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Abstract 

Understanding habitat use is essential when managing conservation projects. The aims of 

this study is to determine the habitat use by large mammals in four habitat types at Ol 

Pejeta Conservancy (OPC), Kenya. The habitat types included: Acacia drepanolobium 

woodland, Euclea divinorum woodland, mixed woodland (woodland dominated by Acacia 

AND Euclea plants) and open grasslands. The importance of this research is to determine 

whether the fast encroachment of the Euclea divinorum will have a detrimental effect on 

the diversity and habitat use at OPC. The research also focuses on the habitat use of five 

target species as well as looking more broadly at the diversity of large mammals using each 

habitat type. The target species were: African buffalo (Syncerus caffer), African elephant 

(Loxodonta africana), black rhino (Diceros bicornis), reticulated giraffe (Giraffa 

camelopardalis) and the plains zebra (Equus quagga burchelli). The results show there are 

no statistically significant differences in large mammal diversity between the four habitat 

types at OPC. It also showed that four out of the five target species included in the study 

had no significant preferences for the habitats at OPC. After completing the review, dung 

surveys did show that they were an effective approach however there are some limitations; 

for example, using dung surveys only determines the presence of a species at the habitat 

and does not indicate the species’ activity whilst at the habitat (e.g. feeding & resting). 

However reviewing additional results from past studies can allow assumptions for the use in 

habitat for example the results from the survey discovered black rhinos were present at 

Euclea divinorum dominated woodlands. Previous studies on black rhinos have discovered 

that Euclea plants are unpalatable to rhinos whereas the Euclea woodland is a common 

bedding site for a black rhino, so we can assume the black rhino was not at the Euclea 

woodland to feed but to rest. 
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Introduction 

Understanding how species live their lives is vital when it comes to monitoring and managing 

different ecosystems (Levin, 1992; Ellis & Bernard, 2005). A key element of this is how a 

species uses a habitat. Habitat use is an important aspect for the survival, growth and 

reproduction of a species. Species can do this by using the physical and biological resources 

provided by a habitat (Krausman, 1999). The understanding of habitat use provides data and 

education for future conservation projects that helps the protection of natural ecosystems 

and threatened species. This information can be utilised by ex situ conservation projects such 

as in national parks and private conservancies to protect and conserve the inhabitants within 

their grounds. Habitat use can be measured by detecting the presence of species in a habitat. 

This information can be obtained by using methods such as dung surveys, camera trap and 

aerial sampling. 

Africa is well known for having a rich and diverse wildlife. Land use in Africa has changed over 

recent years. Parker & Bernard (2005) stated that large proportions of agricultural land are 

being converted to wildlife ranching. This form of ranching aims to promote conservation of 

African wildlife allied to the more lucrative tourism trade where ecotourism is very important 

for the Kenyan economy and ultimately for African conservation. A significant proportion of 

Kenya’s income from foreign exchanges comes from the tourism industry (Weaver, 1999), 

with a majority of the tourists’ sole purpose is to witness and experience the Kenyan wildlife 

(Norton-Griffiths & Southey, 1995; Akama, 1996). Naturally land is also changing with the 

encroachment and formation of new habitats. This requires regular monitoring of habitat use 

to determine whether the changing environment causes detrimental effects on species in 

Africa and the rest of the world.  

The study focuses on the diversity of large mammals and their habitat use within Ol Pejeta 

Conservancy (OPC) in Kenya. The communities surrounding OPC are home to over 50,000 

people, many of whom are pastoralists on low wages relying in part on the conservancy for 

employment, water, education, health and security. A major role of the Conservancy is to 

provide agriculture and livestock extension programmes to these communities. OPC has also 

encouraged tourism and regularly receives over 70,000 visitors per year. However, as in many 

low wage economies, the transfer of agricultural lands creates tension with the local 
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pastoralists who feel their livelihoods are eroded at the expense of conservation and tourism. 

Most recently, several ranches in Kenya have witnessed clashes with local communities as 

herdsmen have encroached on lands within the ranches to find food for their herds, at a time 

of severe drought. OPC has been able to maintain the equilibrium with its local communities 

because of the large investment in community development which allow both to live in 

harmony with each other. 

Today OPC is home to many large mammals including the black rhino (Diceros bicornis), white 

rhino (Ceratotherium simum), African elephant (Loxodonta africana) and the Jackson’s 

hartebeest (Alcelaphus buselaphus lelwel). Two of these species are listed as critically 

endangered so the Ol Pejeta Conservancy plays an important role in conservation and the 

survival of these species. The black rhino in particular is listed as critically endangered, 

primarily due to high levels of poaching to acquire their horns (Emslie, 2004). OPC is also home 

to the last three northern white rhinos (Ceratotherium simum cottoni) in the world, the efforts 

to protect this critically endangered species is by a 24 hour security programme to prevent 

threats such as illegal poaching. 

Considering the influence and role played in community development and the importance of 

the Kenyan wildlife within OPC, further understanding of the inhabited species and their use 

of habitats is necessary for the continued success of the enterprise and the effectiveness of 

the conservation measures in place.  

In this study, the objectives have been set within the ecosystem present at OPC and how the 

presence of differing habitats have influenced the diversity of the large mammals, looking at 

habitat structure and habitat disturbance. This study will determine habitat use by analysing 

data that has been processed from dung surveys using line transect sampling. As part of the 

survey the conservancy was divided into areas of 4km2. Each area was categorised as one of 

the four habitat types studied. To survey each site for dung samples, four transects were 

established. Around the perimeter of the conservancy there are habitat corridors which allow 

passage for animals to enter OPC and to leave into the wild of Laikipia County. All mammal 

species within OPC therefore have full access to each habitat type, except for the black and 

white rhino which is more contained within the perimeter of the OPC to protect it from 

poachers. 



 

3 
 

Three objectives were selected and are as follows: 

1. Determine how the diversity of large mammals differs between habitats at the Ol 

Pejeta Conservancy. This will be achieved by using the Shannon-Wiener index to 

determine the species diversity at each habitat type. The hypothesis for this objective 

is that heterogeneous woodlands are more diverse than homogenous woodlands 

following an assumption from Bazzaz (1975) and open grasslands will be more diverse 

than Euclea divinorum dominated woodlands considering the unpalatability of the 

Euclea plant (Mebe et al, 1998; Wahungu et al, 2013). 

2. Determine how selected large mammals use the habitats within the Ol Pejeta 

Conservancy. Objective two will be achieved by selecting five species which are a 

mixture of browsers and grazers and determine whether there is a difference in 

habitat use, between the habitats, within Ol Pejeta Conservancy. The hypothesis for 

this objective is that browsers will be found more in woodland habitats whereas the 

grazers will be found more in grassland habitats. 

3. Review the effectiveness of dung surveys for monitoring habitat use. This will be 

achieved by considering the data results and limitations of methodology in this study 

and in others studies.  
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Literature review 

Habitat use 

Habitat use is an important aspect in ecology and conservation. Paul Krausman (1999) defines 

habitat use as “the way an animal uses the physical and biological resources in a habitat”. The 

term ‘habitat’ has many definitions and also has many uses. Richard Hutto (1985) provides a 

suitable definition for term ‘habitat’ which can be related to this study. He defines a habitat 

as a “spatially contiguous vegetation type that appears more or less homogeneous 

throughout and is physiognomically distinctive from other such types”. In simple terms, a 

habitat is a distinct area where vegetation doesn’t vary and provides a place for organisms to 

live and grow. 

Different species will utilise habitats in a variety of ways (Aebischer et al, 1993). Species will 

use habitats in order to survive, grow and reproduce. They will do this by using the resources 

available at a certain habitat (Aarts et al, 2008). Examples of different variations of resources 

can be food, water and cover (Leopold, 1933). Most species would transition to different 

habitats with lower resources if faced with great interspecific and intraspecific competition 

(Block & Brennan, 1993; Krausman, 1999). Animals can use habitats as a survival strategy 

which avoids predation from carnivores (Turner, 1997). However, habitats are also important 

drivers for prey selection made by predators. This is due to the different features that habitats 

possess (Hayward & Kerley, 2005). Animals can change which habitats are used based upon 

seasons. Thus a species may use a certain habitat during the summer period but will move 

onto a different habitat in the winter as a result of the changing resource availability 

(Morrison et al, 1985). Habitat use can also be influenced by the past experiences an 

individual has had in a habitat. New habitats can also be discovered from exploration 

behaviours by individuals (Hutto, 1985).  

Acquiring the knowledge on how wild animals utilise a habitat can improve ways to manage 

and conserve populations of flora and fauna (Levin, 1992; Ellis & Bernard, 2005). During the 

modern era, habitat use can provide information and understanding of the effects of the 

changing environments. These effects can be caused by anthropogenic and invasive species 

encroachment (Hannah et al, 1995; Pimentel et al, 2005). Also global warming can result in a 

shift of habitats (Parmesan & Yohe, 2003). The effectiveness of introducing new species to an 
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area can be determined by the knowledge of the target species’ habitat use. This 

understanding can provide guidelines on the habitats which are suitable for the introduction 

of new species. 

There are methods of detecting habitat usage. Line transect surveys is one of the methods 

that can be used (Marques et al, 2006). This requires observers to travel along a transect line 

and survey the abundance of species that are visible from the transect line. However, 

observations from transect lines usually require physical sightings of species but they can also 

be observed from dungs samples (Marques et al, 2001). This method of observation is usually 

used to detect animals which are rare or elusive (Olivier et al, 2009).  
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The habitats at Ol Pejeta Conservancy 

In order to determine and establish the diversity and habitat use by large mammals at Ol 

Pejeta Conservancy (OPC), sites including woodland and grassland habitats were selected for 

review. In this study a mixture of four savannah and grassland habitat types were selected. 

The habitats are common to the African landscape and usually large mammals can be found 

at each site. Savannah landscapes make up around 12.5% of the Earth’s landmass and are 

generally most common areas in the drier regions of Africa (Grant & Scholes, 2006). The 

habitats that were included in the study were the Acacia drepanolobium woodland, Euclea 

divinorum woodland, mixed woodland and open grassland.  

 

 

Fig. 1: (Top Left) – Acacia drepanolobium woodland at Ol Pejeta Conservancy 

(Top Right) – African lions (Panthera leo) resting in a Euclea divinorum woodland at Ol Pejeta Conservancy 

(Bottom Left) – A patas monkey (Erythrocebus patas) feeding in a mixed woodland which is dominated by 
Acacia drepanolobium and Euclea divinorum trees at Ol Pejeta Conservancy  

(Bottom Right) – Open grassland habitat at Ol Pejeta Conservancy 
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Acacia drepanolobium woodland 

The Acacia drepanolobium is a common tree species within the eastern part of Africa that 

forms a woodland habitat evident in OPC (Fig. 1). The species is generally found in the upland 

areas of Eastern Africa. Their usual altitude range is between 600-2550 metres above sea level 

(Coe & Beentje, 1991), but it can be seen at higher altitudes. The species can grow to a 

maximum of 7.5 metres tall but the average height of the Acacia drepanolobium is around 3-

5 metres (Okello et al, 2001). Herbivory is a common process acted on the Acacia species. 

Browsers found at OPC such as the African elephant (Loxodonta Africana), reticulated giraffe 

(Giraffa camelopardalis), and the black rhino (Diceros bicornis) tend to feed on the leaves and 

twigs of the tree (Birkett, 2002). When these browsers are feeding on the Acacia 

drepanolobium, it can have detrimental effects on the tree. Birkett (2002) observed that 

elephants would usually push over the trees or break the main stem resulting in the bark to 

hang, rhinos would cut the main stems, and giraffes would eat the growing stems of the 

branches. Elephants can also limit the regeneration of the Acacia woodlands as a result of 

excessive consumption of Acacia seedlings (Dublin, 1995). As well as the herbivory that the 

seedlings face, they will also encounter competition between grass species for resources (e.g. 

light and water) (Hoffman et al, 2004). Grazing animals can aid with Acacia regeneration by 

consuming the competing grasses.  

To defend against the herbivory from the browsers, the Acacia tree has developed spines on 

each node of the plant. The spines are around 6cm in length and help prevent browsers from 

feeding on the leaves of the Acacia drepanolobium (Young et al, 2003). The Acacia 

drepanolobium also has a symbiosis relationship with a small invertebrate. The invertebrate 

is an aggressive ant called Crematogaster mimosae. This ant lives in the hollowed out nodes 

of the tree and can be found in around 40-60% of mature Acacia drepanolobium trees 

(Madden & Young, 1992; Young et al, 2003). The common name for the Acacia drepanolobium 

is the “whistling thorn”. This name was given as a result of a whistling noise being produce 

when wind passed through the holes of the nodes which the ants made (Dale & Greenway, 

1961). The mutualism that occurs is that the Acacia drepanolobium provides a home for the 

Crematogaster mimosae, and in return the ants swarm and attack any browsers trying to feed 

on the tree. However, attacking the herbivores isn’t usually effective in completely stopping 
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the animal from feeding on the tree but will usually reduce the rate of consumption (Madden 

& Young, 1992).  

Euclea divinorum woodland 

The Euclea divinorum is an evergreen shrub which is commonly found in Southern and Eastern 

Africa (Mebe et al, 1998). The shrub is usually located at high altitude and on rocky or dry 

sites (Dale & Greenway, 1961). It is a fast establishing plant and can be considered as invasive 

in some regions in East Africa (Wahungu et al, 2013). There are concerns that the Euclea 

outcompetes with other native plants and tends to dominate areas where the Acacia is 

present (Ben-Shahar, 1991). The Euclea is also considered to be fire resistant as little mortality 

occurs when exposed to fire (Smith & Goodman, 1987). Nonetheless fire will result in 

retarding the growth of a Euclea plant which can prevent the regeneration of Euclea 

woodlands (Sharam et al, 2006). Most browsers avoid consuming the Euclea plants due to the 

chemical defences that causes the plant to be unpalatable (Mebe et al, 1998). However, the 

fruits of the Euclea are consumed by birds who in turn help with the dispersal of their seeds 

Fig. 2: The defensive mechanisms that the Acacia drepanolobium possesses. These are the long spines and 

the aggressive Crematogaster mimosae. Source from 

https://commons.wikimedia.org/wiki/File:Acacia_drepanolobium_and_Crematogaster_nigriceps_@_Ngor

ongoro_Aug2009.jpg 
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(Smith & Goodman, 1987). Management control of the species is limited due to the fire 

resistance and unpalatability nature of the Euclea species. 

Whilst some animals do not consume the Euclea they do in fact use the habitat for different 

purposes. For example black rhinos do not consume the Euclea but, prefer to establish 

bedding sites and dung middens in Euclea habitats (Tatman et al, 2000). 

Mixed woodland 

The mixed woodland habitat in this study is an area in OPC which the two species Acacia 

drepanolobium and Euclea divinorum dominate. With the dominating nature of the Euclea, 

there are concerns that these mixed woodlands will eventually become a fully established 

Euclea woodland by outcompeting against the Acacia tree (Smith & Goodman, 1987; Ben-

Shahar, 1991). As the Euclea is a fast establishing plant (Wahungu et al, 2013) it is anticipated 

that many Acacia woodlands could merge into a mixed woodland by the encroachment of the 

Euclea.  

There are numerous factors in which the Euclea will outcompete against the Acacia. The 

lateral roots of an Acacia are larger than Euclea roots. Thus competition for water between 

the two species will generally result in the Euclea as the victor due the deep rootedness of 

the Acacia (Smith & Goodman, 1987). The smaller roots of the Euclea absorb more surface 

water than the Acacia. The Euclea can also restrict the establishment of Acacia seedlings 

under the canopy of the Euclea. It does this by forming closed canopy thickets (Smith & 

Goodman, 1987) which prevents sunlight from emerging through thus prohibiting 

photosynthesis under the canopy. 

Open grassland 

The open grassland is an area at OPC which has a large abundance of herbivore species. 

Grazers are the most common species evident in the open grasslands due to the availability 

of grasses that can be consumed (Vesey-FitzGerald, 1960). Herbivores can also utilise the 

open grasslands as a strategy to prevent predation from carnivores such as the African lion 

(Panthera leo). The vast open plains can aid with the herbivore’s vigilance in the detection of 

these predators (Valeix et al, 2009). In a study made by Elliott et al (1977) they discovered 

that grass cover does influence the success rate of daylight hunting for lions. For a successful 

daylight hunt to occur, the height of the grass is required to be 0.4m high. The success rate of 
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the hunt will then further increase up to a grass height of 0.8m (Van Orsdol, 1984). As a 

defensive strategy against predation, it is safer for a herbivore to stay in the vicinity of a 

heavily grazed area. However, this has a detrimental effect on the availability of food. The 

lack of food can then lead to the decrease in body condition, lower female fecundity and 

lower ability for males to compete with each other (Valeix et al, 2009; Creel et al, 2007). 

Flagship Species 

Kenya is home to species that are regarded as ‘flagship species’. The term ‘flagship species’ 

normally describes a species which is highly charismatic and attractive (Cowlishaw et al, 

2000). The most common type of flagship species is usually a large mammal with a popular 

appeal to the public. These species will generate public interest and awareness and in turn 

can attract financial funding towards conservation purposes (Walpole & Leader-Williams, 

2002). Examples of different strategies that can raise the public interest and awareness can 

be used on television documentaries and magazine/newspaper articles. These advertisement 

schemes of flagship species have then founded new industries and income streams in a form 

of ecotourism in developing countries. The funding from ecotourism can then be invested 

into conservation projects in developing countries so that they can establish or progress these 

projects further (Leader-Williams & Dublin, 2000). Categorising a flagship species normally 

ensures protection for that target species. In many cases, threatened species are usually 

designated as flagship species to increase the species’ chances of survival (Clucas et al, 2008).  

In Kenya and other African countries, the term ‘Big Five’ is allocated to five of the large 

indigenous African mammals. Even though the Big Five term refers to five mammals, there 

are in fact six species included in the term. This is as a result of two of the species belonging 

to the Rhinocerotidae family (Di Minin et al, 2012). Species that are included in the Big Five 

are the African elephant, African buffalo (Syncerus caffer), African lion (Pantera leo), leopard 

(Pantera pardus), white rhino (Ceratotherium simum) and black rhino (Diceros bicornis) 

(Williams et al, 2000). The term was originally coined by game hunters as these species were 

the most dangerous animals to hunt on foot (Mellon, 1975). However, in recent years the 

term has been adapted as a marketing strategy to attract tourists (Scholes & Biggs, 2004). 

Williams et al (2000) also state that the Big Five are the most important flagship species for 

conservation. Most members of the Big Five are listed as threatened species by the 

International Union for Conservation of Nature (IUCN) and are crucial ambassadors for African 
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Conservation. Out of the six species in the Big Five, four are listed as threatened. These 

threatened species are the African elephant, African lion, Leopard and black rhino (Blanc, 

2008; IUCN, 2008; Bauer et al, 2016; Stein et al, 2016; Emslie, 2012). 

Despite the benefits that the flagship create in raising public awareness and conservation 

funding, the designation of flagship species has been placed under scrutiny. One observation 

is that species are being chosen based on their charisma and look, and not on their ecological 

role and importance (Entwistle, 2000). Also the management in such areas where flagship 

species inhabit can occasionally be a cause for concern for other non-flagship species. The 

concern originates from management favouring the flagship species purely based on the 

money that is generated from them (Simberloff, 1998). With these concerns in mind, 

designating an efficient flagship species is critical. The qualities for an effective flagship 

species will require an appearance and behaviour that appeals to the public.  

Also desirable is that flagship species has an ecological importance within its ecosystem. Some 

of the species that have roles in their ecosystems are umbrella species (Fleishman et al, 2000) 

and keystone species (Paine, 1969). Fleishman et al (2000) defines an umbrella species as a 

“species whose conservation confers a protective umbrella to numerous co-occurring 

Fig. 3: Postcard displaying the ‘Big Five’ on the front of the card. Source from 

https://thetravelingurbanite.com/2015/05/04/postcard-monday-3/ 
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species”. If an umbrella species covers a large home range, then the protection of this species 

will also provide protection for other species which occur in the umbrella species’ home 

range. An example of an umbrella species is the African lion as a result of the large home 

range it covers (Caro, 2003). The term keystone species was first coined by Robert Paine 

(1969) in which he states that keystone species determine “the integrity of the community 

and its unaltered persistence through time, that is, stability”. This means that if a keystone 

species was removed from an ecosystem, this will be detrimental to other species that live 

within the same habitat. An example of a keystone species is the African elephant. This is as 

a result of its consumption on tree species which prevents the domination of a particular tree 

species (Western, 1989; Power et al, 1996). 

The target species in the study 

One of the objectives of this study was to determine the habitat use of selected species at 

OPC. The selected species were a mixture of browsing and grazing mammals as it is assumed 

the different feeding types would have different uses in habitat. The study aimed to 

determine whether habitat use was different between the two types of feeding preferences. 

The species were also selected because of their aesthetic and charismatic prowess which 

contribute to further funding and education to worldwide and African conservation. The 

selected species were the African buffalo (Syncerus caffer), African elephant (Loxodonta 

africana), black rhino (Diceros bicornis), reticulated giraffe (Giraffa camelopardalis) and the 

plains zebra (Equus quagga burchelli). These selected mammals are considered as flagship 

species for African conservation, with three of the selected species being part of the famous 

‘Big Five’. The review of these target species aimed to gain further understanding of each 

species’ habitat use.  

African buffalo (Syncerus caffer) 

The African buffalo is an ungulate species which can form very large mixed gender herds that 

can consist of up to 1,000 individuals (Winnie Jr et al, 2008). The buffalo is a grazing species 

in which it will predominantly and usually exclusively feed on grass species (Sinclair & 

Gwynne, 1972). During the non-mating season males separate from the females and will form 

bachelor groups. The bachelor groups move onto other locations to forage in order to avoid 

intraspecific competition and improve their condition increasing their chances of mating 

when the breeding season begins (Ryan et al, 2007). The bulls can also be solitary before re-
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joining the mixed herd. The males tend to go back and forth between the bachelor groups 

and mixed groups throughout their lives (Prins, 1996). 

Studies have shown that the habitat use differs between sexes. A paper by Halley & Mari 

(2004) proffered that the female groups tend to reside in habitats with high quality food, 

whereas the males (bachelor groups) reside in habitats with low quality food or are 

fragmented. As a result of the low quality intake, male buffalos have to consume a high 

quantity of plant matter and have been described as the ‘supreme bulk grazer’ (Owen-Smith 

& Cumming, 1993).  

The buffalo uses two strategies to protect their young from predation. The strategies are 

dependent on the habitat. In open plains the young remain in the centre of the herd 

preventing predators from accessing them. However in the dense woodland, the young can 

hide within the vegetation to avoid being detected (Ryan et al, 2007). Nonetheless studies 

have shown that buffalo herds will tend to avoid dense woodland due to the reduction in 

visibility of detecting a predator and the likelihood of palatable grass in the habitat (Ryan et 

al, 2006). 

Fig. 4: Male African buffalo (Syncerus caffer) in an open grassland at Ol Pejeta conservancy 
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African Elephant (Loxodonta africana) 

The African elephant is one of Africa’s largest mammals. The elephant usually has a mixed 

diet and the seasons will influence the choice of food. During the wet seasons, elephants will 

mainly consume grass whereas during the dry season, the elephant will move onto browsing 

twigs from trees (Kabigumila, 1993). Field (1971) suggests the reason for this shift in diet is 

because during the dry season grasses will become more fibrous causing the plant to be less 

palatable. Field’s study also suggests that protein in the twigs will contain much more than in 

grasses during the dry season. Therefore during the wet seasons elephants will frequently use 

more grassland habitats than woodland habitats. Whereas in the drier seasons the likelihood 

for habitat use will reverse and woodlands will be the most frequent habitat used.   

Female elephants tend to congregate in groups of matrilineal families consisting of one to five 

adult females (Poole, 1994; McComb, 2001). These are usually led by the oldest female or 

matriarch (McComb et al, 2001). The size of the female groups is influenced by the availability 

and distribution of food. Male elephants from the age of fourteen will leave their natal herd 

and live solitary lives and ordinarily will avoid social interactions with other males (Poole, 

1994). Sexually inactive males will usually reside in a different area to the main herd of 

females. This is as a result of avoiding confrontation with sexually active males that are in the 

mating process (Kabigumila, 1993). So the sexually inactive males would be expected to be 

present in habitats type that are counteracting the usual seasonal habitat trends. When 

elephants are consuming woody material, observations have been made that there is also a 

difference in feeding patterns between male and female individuals. Male elephants have a 

less diversified diet of woody plant species compared with the females. However, the males 

are expected to consume more parts of an individual plant which include the twigs and roots 

of the plant species (Stokke & du Toit, 2000).  



 

15 
 

The most damage is inflicted to woodland tree species during the dry seasons. Browsing 

elephants are the main cause for the damage of these woodlands (Field, 1971). Observations 

have been made of elephants pushing over Acacia drepanolobium trees in Kenya (Birkett, 

2002). Meanwhile in the wet seasons, the elephant are expected to move onto grasslands 

and graze on the local grass species, allowing the damaged woodlands to regenerate 

(Kabigumila, 1993). 

 

Fig. 5: Male African elephant (Loxodonta africana) in a Euclea divinorum woodland at Ol Pejeta 

Conservancy 
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Black Rhino (Diceros bicornis) 

The black rhino is the most threatened species that was selected in the study as it is the only 

species listed as critically endangered (Emslie, 2012). During the 1970s, the black rhino 

population was estimated as 65,000. However as a result of factors that include poaching, the 

population dropped to around 2,500 individuals (Jewell et al, 2001). The population of black 

rhinos are fragmented in small isolated areas which cause demographic and genetic problem 

for the species (Hrabar & du Toit, 2005). There are currently 113 individual black rhinos at 

OPC, making it the sanctuary with the largest population of black rhino in East Africa. The 

black rhino is unique due to its prehensile lip which can grasp around twigs and leaves 

(Haagner, 1920). As a result of this adaptation, the black rhino’s prime diet normally consists 

of woody material. Part of the black rhino’s diet does partially consist of grass which is usually 

only eaten in the wet seasons. However, grass is a relatively low proportion of the rhino’s diet 

(Goddard, 1968). 

Black rhinos usually reside in Acacia drepanolobium woodlands as the plants leaves and twigs 

form part of the main proportion of the rhino’s diet (Birkett, 2002). However, black rhinos do 

not usually use Acacia woodlands as a bedding site. Tatman et al (2000) discovered that black 

rhinos usually use the dense Euclea divinorum woodlands as their bedding sites. In addition 

their dung middens are usually located in these habitats. Dung middens are used as a mark 

Fig. 6: Black rhino (Diceros bicornis). Source from http://abcnews.go.com/US/auction-rhino-hunt-death-

threats/story?id=21492322 
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of territory and different individuals have been seen defecating on the same middens as an 

attempt to increase their territory (Goddard, 1967). 

Black rhinos usually have a solitary lifestyle and there is little interaction between individuals. 

Interaction usually occurs when an adult female is with her calf or courtship between an adult 

male and female occurs (Goddard, 1966; Mukinya, 1973). Nonetheless home ranges of black 

rhinos are often overlapping and aggression between individuals isn’t common (Goddard, 

1967). Mukinya (1973) also states that the black rhino is a sedentary species and so their 

home ranges are relatively low if resources are sufficient and fit the needs for the individual. 

The availability of food isn’t the only factor that can influence the selection of habitat use. A 

study by Kotze & Zacharias (1993) discovered black rhinos at the western Ithala Game Reserve 

in South Africa, choice in habitat was also affected by the topography and abundance of paths 

in a habitat.   

Plains Zebra (Equus quagga burchelli) 

The zebra is a large hoofed ungulate that is common to East and Southern Africa (Fischhoff et 

al, 2007a). The species is a grazer primarily spending most of their time feeding in the 

grasslands (McNaughton & Georgiadis, 1986). The zebra has a hindgut fermentation digestive 

system. This means they have a simple single chambered stomach resulting in them having to 

graze frequently throughout the day and night (Illius & Gordon, 1992; Fischhoff et al, 2007b). 

As a result of the need for constant grazing, zebras spend most of their time were grass is 

abundant. There is little grazing difference between male and female individuals (Neuhaus & 

Ruchstuhl, 2002). 

A usual harem group of zebras normally consists of one stallion, 1-8 adult females and their 

sexually immature offspring. Once an offspring reaches sexual maturity it will leave its 

matrilineal group and join other groups. The males tend to form bachelor groups. They remain 

within these bachelor groups until they improve their condition and have a harem of females 

of their own (Rubenstein, 1994; Fischhoff et al, 2007a, 2007b). Harems tend to be stable and 

the members are tight knit (Neuhaus & Ruckstuhl, 2002). There is evidence that identified 

harems will merge together and form herds, which are usually unstable. Herds can contain up 

to around 81 harems (Fischhoff et al, 2007a). 
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The zebra is an important prey species to predators such as the African lion (Panthera leo) 

(Hayward & Kerley, 2005). To avoid predation, zebra use the open plains to stay vigilant 

against predators. If predators are detected in the vicinity, the strategy for a zebra is to move 

away from the current location and relocate to a different and safer area (Fischhoff et al, 

2007b). Lions are more detectable during the day in open grasslands habitats. However once 

night approaches, the zebra are more susceptible to predation in the open habitats (Elliot et 

al, 1977). To avoid this, zebras generally move to denser habitats (Fischhoff et al, 2007b). 

Fig. 7: Plains zebra (Equus quagga burchelli) within a mixed woodland of Acacia drepanolobium and Euclea 

divinorum at Ol Pejeta Conservancy. 
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Reticulated giraffe (Giraffa camelopardalis) 

The reticulated giraffe is one of the largest species in this study. There are roughly around 212 

individuals at OPC (VanderWaal et al, 2014). The common group sizes of giraffes are around 

3-5 individuals. However larger group sizes have been recorded but tend to be irregular 

(VanderWaal et al, 2014). These groups consist of predominantly females. Males are usually 

solitary. The sexes also tend to have different preferences in habitats. The females usually 

prefer open habitats, whereas the males prefer denser habitats (Young & Isbell, 1991). 

However a study by van der Jeugd & Prins (2000) observed adult males to reside in bachelor 

groups. The study stated that males browse more often when an individual is alone and not 

with the bachelor group. A possible explanation for this is it will help males strengthen 

themselves and improve their condition as due to the intraspecific competition. This is also 

common in male buffalos (Prins, 1996; Ryan et al, 2007). Giraffes are not territorial and it is 

common for overlapping to occur within home ranges (Leuthold & Leuthold, 1978; 

VanderWaal et al, 2014). 

Fig. 8: Reticulated giraffe (Giraffa camelopardalis) in a Euclea divinorum woodland at Ol Pejeta Conservancy 
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The use of habitats changes. During the dry seasons, the giraffes locate near rivers which offer 

a rich supply of water and food. However during the wet season they disperse to woodland 

areas to forage (Hall-Martin, 1974; Leuthold & Leuthold, 1978). Giraffes are browsers and so 

most of their diet consists of twigs and leaves of plants. Deciduous trees from the Acacia 

genus is the main source of food for the giraffe throughout Africa (Birkett, 2002; Parker & 

Bernard, 2005). Yet giraffes will consume evergreen trees if the abundance of available Acacia 

trees is low which is common during the dry season (Parker et al, 2003). 

Giraffes do not tend to cause major damage to the vegetation and are less detrimental to the 

woodland ecosystems compared with other large mammals (Owen-Smith, 1992). Retardation 

of regeneration growth of the woodland is only caused when giraffe have a high population 

density within a woodland area (Ruess & Halter, 1990; Birkett, 2002). 

Dung Surveying 

This study will determine species diversity and habitat use from the large mammals at OPC by 

analysing data from dung surveys. There are different variations of dung surveys which can 

be used (Laing et al, 2003). These are quadrat sampling (Bailey & Putman, 1981), strip transect 

sampling (Plumptre & Harris, 1995) and line transect sampling (Ellis & Bernard, 2005). The 

method I used for this study was line transect sampling. This method involves creating a 

transect line in a chosen area. In this particular study transect lines were plotted in each of 

the four target habitats types at OPC. Counting the dung along the line transect can help with 

the estimation of population numbers, abundance, density, dung decay rates and habitat use 

(Marques et al, 2001; Laing et al, 2003;  Ellis & Bernard, 2005; Olivier et al, 2009). The data 

collected from this study considered population numbers and habitat use. The ages of an 

individual can also be estimated by using dung surveys. This can be useful with the estimation 

of fecundity of a population (Udevits & Ballachey, 1998). However the age of the individuals 

was not considered as part of this study. 

Dung surveys can be used to indirectly detect species that are difficult to see (for example a 

shy or a nocturnal species). These species leave excrement matter which provides evidence 

of their presence in an area (Laing et al, 2003). This indirect method of surveying can provide 

an estimate of a species presence in dense habitats. This can be helpful as visibility in these 

areas is reduced compared with more open habitats such as the grasslands. More direct 
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approaches are not as effective in the denser areas as a result of the reduced visibility 

(Ratcliffe, 1987; Marques et al, 2001; Ellis & Bernard, 2005).  

The dung line transect method is a cost effective method as it operates on a relatively low 

budget. The techniques of completing the method are simple and can be done on a local scale 

(Olivier et al, 2009). Olivier et al (2009) also suggested to utilise park rangers with the dung 

surveys due to their local knowledge of the wildlife. Park rangers employed at OPC and 

volunteers associated with the conservation organisation Earthwatch assisted with the 

identification of dung samples in this survey as a greater number of transects were completed 

in a shorter period of time.  

The indirect method of dung surveys however can present a source of error and bias. 

Observer bias can influence the result of the estimates from the dung surveys (Jachmann & 

Bell, 1984). The observer bias may include the misidentification of a dung sample or the 

misjudgement of the width of the line transect (Olivier et al, 2009). Observing dung from line 

transects can present difficulties in distinguishing between individuals of the same species. 

Only further analysis of the dung sample can differentiate between individuals. Error can also 

arise if the sampling intensity is small (Olivier et al, 2009). Dung surveys tend to use a small 

proportion of a study area, thus making it difficult to have an estimate similar to the true 

population size (Barnes, 2001).  

Dung will eventually decay (Laing et al, 2003). This can be problematic when carrying the dung 

surveys. Species previously present at a habitat may only be recorded if evidence of their 

dung is found. Also multiple dung samples that are found in a site could be from the same 

individual. Dung decaying rate can be influenced by many factors including season, weather, 

habitat, diet, canopy cover and the time when the defecation took place (Nchanji & Plumptre, 

2001; Laing et al, 2003; Olivier et al, 2009). Nchanji & Plumptre (2001) also discovered that 

small mammals and birds can have an impact on the rate of decay. 

There are other more direct methods such as camera trap and aerial sampling that can 

provide population estimates. In this study these approaches were not used, however could 

be considered for future research. These direct approaches can also pinpoint data on specific 

days and time. However the indirect method of dung surveys can be an estimate of up to 

several months, resulting in an inaccurate account of habitat use (Marques et al, 2001).  
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Methods 

Study Area 

The dung survey was conducted at Ol Pejeta Conservancy (OPC) in Laikipia, Kenya. OPC is one 

of Kenya’s and East Africa’s largest privately owned reserves. The area of the Conservancy 

roughly covers around 90,000 acres. The Conservancy is located near Mount Kenya and OPC 

itself is approximately 6,000ft above sea level. The reserve is situated on the equator (0oN, 

36o56’E). Traditionally, OPC was a cattle ranch but in the 1980s, amid the decline of the black 

rhino population, it introduced wildlife and a black rhino reserve whilst integrating the 

livestock with the wildlife. Livestock are contained overnight to protect them against 

predators creating ‘hot spots’ of nutrient rich grass which benefits herbivores. This has the 

effect of creating another ecological dimension to managing heterogeneity whilst maximising 

biodiversity (Fynn et al, 2016). 

 OPC is rich with diversity of flora and fauna and is home to many species indigenous to East 

Africa. Around the perimeter of the conservancy there are habitat corridors which allow 

passage for animals to enter OPC and to leave into the wild of Laikipia County. As part of the 

conservancy’s rhino conservation efforts, the rhinos are unable to cross the habitat corridors 

Fig. 9: A habitat corridor on the boundary of Ol Pejeta Conservancy. Source from 

http://www.olpejetaconservancy.org/the-secret-life-of-ol-pejetas-elephants/ 
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and remain within the confines of the conservancy. OPC has installed narrow wooden posts 

along the habitat corridors to prevent the rhinos from leaving. In addition mounds of rocks 

are placed behind the wooden posts to further prevent the rhino from leaving the 

conservancy. Rhinos are too heavy and not agile enough to pass the mound.  

A road network has been established at OPC allowing access to vehicles. As a result of the rich 

diversity of species and habitats, and adequate accessibility around the reserve, OPC is 

frequently visited by members of the public and volunteers throughout the year. It was 

recorded that there was a total of 70,000 visitors at OPC in 2012. The research for this survey 

was conducted at four different habitat types within OPC. The habitats were categorised as 

Euclea divinorum woodland, Acacia drepanolobium woodland, mixed woodland and open 

grassland. To be categorised as either the Acacia drepanolobium or Euclea divinorum 

woodland, the area had to be dominated by either of the two species. The mixed woodland 

habitat in OPC has an equal combination of Acacia drepanolobium and Euclea divinorum 

coverage. However, as a result of the dominant nature of the Euclea, it is assumed that the 

mixed woodland habitat will likely become a predominantly Euclea Woodland. Euclea 

woodland makes up 15.1% of the total area at OPC, whilst Acacia woodland, mixed woodland 

and open grassland make up 53.4%, 4.5% and 21.8% respectively (Wahungu et al, 2013). All 

Fig. 10: Map of the boundary of Ol Pejeta Conservancy. Source from Kavwele, C (2017). 
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mammals within OPC have full access to each habitat type. The data in this study was 

collected during the winter period between July and August 2016. The average daily 

temperature ranged to around 17oC – 24oC during course of the data collection. OPC has an 

average of 900 mm of rainfall annually with most of the rainfall occurring between March – 

April and October - November (Birkett, 2002). During the data collection, the weather was 

dry and so rain did not pose an issue during the survey of dung samples. 

Field Procedure  

For the purpose of this study the conservancy was divided into areas of 4km2. Each area was 

categorised as one of the four habitat types studied. To survey each site for dung samples, 

four transects were established. Line transect sampling allows an observer to count the 

number of dung samples whilst traversing along the transect lines (Marques et al, 2001). For 

each site, transects were 100 metres in length and were positioned in the centre of each site. 

Transect line 

Buffer zone 
100 metres 

2 metres 

Fig. 11. Model representing four replicate line transects used per site during the dung survey 



 

25 
 

Within each site, the four transects were pointing at different directions. These were facing 

in north, east, south and west directions respectively. A global positioning system (GPS) was 

used to locate each site and the direction to walk along the transect line. A 100 metre long 

measuring tape was used to measure the transect line accurately, then markers were placed 

at either end of the transect line. To avoid the duplication of data, a two metre buffer zone 

was used at the start of the transect line. On these transects including the two metre buffer 

zone, dung was be identified and recorded. Approximately a total of 9.6 km was covered 

during the course of the dung line transect survey. Within the survey approximately 1.6 km 

of Acacia drepanolobium woodland, 3.2 km of Euclea divinorum woodland, 2.8 km of mixed 

woodland and 2 km of open grassland was covered. Statistically, the distance covered 

between the Euclea woodland and the mixed woodland was greater, potentially impacting 

upon the findings of the study.  

For the purposes of the study each dung sample from the count was regarded as a separate 

individual. Dung samples from large mammals, being species which possess an average body 

mass of ≥40kg (Stuart, 1999) were included in the data. Dung from boran cattle (Bos indicus) 

Fig. 12: Samples of dung pellets showing the similarities between the Grant’s gazelle (Nanger granti) (right 

hand) and the Thomson’s gazelle (Eudorcas thomsonii) (left hand). Source from 

http://gtravelstokenya.blogspot.co.uk/ 
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was not included as the species fall outside of the scope of this study. To aid with the 

identification of dung, an information guide was provided by OPC. The guide displayed 

samples of dung for each mammal species that were present within the conservancy at the 

time of the study aiding identification of the dung samples collected. The study was supported 

by OPC rangers. Their vast experience and knowledge of the conservancy and its inhabitants 

proving invaluable. Fig. 12 gives an example of how to identify the dung between two species 

of gazelle which are present at OPC. The two species are the Grant’s gazelle (Nanger granti) 

and Thomson’s gazelle (Eudorcas thomsonii), the difference between the pellets is the size 

with Grant’s having larger dung pellets. The size of the dung is not the only factor to determine 

the identification of the species. Another example of how to identify between two species, is 

the consistency of the dung. For example, the difference between black and white rhino dung 

is the contents within the dung. White rhinos will have predominantly grass material within 

the dung whereas the black rhino’s will consist of more woody material. In addition to park 

rangers, volunteers from the organisation Earthwatch assisted with the collection and 

identification of dung samples. For each transect there was always a minimum of two rangers 

present. Overall there was approximately four observers per transect.  

Table 1 identifies the data collected and areas of analysis. In the data collection, there was 

three sectors of OPC that were surveyed. These were Northern, Eastern and Southern sectors 

of the Conservancy. The dung count data was collected from eight sites of Euclea divinorum 

woodlands, four sites of Acacia drepanolobium woodlands, seven sites of mixed woodlands 

and five open grassland. The dung total in table 1 was the total number of individual dung 

samples of a species in along a transect line. 

There was another study conducted at OPC at the same time as the dung survey, this involved 

camera trap sampling. The data collected from the camera traps were not part of this study. 

However, the dung transect line surveys were consistent with the location of the camera 

traps. Noting down the camera ID would show the location of each site used in the dung 

survey. The ID contained the first letter of the sector that the camera was located (e.g. Eastern 

= E) and also the site number. An example of a camera ID used in the study was E6E.  

Table. 1: The layout of the tables that were used for the collection of data. 

Sector Camera ID Transect Number Species Dung Total Habitat Type
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Data Analysis 

Objective 1: does species diversity differ between habitats at Ol Pejeta Conservancy? 

To achieve objective one of the study, the diversity of large mammals for each site was 

calculated. The diversity of the habitats will take into account the species richness and 

evenness (Hill, 1973). Species richness is the total number of species present at a site whereas 

species evenness considers the concentration dominance of species (Whittaker, 1965).The 

indices used as part of this study was the Shannon-Wiener Index (Shannon & Weaver, 1949). 

The Shannon-Wiener Index is defined as the equation: 

 

Pi representing the relative frequency of species in the community (Di Bitetti, 2000), which in 

this case for this study Pi was the frequency of dung samples for each species at each habitat 

site. The sites were then averaged into a mean represented each habitat type. The mean 

Shannon-Wiener Index of each habitat type were compared to discover whether the diversity 

of large mammals differed at OPC.  

There was a total of fifteen different large mammal species identified with a total of 2809 

individual dung samples recorded within the survey. The total encounter rate of dung during 

the line transects was 292.6 individual samples per kilometre. 

Objective 2: do species have different habitat uses at Ol Pejeta Conservancy? 

To achieve objective two of the study, the habitat use by the selected large mammals was 

analysed and compared. The selected species were the African buffalo (Syncerus caffer), 

African elephant (Loxodonta africana), black rhino (Diceros bicornis), plains zebra (Equus 

quagga burchelli) and the reticulated giraffe (Giraffa camelopardalis). To analyse the habitat 

use, the dung count of each target species was summed between the four transects of each 

site. On account of the distance of each habitat type sampled was not equal, the encounter 

rate of dung per kilometre for all four habitat types was measured to indicate habitat use. 

The results were then compared to see whether there was any significant difference of the 

encounter rate between the habitat types. A meta-analysis was carried out to explain the 

reasons for the results.  
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When restricting the total dung count to only the five target species, the total count was 2245 

individual dung samples. In which 850 samples were from African buffalo, 358 from African 

elephant, eight from black rhino, 964 from plains zebra and sixty-five from reticulated giraffe. 

The total encounter rate of these species at OPC were 88.5, 37.3, 0.8, 100.4 and 6.8 samples 

per kilometre (respectively). 

Objective 3: are dung surveys effective for monitoring habitat use?  

To achieve the last objective, an analysis of the effectiveness of dung surveys for monitoring 

habitat use was taken. This was achieved by comparing the benefits and limitations which 

arise when completing dung surveys. The results from objectives one and two will also aid 

with achieving object three. 
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Results 

Objective 1: does species diversity differ between habitats at Ol Pejeta Conservancy? 

There was no statistical difference of the species diversity between the four habitat types at 

Ol Pejeta Conservancy (OPC) (P > 0.05). Fig. 13. shows the Acacia drepanolobium woodland 

had numerically the largest index score, nonetheless as a result of the confidence intervals 

for each habitat type shows there was no significant different in species diversity. However it 

is expected for the confidence intervals to reduce if more sample sites were included in the 

study. These results show that Euclea encroachment will not negatively affect species 

diversity. 

Table 2. shows the list of species that were identified during the dung survey. Grazers were 

the most common species found. The least common were the carnivore and insectivore 

species. Five species were listed by IUCN as threatened. The Euclea woodland habitat had the 

most species present at OPC, however this could be as a result of more repetitions tested for 

Fig. 13: The species diversity of the four habitat types at Ol Pejeta Conservancy which are as follows: 

Acacia drepanolobium woodland, Euclea divinorum woodland, mixed woodland and open grassland. The 

diversity index that was used by the Shannon-Wiener index (Shannon & Weaver, 1949). Error bars were at 

a 95% confidence interval. 
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this particular habitat type. The table also shows there is not a significantly preferred habitat 

type for most species. 
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Objective 2: do species have different habitat uses at Ol Pejeta Conservancy? 

There was no statistical significant difference in habitat use for the African buffalo, African 

elephant, black rhino and the reticulated giraffe (P > 0.05). However the results showed that 

there was a statistical significant difference in the habitat use for the plains zebra. Zebras at 

OPC significantly preferred using open grassland habitats over Euclea woodlands and mixed 

woodlands (P = 0.002 & P = 0.032 respectively). Also they significantly preferred Acacia 

woodlands to Euclea woodlands (P = 0.045).  

The same total distance was covered which was 9.6 km. Only a small number of dung samples 

found from black rhinos is the reason why the results of this particular species is barely visible 

in Fig. 14. 

 

Fig. 14: Habitat use was identified by calculating the encounter rate per km in each habitat type at Ol 

Pejeta Conservancy. The peak of the bar indicates the habitat use (greater height = greater habitat use). 

Five large mammals were selected which were as follows: African buffalo (Syncerus caffer), African 

elephant (Loxodonta africana), black rhino (Diceros bicornis), plains zebra (Equus quagga burchelli) and 

reticulated giraffe (Giraffa camelopardalis). The error bars were at a 95% confidence interval. 



 

33 
 

Discussion 

Objective 1: does species diversity differ between habitats at Ol Pejeta Conservancy? 

Objective one was to determine how the diversity of large mammals differs between habitats 

at the Ol Pejeta Conservancy (OPC). The hypothesis was that heterogeneous woodlands 

(mixed woodlands) would have a greater species diversity than homogenous (Acacia 

drepanolobium and Euclea divinorum woodlands (Bazzaz, 1975). Also it was hypothesised that 

open grasslands would have a greater species diversity than the Euclea divinorum dominated 

woodlands as a result of the unpalatability of the Euclea (Mebe et al, 1998; Wahungu et al, 

2013). However, analysing the results (see Fig. 13.) showed that there was no statistical 

significant difference of the species diversity between the four habitat types at OPC. These 

results rejected the hypothesis. The results also show that the encroachment of the Euclea 

divinorum will not have much of a detrimental effect on the species diversity at OPC because 

there was no significant difference between the habitats. 

Fifteen different species of large mammals were identified during the course of the dung 

survey. The results show that these large mammals do not have a preference in habitat types 

and occurred randomly across OPC resulting in similar Shannon-Wiener index scores between 

the habitats.  

However there was a sample size bias as a result of a greater number of Euclea and mixed 

woodland sites used in the dung survey compared to Acacia woodlands and open grasslands. 

As the Acacia woodland had the greatest species diversity, there may have been a statistical 

significance if more sample sites of Acacia woodlands were used. These sample sites were 

limited as a result of the availability of armed security which was required to carry out field 

work.  

Objective 2: do species have different habitat uses at Ol Pejeta Conservancy? 

Objective two was to determine how selected large mammals use the habitats within OPC. 

The hypothesis was that browsers will be found more in woodland habitats whereas the 

grazers will be found more in grassland habitats. The results (see Fig. 14.) showed that four 

out of the five species (African buffalo, African elephant, black rhino and reticulated giraffe) 

had no statistical significant difference in habitat use between the four habitat types at OPC. 

These results rejected the hypothesis. 



 

34 
 

However the result did show that the plains zebra significantly preferred the open grassland 

habitats over the Euclea and mixed woodlands. This part of the hypothesis was accepted. The 

reason the zebra have a preference for the open grasslands over the Euclea and mixed 

woodlands is because of the species’ diet. These results show that the encroachment of the 

Euclea will have a detrimental effect on the Zebra. The zebra is a grazing species and so more 

species of grass would be more abundant at the open grasslands which suits their dietary 

needs (Vesey-FitzGerald, 1960; McNaughton & Georgiadis, 1986). The Euclea is a dense plant 

with a thick canopy. This canopy prevents sunlight from penetrating, prohibiting other species 

of plant (such as grasses) underneath the canopy from growing (Smith & Goodman, 1987). As 

a result of the zebra’s hindgut fermentation digestive system, it has to spend most of its time 

grazing (Illius & Gordon, 1992; Fischhoff et al, 2007b) and so the chances of survival improve 

when situated in areas where quality and quantity of grasses are high. The Acacia is less dense 

species than the Euclea which could be the reason why zebras significantly prefer Acacia 

woodlands to Euclea woodlands as there is a greater chance of grass species surviving in the 

less dense ecosystems.  

The density of a plant species can also have effect on the rate of predation. The zebra is a 

common prey species to predator (Hayward & Kerley, 2005). During the day it is more likely 

for predators such as the African lion to be detected in open grasslands than in dense 

woodlands (Elliot et al, 1977), which could have an effect on the preference for open 

grasslands over Euclea and mixed woodlands. At night visibility is greatly reduce and the 

chances of predators being detected in open grasslands is low (Elliot et al, 1977). As a strategy 

to avoid predation at night, zebras will move to denser habitat (Fischoff et al, 2007b) such as 

the woodlands at OPC. However, Van Orsdol (1984) discovered that bush cover had an 

influence on hunting success. The denser the bush cover was, the greater chance that the 

hunt was successful. This is because a predator would be less likely to be detected by its prey 

as a result of the lack of visibility in a dense habitat. This also could be why zebras significantly 

prefer Acacia woodlands over denser Euclea woodlands. 

Zebra dung was most common sample found during the dung survey, a consequence of the 

large herds found at OPC. 

The African buffalo’s use in habitat rejected the hypothesis as there was no significant 

difference in habitat use between the four sites, which was unexpected considering the 
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buffalo’s main diet is predominantly grass (Sinclair & Gwynne, 1972). However, the study by 

Halley & Mari (2004) states that habitat use differs between sexes. They explain that habitats 

with high quality of food are usually occupied by female groups, whereas the habitat with low 

quality intakes are occupied by the male (bachelor) groups. This might explain why there was 

no significant difference between habitat types as both sexes were included in the survey. 

Also as a defensive strategy to avoid predation, Ryan et al (2007) discovered the herds would 

move into dense woodlands to allow their offspring to hide from the predators within the 

dense vegetation. 

The buffalo was the second most commonly found species during the dung survey which 

again could be as a result of the populous herds consisting of up to 1,000 individuals which 

can occur at OPC (Winnie Jr et al, 2008). 

African elephants’ habitat use also rejected the hypothesis that there would be a significant 

difference in habitat use between the four habitat types at OPC. Elephants have a mixed diet 

consisting of grass and twigs/leaves and their preference of diet usually changes in the 

different seasons (Kabigumila, 1993). As the data was collected during the dry season, it was 

assumed that the elephants would have a preference in woodland areas as a result of the 

grass becoming less palatable (Field, 1971; Kabigumila, 1993). However the results showed 

there were no preference differences. It was also expected that elephant would have a 

greater preference for the mixed woodlands and Acacia woodlands over the homogenous 

Euclea woodlands. This is because the Euclea plant has chemical defences which causes the 

plant to be unpalatable to elephants (Mebe et al, 1998; Wahungu et al, 2013). However 

results once again showed that there was no significant difference between these habitat 

types.  

A theory to explain why there is no difference in preference is that when sexually inactive 

males leave their natal families, they tend to avoid interactions with the herd of females and 

especially other solitary males that are sexually active (Kabigumila, 1993; Poole, 1994). Thus 

solitary sexually inactive males are expected to be located in areas without the presence of 

the female herd, consequently located in habitats that are not usually expected (i.e. open 

grasslands and Euclea woodlands). 
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It was difficult to determine the habitat use of black rhinos since the number of samples found 

during the dung survey was very small; eight. There are 113 individual black rhinos at OPC 

and so it was to be more difficult to find dung samples in the 90,000 acre conservancy. The 

eight dung samples found in the survey were distributed evenly at Euclea and mixed 

woodland habitats. It was a surprise that no samples were found in the homogenous Acacia 

woodlands as this plant is considered the black rhino’s main part of their diet (Birkett, 2002) 

and the Euclea plant is unpalatable to rhinos (Mebe et al, 1998; Wahungu et al, 2013). 

However Tatman et al (2000) discovered that rhinos do not tend to defecate in areas where 

they eat. Instead they create dung middens in areas situated by their bedding sites. A typical 

habitat where theses bedding sites are found is the Euclea woodland. This might explain why 

there was an absence of dung samples in the Acacia woodlands. The black rhino is 

predominantly a browsing species (Goddard, 1968; Birkett, 2002) and so it was expected that 

there would be no evidence of black rhinos in open grassland habitats. 

The reticulated giraffe also showed no significant preference in habitat. It was expected that 

giraffes’ would spend time foraging in woodland habitats during the dry season when the 

dung survey was held (Hall-Martin, 1974; Leuthold & Leuthold, 1978). However the results 

showed no preference between woodland and open grassland habitats. Similar to the 

elephant and black rhino, giraffes do not consume Euclea plants (Mebe et al, 1998; Wahungu 

et al, 2013), and so it was not expected for there being no preference between the Acacia 

and Euclea woodlands. 

Objective 3: are dung surveys effective for monitoring habitat use? 

The final objective was to review the effectiveness that dung surveys have on estimating 

habitat use. As a result of reviewing the outcome in this study and other similar methods, 

dung surveys can be an effective method for estimating habitat use. Dung surveys can allow 

us to give estimations to population numbers, abundance and density (Marques et al, 2001; 

Ellis & Bernard, 2005; Olivier et al, 2009) which can be interpreted for the habitat use for 

different areas. The results in this study revealed that most of the selected species did not 

have a preference in the use of habitats. These results may be down to factors such as social 

interactions and differences (Kabigumila, 1993; Poole, 1994; Halley & Mari, 2004), predatory 

evasion (Elliot et al, 1977; Fischoff et al, 2007b, Ryan et al, 2007) seasonal changes (Hall-
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Martin, 1974; Leuthold & Leuthold, 1978; Kabigumila, 1993), dietary needs (Illius & Gordon, 

1992; Fischhoff et al, 2007b) and defecation behaviour (Tatman et al, 2000). 

The major benefit of using dung surveys is the indirect use of detecting species that are 

difficult to physically observe (Laing et al, 2003). This approach of surveying can allow 

estimations of species that have an elusive nature or species that reside in dense habitats 

when visibility is impaired such as the Euclea woodland that was included in the study (Smith 

& Goodman, 1987; Marques et al, 2001). The method using the line transects is operated on 

a low budget compared with other more direct approaches. Line transects do not require the 

use of expensive equipment and the method is relatively simple so can be operated at local 

scale (Olivier et al, 2009). This study utilised the knowledge of the local park rangers and 

volunteers from the organisation Earthwatch which aided with the process of the dung 

survey. 

However the dung surveying does have its drawbacks as shown in the content of this study. 

Jachmann & Bell (1984) identify observer bias as one of the most noticeable influences of the 

results received from dung surveying. It is acknowledged that observers may have 

misidentified dung samples when traversing along the transect lines used in this study. An 

example of a common misidentification is between the dung pellets of the Grant’s gazelle 

(Nanger granti) and the Thomson’s gazelle (Eudorcas thomsonii) (see Fig. 12). These pellets 

are physically very similar in appearance and size. However, the pellets from the Grant’s 

gazelle are slightly larger and as a result could be easily misidentified as the Thomson’s 

gazelle. This would have a detrimental effect on the results of species diversity index in the 

study as the Grant’s gazelle is considered as a large mammal whereas the Thomson’s gazelle 

is not. 

Dung decay must be taken into consideration when operating dung surveys (Laing et al, 2003). 

In this study, species present in a habitat were recorded if evidence of their excrement is 

found. The decay of dung can prevent evidence of a species being present. Also a species’ 

behaviour can have an influence on the areas where they defecate. For example, the black 

rhino will not defecate in the areas where it feeds (Tatman et al, 2000) so dung surveys may 

not give a true account of their habitat use i.e. Acacia woodlands. 
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This study has taken into account other approaches that can estimate habitat use. These 

approaches are more direct and record physical sightings of the species. Examples of direct 

methods are camera trap and aerial sampling. These methods are much more expensive 

approaches compared to the line transect sampling, however the camera trap and aerial 

sampling can record sightings of a species at the specific time it was present in that habitat. 

Dung surveying cannot do this and the samples recorded can be from up to several months, 

potentially giving an inaccurate account of habitat use (Marques et al, 2001).   
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Conclusions and recommendations 

Overall I can conclude that the results from the dung survey completed in OPC identified that 

there are no differences in species diversity between the four habitats at Ol Pejeta 

Conservancy (OPC). These results rejected the original hypothesis as it was predicted that 

heterogeneous woodlands and open grasslands would have a higher species diversity than 

homogenous woodlands. In addition the non-significant results showed that Euclea divinorum 

encroachment will not have a detrimental effect on the species diversity. Further monitoring 

at OPC and potentially an increased sample size may give a clearer determination of the 

species diversity within each habitat type. 

The study also helped determine the habitat use of five large mammals at OPC. The results 

showed that there was no difference in habitat use between the four habitat types for the 

African buffalo, African elephant, black rhino and reticulated giraffe. However the result did 

show that the plains zebra had a preference of the open grasslands over the Euclea and mixed 

woodlands. The zebras also had a preference for the Acacia woodlands over the Euclea 

woodlands. The hypothesis was rejected for the habitat use preference for the buffalo, 

elephant, black rhino and giraffe as there was no significant preference. However, the 

hypothesis was accepted for the habitat use preference for the zebra as the species 

significantly preferred the grasslands over two of the woodland habitats. This accepted the 

hypothesis as it was predicted that the grazers would have a preference for grasslands over 

woodlands. The results from this part of the study can help to determine which habitats to 

maintain when the management of zebras is required. This management can include 

maintaining grasslands by preventing encroachment of other plant species. Euclea divinorum 

encroachment will not have much of a detrimental effect on the buffalo elephant, black rhino 

and giraffe, however it could show negative effects for the plains zebra. 

The final objective was the review the effectiveness of dung surveys for monitoring habitat 

use. The objective included a review from this study and other similar studies. The overall 

conclusion for this approach of monitoring habitat use was that it provided an effective 

method as it allowed the monitoring of dense habitats (e.g. Euclea woodlands at OPC) which 

is not feasible for other direct methods. In addition it allowed for the monitoring of species 

that tend to be elusive. However it has to be taken into consideration that this approach of 

monitoring also has its drawbacks. Dung decay rates and observer bias are some of the main 
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implications that dung surveys will face. These challenges can affect the identification of a 

species as the misidentification of species can be detrimental to the research. To improve the 

accuracy of the dung survey, dung decay must be considered in the results. This approach is 

also difficult to provide accurate information of the activities utilised by species in a habitat. 

Generally it will provide a broader scale of habitat use. For example dung surveys will not be 

able to determine whether a species use habitats as a site for feeding or resting unless a 

species’ defecation behaviour is known. 
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Appendices 
Appendix A – raw dung data for Acacia drepanolobium woodlands 

Sector Camera_ID Transect_no. Species Dung_total Habitat_type 

Eastern E8E 1 Zebra 25 Acacia_drepanolobium 

Eastern E8E 1 Warthog 17 Acacia_drepanolobium 

Eastern E8E 1 Impala 6 Acacia_drepanolobium 

Eastern E8E 1 Eland 10 Acacia_drepanolobium 

Eastern E8E 1 Buffalo 1 Acacia_drepanolobium 

Eastern E8E 2 Zebra 22 Acacia_drepanolobium 

Eastern E8E 2 Warthog 60 Acacia_drepanolobium 

Eastern E8E 2 Eland 6 Acacia_drepanolobium 

Eastern E8E 2 Elephant 1 Acacia_drepanolobium 

Eastern E8E 2 Grant's_gazelle 4 Acacia_drepanolobium 

Eastern E8E 2 Buffalo 3 Acacia_drepanolobium 

Eastern E8E 2 Impala 3 Acacia_drepanolobium 

Eastern E8E 3 Warthog 72 Acacia_drepanolobium 

Eastern E8E 3 Zebra 10 Acacia_drepanolobium 

Eastern E8E 3 Eland 14 Acacia_drepanolobium 

Eastern E8E 3 Grant's_gazelle 3 Acacia_drepanolobium 

Eastern E8E 3 Waterbuck 8 Acacia_drepanolobium 

Eastern E8E 4 Zebra 27 Acacia_drepanolobium 

Eastern E8E 4 Warthog 19 Acacia_drepanolobium 

Eastern E8E 4 Eland 7 Acacia_drepanolobium 

Eastern E8E 4 Impala 2 Acacia_drepanolobium 

Southern S26S 1 Zebra  13 Acacia_drepanolobium 

Southern S26S 1 Elephant 3 Acacia_drepanolobium 

Southern S26S 1 Buffalo 14 Acacia_drepanolobium 

Southern S26S 1 Hyena 1 Acacia_drepanolobium 

Southern S26S 2 Zebra 21 Acacia_drepanolobium 

Southern S26S 2 Buffalo 7 Acacia_drepanolobium 

Southern S26S 2 Elephant 1 Acacia_drepanolobium 

Southern S26S 2 Giraffe 1 Acacia_drepanolobium 

Southern S26S 2 Warthog 1 Acacia_drepanolobium 

Southern S26S 2 Hyena 1 Acacia_drepanolobium 

Southern S26S 3 Elephant 1 Acacia_drepanolobium 

Southern S26S 3 Zebra 27 Acacia_drepanolobium 

Southern S26S 3 Buffalo 15 Acacia_drepanolobium 

Southern S26S 3 Giraffe 1 Acacia_drepanolobium 

Southern S26S 4 Buffalo 7 Acacia_drepanolobium 

Southern S26S 4 Zebra 31 Acacia_drepanolobium 

Southern S26S 4 Elephant 1 Acacia_drepanolobium 

Northern N6N 1 Buffalo 12 Acacia_drepanolobium 

Northern N6N 1 Zebra 8 Acacia_drepanolobium 
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Northern N6N 1 Giraffe 1 Acacia_drepanolobium 

Northern N6N 1 Waterbuck 2 Acacia_drepanolobium 

Northern N6N 1 Impala 1 Acacia_drepanolobium 

Northern N6N 1 Elephant 2 Acacia_drepanolobium 

Northern N6N 2 Hyena 4 Acacia_drepanolobium 

Northern N6N 2 Zebra 10 Acacia_drepanolobium 

Northern N6N 2 Elephant 3 Acacia_drepanolobium 

Northern N6N 2 Giraffe 7 Acacia_drepanolobium 

Northern N6N 2 Buffalo 5 Acacia_drepanolobium 

Northern N6N 2 Warthog 1 Acacia_drepanolobium 

Northern N6N 2 Grant's_gazelle 3 Acacia_drepanolobium 

Northern N6N 3 Zebra 7 Acacia_drepanolobium 

Northern N6N 3 Buffalo 3 Acacia_drepanolobium 

Northern N6N 3 Elephant 4 Acacia_drepanolobium 

Northern N6N 3 Hyena 3 Acacia_drepanolobium 

Northern N6N 3 Giraffe 1 Acacia_drepanolobium 

Northern N6N 4 Zebra 15 Acacia_drepanolobium 

Northern N6N 4 Hyena 3 Acacia_drepanolobium 

Northern N6N 4 Buffalo 3 Acacia_drepanolobium 

Northern N6N 4 Giraffe 5 Acacia_drepanolobium 

Northern N6N 4 Grant's_gazelle 4 Acacia_drepanolobium 

Northern N13N 1 Zebra 9 Acacia_drepanolobium 

Northern N13N 1 Buffalo 25 Acacia_drepanolobium 

Northern N13N 1 Giraffe 2 Acacia_drepanolobium 

Northern N13N 1 Eland 2 Acacia_drepanolobium 

Northern N13N 1 Waterbuck 1 Acacia_drepanolobium 

Northern N13N 1 Impala 3 Acacia_drepanolobium 

Northern N13N 1 Elephant 5 Acacia_drepanolobium 

Northern N13N 2 Zebra 18 Acacia_drepanolobium 

Northern N13N 2 Hyena 2 Acacia_drepanolobium 

Northern N13N 2 Buffalo 3 Acacia_drepanolobium 

Northern N13N 2 Grant's_gazelle 2 Acacia_drepanolobium 

Northern N13N 2 Impala 1 Acacia_drepanolobium 

Northern N13N 2 Elephant 9 Acacia_drepanolobium 

Northern N13N 3 Giraffe 9 Acacia_drepanolobium 

Northern N13N 3 Buffalo 3 Acacia_drepanolobium 

Northern N13N 3 Zebra 18 Acacia_drepanolobium 

Northern N13N 3 Impala 2 Acacia_drepanolobium 

Northern N13N 3 Elephant 4 Acacia_drepanolobium 

Northern N13N 3 Grant's_gazelle 4 Acacia_drepanolobium 

Northern N13N 3 Hyena 1 Acacia_drepanolobium 

Northern N13N 4 Zebra 20 Acacia_drepanolobium 

Northern N13N 4 Buffalo 15 Acacia_drepanolobium 

Northern N13N 4 Elephant 3 Acacia_drepanolobium 
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Northern N13N 4 Impala 3 Acacia_drepanolobium 

Northern N13N 4 Grant's_gazelle 1 Acacia_drepanolobium 

Northern N13N 4 Waterbuck 1 Acacia_drepanolobium 

Northern N13N 4 Eland 3 Acacia_drepanolobium 
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Appendix B - raw dung data for Euclea divinorum woodlands 

Sector Camera_ID Transect_no. Species Dung_total Habitat_type 

Eastern E2E 1 Elephant 5 Euclea_divinorum 

Eastern E2E 1 Buffalo 9 Euclea_divinorum 

Eastern E2E 2 Buffalo 8 Euclea_divinorum 

Eastern E2E 2 Elephant 6 Euclea_divinorum 

Eastern E2E 3 Black_Rhino 1 Euclea_divinorum 

Eastern E2E 3 Elephant 9 Euclea_divinorum 

Eastern E2E 3 Hyena 5 Euclea_divinorum 

Eastern E2E 3 Buffalo 7 Euclea_divinorum 

Eastern E2E 3 Elephant 1 Euclea_divinorum 

Eastern E2E 4 Buffalo 13 Euclea_divinorum 

Eastern E2E 4 Elephant 3 Euclea_divinorum 

Eastern E3E 1 Buffalo 14 Euclea_divinorum 

Eastern E3E 1 Elephant 12 Euclea_divinorum 

Eastern E3E 1 Hyena 1 Euclea_divinorum 

Eastern E3E 1 Black_Rhino 1 Euclea_divinorum 

Eastern E3E 1 Warthog 2 Euclea_divinorum 

Eastern E3E 2 Elephant 6 Euclea_divinorum 

Eastern E3E 2 Buffalo 1 Euclea_divinorum 

Eastern E3E 2 Eland 1 Euclea_divinorum 

Eastern E3E 3 Elephant 17 Euclea_divinorum 

Eastern E3E 3 Buffalo 8 Euclea_divinorum 

Eastern E3E 3 Black_Rhino 1 Euclea_divinorum 

Eastern E3E 4 Elephant 9 Euclea_divinorum 

Eastern E3E 4 Buffalo 5 Euclea_divinorum 

Eastern E7E 1 Buffalo 9 Euclea_divinorum 

Eastern E7E 1 Giraffe 5 Euclea_divinorum 

Eastern E7E 1 Hyena 1 Euclea_divinorum 

Eastern E7E 1 Zebra 3 Euclea_divinorum 

Eastern E7E 1 Impala 1 Euclea_divinorum 

Eastern E7E 2 Buffalo 9 Euclea_divinorum 

Eastern E7E 2 Eland 4 Euclea_divinorum 

Eastern E7E 2 Elephant  1 Euclea_divinorum 

Eastern E7E 2 Black_Rhino  1 Euclea_divinorum 

Eastern E7E 2 White_Rhino  2 Euclea_divinorum 

Eastern E7E 2 Zebra  1 Euclea_divinorum 

Eastern E7E 2 Waterbuck 1 Euclea_divinorum 

Eastern E7E 3 Zebra  1 Euclea_divinorum 

Eastern E7E 3 Buffalo 5 Euclea_divinorum 

Eastern E7E 3 Lion  1 Euclea_divinorum 

Eastern E7E 3 Grant's_gazelle  1 Euclea_divinorum 

Eastern E7E 3 Eland 5 Euclea_divinorum 
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Eastern E7E 3 Impala 2 Euclea_divinorum 

Eastern E7E 4 Buffalo 5 Euclea_divinorum 

Eastern E7E 4 Warthog 1 Euclea_divinorum 

Eastern E7E 4 Zebra 1 Euclea_divinorum 

Eastern E7E 4 Eland  4 Euclea_divinorum 

Southern S1S 1 Elephant 3 Euclea_divinorum 

Southern S1S 1 Buffalo 2 Euclea_divinorum 

Southern S1S 2 Elephant 7 Euclea_divinorum 

Southern S1S 2 Buffalo 3 Euclea_divinorum 

Southern S1S 3 Elephant 5 Euclea_divinorum 

Southern S1S 4 Elephant 11 Euclea_divinorum 

Southern S3S 1 Buffalo 17 Euclea_divinorum 

Southern S3S 1 Elephant 2 Euclea_divinorum 

Southern S3S 2 Elephant 8 Euclea_divinorum 

Southern S3S 2 Buffalo 4 Euclea_divinorum 

Southern S3S 3 Elephant 9 Euclea_divinorum 

Southern S3S 3 Buffalo 6 Euclea_divinorum 

Southern S3S 4 Buffalo 4 Euclea_divinorum 

Southern S3S 4 Elephant 5 Euclea_divinorum 

Southern S4S 1 Buffalo 10 Euclea_divinorum 

Southern S4S 1 Elephant 4 Euclea_divinorum 

Southern S4S 2 Elephant 5 Euclea_divinorum 

Southern S4S 2 Buffalo 1 Euclea_divinorum 

Southern S4S 3 Elephant 9 Euclea_divinorum 

Southern S4S 4 Buffalo 6 Euclea_divinorum 

Southern S4S 4 Zebra 1 Euclea_divinorum 

Southern S4S 4 Elephant 3 Euclea_divinorum 

Southern S7S 1 Buffalo 4 Euclea_divinorum 

Southern S7S 1 Elephant 4 Euclea_divinorum 

Southern S7S 2 Elephant 4 Euclea_divinorum 

Southern S7S 2 Buffalo 2 Euclea_divinorum 

Southern S7S 3 Buffalo 3 Euclea_divinorum 

Southern S7S 3 Elephant 3 Euclea_divinorum 

Southern S7S 4 Buffalo 9 Euclea_divinorum 

Southern S8S 1 Elephant 2 Euclea_divinorum 

Southern S8S 2 Buffalo 2 Euclea_divinorum 

Southern S8S 2 Elephant 1 Euclea_divinorum 

Southern S8S 2 Zebra 1 Euclea_divinorum 

Southern S8S 2 Giraffe 1 Euclea_divinorum 

Southern S8S 3 Giraffe 1 Euclea_divinorum 

Southern S8S 4 Elephant 1 Euclea_divinorum 

Southern S8S 4 Buffalo 1 Euclea_divinorum 
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Appendix C - raw dung data for mixed woodlands 

Sector Camera_ID Transect_no. Species Dung_total Habitat_type 

Eastern E5E 1 Eland 1 Mixed_woodland 

Eastern E5E 1 Buffalo 9 Mixed_woodland 

Eastern E5E 1 Grant's_gazelle 2 Mixed_woodland 

Eastern E5E 1 Elephant 1 Mixed_woodland 

Eastern E5E 1 Zebra 1 Mixed_woodland 

Eastern E5E 1 Giraffe 2 Mixed_woodland 

Eastern E5E 1 Impala 1 Mixed_woodland 

Eastern E5E 2 Buffalo 11 Mixed_woodland 

Eastern E5E 2 Elephant 3 Mixed_woodland 

Eastern E5E 2 Zebra 2 Mixed_woodland 

Eastern E5E 2 Impala 1 Mixed_woodland 

Eastern E5E 3 Eland 2 Mixed_woodland 

Eastern E5E 3 Elephant 5 Mixed_woodland 

Eastern E5E 3 Buffalo 7 Mixed_woodland 

Eastern E5E 4 Elephant 3 Mixed_woodland 

Eastern E5E 4 Buffalo 3 Mixed_woodland 

Eastern E9E 1 Buffalo 7 Mixed_woodland 

Eastern E9E 1 Elephant 1 Mixed_woodland 

Eastern E9E 1 Zebra 5 Mixed_woodland 

Eastern E9E 2 Buffalo 4 Mixed_woodland 

Eastern E9E 2 Zebra 3 Mixed_woodland 

Eastern E9E 3 Buffalo 6 Mixed_woodland 

Eastern E9E 3 Elephant 1 Mixed_woodland 

Eastern E9E 3 Zebra 2 Mixed_woodland 

Eastern E9E 4 Elephant 2 Mixed_woodland 

Eastern E9E 4 Buffalo 8 Mixed_woodland 

Eastern E9E 4 Zebra 1 Mixed_woodland 

Eastern E11E 1 Buffalo 24 Mixed_woodland 

Eastern E11E 1 Waterbuck 2 Mixed_woodland 

Eastern E11E 1 Giraffe 1 Mixed_woodland 

Eastern E11E 1 Elephant 3 Mixed_woodland 

Eastern E11E 1 Black_Rhino 1 Mixed_woodland 

Eastern E11E 2 Buffalo 25 Mixed_woodland 

Eastern E11E 2 Zebra 1 Mixed_woodland 

Eastern E11E 2 Elephant 4 Mixed_woodland 

Eastern E11E 2 Hyena 1 Mixed_woodland 

Eastern E11E 2 Waterbuck 1 Mixed_woodland 

Eastern E11E 2 Black_Rhino  1 Mixed_woodland 

Eastern E11E 3 Zebra 2 Mixed_woodland 

Eastern E11E 3 Buffalo 5 Mixed_woodland 

Eastern E11E 3 Elephant  4 Mixed_woodland 
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Eastern E11E 3 Black_Rhino 1 Mixed_woodland 

Eastern E11E 4 Zebra  1 Mixed_woodland 

Eastern E11E 4 Black_Rhino  1 Mixed_woodland 

Eastern E11E 4 Elephant 8 Mixed_woodland 

Eastern E11E 4 Buffalo 16 Mixed_woodland 

Eastern E11E 4 Warthog 1 Mixed_woodland 

Eastern E12E 1 Buffalo 26 Mixed_woodland 

Eastern E12E 1 Elephant 3 Mixed_woodland 

Eastern E12E 2 Buffalo 15 Mixed_woodland 

Eastern E12E 2 Elephant 1 Mixed_woodland 

Eastern E12E 2 Zebra 2 Mixed_woodland 

Eastern E12E 2 Waterbuck 1 Mixed_woodland 

Eastern E12E 3 Buffalo 11 Mixed_woodland 

Eastern E12E 3 Elephant 2 Mixed_woodland 

Eastern E12E 3 Zebra 2 Mixed_woodland 

Eastern E12E 4 Buffalo 8 Mixed_woodland 

Eastern E12E 4 Elephant 3 Mixed_woodland 

Southern S2S 1 Elephant 8 Mixed_woodland 

Southern S2S 1 Buffalo 7 Mixed_woodland 

Southern S2S 2 Buffalo 1 Mixed_woodland 

Southern S2S 2 Elephant 11 Mixed_woodland 

Southern S2S 2 Zebra 1 Mixed_woodland 

Southern S2S 2 Impala 1 Mixed_woodland 

Southern S2S 3 Buffalo 2 Mixed_woodland 

Southern S2S 3 Elephant 6 Mixed_woodland 

Southern S2S 3 Zebra 2 Mixed_woodland 

Southern S2S 4 Elephant 7 Mixed_woodland 

Southern S2S 4 Buffalo 4 Mixed_woodland 

Southern S2S 4 Giraffe 1 Mixed_woodland 

Southern S22S 1 Buffalo 31 Mixed_woodland 

Southern S22S 1 Zebra 21 Mixed_woodland 

Southern S22S 1 Elephant 16 Mixed_woodland 

Southern S22S 1 Giraffe 4 Mixed_woodland 

Southern S22S 1 Eland 1 Mixed_woodland 

Southern S22S 2 Buffalo 30 Mixed_woodland 

Southern S22S 2 Elephant 22 Mixed_woodland 

Southern S22S 2 Hartebeest 1 Mixed_woodland 

Southern S22S 2 Zebra 24 Mixed_woodland 

Southern S22S 2 Eland 7 Mixed_woodland 

Southern S22S 2 Giraffe 3 Mixed_woodland 

Southern S22S 2 Hyena 1 Mixed_woodland 

Southern S22S 2 Warthog 1 Mixed_woodland 

Southern S22S 3 Buffalo 31 Mixed_woodland 

Southern S22S 3 Zebra 21 Mixed_woodland 
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Southern S22S 3 Elephant 10 Mixed_woodland 

Southern S22S 3 Giraffe 2 Mixed_woodland 

Southern S22S 3 Eland 3 Mixed_woodland 

Southern S22S 4 Buffalo 11 Mixed_woodland 

Southern S22S 4 Elephant 13 Mixed_woodland 

Southern S22S 4 Zebra 18 Mixed_woodland 

Southern S22S 4 Warthog 2 Mixed_woodland 

Southern S22S 4 Giraffe 2 Mixed_woodland 

Northern N5N 1 Giraffe 1 Mixed_woodland 

Northern N5N 1 Zebra 17 Mixed_woodland 

Northern N5N 1 Buffalo 7 Mixed_woodland 

Northern N5N 1 Elephant 5 Mixed_woodland 

Northern N5N 2 Zebra 13 Mixed_woodland 

Northern N5N 2 Buffalo 4 Mixed_woodland 

Northern N5N 2 Elephant 5 Mixed_woodland 

Northern N5N 3 Zebra 20 Mixed_woodland 

Northern N5N 3 Buffalo 12 Mixed_woodland 

Northern N5N 3 Eland 1 Mixed_woodland 

Northern N5N 3 Waterbuck 1 Mixed_woodland 

Northern N5N 4 Buffalo 11 Mixed_woodland 

Northern N5N 4 Elephant 3 Mixed_woodland 

Northern N5N 4 Zebra 30 Mixed_woodland 
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Appendix D - Raw dung data for open grasslands 

Sector Camera_ID Transect_no. Species Dung_total Habitat_type 

Eastern E1E 1 Zebra 42 Open_grassland 

Eastern E1E 1 Impala 13 Open_grassland 

Eastern E1E 1 Waterbuck 1 Open_grassland 

Eastern E1E 1 Grant's_gazelle 2 Open_grassland 

Eastern E1E 1 Buffalo 24 Open_grassland 

Eastern E1E 1 Warthog 1 Open_grassland 

Eastern E1E 1 Elephant 1 Open_grassland 

Eastern E1E 1 Giraffe 1 Open_grassland 

Eastern E1E 2 Hartebeest 2 Open_grassland 

Eastern E1E 2 Buffalo 7 Open_grassland 

Eastern E1E 2 Impala 40 Open_grassland 

Eastern E1E 2 Waterbuck 3 Open_grassland 

Eastern E1E 2 Zebra 2 Open_grassland 

Eastern E1E 2 Giraffe 1 Open_grassland 

Eastern E1E 2 Elephant 1 Open_grassland 

Eastern E1E 2 Grant's_gazelle 3 Open_grassland 

Eastern E1E 3 Giraffe 1 Open_grassland 

Eastern E1E 3 Buffalo 3 Open_grassland 

Eastern E1E 3 Impala 22 Open_grassland 

Eastern E1E 3 Hartebeest 1 Open_grassland 

Eastern E1E 3 Zebra 15 Open_grassland 

Eastern E1E 3 Waterbuck 9 Open_grassland 

Eastern E1E 3 Elephant 1 Open_grassland 

Eastern E1E 3 Grant's_gazelle 1 Open_grassland 

Eastern E1E 4 Impala 23 Open_grassland 

Eastern E1E 4 Zebra 24 Open_grassland 

Eastern E1E 4 Elephant 4 Open_grassland 

Eastern E1E 4 Hartebeest 7 Open_grassland 

Eastern E1E 4 Eland 6 Open_grassland 

Eastern E1E 4 Buffalo 9 Open_grassland 

Eastern E1E 4 Grant's_gazelle 8 Open_grassland 

Eastern E1E 4 Warthog 2 Open_grassland 

Eastern E4E 1 Giraffe 3 Open_grassland 

Eastern E4E 1 Zebra 9 Open_grassland 

Eastern E4E 1 Buffalo 22 Open_grassland 

Eastern E4E 1 Impala 1 Open_grassland 

Eastern E4E 1 Aardvark 1 Open_grassland 

Eastern E4E 2 Buffalo 28 Open_grassland 

Eastern E4E 2 Zebra 6 Open_grassland 

Eastern E4E 2 Eland 1 Open_grassland 

Eastern E4E 3 Buffalo 31 Open_grassland 
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Eastern E4E 3 Zebra 9 Open_grassland 

Eastern E4E 3 Impala 1 Open_grassland 

Eastern E4E 4 Buffalo 15 Open_grassland 

Eastern E4E 4 Zebra 9 Open_grassland 

Eastern E4E 4 Elephant 1 Open_grassland 

Southern S5S 1 Zebra 17 Open_grassland 

Southern S5S 1 Buffalo 3 Open_grassland 

Southern S5S 2 Zebra 10 Open_grassland 

Southern S5S 2 Buffalo 5 Open_grassland 

Southern S5S 2 Warthog 1 Open_grassland 

Southern S5S 3 Warthog 12 Open_grassland 

Southern S5S 4 Warthog 10 Open_grassland 

Southern S5S 4 Zebra 2 Open_grassland 

Southern S5S 4 Buffalo 2 Open_grassland 

Southern S5S 4 Hartebeest 1 Open_grassland 

Southern S23S 1 Buffalo 8 Open_grassland 

Southern S23S 1 Zebra 57 Open_grassland 

Southern S23S 1 Warthog 2 Open_grassland 

Southern S23S 1 Waterbuck 1 Open_grassland 

Southern S23S 1 Eland 1 Open_grassland 

Southern S23S 2 Buffalo 28 Open_grassland 

Southern S23S 2 Warthog 4 Open_grassland 

Southern S23S 2 Zebra 40 Open_grassland 

Southern S23S 3 Zebra 53 Open_grassland 

Southern S23S 3 Buffalo 4 Open_grassland 

Southern S23S 3 Warthog 5 Open_grassland 

Southern S23S 3 Elephant 2 Open_grassland 

Southern S23S 4 Zebra 49 Open_grassland 

Southern S25S 1 Zebra 49 Open_grassland 

Southern S25S 1 Buffalo 15 Open_grassland 

Southern S25S 1 Warthog 1 Open_grassland 

Southern S25S 1 Eland 3 Open_grassland 

Southern S25S 1 Elephant 3 Open_grassland 

Southern S25S 1 Giraffe 3 Open_grassland 

Southern S25S 2 Giraffe 2 Open_grassland 

Southern S25S 2 Zebra 27 Open_grassland 

Southern S25S 2 Warthog 16 Open_grassland 

Southern S25S 2 Buffalo 9 Open_grassland 

Southern S25S 2 Eland 2 Open_grassland 

Southern S25S 2 Impala 1 Open_grassland 

Southern S25S 3 Giraffe 3 Open_grassland 

Southern S25S 3 Zebra 29 Open_grassland 

Southern S25S 3 Buffalo 15 Open_grassland 

Southern S25S 3 Eland 3 Open_grassland 
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Southern S25S 3 Warthog 1 Open_grassland 

Southern S25S 3 Impala 2 Open_grassland 

Southern S25S 3 Elephant 1 Open_grassland 

Southern S25S 3 Grant's_gazelle 1 Open_grassland 

Southern S25S 3 Waterbuck 1 Open_grassland 

Southern S25S 4 Zebra 37 Open_grassland 

Southern S25S 4 Buffalo 3 Open_grassland 

Southern S25S 4 Warthog 3 Open_grassland 

Southern S25S 4 Elephant 2 Open_grassland 

Southern S25S 4 Giraffe 1 Open_grassland 
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Appendix E – Shannon-Weiner index for each habitat site 

Habitat_Type Shannon-Weiner_Index 

Acacia_drepanolobium 1.303329 

Acacia_drepanolobium 1.674927 

Acacia_drepanolobium 1.73426 

Acacia_drepanolobium 0.933885 

Euclea_divinorum 0.952089 

Euclea_divinorum 0.990316 

Euclea_divinorum 1.813165 

Euclea_divinorum 0.441803 

Euclea_divinorum 0.685026 

Euclea_divinorum 0.789213 

Euclea_divinorum 0.663725 

Euclea_divinorum 1.279854 

Mixed_Woodland 1.348144 

Mixed_Woodland 0.879031 

Mixed_Woodland 1.064581 

Mixed_Woodland 0.642161 

Mixed_Woodland 0.992129 

Mixed_Woodland 0.968175 

Mixed_Woodland 1.411758 

Open_Grassland 1.698708 

Open_Grassland 0.845205 

Open_Grassland 1.082916 

Open_Grassland 1.266054 

Open_Grassland 0.699988 
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Appendix F – Encounter rate data for each habitat site (400m per site) 

Habitat Site Species Dung_Count Encounter_Rate/km 

Acacia_drepanolobium E8E Elephant 1 6.25 

Acacia_drepanolobium S26S Elephant 6 37.5 

Acacia_drepanolobium N6N Elephant 9 56.25 

Acacia_drepanolobium N13N Elephant 21 131.25 

Euclea_divinorum E2E Elephant 24 150 

Euclea_divinorum E3E Elephant 44 275 

Euclea_divinorum E7E Elephant 1 6.25 

Euclea_divinorum S1S Elephant 26 162.5 

Euclea_divinorum S3S Elephant 24 150 

Euclea_divinorum S4S Elephant 21 131.25 

Euclea_divinorum S7S Elephant 11 68.75 

Euclea_divinorum S8S Elephant 4 25 

Mixed_Woodland E5E Elephant 12 75 

Mixed_Woodland E9E Elephant 4 25 

Mixed_Woodland E11E Elephant 19 118.75 

Mixed_Woodland E12E Elephant 9 56.25 

Mixed_Woodland S2S Elephant 32 200 

Mixed_Woodland S22S Elephant 61 381.25 

Mixed_Woodland N5N Elephant 13 81.25 

Open_Grassland E1E Elephant 7 43.75 

Open_Grassland E4E Elephant 1 6.25 

Open_Grassland S5S Elephant 0 0 

Open_Grassland S23S Elephant 2 12.5 

Open_Grassland S25S Elephant 6 37.5 

Acacia_drepanolobium E8E Buffalo 4 25 

Acacia_drepanolobium S26S Buffalo 43 268.75 

Acacia_drepanolobium N6N Buffalo 23 143.75 

Acacia_drepanolobium N13N Buffalo 46 287.5 

Euclea_divinorum E2E Buffalo 37 231.25 

Euclea_divinorum E3E Buffalo 28 175 

Euclea_divinorum E7E Buffalo 28 175 

Euclea_divinorum S1S Buffalo 5 31.25 

Euclea_divinorum S3S Buffalo 31 193.75 

Euclea_divinorum S4S Buffalo 17 106.25 

Euclea_divinorum S7S Buffalo 18 112.5 

Euclea_divinorum S8S Buffalo 3 18.75 

Mixed_Woodland E5E Buffalo 30 187.5 

Mixed_Woodland E9E Buffalo 25 156.25 

Mixed_Woodland E11E Buffalo 70 437.5 

Mixed_Woodland E12E Buffalo 60 375 

Mixed_Woodland S2S Buffalo 14 87.5 

Mixed_Woodland S22S Buffalo 103 643.75 

Mixed_Woodland N5N Buffalo 34 212.5 
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Open_Grassland E1E Buffalo 43 268.75 

Open_Grassland E4E Buffalo 96 600 

Open_Grassland S5S Buffalo 10 62.5 

Open_Grassland S23S Buffalo 40 250 

Open_Grassland S25S Buffalo 42 262.5 

Acacia_drepanolobium E8E Black_Rhino 0 0 

Acacia_drepanolobium S26S Black_Rhino 0 0 

Acacia_drepanolobium N6N Black_Rhino 0 0 

Acacia_drepanolobium N13N Black_Rhino 0 0 

Euclea_divinorum E2E Black_Rhino 1 6.25 

Euclea_divinorum E3E Black_Rhino 2 12.5 

Euclea_divinorum E7E Black_Rhino 1 6.25 

Euclea_divinorum S1S Black_Rhino 0 0 

Euclea_divinorum S3S Black_Rhino 0 0 

Euclea_divinorum S4S Black_Rhino 0 0 

Euclea_divinorum S7S Black_Rhino 0 0 

Euclea_divinorum S8S Black_Rhino 0 0 

Mixed_Woodland E5E Black_Rhino 0 0 

Mixed_Woodland E9E Black_Rhino 0 0 

Mixed_Woodland E11E Black_Rhino 4 25 

Mixed_Woodland E12E Black_Rhino 0 0 

Mixed_Woodland S2S Black_Rhino 0 0 

Mixed_Woodland S22S Black_Rhino 0 0 

Mixed_Woodland N5N Black_Rhino 0 0 

Open_Grassland E1E Black_Rhino 0 0 

Open_Grassland E4E Black_Rhino 0 0 

Open_Grassland S5S Black_Rhino 0 0 

Open_Grassland S23S Black_Rhino 0 0 

Open_Grassland S25S Black_Rhino 0 0 

Acacia_drepanolobium E8E Giraffe 0 0 

Acacia_drepanolobium S26S Giraffe 2 12.5 

Acacia_drepanolobium N6N Giraffe 14 87.5 

Acacia_drepanolobium N13N Giraffe 11 68.75 

Euclea_divinorum E2E Giraffe 0 0 

Euclea_divinorum E3E Giraffe 0 0 

Euclea_divinorum E7E Giraffe 5 31.25 

Euclea_divinorum S1S Giraffe 0 0 

Euclea_divinorum S3S Giraffe 0 0 

Euclea_divinorum S4S Giraffe 0 0 

Euclea_divinorum S7S Giraffe 0 0 

Euclea_divinorum S8S Giraffe 2 12.5 

Mixed_Woodland E5E Giraffe 2 12.5 

Mixed_Woodland E9E Giraffe 0 0 

Mixed_Woodland E11E Giraffe 1 6.25 

Mixed_Woodland E12E Giraffe 0 0 

Mixed_Woodland S2S Giraffe 1 6.25 
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Mixed_Woodland S22S Giraffe 11 68.75 

Mixed_Woodland N5N Giraffe 1 6.25 

Open_Grassland E1E Giraffe 3 18.75 

Open_Grassland E4E Giraffe 3 18.75 

Open_Grassland S5S Giraffe 0 0 

Open_Grassland S23S Giraffe 0 0 

Open_Grassland S25S Giraffe 9 56.25 

Acacia_drepanolobium E8E Zebra 84 525 

Acacia_drepanolobium S26S Zebra 92 575 

Acacia_drepanolobium N6N Zebra 40 250 

Acacia_drepanolobium N13N Zebra 65 406.25 

Euclea_divinorum E2E Zebra 0 0 

Euclea_divinorum E3E Zebra 0 0 

Euclea_divinorum E7E Zebra 6 37.5 

Euclea_divinorum S1S Zebra 0 0 

Euclea_divinorum S3S Zebra 0 0 

Euclea_divinorum S4S Zebra 1 6.25 

Euclea_divinorum S7S Zebra 0 0 

Euclea_divinorum S8S Zebra 1 6.25 

Mixed_Woodland E5E Zebra 3 18.75 

Mixed_Woodland E9E Zebra 11 68.75 

Mixed_Woodland E11E Zebra 4 25 

Mixed_Woodland E12E Zebra 4 25 

Mixed_Woodland S2S Zebra 3 18.75 

Mixed_Woodland S22S Zebra 84 525 

Mixed_Woodland N5N Zebra 80 500 

Open_Grassland E1E Zebra 83 518.75 

Open_Grassland E4E Zebra 33 206.25 

Open_Grassland S5S Zebra 29 181.25 

Open_Grassland S23S Zebra 199 1243.75 

Open_Grassland S25S Zebra 142 887.5 
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Appendix G – Post Hoc Tukey test for Shannon-Wiener Index 

 

Dependent Variable:   Shannon_Wiener_Index   

Tukey HSD   

(I) Habitat Type (J) Habitat Type Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Acacia drepanolobium Euclea divinorum .226658 .211 -.17470 1.09410 

Mixed woodland .231992 .409 -.28144 1.01722 

Open grassland .248292 .646 -.40193 .98798 

Euclea divinorum Acacia drepanolobium .226658 .211 -1.09410 .17470 

Mixed woodland .191561 .963 -.62798 .44436 

Open grassland .211007 .858 -.75727 .42392 

Mixed woodland Acacia drepanolobium .231992 .409 -1.01722 .28144 

Euclea divinorum .191561 .963 -.44436 .62798 

Open grassland .216727 .985 -.68147 .53174 

Open grassland Acacia drepanolobium .248292 .646 -.98798 .40193 

Euclea divinorum .211007 .858 -.42392 .75727 

Mixed woodland .216727 .985 -.53174 .68147 
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Appendix H – Post Hoc Tukey test for encounter rate of African elephant 

 

Dependent Variable:   Encounter_Ratekm   

Tukey HSD   

(I) Habitat (J) Habitat Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Acacia drepanolobium Euclea divinorum 53.42612 .643 -212.8175 86.2550 

 Mixed woodland 54.68337 .519 -229.1714 76.9392 

Open grassland 58.52538 .916 -125.9963 201.6213 

Euclea divinorum Acacia drepanolobium 53.42612 .643 -86.2550 212.8175 

 Mixed woodland 45.15331 .992 -139.2161 113.5464 

Open grassland 49.73701 .210 -38.1170 240.3045 

Mixed woodland Acacia drepanolobium 54.68337 .519 -76.9392 229.1714 

Euclea divinorum 45.15331 .992 -113.5464 139.2161 

Open grassland 51.08514 .149 -29.0555 256.9126 

Open grassland Acacia drepanolobium 58.52538 .916 -201.6213 125.9963 

Euclea divinorum 49.73701 .210 -240.3045 38.1170 

 Mixed woodland 51.08514 .149 -256.9126 29.0555 
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Appendix I – Post Hoc Tukey test for encounter rate of African buffalo 

 

Dependent Variable:   Encounter_Ratekm   

Tukey HSD   

(I) Habitat (J) Habitat Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Acacia drepanolobium Euclea divinorum 93.43570 .947 -210.7393 312.3018 

Mixed woodland 95.63449 .609 -386.4248 148.9248 

Open grassland 102.35369 .723 -393.9814 178.9814 

Euclea divinorum Acacia drepanolobium 93.43570 .947 -312.3018 210.7393 

Mixed woodland 78.96758 .173 -390.5565 51.4940 

Open grassland 86.98391 .294 -401.7437 85.1812 

Mixed woodland Acacia drepanolobium 95.63449 .609 -148.9248 386.4248 

Euclea divinorum 78.96758 .173 -51.4940 390.5565 

Open grassland 89.34162 .999 -238.8115 261.3115 

Open grassland Acacia drepanolobium 102.35369 .723 -178.9814 393.9814 

Euclea divinorum 86.98391 .294 -85.1812 401.7437 

Mixed woodland 89.34162 .999 -261.3115 238.8115 
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Appendix J - Post Hoc Tukey test for encounter rate of black rhino 

 

Dependent Variable:   Encounter_Ratekm   

Tukey HSD   

(I) Habitat (J) Habitat Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Acacia drepanolobium Euclea divinorum 3.60199 .821 -13.2067 6.9567 

Mixed woodland 3.68675 .768 -13.8904 6.7476 

Open grassland 3.94578 1.000 -11.0440 11.0440 

Euclea divinorum Acacia drepanolobium 3.60199 .821 -6.9567 13.2067 

Mixed woodland 3.04424 .999 -8.9671 8.0742 

Open grassland 3.35327 .788 -6.2606 12.5106 

Mixed woodland Acacia drepanolobium 3.68675 .768 -6.7476 13.8904 

Euclea divinorum 3.04424 .999 -8.0742 8.9671 

Open grassland 3.44416 .730 -6.0686 13.2114 

Open grassland Acacia drepanolobium 3.94578 1.000 -11.0440 11.0440 

Euclea divinorum 3.35327 .788 -12.5106 6.2606 

Mixed woodland 3.44416 .730 -13.2114 6.0686 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

69 
 

Appendix K - Post Hoc Tukey test for encounter rate of reticulated giraffe 

 

Dependent Variable:   Encounter_Ratekm   

Tukey HSD   

(I) Habitat (J) Habitat Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Acacia drepanolobium Euclea divinorum 14.99642 .100 -5.2553 78.6928 

Mixed woodland 15.34933 .294 -15.0600 70.8636 

Open grassland 16.42776 .498 -22.5428 69.4178 

Euclea divinorum Acacia drepanolobium 14.99642 .100 -78.6928 5.2553 

Mixed woodland 12.67429 .898 -44.2915 26.6576 

Open grassland 13.96091 .778 -52.3570 25.7945 

Mixed woodland Acacia drepanolobium 15.34933 .294 -70.8636 15.0600 

Euclea divinorum 12.67429 .898 -26.6576 44.2915 

Open grassland 14.33932 .989 -44.5991 35.6706 

Open grassland Acacia drepanolobium 16.42776 .498 -69.4178 22.5428 

Euclea divinorum 13.96091 .778 -25.7945 52.3570 

Mixed woodland 14.33932 .989 -35.6706 44.5991 
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Appendix L - Post Hoc Tukey test for encounter rate of plains zebra 

 

Dependent Variable:   Encounter_Ratekm   

Tukey HSD   

(I) Habitat (J) Habitat Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Acacia drepanolobium Euclea divinorum 151.90092 .045 7.6515 857.9735 

Mixed woodland 155.47555 .331 -164.8536 705.4786 

Open grassland 166.39912 .744 -634.1780 297.3030 

Euclea divinorum Acacia drepanolobium 151.90092 .045 -857.9735 -7.6515 

Mixed woodland 128.37971 .594 -521.8266 196.8266 

Open grassland 141.41206 .002 -997.0533 -205.4467 

Mixed woodland Acacia drepanolobium 155.47555 .331 -705.4786 164.8536 

Euclea divinorum 128.37971 .594 -196.8266 521.8266 

Open grassland 145.24506 .032 -845.2817 -32.2183 

Open grassland Acacia drepanolobium 166.39912 .744 -297.3030 634.1780 

Euclea divinorum 141.41206 .002 205.4467 997.0533 

Mixed woodland 145.24506 .032 32.2183 845.2817 

 

 


