  41  maj   sup wo, sp  

 Ficus sp. T              
� 

Milicia excelsa (Welw.) C. C. Berg T 1.55  46    sup sup gl on 
le & bl  
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  =Chlorophora excelsa (Welw.) Benth. 
& Hook. f. in KNP1981                

                  
MYRISTICACEAE                
� Pycnanthus angolensis (Welw.) Warb. T 15.16  41  maj sup sup bk, wo, 

sp  

                  
MYRTACEAE                
 Psidium guajava L T     sup       cultigen 
� Syzygium guineense (Willd.) DC. T 1.07  43  sup        

                  
OCHNACEAE                
 Ochna atropurpurea DC. T              

  =O. mossambicensis Klotzsch in 
KNP1981                

                  
OLEACEAE                
 Chionanthus niloticus (Oliv.) Stearn T              
 Jasminum dichotomum Vahl S-L 2.98  6           
 Schrebera alata (Hochst.) Welw. T 0.24  59           
 Schrebera trichoclada Welw. T              
                  
PALMAE                
 Elaeis guineensis Jacq. T 2.74  42          cultigen 
 Phoenix reclinata Jacq. T              
                  
PANDANACEAE                
 Pandanus sp. T              
          
PAPILIONACEAE                
 Baphia capparidifolia Baker L 0.12  7  sup imp maj    
 Dalbergia malangensis E. P. Sousa L 0.24  9      sup    
 Erythrina abyssinica (Lam.) DC. T 0.24  50  sup imp sup bk  
  =E. abyssinica DC. in KNP1981                

 Pericopsis angolensis (Baker) van 
Meeuwen T 0.12  82           

 Pterocarpus tinctorius Welw. T 0.12  31  sup imp maj bk  
                  
PHYTOLACCACEAE                
� Phytolacca dodecandra L'Herit. L 6.09  10           

                  
RHAMNACEAE                
 Ziziphus mucronata Willd. T     sup        
                  
RUBIACEAE                
 Chassalia cristata (Hiern) Bremek. L 0.12  7  sup   sup    
� Keetia gueinzii (Sond.) Bridson L-S 0.72  7           

  =Canthium hispidum Benth. in 
KNP1981                

� Keetia venosa (Oliv.) Bridson L-S 9.55  7  sup   sup    
   =Canthium venosum (Oliv.) Hiern in 

KNP1981                

 Mussaenda arcuata Lam. ex Poir. S-L-T 0.12  6  sup   sup    
 Oxanthus speciosus DC. T     sup        
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 Psychotria capensis (Eckl.) Vatke S-T              
� Psydrax parviflora (Afz.) Bridson T 0.36  31  imp        

 Rothmannia longiflora Salisb. S-T 0.12  85           

 Rytigynia acuminatissima (K. Schum.) 
Robyns T              

 Tarenna pavettoides (Harv.) Sim. S-T     sup sup      
                  
RUTACEAE                
 Citrus limon (L.) N. L. Burm. T     sup       cultigen 

 Clausena anisata (Willd.) Hook. f. ex 
Benth. T              

� Toddalia asiatica (L.) Lam. L 1.19  6  sup        
                  
SAPINDACEAE                
 Aporrhiza paniculata Radlk. T 2.03  39           
� Blighia unijugata Baker T 1.07  44           
� Lecaniodiscus fraxinifolius Baker T 0.84  38  sup        
� Zanha golungensis Hiern T 0.36  31  sup   sup    

                  
SAPOTACEAE                
 Mimusops bagshawei S. Moore T 0.12  30  sup        
� Synsepalum brevipes (Baker) Pennington T 4.77  45  sup        

  =Afrosersalisia cerasifera (Welw.) 
Aubrev. in KNP1981                

                  
STERCULIACEAE                
 Dombeya kirkii                
 Pterygota macrocarpa K. Schum. T 0.24  151      sup    
� Sterculia tragacantha Lindl. T 2.74  44  imp sup maj bk  

                  
TILIACEAE                
� Grewia flavescens Juss. L-S-T 4.65  8  sup sup sup    

 Grewia mollis Juss. T     sup        
                  
ULMACEAE                
 Celtis africana Burm. f. T 0.12  8    sup sup    
 Chaetacme aristata Planch. S-T              
 Trema orientalis (L.) Blume T 0.12  33      sup    
                  
VERBENACEAE                
 Premna sp. T 0.12  35      sup    
 Vitex doniana Sweet T 0.12  68  sup        
                  
VITACEAE                
� Cissus oliveri (Engl.) Gilg. L 8.00  7      sup wo  

                  
(UNIDENTIFIED SPECIES)                
 sp3 T              
 sp4 T              
 sp5 T              
  sp6 L 0.12  6            
ispecies with � mark are those used for phenological analysis. 
iilife form: L= Liana, T= Tree, S= Shrub. 
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iiidensity: number of "mature" plants per ha. Mean DBH: mean DBH of "mature" plants. 
ivpart eaten: fru=fruits; flo=flower; lea=leaf; other: bk=bark, w=wood, re=resin, sp=sap, gl=gall (follows Nishida & 
Uehara 1983). 
    Although some species are important for ant dipping, leaf wadging, they were ommited here. 
v "X in KNP1981" is the scientific name adopted in Nishida & Uehara 1981 (includes new identification, name change & 
synonym). 
  Identifications were made by Dr K Vollesen of Kew Garden. H. Beentje 1994, Moll 1988 & Flora of Tropical East 
Africa were also consulted. 
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13. Long term changes in Africa’s western Rift Valley: Synthesis of main findings 
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Long-term changes 
Globally the main strategy used for conservation is the creation and conservation of protected 

areas which now cover about 12% of the planet (Chape et al., 2008). Few studies have measured the 
effectiveness of this strategy despite calls to do so (Caro and Scholte, 2007; Naughton-Treves et al., 2005; 
Craigie et al., in press). Where measures have been attempted it has usually assessed changes in the cover 
of natural habitat inside and outside protected areas (Bruner et al., 2001; Nelson and Chomitz, 2009). The 
summaries reported in the previous chapters of this book provide information that not only documents 
habitat loss but also other aspects of the health of the protected areas such as the phenology and 
population of mammals and birds. As such they show how critical it has been to create protected areas in 
this highly biodiverse region of the world. Outside the protected areas there have been major changes, 
particularly in conversion of natural habitat to farmland with a reduction in biodiversity and loss of most 
native species. Inside the protected areas there have also been losses but nothing like the scale and impact 
as the areas outside. Of the six major landscapes (figure 13.1) identified under the strategic planning for 
the Albertine Rift most comprise protected areas (table 13.1). It is only in eastern DRC and western 
Tanzania where human population density is lower that there is significant natural habitat outside 
protected areas and even here this is rapidly changing. Conservation NGOs are working with the 
protected area authorities, national government and local communities in these two countries to develop 
conservation strategies for these landscapes and to create new protected areas to ensure their long term 
conservation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13.1. The six landscapes of the Albertine rift: 1: Murchison-Semliki; 2. Greater Virunga; 3: 
Maiko-Itombe; 4: Congo-Nile Divide; 5: Greater Mahale Ecosystem; 6: Misotshi-Kabogo-Luama. 

 
In terms of the geological history of the Western or Albertine Rift in Africa the changes 

documented here are over a very short time scale. However, the magnitude and rapidity of the changes are 
some of the greatest the region has faced since its formation and will have significant impacts on the long 
term viability of the incredible biodiversity found here. The chapters in this book document the 
fragmentation and isolation of the different sites by expanding human populations and the associated 
agriculture as well as some of the changes in climate that are occuring. The chapters also synthesise 
information about habitat changes, changes in fruiting and flowering, changes in animal populations and 
changes in human demography and attitudes to conservation which are likely to be linked to these two 
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factors: climate change and expansion of agriculture associated with human population increase. How 
these two factors affect these other changes is less clear though and the links are not clearly understood. 
We cannot explain what is causing the changes observed in most cases but document them here to 
highlight that they are occurring and there is a need for further research to understand why they are 
occurring.  

 
 
Table 13.1. Areas of the six landscapes and area protected as park, forest reserve or wildlife/hunting 
reserve. Areas are rounded to the nearest 50 km2 because of inaccuracies in area measurement on the 
ground for many sites in DR Congo. 
 

Landscape Landscape Area (km2) Area Protected 
(km2) 

Percentage 
protected 

Murchison-Semuliki 10,500 7,350 70.0 
Greater Virunga 15,700 13,800 87.9 
Maiko-Itombwe 40,300 16,500 40.9 
Congo Nile Divide 1,450 1,450 100.0 
Greater Mahale Ecosystem 14,700 1,600 10.9 
Misotshi-Kabogo-Luama 4,850 2,300 47.4 
Total Albertine Rift Area 87,500 43,000 49.1 

 
The results show the great importance of long term monitoring for detecting changes, something 

that few donors want to finance because of the time it takes to produce results. Yet the changes 
documented here show how dynamic the ecosystems of the rift are and how little we understand them. 
One of the longest series of research studies on the ecology of a rainforest in the World at Kibale is 
summarized in chapter 5 and concludes that what we are now discovering about the forest shows how 
little we really understand about its ecology. The authors found that in virtually every aspect of their 
research changes were taking place and that the forest is not in an equilibrium state as a result. The same 
conclusion can also apply to the other forests described here; Budongo, Bwindi, Virunga Volcanoes, 
Nyungwe, Gombe and Mahale; as well as to the savannas in the Greater Virunga Landscape. I here try to 
synthesise the main findings from these chapters under the various topics the authors were asked to 
address. 

 
Climate changes 
 

The trends in climate data for the various sites indicate that for the most part rainfall is increasing 
or becoming more variable in the Albertine Rift, except in the far south where it is decreasing as predicted 
in the climate modeling in chapter 2 (Table 13.2). Fewer long term records exist for temperature but 
where they do exist they show that the region was warming on average over the last century. In some 
cases the temperature changes have been dramatic such as at Lwiro in eastern DRC and at Fort Portal in 
western Uganda where 2-40C rises in temperature have been recorded. This is likely to be attributable to 
both global climate change as well as removal of forest around these areas. The cooling effect of forest 
cover and the increase in precipitation as a result of its presence will have a significant impact on all of 
these monitoring sites. Where it is lost it is likely to lead to a warming of the environment and changes in 
rainfall as a result. How this affects other ecological processes such as phenology is not known and needs 
more research.  

One of the interesting findings form the analyses of rainfall data at each of these sites is the great 
variability between days of the year but also the peaks and troughs that seem to occur on a daily time 
scale that are masked when monthly averages are calculated. To our knowledge this type of analysis has 
not been performed at any site in Africa and the results show clear peaks at certain times of years which 
are likely to be having an ecological impact if investigated in more detail. We hope this finding will 
stimulate research at these sites that will look at how this variability in rainfall affects plant phenology, 
plant growth and other ecological processes. 

The climate data that exist are sparse in this region and in many cases do not span a very long 
time period, have gaps in the data because it was not collected during periods of insecurity, or because 
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funding wasn’t available to replace equipment loss or breakages, and suffers from poor quality in 
recording practises or in the siting of the equipment.  With the increasing availability and affordability of 
automatic weatherstations it is becoming possible to improve on the quality of the data and the recording 
at more remote sites and already such stations exist in Budongo, Bwindi, Rwenzori Mountains and in 
Nyungwe at Uwinka. The MacArthur Foundation has supported WCS to add additional stations and these 
will be allocated to various sites throughout the Rift where stations are lacking. These stations will not 
only record rainfall and temperature but will also record sunshine hours which is related to cloud cover 
and we believe will be found to have an impact on the flowering and fruiting of trees. 

 
Table 13.2. Trends in climate data for the long term research sites in the Albertine Rift. 
 

Site Rainfall Temperature 
Budongo Increasing Stable 
Toro-Semliki Stable - decreasing in dry 

seasons 
Unknown 

Kibale Increasing Increasing 
Greater Virunga Landscape Increasing or stable Unknown 
Bwindi More variable in wet 

seasons but no trends 
overall 

Stable with 
fluctuations 

Virunga Volcanoes Increasing at Ruhengeri Unknown 
Nyungwe Unknown Unknown 
Kahuzi-Biega Unknown Increasing at Lwiro 
Gombe Stable at Kigoma Unknown 
Mahale Decreasing Increasing 

  
 

Habitat changes 
 
Every site recorded major changes in habitat outside their protected areas, particularly the 

conversion of natural habitat to agriculture. These changes have been occurring over the past 2000 years 
in parts of the Albertine Rift (Hamilton, Taylor and Vogel, 1986) leading to forest loss. However it is 
only in the past 40-50 years that the expansion has been incredibly rapid and in much of Rwanda, 
Burundi, western Uganda and north-western Tanzania has led to the complete isolation of protected areas 
and the severance of any migration corridors (Hamilton, 1984; Lamprey, Buhanga & Omoding, 2003; 
Ruzigandekwe, 2000). If protected areas had not been established from the 1930s to the 1960s in the 
Albertine Rift it is very unlikely that there would have been any large areas of contiguous wild land left 
today. In Uganda alone it is estimated that 95% of all large mammals were killed during the 1970s and 
early 1980s both inside and outside protected areas (Lamprey, Buhanga & Omoding, 2003) and today 
there are no elephants (except the occasional wandering individual), lions, hyaenas, rhinos, buffalos and 
large antelope species living outside protected areas in Uganda. Similar losses of wildlife have occurred 
outside protected areas in Kenya also and this is impacting populations within protected areas as a result 
(Lamprey & Reid, 2004; Ogutu et al. 2009). Most of the natural forest outside protected areas in Rwanda 
and Burundi have been lost and replaced by exotics such as pine and eucalyptus (Ruzigandekwe, 2000). 
In Uganda Natural Forest and thickets have dropped to 38% of their 1900 cover (NEMA, 2008). Most of 
the natural habitat around Gombe National Park has also been lost (chapter 11). Elsewhere in the 
Albertine Rift habitat is more intact, although outside protected areas large mammal species are rare in 
the remaining natural habitat because of hunting for bushmeat (data from WCS surveys of western 
Tanzania, Itombwe Massif and Misotshi-Kabogo).  

At a finer scale, few sites have looked at changes in tree composition and habitat succession. 
Budongo is the exception where long term plots were established in 1935 and have been monitored at 
irregular intervals since (chapter 3). Unfortunately many of these have been affected by selective logging 
and as a result we cannot separate the impacts of the logging from natural succession. Data from Kibale 
have been used to assess regeneration after logging and also after humen settlement and indicate that 
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Kibale s in a non-equilibrium state and has probably been affected by man over hundreds of years. The 
discovery of pottery shards on hilltops which have grassland that is becoming colonized by forest 
indicates that people were probably living on these hilltops in the past and have affected the ecology of 
the forest (chapter 5).  

We know little about how large mammals are affecting the vegetation within these sites over 
time. The importance of seed dispersal in Budongo and Kibale by chimpanzees in particular has been 
shown and that ingestion of many seeds improves germination success (Wrangham , Chapman & 
Chapman, 1994; Plumptre, Reynolds & Bakuneeta, 1997). Chimpanzees consume between 80-90% of the 
seeds of some fleshy fruiting trees (Babweteera, 2006) and range over much greater distances than other 
primates because of their larger home ranges. As a result they are likely to be important dispersers of 
seeds. However, few studies have tried to measure the importance of the disperser for the survival of the 
tree. One study has assessed how the loss of elephants in Budongo and Mabira forests in Uganda has 
affected the recruitment of the tree Balanites wilsoniana, a species whose seeds are only dispersed by 
elephants. Making comparisons with Kibale forest which still has elephants the study showed 
significantly lower recruitment of seedlings and saplings where elephants were absent and no juvenile 
trees away from parent trees in sites where elephants were absent. Saplings and poles were found to be 
more abundant away from adult trees indicating that dispersal enhances juvenile survival (Babweteera, 
Savill and Brown, 2007). Species with large sized seeds appear to be more heavily dependent on a few 
large mammals for their seed dispersal (Babweteera, 2006). In the savannas of the Greater Virunga 
Landscape the changes in large mammal numbers have had a significant impact on the vegetation as well 
as fire. The decrease in large mammal biomass have tended to lead to increased woody cover in both the 
Queen Elizabeth and Virunga Parks as a result in the reduction in browsing by elephants and grazing by 
hippopotamuses in particular (chapter 6). 

At several sites there has been an increase in liana growth. This includes Sericostachys scandens 
in Nyungwe, Kahuzi Biega and possibly Bwindi, Saba comoroensis in Gombe and Mahale and 
Landolphia lucida in Gombe. Climber smothering of regeneration in Budongo has been shown to be 
important for survival of seedlings, saplings and trees; acts differentially on different tree species; and is 
affected by the size of gaps created in the tree canopy (Babweteera, Plumptre and Obua, 2000; 
A.J.Plumptre unpublished data). It is possible that these forests are experiencing larger gaps in the canopy 
which is encouraging the increase in these climbers. Another hypothesis is that the loss of elephants and 
other large mammals at these sites may have led to a reduction in browsing pressure, and therefore has 
encouraged climber growth. A third hypothesis is that increasing CO2 levels in the atmosphere are 
favouring liana growth and that we are seeing a similar phenomenon here to the increase in lianas that is 
occurring across the Amazon Basin (Phillips et al. 2002). These hypotheses need testing and the spread of 
the lianas needs long term monitoring and research as they have the potential to dramatically change the 
habitat. 

 
Changes in phenology 
   

One of the major findings of the comparison between these 11 sites is the dramatic changes that 
are taking place in the flowering and fruiting patterns of trees. Data on flowering and fruiting have beend 
at Budongo (20 years); Kibale (two periods of 13 and 12 years), Bwindi (3-4 years), Nyungwe (15 years), 
Kahuzi-Biega (9 years) and Mahale (13 years although only 4 of these were analysed in chapter 12) and 
data have also been collected at Gombe but have not been analysed. Data from Budongo showed startling 
decreases in the percentage of trees fruiting, with 60% decreases in the percentage of some common tree 
species. In Nyungwe there has also been a significant decline in the percentage of fruiting trees. More 
detailed analyses here show that these declines have occurred during the peak months of fruiting but that 
there have not been significant declines in the months where fruit production is lower. Kahuzi Biega data 
doesn’t appear to show a major decline or increase (chapter 10) although it does show major variation 
between years in fruit production. In Kibale there has been a decrease in the percentage of fruiting trees 
between 1970 and 1984 followed by an increase between 1990 and 2002 (chapter 5). The data between 
1990 and 2002 were based on the monitoring of all trees >10cm DBH in plots (similar to the Budongo 
data) and can potentially suffer from the fact that larger trees tend to produce fruit because they are more 
mature and that as trees age they would be more likely to fruit (Plumptre, 1995). However, an analysis of 
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only the larger trees still shows an increase in the percentage of fruiting trees during this period 
(C.Chapman, pers. comm.). The data for Bwindi, and Mahale are not really long enough to assess changes 
(table 13.2). 

 
Table 13.2. Changes in phenology of tree species at the various sites. 
 

Site Percentage of trees 
fruiting 

Species that have reduced 
fruiting 

Budongo Decreasing Celtis species 
Toro-Semliki No data Unknown 
Kibale Decreasing 1970-1984 

Increasing 1990-2002 
Pouteria altissima, 
Parinari excellsa 

Greater Virunga Landscape No data Unknown 
Bwindi Data too short term Unknown 
Virunga Volcanoes No data Unknown 
Nyungwe Decreasing in peak fruit 

periods 
Unanalysed 

Kahuzi-Biega Stable but fluctuating Unknown 
Gombe Data not analysed Unknown 
Mahale Data not analysed over 

long enough period 
Unknown 

 
In addition to the changes in the perentage of trees fruiting there have also been major changes in 

the fruiting behaviour of particular tree species. In Budongo some of the common species such as Celtis 
are producing much less fruit than they used to. In the early 1990s Celtis gomphophylla (formerly 
C.durandii) was an important component of the primate diets in this forest (forming 10-17% of the diet) 
and was a preferred fruit species (Plumptre, 2006), as was C. mildbraedii and C. zenkeri. C.gomphophylla  
density was also significantly correlated with black and white colobus monkey density (Plumptre & 
Reynolds, 1994). How the changes in fruit production at this site are affecting monkey diets and ranging 
needs further research. Similarly in Kibale there are some tree species such as Pouteria altissima and 
Parinari excellsa that fruited regularly in the 1970s but hardly fruited at all in the 1990s. Parinari 
excellsa  has also decreased in its frequency of fruiting in Kalinzu Forest in Uganda (T. Furuichi, pers. 
comm.). What is causing these changes is unclear. They may be related to climate change as several 
studies have shown that aspects of climate are correlated with flowering or fruiting in tropical trees 
(temperature: Tutin and Fernandez, 1993; Chapman et al. 1999; rainfall: Günter et al., 2008; Stevenson et 
al., 2008;  solar irradiance: Wright & Caldéron, 2006; Günter et al., 2008; Chapman et al. 1999; or 
photoperiod: Stevenson, et al., 2008) but these studies usually show that different species respond to 
different climatic cues and that there may not be one factor that triggers flowering but that it may be 
several factors (Stevenson et al., 2008). It is also possible that the changes in flowering and fruiting are 
simple episodic cycles that tropical trees go through, that may be related to similar cycles in rainfall that 
have been observed and that we just don’t have data over a long enough period to know this. Such major 
changes in fruiting patterns will have an impact on frugivores and this needs investigating. 

 
Animal population changes 

 
There have been significant changes in large mammal numbers in many of these sites over time. 

In particular large mammal populations have declined at all sites with the extinction of elephants at 
Budongo and Nyungwe, and the reduction to very small numbers (less than 40) in Toro-Semliki, Bwindi, 
Virunga Volcanoes, Kahuzi Biega and Mahale. Elephants are known to have significant impacts on 
vegetation in both savanna woodlands (through browsing) and in forests (through seed dispersal and 
browsing. It is likely elephants have had a major impact on the composition of Budongo Forest (chapter 
3) and that the increase in woody vegetation in the Greater Virunga Landscape is a result of declines in 
the elephant numbers since the 1960s (chapter 6). Similarly dramatic declines in the population of hippos 
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in Lake Edward has led to the recovery of wetland and swamp vegetation aroud the lake as a result as 
well as the recovery of over-grazed areas around the shores of the lake. 

Primate numbers, where they have been monitored, have been much more stable over time with 
few significant changes (table 13.3). There has been a significant increase in chimpanzees at Kaniyo-
Pabidi (KP) in Budongo Forest but elsewhere in this forest the population has been fairly stable with 
occasional fluctuations but no general trends. This is also the case for many of the primates in Kibale, 
except for the blue monkey which appears to be declining, and the grey-cheecked mangabey which seems 
to be increasing throughout the forest. The blue monkey has also been declining at Gisakura in Nyungwe 
but not at Uwinka (chapter 9) and also seems to be declining at Mahale (chapter 12). This species is very 
abundant in some forests such as Budongo, but very rare in others and it is unclear why their population 
ramains so low at these sites (Butynski, 1990). More comparative research between sites is needed to 
better understand what causes the low populations in Kibale. Red colobus monkeys at Mahale and Kibale 
are relatively stable but may be declining in Kibale (as evidenced by encounter rates as compared with 
density estimates which were stable). Outside Mahale park this species is confined to riverine forests 
which are being rapidly converted to agricultural land because it is the most fertile land (pers. obs. on 
WCS surveys around Mahale in 2005). This species is the main prey of chimpanzees in Kibale, forming 
90% of the kills by chimpanzees at the Ngogo site (Mitani & Watts, 1999). There is a significant negative 
relationship between chimpanzee nest encounter rate and red colobus encounter rate in Kibale (Plumptre 
& Cox, 2006) and it is likely that predation is having an impact on their populations. This species occurs 
in the Watalinga forest in northern Virunga Park, Kahuzi-Biega, Itombwe and in Misotshi-Kabogo in 
DRC and the Mbizi forest in south west Tanzania but is usually fairly rare wherever it occurs. There is a 
need to monitor their populations because of this low density. 

Ungulate numbers have declined drastically during the civil conflict in Uganda but have been 
recovering in the savannas of Queen Elizabeth (chapter 6) and Toro-Semliki (Chapter 4) since the early 
1990s as well as the forests where protection from hunting is undertaken. In Rwanda ungulate numbers in 
the Virunga Volcanoes have declined during the period of civil war and genocide (chapter 8) and have 
also probably declined in Nyungwe as a result of heavy poaching (chapter 9). Buffalo are now extinct in 
Nyungwe since the mid 1980s (J.P. Van der Weghe pers. obs.) and duikers are at very low densities, so 
much so that poachers have been targeting giant rats as much as they do duikers. Bushbuck appear to 
have declined in Mahale but warthogs and duikers have been relatively stable since 1995/6. 

Birds have only been monitored in Queen Elizabeth and Nyungwe regularly. There appears to 
have been considerable turnover in species composition in the savannas of Queen Elizabeth without any 
major change in vegetation taking place at the monitoring sites. In Nyungwe forest most species have 
been relatively stable but some birds of prey have declined significantly, particularly the African goshawk 
and crowned eagle (chapter 5). The causes of these changes are not known but need research to 
understand them.   

In the savannas we have some idea how changes in large mammal numbers has affected the 
ecology of the sites, leading to changes in grazing and browsing pressure which in turn have led to 
changes in vegetation over time, although with a considerable lag period. We have very little idea how the 
changes in abundances of large mammals is affecting the forest ecology at most of these sites. Changes in 
frugivore abundances as well as seed and seedling predators will affect recruitment of trees and is likely 
to change the forest composition (Babweteera, 2006). The generation time for trees is so much longer 
than animal species that it is likely that these changes won’t be noticed for decades, by which time it will 
be late to try to restore the ecosystem to a more functional state. Where there are been extinctions of key 
species such as elephants or seed dispersers there is a need to evaluate the potential impacts and the 
ecological and social consequences of re-introduction of the species. In some sites the associated crop-
raiding and potential risks to human life may make it unacceptable to re-introduce a species in which case 
it may be necessary to actively manage some tree species to maintain the diversity of the forest. 
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Table 13.3. Changes in animal populations at the sites. 
 

Site Elephants Gorillas Chimpanzees Monkeys Ungulates 
Budongo Extinct since 

1970s 
None Stable since 

1992 
Stable since 
1992 

Probable decline and 
recent increase 
where protection 

Toro-Semliki Declined to 
low 
population 

None Unknown Unknown Decline in 1970s and 
80s with recent 
increases 

Kibale Stable at 
around 300-
400 
indivuduals 

None Stable since 
1970s 

Stable except 
for declines in 
blue monkeys 
and increases 
in magabeys 

Unknown 

Greater 
Virunga 
Landscape 

Declined to 
150 in 1981 
but back to 
around 3000 

See 
volcanoes 
and 
Bwindi 

Unknown Unknown Decline in 1970s and 
1980s with recent 
increases 

Bwindi Declined to 
around 30-50 
individuals 

Stable at 
300 

Unknown Unknown Probable decline 
with recent increases 

Virunga 
Volcanoes 

Declined to 
around 20-40 
animals 

Decline 
from 450 
to 220 
and back 
to 380 

Never existed Unknown Decline since 1989 

Nyungwe Extinct in 
1998/9 

None Stable since 
1997 

Stable except 
decline at one 
site in blue 
monkeys 

Probable declines 
since 1988. Buffalos 
extinct since mid 
1980s. 

Kahuzi-Biega Declined to 
about 10 
individuals 
from 600 in 
1996 

Decline  Stable since 
1996 

Unknown Unknown 

Gombe Extinct None Declined as 
habitat lost 
around park 

Unknown Unknown 

Mahale Declined to 
low numbers 

None No censuses. 
Decrease in 
habituated 
communities 

Stable Decline in 
bushbucks but 
duikers and 
warthogs stable 

 
 
Changes in human demography and attitudes to conservation 
 
 Where data were available they all showed major increases in the human population surrounding 
the site. The only region of the Albertine Rift where there probably has not been a great increase in the 
numbers of people is in landscape six, Misotshi-Kabogo-Luama, which has been a site of rebel 
activity/insecurity since 1960 until about 2006. As a result people have actually left this landscape over 
time and settled elsewhere.  

Increasing numbers of people who primarily depend on subsistence agriculture to make a living 
has led to increasing demands for more land. Surveys made in Uganda, Rwanda and eastern DRC show 
that more then 50-60% of the population is under 20 years old (Plumptre, et al. 2004; unpublished data) 
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which will lead to ever increasing numbers in future. Most of the remaining natural habitat is in protected 
areas in the high human population density areas but more occurs outside protected areas in landscapes 
where human population density is lower (table 13.1). There is a need to protect the most critical of these 
areas soon before they are lost to agriculture and protected area authorities and their partners are working 
together in most of these landscapes to conserve key habitats (corridors or unique regions for Albertine 
Rift biodiversity) that are currently unprotected. 

Historically, protected area management took the approach that people should be kept out of 
protected areas and that managers should focus on the management of everything inside the protected 
area, particularly the impacts of people who were illegally using the protected area. One notable 
expection was the establishment of a 50% revenue sharig scheme with the kingdoms of Toro and Ankole 
at the creation of Queen Elizabeth Park and the regular sharing of meat from culls of hippopotamuses 
(Willock, 1960). Since the 1990s a more collaborative approach has been adopted, particularly in Uganda, 
which aims to improve relations between the protected area authorities and the local communities. 
Revenue sharing schemes have been established in Uganda, Rwanda and around some protected areas in 
DRC to build better relations. Community conservation activities around Bwindi in particular have been 
extensive because of the friction that was created when the forest reserve became a national park (chapter 
7). Many different interventions were established to build rapport and to reduce poverty around the park. 
These have been evaluated and show that relations and attitudes have greatly improved as a result of these 
interventions but that there is still some way to go before illegal activities in the park are significantly 
reduced (chapter 7).  

Crop raiding by large mammals is one of the critical issues that needs to be addressed as 
protected areas become more isolated and surrounded by agriculture. Many of the sites deal with this as 
an issue and studies of possible control measures have been undertaken at Budongo, Kibale, Queen 
Elizabeth, Bwindi, Virunga Volcanoes and Nyungwe. Trenches have been dug around parts of Queen 
Elizabeth Park to stop crop-rading elephants and Mauritius thorn (Caesalpinia decapetala) has been 
planted around parts of Kibale Park to reduce elephant and baboon crop-raiding. Certain crops that are 
unpalatable to species, such as tea, provide good buffer crops and can also reduce crop raiding 
frequencies. Better land-use management and planning by national govermnments could help protected 
area authorities address this problem.  

Only one site, Kibale, has seriously looked at the ecology of disease and how as people increase 
in number around a site and forests fragment there will be increase in the transmission of diseases 
between people, their domestic animals and wild animals (Goldberg et al. 2008). There have been studies 
of the transmission of disease between tourists, researchers and gorillas or chimpanzees in the Virunga 
Volcanoes, Budongo, Kibale and Mahale but the research has been focused around transmission to 
habituated animals (Cranfield, 2008; Kaur et al., 2008). Disease ecology is a subject that is gaining 
increased attention globally and is certainly needed in the Albertine Rift regin where the proximity of 
people and wildlife is probably greatest in Africa. 

 
The importance of long-term monitoring 

 
The chapters in this book demonstrate the importance of long term monitoring and data 

collection. In many cases they present findings of analyses that have not published elsewhere of long term 
data sets such as tree phenology and climate data, without which we would have little idea that the 
changes reported are taking place at all. These changes are rarely noticed unless individual researchers 
spend decades at their research site and even if this happens often the data are not there to prove the 
changes are occurring.  

Few researchers plan research programs that will yield results in decades time as most are 
focused on 2-5 year research programs or funding periods. It should therefore be a priority that long-term 
research stations establish long term research and monitoring programs that can help identify changes that 
are taking place and answer questions about the causes of these changes. Joe Eggeling was one of the rare 
exceptions in the Albertine Rift region, who in 1935 deliberately established long term tree growth plots 
that he aimed to be measured regularly for many years after he left Budongo Forest and Uganda. There is 
a need to standardize methods and ensure that these are not changed over time as it can make comparisons 
difficult, unless there is a period when both methods are used to allow calibration of the new method. 
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Several global monitoring programs are beginning to be established such as the GLORIA sites 
(www.gloria.ac.at/?a=2) for monitoring alpine vegetation, the Tropical Ecology Assesment and 
Monitoring Network (TEAM - www.teamnetwork.org) for monitoring the impacts of climate change on 
the environment, and the Center for Tropical Forest Science (CTFS - www.ctfs.si.edu) which is 
coordinating the establishment of 50 ha plots to measure forest dynamics around the globe (Ashton, 
1998). Currently there are no GLORIA sites in Africa, no CTFS sites in the Albertine Rift (three in 
Africa), and only Bwindi Impenetrable National Park is a TEAM site. There is a need for the research 
stations in the Albertine Rift to become more linked to these global monitoring efforts as they also offer a 
well thought out and standardized set of methods.  

Donors to research stations need to recognize the importance that long term monitoring can play 
in helping us better understand the dynamics of these tropical sites. It is the short term funding cycles that 
tend to deter the long-term research projects because it becomes hard to continue to raise funding for the 
same monitoring programmes at regular intervals. There is a need for those foundations, companies and 
individual donors to commit to at least 10 year cycles for specific monitoring programmes at selected 
sites around the World if we are to establish serious long-term monitoring programmes and meet long 
term objectives.  

 
Conclusions 
 
 The changes documented at the eleven sites in this book show that none of the sites are very 
stable over time. Climate, species, the phenology of plants and ecological processes, mediated in 
particular by large mammals, are all changing and it is clear that conservation managers will need to be 
much more flexible and adaptive in their management of these sites to be able to adapt to these changes 
and yet still conserve the remarkable biodiversity to be found in the Albertine Rift. In the long term there 
may need to be active interventions at sites to conserve certain species that may go extinct otherwise 
because of habitat changes taking place. For example, as rainfall increases in the region with climate 
change there is a likelihood that savannas will become woodland and then forest unless actively managed 
by fire, and possibly harvesting of trees, to maintain the grasslands. In some cases it may not be possible 
to maintain species, particularly some of the high-altitude species and unless we can translocate them to 
other sites or maintain them in captivity they are likely to be lost. As research at these long-term sites 
helps us better understand the ecosystem dynamics taking place it will help managers focus their 
interventions at particular conservation targets that may be at risk but can be saved, but to leave those that 
probably will not be saved.  
 The future of the conservation areas in the Albertine Rift is not static and many aspects of the 
ecology at these sites is likely to change. Scientists and conservation practitioners in many disciplines will 
need to combine their efforts to ensure this unique and biodiverse region is still represented amongst the 
portfolio of conservation sites around the World in the next 100 years.  
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Wildlife Conservation Society 
 

The Albertine Rift region of Africa is one of the most biodiverse sites on this continent. 
Containing more endemic and threatened vertebrate species than any other site it is recognized as a 
biodiversity hotspot and endemic bird area. The Wildlife Conservation Society (WCS) has been 
supporting a programme to promote the conservation of this region since 2000 but has been active in 
various parts of the region since the 1950s, longer than any other conservation NGO.  

The Wildlife Conservation Society (WCS) saves wildlife and wild lands. We do so through 
careful science, international conservation, education, and the management of the world's largest system 
of urban wildlife parks, led by the flagship Bronx Zoo. Together, these activities change individual 
attitudes toward nature and help people imagine wildlife and humans living in sustainable interaction on 
both a local and a global scale. WCS is committed to this work because we believe it essential to the 
integrity of life on earth.  

Our focus is conservation of landscapes and the species that require large landscapes in order to 
survive as viable populations. These landscape species are often rare and threatened, slow to reproduce 
and live at low densities. In the Albertine Rift region species such as elephants, hippopotamuses, gorillas 
and chimpanzees; large carnivores such as lions, leopards, hyaenas and golden cats; and large birds of 
prey such as crowned eagles and lappet-faced vultures are all landscape species that require population 
management actions at scales larger than the existing individual protected areas. We are working with the 
protected area authorities in the countries that make up the Rift and other conservation partners to 
conserve six core landscapes and the endemic and threatened species within them, including the 
landscape species. 

 
Albertine Rift Conservation Society 
 

The Albertine Rift Conservation Society (ARCOS) was established in 1995 with the following 
mission: “to enhance biodiversity conservation and the sustainable use of natural resources of the 
Albertine Rift through the promotion of collaborative conservation action; awareness raising; and 
biodiversity information exchange in the region.” 

The objectives of ARCOS as articulated in its constitution are the following:  
 

• To enhance the knowledge of biodiversity and natural resources in the Albertine Rift region; 
• To promote awareness raising and conservation action for better sustainable use of fragile natural 

resources of the Albertine Rift region; 
• To enhance the conservation and protection of key biodiversity features of the Albertine Rift 

region for the regional ecosystem integrity and future generations; 
• To promote capacity building, networking, regional collaboration and information exchange for 

better conservation action in the Albertine Rift region and other mountain ecosystems in Africa. 

All ARCOS activities and programmes are implemented through four strategic programmese: 
Environmental monitoring, Training and Capacity Building and Networking, Awareness raising and 
promotion of best practices and Conservation Policy, Planning and delivery. ARCOS Programmes and 
activities are categorized into four broad focal programme areas with focus on 4 themes linked by four 
cross-cutting programmes of work: 1) Albertine Rift Montane Forest Ecosystems; 2) Albertine Rift 
Freshwater Ecosystems; 3) Environmental Threats (Climate Change); 4) Poverty, Environment and 
Ecosystem Services. 
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