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Executive Summary 
 
An initiative is underway to reintroduce captive-bred mountain bongo antelope (Tragelaphus eurycerus 
isaaci) to their native habitat on the Mount Kenya World Heritage Site. The bongo, a charismatic and 
endangered sub-species that serves as a flagship for the rich and threatened Afromontane forests, is now 
extinct on Mount Kenya.  A small population of these animals remains on the nearby Aberdares 
Mountains. Reintroducing the bongo to Mount Kenya will be an important contribution to conserving this 
endangered sub-species, and will also enhance conservation for the globally important Mount Kenya and 
Aberdares ecosystems.   

   
The mountain bongo is poorly understood, and few detailed data exist on this animal or its habitat. In 
order to successfully reintroduce this animal, it will be crucial to understand its ecological requirements 
and locate where its critical habitat is found on Mount Kenya. It will also be important to understand how 
this habitat may have changed over time. A remote sensing-based approach will be employed to map the 
spatio-temporal distribution of the crucial habitat variables, which will be determined through a field data 
collection campaign in the Aberdares. Habitat variables will be recorded in areas where bongo activity is 
found and in randomly sampled plots. Multivariate statistical analysis will be used to determine the most 
important variables influencing the bongo’s distribution.  The current and historical distribution of there 
variables will be determined using remotely-sensed data. In order to strengthen the subsequent modeling 
exercise, habitat selection data will also be recorded and analyzed for several more common, related 
herbivores. A Kenyan graduate student will play an important role in collecting and analyzing this data.   

 
Critical habitat variables may not be usable by animals if they do not have a certain spatial configuration. 
A modeling approach will be used in order to understand how the variables important to the bongo (and 
other studied herbivores) are configured. Since it is unclear how much information is required to 
understand this problem, three models of increasing complexity will be developed and assessed: 1) a 
binomial generalized linear model; 2) a simple agent-based model; 3) a stochastic, demographic agent-
based model. These models will be developed and tested for the Aberdares landscape, using half of the 
field data. The other half of the data will be employed as the independent validation dataset. The most 
successful modeling technique will be applied to the Mount Kenya ecosystem.   

 
This research has larger significance to the field of conservation and ecology, in that it will:     
• Improve understanding of the role of spatial configuration and complexity in habitat selection;  

• Highlight the amount of ecological detail required to understand megaherbivory in a forest 
environment; 

• Identify the most useful remote sensing and modeling techniques for solving this conservation 
biology problem;  

• Enhance understanding of the effects of changing habitats configurations on organisms;  

• Result in a technique that can be applied to reintroduction and management programs for other 
species and ecosystems;  

• Attract further research and conservation attention to these two important ecosystems.   

 
 
 
 
 



Introduction   
Human population growth and related habitat transformation threaten to deplete biological capital and disrupt 
ecological processes [1]. An estimated 30,000 species are extinguished annually by tropical deforestation [1], and 
populations of many extant species have so declined [2] that nearly 3000 vertebrate taxa face extinction, and may 
only be saved through conservation breeding [3]. Captive breeding, reintroduction, and translocation programs are 
thus becoming increasingly important conservation tools [3,4], although there are two important obstacles to re-
establishing species: 1) understanding the fundamental ecological requirements and life histories of species of 
concern [5]; 2) identifying appropriate areas for reintroduction or restoration, recognizing that degradation or 
modification can render native habitats unsuitable [6,7]. Evolving reintroduction methodologies therefore demand 
greater scientific input.  

Conservation biology techniques, such as Population Habitat and Viability Assessment (PHVA) [8], usually require 
detailed life history and habitat information. Unfortunately, such data do not exist for most species, particularly 
endangered taxa [5], and the cost of collecting it by conventional methods can be prohibitive. Remote sensing 
techniques are a relatively inexpensive, efficient alternative for habitat classification and quantification [9], 
particularly over large areas of difficult  access. Modeling is a tool that affords insight into rare species’ ecological 
interactions that would be difficult or impossible to obtain from field observations, especially where habitats have 
been altered [10]. The modeling approach is exceptionally effective for determining how a collection of suitable 
habitat patches must be spatio-temporally configured to create a sustainable environment for an organism. Modeling 
is also useful for determining the most essential factors controlling an ecosystem [11], and thus the amount of 
information that must be collected to understand the system. Together, remote sensing and modeling allow 
ecological issues to be examined over large areas and over long times, and thus may be crucial to the long-term 
success of reintroduction programs.           

An initiative is underway to reintroduce captive-bred mountain bongo antelope (Tragelaphus eurycerus isaaci) to 
their native montane forests of Kenya—specifically the Mount Kenya World Heritage Site [12]. Endemic to Kenya, 
the mountain bongo is an endangered subspecies [13] with a wild population of less than 100 individuals [12] now 
confined to the nearby Aberdares mountains. Biologically rich montane forests cover only three percent of Kenya, 
and are threatened by the country’s densest and fastest growing human populations (up to 800 people/km2) and most 
intensive agriculture [14,15]. A rapid intensification of land use in the Mount Kenya-Aberdares area over the last 50 
years has resulted in increased encroachment and resource extraction in the protected mountain forest reserves [15-
17]. Shifts in vegetation communities consistent with a warming climate have also occurred [7]. These factors 
indicate that the bongo’s habitat has changed during this time period. Bongo have concurrently declined throughout 
their range [18], and the last Mount Kenya bongo was seen in 1994 [12]. Detailed habitat information for Mount 
Kenya and the Aberdares is largely lacking; thus, the only way to compare these sites’ past and present 
environments is with remotely-sensed data.   

The charisma and endangered status of the mountain bongo make it an ideal “flagship species” [12], capable of 
attracting public concern and support for research and conservation efforts [19]. Furthermore, the bongo’s large 
range and dependence on a diverse habitat mosaic [13,20] may qualify it as an “umbrella species,” whose habitat 
needs encompass (and, if conserved, would protect) those of the entire community [19]. Successfully reintroducing 
the bongo can greatly enhance biodiversity conservation efforts for the Mount Kenya World Heritage Site en toto. 
Determining a wide-ranging species’ habitat distribution, and how this might have shifted, can also provide valuable 
insight into the wider impacts of ecosystem change.    

The reintroduction program aims to reestablish a viable free-ranging population on Mount Kenya by sustainably 
releasing the habituated descendants of an in situ managed breeding herd. However, reintroduction strategies hinge 
upon reliable ecological information. The few existing studies on the bongo [e.g. 21,22,23] pertain to the lowland 
subspecies (Tragelaphus eurycerus eurycerus), which occupies different rainforest habitats in Central and West 
Africa. My role in this project, in conjunction with the Kenya Wildlife Service (KWS) and the Rare Species 
Conservatory Foundation (RSCF), is to investigate the ecological requirements for re-establishing a free-ranging 
bongo population. The success of this endeavor depends on answering the key questions:  

• Where and what is the preferred habitat of bongo, and how is it configured?  

• Has this habitat changed over time? 



I will use remote sensing and modeling techniques to address these ecological issues in a data-poor environment, 
which will enable me to answer several further questions:  

• Can the habitat variables controlling the distribution of a large herbivore in a densely forested landscape be 
successfully quantified using remotely-sensed data?  

• How much detail is required to successfully simulate the studied system? (I.e. what are the essential ecological 
factors?)  

• What is the most effective modeling technique to apply to this situation?      

I therefore propose to use a range of spatially-explicit models of varying complexity—from a simple generalized 
linear model to a demographic agent-based model (ABM)—to determine the bongo’s past and present critical 
habitat within the study area, which will be represented by a landscape composed of key environmental variables 
quantified with remotely-sensed data. I will strengthen this approach by also applying it to several related and more 
abundant herbivores.  

This research will be essential to determining the feasibility of reestablishing a wild Mount Kenya population, and 
will provide insight into the drivers of the bongo’s decline. It will also provide management recommendations for 
the forest ecosystems, and will pave the way for broader research into ecological change on the Mount Kenya and 
Aberdares ecosystems.   

Background Information 

The project will be undertaken on Mount Kenya and the Aberdares, which are both equatorial mountains separated 
by approximately 30 kilometers of plains. The two montane ecosystems are biologically diverse [24], with a range 
of habitats including closed-canopy Afromontane forest, moorland, rock, snow, and ice [14,25,26]. These moisture-
trapping massifs are humid islands in a generally arid country, and thus provide a crucial service as water 
catchments [15,25,26]. This climatic feature, combined with rich volcanic soils, make these areas well suited for 
agriculture, with the result that heavy settlement and transformation around the mountain perimeters has occurred 
[14,15]. The forests’ extent has dwindled steadily due to illegal incursions and official forest reserve excisions made 
by both the colonial and post-independence governments [14]. As populations continue to grow, the threat will 
undoubtedly increase.    

The threat to these habitats has long been recognized, and a variety of conservation actions have been taken. Mount 
Kenya is a designated World Heritage Site whose upper reaches enjoy National Park status, while the lower 
encircling forests have recently been proclaimed National Forest land. Forest custody now falls under the Kenya 
Wildlife Service, which has made impressive strides in curbing the rampant illegal logging, cultivation, and 
settlement that took place in the forests towards the end of the 20th century [16,27].   

The protected status of the Aberdares mountains is similar to that of Mount Kenya: the upper mountains fall within a 
National Park, while the Afromontane forest zone is protected to a lesser extent. A fencing project that encloses the 
National Park and parts of the forest land has been undertaken as recommended by Butynski [28]. In order to 
prevent unnatural predation on the bongo and other large herbivores, a culling program was enacted to eradicate a 
large population of introduced lions, which is believed to have eliminated all but a few remaining individuals [29].   

Specific bongo conservation efforts have recently been set in motion. In the Aberdares, a newly completed survey 
has yielded an estimate of up to 60 remaining animals, divided between 5 separate breeding herds, as well as an 
unknown number of adult males [30]. In January of this year, 18 bongo were repatriated from captive-bred North 
American populations to the Mount Kenya area, as the first phase of a long-term project to reestablish a free-ranging 
population on the Mountain [31]. The research proposed here will form part of the second phase of the 
reintroduction effort [32].  

A large amount of research has been conducted on Mount Kenya and, to a lesser extent, the Aberdares.  The 
vegetation of both mountain areas has been classified by various authors. The phytosociology of Mount Kenya’s 
forests was described by Bussmann [25], while Young made in-depth studies of the Afroalpine zone [e.g. 33,34]. 
Schmitt [26] classified both the moorlands and forests of the Aberdares National Park. The Kenya Indigenous Forest 



Conservation program commissioned several unpublished reports detailing the composition and structure of Mount 
Kenya and Aberdares forest reserves. The same project also resulted in a mammal survey of Mount Kenya. Mount 
Kenya’s position astride the equator has also made it of interest to researchers studying the effects of climate change 
(e.g. Shugart et al. [7]).  

Little work has been done on the mountain bongo themselves. While the lowland bongo (Tragelaphus eurycerus 
eurycerus) of Central and West Africa has been studied enough to understand its diet selection, habitat associations, 
and group composition [21-23,35-38], almost nothing is known about the mountain bongo of East Africa. Kingdon’s  
[20] chapter on the subspecies, which draws heavily on the published observations of earlier hunters and explorers 
[e.g. 39,40,41], field records from the Aberdares, and his own findings, offers the most comprehensive reference. 
Beyond this work no detailed ecological studies of the mountain bongo have been published. In fact, few 
comprehensive studies of forest-dwelling African herbivores exist, particularly of those which reside in 
Afromontane habitats. Plumptre [42,43] has looked at niche overlap and browse selection in large herbivores in the 
Virunga mountains, while Hart [44] has studied the range and feeding behavior of the okapi. The proposed project, 
therefore, will help fill an important knowledge gap that has ramifications for a broader community of forest-
dwelling large mammals. 

The causes for the mountain bongo’s decline are uncertain, and speculation has touched on a number of possibilities. 
The most widely held view attributes the decline to illegal hunting with dogs, which is an easy way to kill bongo 
since their inclination is to stand and face their pursuers [13,20,45,46]. This form of hunting, together with habitat 
alteration, was cited as one of the main causes for the bongo’s decline in the Cherangani Hills in the 1950s [41]. 
Predation by lions introduced into the Aberdares has also been blamed [18,29,47] as an important contributor to the 
bongo’s decline, although this explanation cannot account for the Mount Kenya extirpation. Another suggestion is 
that episodic toxicity in a favored bongo browse plant, the climber Mimulopsis solmsii, is responsible [20,40], but 
the presumably long coexistence of the two species raises doubts about the significance of this factor. A more likely 
culprit is rinderpest [47], which struck herbivore populations, particularly eland and buffalo, in this part of Kenya in 
the 1980s and 90s [48]. However, it is more probable that a combination of several factors has caused the bongo’s 
decline. The dramatic human population increase in Kenya’s fertile mountain regions is the root cause of increased 
habitat destruction, hunting, and other threats to the bongo’s survival. Increased contact with domestic stock would 
also increase the risk of. Bongo populations are probably less likely to rebound following disease events than are 
other herbivores, due to their susceptibility to hound-assisted hunting and their dependence on a diminishing 
Afromontane forest environment.      

Methods 

Collection of parameters 
In my initial research I will determine the habitat selection, demographic, and physiological data that are important 
in controlling the distribution of bongo and sympatric related herbivores. I will draw on published literature [e.g. 
23,49,50,51] and the knowledge of zoological parks and wildlife experts, including parks staff, hunters, and 
researchers. The primary means for obtaining these parameters will be field collection, as few data on Afromontane 
herbivores exist. 

Since the recent Aberdares survey work has uncovered a small surviving bongo population [52], data collection 
efforts will be focused in these mountains. I will use a combination of random and focused surveys to collect 
distributional and habitat selection data for all the studied species. Employing expert trackers, I will search for track, 
dung, and feeding signs of bongo in known localities. Important microhabitat factors related to vegetation structure 
will be assessed using a modified habitat “complexity score”, based on cover estimates of each canopy layer and 
litter abundance [53]. I will record the dominant species in each canopy layer, noting any showing signs of feeding, 
as well as micro-topographical variables and basal diameters of woody plants. These data will also be collected 
where the other studied herbivores are found. In addition, I will gather evidence of human activity, as this has an 
important influence on bongo habitat selection [20,45]. To form a picture of avoided habitat, I will also site random 
plots, stratified according to defined vegetation types [25,54]. I will sample these as encountered while on focused 
surveys, and will undertake separate expeditions to collect data from more distant plots.  

The plot data will serve as ground-truth for the subsequent remote sensing assessment. Fieldwork will take place 
during the rainy and dry seasons to capture any altitudinal migration of the herbivores [20]. I will use multivariate 



statistical techniques to determine the crucial habitat variables, including discriminant function analysis, principal 
components analysis, and generalized linear models (GLIM).  

Pending the initial results of field data collection, I intend to set up a network of 15 to 20 camera traps to collect 
supplementary habitat-use information, provided that the conditions of serviceability, safety from theft, and 
likelihood of sufficient data collection are met. Traps will be replicated within each main habitat type (e.g. forest 
glade/mineral lick, secondary forest, mature forest, bamboo zone) in proportion to its abundance [55] in a larger area 
that surveys identify as the likely home range of a breeding herd. The total extent of this area may be definable by 
natural boundaries as also indicated by the concentration and diffusion of bongo sign, and is expected to be 5000-
10,000 hectares or less. Although Kingdon [20] estimates that range size may be between 12,000-30,000 hectares, 
this figure encompasses both dry and wet season habitat. The current census suggests that bongo range size may be 
even smaller, as they are now found in remote areas not frequented by humans [52].  

Within each sampled habitat type, sites will be placed where there is prior evidence of bongo activity, and where 
repeat observations are more likely (i.e. on or near a trail) [56,57]. Camera traps will be placed close enough 
together (<= ~ 2 km)—terrain permitting—to maximize the chances that all home range residents are recorded 
[56,57]. The primary measure of interest will be the rate at which bongo (and other herbivores) are photographed per 
habitat type, which will provide information about habitat selection [55]. This survey technique will also yield data 
on activity patterns and demographic structure. Since the bongo are likely to shift their range seasonally, camera 
trapping will be repeated in both wet and dry seasons, with locations determined by the first surveys to find bongo 
sign in each season.  The ruggedness of the terrain and remoteness of bongo populations [52] will dictate that 
cameras requiring less frequent servicing be used in this study.         

In order to maximize data collection and provide in-country academic opportunity, I will recruit a Kenyan MS level 
student to undertake data collection. After a period of calibration, this student will lead a second survey team in the 
Aberdares. Mount Kenya will not be field surveyed.  

Remote sensing 

Habitat mapping has been an important focus of ecology [58], as patch size and location heavily influence a species’ 
ability to occupy a given environment [59,60]. The bongo is believed to require a complex mosaic of mature forest, 
secondary forest, and grassland [20]; therefore, understanding the spatial configuration of habitat resources is 
requisite to determining available range. Remotely-sensed data are increasingly  applied to studies of habitat 
structure and suitability [9,58,61,62], and are indispensable in data-poor and inaccessible environments. I intend to 
use satellite and aerial imagery to map the current and historical distribution of important habitat variables for the 
bongo and related antelopes.  

Literature suggests that vegetation structure and composition and topographical features such as slope are important 
in controlling antelope habitat selection [45,49-51]. Soil nutrient distribution also appears to be a significant factor 
for forest herbivores [21,22,63], as does temporal variation in forage quality, evidenced by seasonal shifts in bongo 
distribution [20]. I will use available Landsat, MODIS, ASTER, and digital terrain data to quantify these and other 
important variables within the Aberdares and Mount Kenya.  

I will classify forest communities using the phytosociologies of Bussmann [25] and Schmitt [54]. Initial results from 
maximum likelihood classifications of Mount Kenya’s forests have resulted in a 70% overall classification accuracy. 
I will improve results with the Sun-Canopy-Sensor correction for topographical effects [64], which has been found 
to substantially improve classification accuracy [65]. If results are still unsatisfactory, newly developed alternative 
classification methodologies may be used [e.g. 66,67,68]. The Aberdares will be classified using Schmitt’s [54] 
phytosociological groupings and sample points. The resulting vegetation community maps will form the “matrix” 
within which other habitat variables are defined. I will undertake these classifications with available Landsat 5 
imagery taken contemporaneously with the forest classifications (1985 for the Aberdares, 1994 for Mount Kenya). 
The results will be compared with recent images (as well as a 1985 image in the case of Mount Kenya) to determine 
the extent of change to forest communities.  

The most important ecological factors for the herbivores are likely to be found within vegetation structure. For 
instance, the link between browse availability and leaf height is surely a prime reason for the bongo’s dependence on 



secondary forest [20,21,23]. Forest glades are important for grazing and mineral supplementation [20,21,35], and 
may well serve as home range anchor points [21]. Fieldwork will determine the importance of these and other 
structural features. Forest structure will be determined using linear spectral mixture modeling, which assumes that 
the contribution of a feature to a pixel’s reflectance is proportional to its abundance [e.g. 69,70,71]. In this study, 
four constituents, or endmembers, will be important: green vegetation, non-photosynthetic vegetation (NPV), shade, 
and soil. I will obtain endmember spectra from available libraries, and may treat these in two ways: 1) averaging all 
available spectra per endmember; 2) using a look-up table to select the best spectrum of several per endmember [e.g. 
71,72]. The proportion of each constituent will help to explain structural differences in the forests. For instance, a 
high proportion of shade should indicate tall primary forest, while low shade and high green vegetation speaks of 
low, dense secondary growth. A similar combination with higher soil values will relate to forest clearings, which I 
will further define using high-pass filters for edge detection between glades and surrounding forest. I will use 
ASTER data recorded during the field research to quantify forest structural feature, and repeat the method using 
earlier images contemporaneous with Landsat imagery. The features detected within ASTER will be correlated to 
the Landsat imagery, which I will then use to determine habitat structural changes over the past 20 years.          

To track seasonal variation in forage quality, I will use satellite-derived vegetation indices, such as the normalized 
difference water index (NDWI), and the normalized difference vegetation index (NDVI) [73], which respectively 
provide a measure of leaf water content (LWC) and greenness. As LWC, greenness, and leaf nutrient levels are 
positively correlated [74,75], rainfall-related fluctuations in these variables will provide information on seasonal 
browse quality distribution. I will investigate this issue using a time series of MODIS 16-day composite reflectance 
data and available Tropical Rainfall Measuring Mission (TRMM) 3B43 monthly rainfall and ground station data.  
Having determined the most useful index for detecting precipitation-linked browse quality shifts within the forest,  I 
will map the seasonal extrema of the best measure to show the likely yearly variance in antelope range.  

The derived habitat maps for the Aberdares will be verified with the field collected data. I will use high resolution 
multispectral satellite (e.g. Spot Image) and airborne digital images as supplementary groundtruth for the Aberdares, 
and the sole source of groundtruth for Mount Kenya. These data will reveal visible structural features such as forest 
clearings, while the multispectral images will be used to correlate spectral features to the coarser resolution of 
ASTER imagery.     

Models 

Large mobile animals generally depend on an array of different landscape-level resources. In the case of the bongo, 
a seasonally shifting mosaic of various habitat patches is required [20]. The fieldwork and remote sensing 
components of this study will seek to determine and locate the important habitat variables. The remaining question 
will be: must the required habitat patches be specifically arranged to provide a suitable overall habitat? The answer 
is almost certainly yes, given that behavioral, physiological, or exogenous physical constraints influence habitat 
selection. For instance, a probable habitat patch might be unusable if it is too far from other required resources. 
Modeling is an efficient method for addressing this question of configuration, but it raises another question: how 
much additional information is necessary to determine habitat arrangement? 

In order to address the issues of configuration and data requirements, I will develop three models covering a range 
of complexity, which will further enable determination of the most useful model to apply to this situation. The 
available field data will require the models to be developed for the Aberdares landscape. Ground data will be 
divided to provide one set for model development and verification, and an independent validation set. The most 
successful method will be extrapolated to Mount Kenya, where the results will be subject to long-term validation as 
part of the larger reintroduction project. The effects of habitat change on the studied species will also be assessed by 
applying the environmental variables derived from the earliest available satellite imagery to simulations with the 
most appropriate model.       

The following models are proposed:  

Statistical model of predicted versus actual distribution: The verification dataset will be used to develop a binomial 
generalized linear model [76] of presence/absence probability for the bongo and other herbivores across the 
Aberdares landscape [e.g. 77]. The satellite-derived habitat data will serve as independent variables. The model’s 
validity will be measured by how well it predicts the animal distributions recorded in the independent dataset.  



Agent-based models: Spatially-explicit, individual-based models (IBMs) are powerful tools for determining how 
organisms utilize a heterogeneous landscape, particularly for hard-to-study animals [10,78]. Agent-based models 
(ABMs) allow a richer examination of behavioral ecology than IBMs [79], in that their combination of artificial 
intelligence and object-oriented programming reveals the emergent behavior of independent and interacting 
decision-making entities (the agents) in relation to conditions in their simulated environment [79,80]. I will create 
two different ABMs, which I will validate using the independent dataset. I will use existing software (e.g. SWARM 
[81] and MOAB [82]) to minimize programming time.   

Simple physiological-based ABM: The habitat utilization patterns of a single animal “object” within a grid-based 
environment (composed of the important remotely-sensed habitat variables) will be modeled in this hybrid approach, 
which is appropriate for individual-based (or agent-based) models in which a continuous representation of the 
environment is required [83]. The environmental representation could take a form (depending on field data results) 
in which browse quantity and quality is derived from seasonal palatability and vegetation structure and composition 
data, which will provide an energy value per grid cell. Soil nutrient availability could also prove to be an important 
factor [21], with utilizable concentrations being located at licks in forest openings. The agent will be modeled using 
a simple state and transition concept [e.g. 10,84], with the state being governed by the animal’s internal energy and 
nutrient reserves, acquired through feeding and licking. At each time step, the agent will assess its energy and 
nutrient reserves, and the availability of these in the occupied environment [e.g. 85]. If browse is available, the 
animal will continue the default behavior of feeding and add to its energy reserves. Should any reserve fall below a 
given level, or if browse is depleted, the agent will assess neighboring cells, and the agent will move towards a cell 
with suitable resources, or in a random fashion until it finds adequate resources beyond a defined perception 
distance [e.g. 84]. Energy will be expended through movement, with death occurring if energy or nutrient levels 
reach zero [85]. The agent will thus behave in a way that minimizes energy expenditure (following empirically 
derived metabolic rates), and the spatial configuration of habitat will be determined by how efficiently the agent can 
meet its energetic and mineral supplementation requirements.   

Stochastic demographic ABM: The same environmental representation used in the previous approach will be 
employed in this version, with the addition of factors related to human activity that affect agent behavior and 
persistence. The human component will be incorporated in the landscape as a function of distance from sources of 
human activities, and will influence the agent’s ability to persist. The agent component of the model will add the 
dimension of population dynamics, which will result in suitable habitat configuration being defined by the ability to 
sustain a viable herd. An extra component of the model—a population manager [84]—will govern the multiple 
agents representing individuals of both sexes and several age classes. Each agent will be governed by an increased 
number of states and behaviors related to life history and interspecific interactions, such as breeding condition [e.g. 
10,84]. The stochastic component of the model will relate to human proximity, wherein an agent will have a 
probability of dying that is inversely related to distance from human source. The human distance function will also 
serve to bias agent movement away from areas of increasing likelihood of contact.   

Other Project Components 

This project will provide a dissertation research opportunity for a Kenyan Master’s student. The study requires 
extensive field survey work, thus the Kenyan student will lead one of two survey teams in the Aberdares, and will be 
able to use the data collected towards earning a Master’s degree. Contact has been made with Professors at the 
University of Nairobi, where a newly established conservation biology Master’s degree program may provide a 
well-qualified candidate. Other institutions, such as the East African Wildlife Society, the Rhino Ark Foundation, 
the Laikipia Wildlife Forum, and Mpala Ranch, will also be contacted. Participation by a Kenyan national at the 
academic level in this research project will ensure that expertise pertaining to the bongo and its habitat is developed 
and retained within the country.   

The field work component of the project will require a number of support staff. Chief among these will be 
accomplished trackers, who will be essential to interpreting animal behavior from signs—a vital aspect of 
determining habitat utilization. Sightings of the target species will be rare in such dense forest, particularly of the 
notably shy and scarce bongo, therefore it will be crucial to have the services of at least two master trackers (one for 
each survey team). If not available within KWS’ ranks, these experts will be recruited from local communities. 
KWS rangers must also be retained as a matter of policy and safety, and the services of one porter and field assistant 
per study area will be required. Where possible, all individuals will be drawn from local communities.   



My dissertation will take the form of a series of peer-reviewed publications, thus the results will be available as a 
matter of priority to the scientific community. Selected results will also be presented at academic and conservation 
management symposia. Additionally, I intend to convert these results into a herbivore habitat and land use 
management plan in conjunction with the Kenya Wildlife Service. I will also strive to produce popular articles for 
the Kenyan and American environmental press, particularly for publications such as the East African Wildlife 
Society’s journal Swara and for National Geographic Kids magazine. I would also like to share my work with school 
groups in both countries, as well as present to special-interest societies in which I have an interest, such as the 
Washington DC Botanical Society and the Nelspruit, South Africa branch of the Plant Specialist Group.    

Post project follow-up 

The findings of this research will be crucial to determining where and if bongo can be successfully reestablished on 
Mount Kenya, and what measures should be taken to secure and grow the existing free-ranging Aberdares and the 
captive Mount Kenya populations. As such, this work is considered to be part of the second phase of the 
reintroduction project, the third phase of which aims to manage a contained breeding population from which 
sustained releases of bongo into the Mount Kenya forests may ultimately be made. It will thus be necessary to assess 
the findings of this work following the possible reestablishment of a free-ranging population [32]. A key question to 
answer will be: do the bongo indeed utilize habitat in those areas and in the manner predicted by the study? An 
additional round of field surveys will be necessary for this work, preferably assisted by radio- and GPS-collared 
animals. The answer to this question will be a measure of the study’s success. However, this research project 
provides a more rapidly verifiable method for determining bongo habitat distribution on Mount Kenya. If the model 
proves valid for the suite of herbivores studied in the Aberdares, including the bongo, the confidence with which it 
can be applied to Mount Kenya may be measured by how well it predicts habitat for the same herbivores (minus the 
bongo) on Mount Kenya.   

This research project, together with the larger reintroduction project, are the cornerstones upon which wider efforts 
to conserve these vital Afromontane habitats can be built. The project has the potential to attract significant national 
and international interest, which should be parlayed directly into project generation and support. Chief among these 
should be to improve KWS’s manpower and equipment for undertaking increased law enforcement to prevent 
poaching and further forest destruction. The development of a larger and coordinated applied-research program 
focused on mountain ecosystems is also an important step to take.  

The approach envisioned for this project has the potential to be applied elsewhere. As satellite imagery provides a 
cost-effective and global medium for deriving ecological information [9,67], this research will be relevant to species 
conservation projects throughout the world. This idea is particularly appealing given the absence of habitat and life 
history data in many priority conservation areas. The method proposed here will be directly relevant to mountain 
bongo conservation projects throughout its former range, such as the Virunga National Park in the Democratic 
Republic of the Congo [86] and the Mau Escarpment in Kenya. On a broader scale, since the terrestrial response to 
climate change is poorly understood [87], this technique could be further developed into a tool for understanding the 
reaction of non-plant taxa to environmental change. A standardized model that determines habitat requirements for 
an array of species using remotely-sensed environmental factors could be a powerful tool for studying ecological 
change at the landscape scale.  
This technique not only has the potential to be useful in ecological forecasting, but could also be vital for 
endangered species reintroduction and restoration, an emerging conservation biology discipline. A uniform 
technique for determining habitat requirements and dynamics could also be used to identify probable invasive taxa.           

Anticipated project outcomes  

This real-time, applied research program will provide scientific support for a regionally important conservation 
project, and significantly contribute to the fields of conservation biology and landscape ecology.  

In terms of the study’s significance to the bongo project, this modeling-based approach will serve to: 

• Delineate suitable habitat for the bongo (and several related herbivores), and provide the scientific 
underpinnings for the long-term reintroduction project; 



• Identify the most appropriate management actions necessary to conserve the Aberdares population and to create 
conditions for a viable wild Mount Kenya population.    

The larger significance of this research will be to: 

• Improve understanding of the role of spatial configuration and complexity in habitat selection;  

• Highlight the amount of ecological detail required to understand megaherbivory in a forest environment; 

• Identify the most useful remote sensing and modeling techniques for solving this conservation biology problem;  

• Enhance understanding of the effects of changing habitat configurations on organisms;  

• Result in a technique that can be applied to reintroduction and management programs for other species and 
ecosystems;  

• Attract further research and conservation attention to these two important ecosystems.   
 
Timetable  
 
Fall, 2004 Complete required coursework 
January, 2005 Take comprehensive examinations 
May, 2005 Defend research proposal before academic advisory committee 
June, 2005 Organize logistical aspects of study in Kenya: source vehicle, project headquarters, 

interview and train Kenyan Master’s student and staff  
July-August, 2005 Dry season field surveys, Aberdares 
September-October, 2005 Satellite imagery analysis and development of habitat probability maps 
November-December,2005 Wet season field surveys, Aberdares 
January-February, 2006 Continue satellite imagery analysis  
March-April, 2006 Additional rainy season field surveys, as needed 
May-July, 2006 Commence model development  
August-September, 2006 Additional dry season field surveys, as needed  
October, 2006-January, 
2007 

Finalize satellite analysis, complete models, analyze results 

February-June, 2007 Write-up and defend thesis, graduate 
 
Budget 
 

Category Year 
Total Period/ 

Number Description Rate Amount Funder 

2005 
5 mo. (17 
days/mo.) 

KWS rangers and 
trackers $15/day $8,100.00 Other 

2005 
5 mo. (22 
days/mo.) Graduate student 

$15/day 
$1,650.00 Other 

2005 
5 mo. (17 
days/mo.) 

Field assistants & 
Porters 

$15/day 
$5,100.00 Other 

2006 
6 mo. (17 
days/mo.) 

KWS rangers and 
trackers 

$15/day 
$9,180.00 Other 

2006 
6 mo. (22 
days/mo.) Graduate student 

$15/day 
$1,980.00 Other 

2006 
6 mo. (17 
days/mo.) 

Field assistants & 
Porters 

$15/day 
$6,120.00 Other 

Personnel 

   Sub-total $32,130.00  

Research fees 2005-
2006 3 years Research permit  $300.00 

U. 
Virginia 

    Sub-total $300.00  



2005-
2006 4 Airfare: US-Kenya $2,000.00 $8,000.00 Other Travel and 

accommodation 2005-
2006 7 months Research quarters $30.00 $5,700.00 Other 

    Sub-total $13,700.00  
2005-
2006 N/A 4wd project vehicle N/A $15,000.00 Other 
2005-
2006 TBD Running costs $0.24 $6,240.00 Other 
2005-
2006 20 Camera trap equipment $350.00 $7,000.00 WCS 
2005-
2006 2 GPS Units $250.00 $500.00 WCS 
2005-
2006 N/A 

Camping equipment for 
7 X 2 people $2,000.00 $2,000.00 WCS 

2005-
2006 N/A 

Data supplies (tape 
measure, rainproof 
notebooks, etc.) $500.00 $500.00 WCS 

2005-
2006 4 Handheld radios $250.00 $1,000.00 WCS 

2005 2 

High resolution satellite 
images 
(SPOT/IKONOS) $6,500.00 

 
$13,000 WCS 

Equipment and 
materials 

2005 10 hours 
KWS aircraft costs for 
aerial digital imagery $100.00 $1,000.00 WCS 

    Sub-total $46,240.00  

Special 
requirements 2005-

2006 To be determined

Plant sample 
identification 
(herbarium fees), soil 
samples, etc.  $2,000.00 Other 

    Sub-total $2,000.00  
    Total $94,370.00 WCS 

 
 
References
 
1 Myers, N. (1998) Disappearing species: problems and opportunities. In Proceedings of the Royal Institution 

of Great Britain (Vol. 69) (Day, P., ed.), pp. 169-194, Oxford University Press 
2 Ceballos, G. and Ehrlich, P.R. (2002) Mammal population losses and the extinction crisis. Science 296 

(5569), 904 
3 Ebenhard, T. (1995) Conservation Breeding as a Tool for Saving Animal Species from Extinction. Trends 

in Ecology & Evolution 10 (11), 438-443 
4 Griffith, B. et al. (1989) Translocation as a Species Conservation Tool - Status and Strategy. Science 245 

(4917), 477-480 
5 Sarrazin, F. and Barbault, R. (1996) Reintroduction: Challenges and lessons for basic ecology. Trends in 

Ecology & Evolution 11 (11), 474-478 
6 Dobson, A.P. et al. (1997) Hopes for the future: Restoration ecology and conservation biology. Science 277 

(5325), 515-522 
7 Shugart, H.H. et al. (2001) Detection of vegetation change using reconnaissance imagery. Global Change 

Biology 7 (3), 247-252 
8 Ellis, S. and Seal, U.S. (1995) Tools of the Trade to Aid Decision-Making for Species Survival. 

Biodiversity and Conservation 4 (6), 553-572 



9 Johnson, C.J. et al. (2003) Characterizing woodland caribou habitat in sub-boreal and boreal forests. Forest 
Ecology and Management 180 (1-3), 241-248 

10 Ahearn, S.C. et al. (2001) TIGMOD: an individual-based spatially explicit model for simulating 
tiger/human interaction in multiple use forests. Ecological Modelling 140 (1-2), 81 

11 Levin, S.A. (1992) The problem of pattern and scale in ecology. Ecology 73 (6), 1943-1967 
12 Reillo, P. (2002) Repatriation of Mountain Bongo to Kenya. Antelope Specialist Group Gnusletter 21 (2), 

11-15 
13 East, R. (1999) African Antelope Database 1998, IUCN 
14 Kohler, T. (1986) The forest belt and its utilization. In Mount Kenya area: contributions to ecology and 

socio-economy (Winiger, M., ed.), pp. 91-103, Geographica Bernensia 
15 Imbernon, J. (1999) Pattern and development of land-use changes in the Kenyan highlands since the 1950s. 

Agriculture Ecosystems & Environment 76 (1), 67-73 
16 Gathaara, G.N. (1999) Aerial survey of the destruction of Mount Kenya, Imenti, and Ngare Ndare Forest 

Reserves. Kenya Wildlife Service 
17 Lambrechts, C. et al. (2003) Aerial survey of the destruction of the Aberdare Range forests UNEP, KWS, 

Rhino Ark, KFWG 
18 Cheffings, A. (1997) Not guilty? Swara 20 (5), 29-30 
19 Caro, T.M. and O'Doherty, G. (1999) On the use of surrogate species in conservation biology. 

Conservation Biology 13 (4), 805-814 
20 Kingdon, J. (1982) East African Mammals: an Atlas of Evolution in Africa, Academic Press 
21 Klaus-Hugi, C. et al. (1999) Feeding ecology of a large social antelope in the rainforest. Oecologia 119 (1), 

81-90 
22 Hillman, J.C. and Gwynne, M.D. (1987) Feeding of the Bongo Antelope, Tragelaphus-Eurycerus (Ogilby, 

1837), in South West Sudan. Mammalia 51 (1), 53-63 
23 Elkan, P.W. (2003) Ecology and Conservation of Bongo Antelope(Tragelaphus eurycerus) in Lowland 

Forest, Northern Republic of Congo. In Department of Fisheries/Wildlife, pp. 137 pp, University of 
Minnesota 

24 Myers, N. (1986) Tropical deforestation and a mega-extinction spasm. In Conservation Biology: the 
Science of Scarcity and Diversity (Soule, M.E., ed.), pp. 394-409, Sinauer Associates, Inc. 

25 Bussmann, R.W. (1994) The forests of Mount Kenya: vegetation, ecology, destruction and management of 
a tropical mountain forest ecosystem. In Fakultät Biologie, Chemie, Geowissenschaften, pp. 222, 
Universität Bayreuth 

26 Schmitt, K. (1991) The vegetation of the Aberdare National Park, Kenya Wagner 
27 Vanleeuwe, H. et al. (2003) Change in the state of conservation of Mount Kenya Forest: 1999-2002 DICE, 

KWS, UNEP, KFWG 
28 Butynski, T.M. (1999) Aberdares National Park and Aberdares Forest Reserves wildlife fence placement 

study and recommendations Zoo Atlanta 
29 Kanga, E. (2004) Lion culling in the Aberdares National Park. Mweiga Research Station, Kenya Wildlife 

Service.  Personal communication 
30 Prettejon, M. (2004) Aberdares bongo survey. Personal communication 
31 RSCF. (2004) Bongo repatriation program: a job well done. www.rarespecies.org
32 Reillo, P. (In press) Mountain bongo antelope repatriation and reintroduction, Phase II UNDP 
33 Young, T.P. and Peacock, M.M. (1992) Giant Senecios and Alpine Vegetation of Mount Kenya. Journal of 

Ecology 80 (1), 141 
34 Mulkey, S.S. et al. (1984) Predation by Elephants on Senecio-Keniodendron (Compositae) in the Alpine 

Zone of Mount Kenya. Biotropica 16 (3), 246 
35 Klaus, G. et al. (1998) Geophagy by large mammals at natural licks in the rain forest of the Dzanga 

National Park, Central African Republic. Journal of Tropical Ecology 14, 829-839 
36 Klaus-Hugi, C. et al. (2000) Movement patterns and home range of the bongo (Tragelaphus eurycerus) in 

the rain forest of the Dzanga National Park, Central African Republic. African Journal of Ecology 38 (1), 
53-61 

37 Turkalo, A. and Klaus-Hugi, C. (1999) Group size and group composition of the Bongo (Tragelaphus 
eurycerus) at a natural lick in the Dzanga National Park, Central African Republic. Mammalia 63 (4), 437-
447 

38 Hillman, J.C. (1986) Aspects of the Biology of the Bongo Antelope Tragelaphus-Eurycerus Ogilby 1837 in 
South West Sudan. Biological Conservation 38 (3), 255-272 

http://www.rarespecies.org/


39 Edmond-Blanc, F. (1960) Contribution a letude du comportement et de la composition de la nourriture du 
bongo (Boocercus eurycerus isaaci) et de lhylochere (hylochoerus meinertzhageni) du versant sud du Mont 
Kenya. Mammalia 24, 538-541 

40 Glover, P.E., Stewart, J., Gywnne, M.D. (1966) Masaai and Kipsigis notes on East African plants.  Part 1--
grazing, browse, animal associated and poisonous plants. East African Agricultural and Forestry Journal 
32, 184-191 

41 Stanley Price, M.R. (1969) The Bongo of the Cherangani Hills. Oryx 10, 108-111 
42 Plumptre, A.J. (1996) Modelling the impact of large herbivores on the food supply of mountain gorillas and 

implications for management. Biological Conservation 75 (2), 147 
43 Plumptre, A.J. (1995) The Chemical-Composition of Montane Plants and Its Influence on the Diet of the 

Large Mammalian Herbivores in the Parc-National-Des-Volcans, Rwanda. Journal of Zoology 235, 323 
44 Hart, J.H. and Hart, T.B. (1989) Ranging and feeding behaviour of the Okapi in Ituri Forest of Zaire: food 

limitation in a rain forest herbivore? Symposia of the Zoological Society of London 61, 31-50 
45 Prettejohn, M. (2004) Encounters with the bongo. Swara 27 (1), 28-30 
46 Woodley, B. (2004) Causes of mountain bongo's decline. (Estes, L.D., ed.) 
47 Snyder, P. (2004) Possible causes for the Aberdares bongo decline. Former Warden of the Aberdares 

National Park. Personal communication. 
48 Kock, R.A. et al. (1999) Rinderpest epidemic in wild ruminants in Kenya 1993-97. Veterinary Record 145 

(10), 275-283 
49 Ferrar, A.A. and Walker, B.H. (1974) An analysis of herbivore/habitat relationships in Kyle National Park, 

Rhodesia. J. sth. Afr. Wildl. Mgmnt. Ass. 4 (3), 137-147 
50 Canon, S.K. and Bryant, F.C. (1997) Bed-site characteristics of pronghorn fawns. Journal of Wildlife 

Management 61 (4), 1134-1141 
51 Dekker, B. et al. (1996) Habitat partitioning by ungulates on a game ranch in the Mopani veld. South 

African Journal of Wildlife Research 26 (4), 117 
52 Prettejohn, M. (2004) Aberdares bongo survey. Sangare Ranch. Personal communication. 
53 Coops, N.C. and Catling, P.C. (2002) Prediction of the spatial distribution and relative abundance of 

ground-dwelling mammals using remote sensing imagery and simulation models. Landscape Ecology 17 
(2), 173-188 

54 Schmitt, K. (1985) The vegetation of the Aberdare National Park, Kenya, Wagner 
55 Jacomo, A. et al. (2004) Niche separation between the maned wolf (Chrysocyon brachyurus), the crab-

eating fox (Dusicyon thous) and the hoary fox (Dusicyon vetulus) in central Brazil. Journal of Zoology 
262, 99-106 

56 Karanth, K.U. and Nichols, J.D. (1998) Estimation of tiger densities in India using photographic captures 
and recaptures. Ecology 79 (8), 2852-2862 

57 Maffei, L. et al. (2004) One thousand jaguars (Panthera onca) in Bolivia's Chaco? Camera trapping in the 
Kaa-Iya National Park. Journal of Zoology 262, 295-304 

58 Aspinall, R. and Veitch, N. (1993) Habitat mapping from satellite imagery and wildlife data using a 
Bayesian modelling procedure in a GIS. Photogrammetric Engineering and Remote Sensing 4, 537-543 

59 MacArthur, R. and Wilson, E.O. (1963) An equilibrium theory of insular zoogeography. Evolution 17, 373-
387 

60 McCoy, E.D. (1983) The application of island-biogeographic theory to patches of habitat: how much land 
is enough? Biological Conservation 25, 53-61 

61 Bryant, F.C. and Huber, G.E. (1998) Classification of pronghorn fawning habitat using landsat thematic 
mapper data. Texas Journal of Science 50 (1), 3-16 

62 Coops, N.C. and Catling, P.C. (2002) Prediction of the spatial distribution and relative abundance of 
ground-dwelling mammals using remote sensing imagery and simulation models. Landscape Ecology 17 
(2), 173 

63 Seagle, S.W. and Mcnaughton, S.J. (1992) Spatial variation in forage nutrient concentrations and the 
distribution of Serengeti grazing ungulates. Landscape Ecology 7 (4), 229-241 

64 Gu, D. and Gillespie, A. (1998) Topographic normalization of Landsat TM images of forest based on 
subpixel sun-canopy-sensor geometry. Remote Sensing of Environment 64 (2), 166-175 

65 Dorren, L.K.A. et al. (2003) Improved Landsat-based forest mapping in steep mountainous terrain using 
object-based classification. Forest Ecology and Management 183 (1-3), 31-46 

66 Pedroni, L. (2003) Improved classification of Landsat Thematic Mapper data using modified prior 
probabilities in large and complex landscapes. International Journal of Remote Sensing 24 (1), 91-113 



67 de Colstoun, E.C.B. et al. (2003) National Park vegetation mapping using multitemporal Landsat 7 data and 
a decision tree classifier. Remote Sensing of Environment 85 (3), 316-327 

68 Joy, S.M. et al. (2003) A non-parametric, supervised classification of vegetation types on the Kaibab 
National Forest using decision trees. International Journal of Remote Sensing 24 (9), 1835-1852 

69 Vikhamar, D. and Solberg, R. (2003) Snow-cover mapping in forests by constrained linear spectral 
unmixing of MODIS data. Remote Sensing of Environment 88 (3), 309-323 

70 Roberts, D.A. et al. (1993) Green vegetation, nonphotosynthetic vegetation, and soils in Aviris data. 
Remote Sensing of Environment 44 (2-3), 255-269 

71 Asner, G.P. and Heidebrecht, K.B. (2002) Spectral unmixing of vegetation, soil and dry carbon cover in 
arid regions: comparing multispectral and hyperspectral observations. International Journal of Remote 
Sensing 23 (19), 3939-3958 

72 Roberts, D.A. et al. (1998) Mapping chaparral in the Santa Monica mountains using multiple endmember 
spectral mixture models. Remote Sensing of Environment 65 (3), 267-279 

73 Gao, B.C. (1996) NDWI - A normalized difference water index for remote sensing of vegetation liquid 
water from space. Remote Sensing of Environment 58 (3), 257-266 

74 Lambers, H. et al. (1998) Plant Physiological Ecology, Springer-Verlag 
75 Hurley, M. (2000) Growth dynamics and leaf quality of the stinging trees Dendrocnide moroides and 

Dendrocnide cordifolia (Family Urticaceae) in Australian tropical rainforest: implications for herbivores. 
Australian Journal of Botany 48 (2), 191-201 

76 McCullagh, P. and Nelder, J.A. (1989) Generalized Linear Models, Chapman and Hall 
77 Catling, P.C. et al. (2000) Models of the distribution and abundance of ground-dwelling mammals in the 

eucalypt forests of north-eastern New South Wales in relation to habitat variables. Wildlife Research 27 (6), 
639 

78 Cramer, P.C. and Portier, K.M. (2001) Modeling Florida panther movements in response to human 
attributes of the landscape and ecological settings. Ecological Modelling 140 (1-2), 51 

79 Topping, C.J. et al. (2003) ALMaSS, an agent-based model for animals in temperate European landscapes. 
Ecological Modelling 167 (1-2), 65 

80 Doran, J. (2001) Agent-based modelling of ecosystems for sustainable resource management. Multi-Agent 
Systems and Applications 2086, 383-403 

81 Minar, N. et al. (1996) The swarm simulation system: a toolkit for building multi-agent simulations. 
82 Carter, J. and Finn, J.T. (1999) MOAB: a spatially explicit, individual-based expert system for creating 

animal foraging models. Ecological Modelling 119 (1), 29 
83 Bian, L. (2003) The representation of the environment in the context of individual-based modeling. 

Ecological Modelling 159 (2-3), 279 
84 Topping, C.J. et al. (2003) ALMaSS, an agent-based model for animals in temperate European landscapes. 

Ecological Modelling 167 (1-2), 65-82 
85 Pettifor, R.A. et al. (2000) Spatially explicit, individual-based, behavioural models of the annual cycle of 

two migratory goose populations. J Appl Ecology 37 (s1), 103-135 
86 Plumptre, A.J. (2004) Research on herbivores, Mt. Kenya and the Aberdares. Personal communication 
87 Shugart, H.H. (1998) Terrestrial Ecosystems in Changing Environments, Cambridge University Press 
  
 


