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Savannah ecosystems are currently facing a biome shift that changes grasslands to woody dominated landscapes, attributable to
habitat degradation. InOl Pejeta Conservancy (OPC),Euclea divinorum, an unpalatable and invasivewoody species, is expanding to
former savannah ecosystems with potential effects on herbivores key resources, wildlife species diversity, composition, and habitat
use. We investigated wildlife species diversity, composition, and habitat preference or avoidance by wildlife in the conservancy.
Infrared camera traps were deployed at the centroids of 2 km by 2 km, 50 cm above ground surface for 14 days and nights with
9 camera traps in each habitat type. Shannon wiener index revealed that wildlife species diversity was highest in E. divinorum
dominated habitats and lowest in open grassland. Hierarchical Cluster Analysis revealed level of similarity in wildlife species
composition between E. divinorum andmixed bushland. Jacobs index revealed that E. divinorum andmixed bushland were avoided
by all guilds; however E. divinorum was significantly avoided while A. drepanolobium and open grassland were both preferred by
all guilds. However, A. drepanolobium dominated habitats were significantly preferred compared to open grasslands. The findings
are useful in management of sustainable ecosystems.

1. Introduction

Woody species encroachment has been described as gradual
conversion of grasslands to woody and shrub dominated
savannahs [1], a phenomenon that has been documented
well in various parts of the world [2]. These increasingly
changing grasslands [3] form persistent patches which alter
composition and structure of flora in savannah ecosystems
[4]. Overgrazing by exerting pressure on grazing lawns and
increase in precipitation have shown positive correlationwith
woody species encroachment [5], hence touted as potential
driver of the vegetation shifts. Further, soil conditions [6, 7]
and fire suppression [8] among other perturbations are also
attributable to this phenomenon.

According to Ward [9] an increase in woody species can
significantly affect livestock and wildlife conservation efforts,
as such, further indirectly or directly affecting livelihoods

of the local people [10]. Particular facets of economy likely
to be affected include but not limited to ecotourism, a key
source of revenue in these ecosystems due to poor visibility,
hence affecting game viewing experience [11]. From another
ecological position, according toWigley et al. [11], increase in
woody species translates to increase in fuel wood, timber, and
fencing material among other as well as increase in resource
for browsing herbivores and structural diversity for avian
biodiversity.

Even worse, encroachment in isolated ecosystems can
result in decline and/or extinction of native species and can
potentially affect species diversity, distribution, and abun-
dance [12]. This also holds true according to Dalle et al. [13]
where encroachment in savannah ecosystems poses a serious
threat to ecosystems function especially tree-grass coex-
istence. Grass-tree balance influences grassland/rangeland
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Figure 1: Map of the study site.

economic services, biodiversity conservation, and ecosystem
function at local and landscape scales.

In Ol Pejeta Conservancy (OPC), encroachment by
unpalatable E. divinorum encroachment towards Acacia
drepanolobium, grasslands, and other open bushland vegeta-
tion cover types has become a concern for conservationists.
Key resources for megafauna in these ecosystems espe-
cially the critically endangered Eastern black rhino, Diceros
bicornis, International Union for Conservation of Nature
(IUCN) red listing [14], and African elephants, Loxodonta
africana, vulnerable (IUCN) red listing [15], among other
herbivores can potentially be affected. This encroachment
can further reduce the available ranging lands and to some
extent exterminate some of the wild flora and fauna. Here,
we investigated (a) wildlife species diversity and evenness in
encroached and nonencroached habitats, (b) wildlife species
composition in encroached and nonencroached habitats, and
(c) habitat preference or avoidance by various feeding guilds
within the conservancy. The findings demonstrate impacts
of bush encroachment on biodiversity, hence, beneficial to
conservationists.

2. Methods

2.1. Study Site. This study was undertaken in Ol Pejeta
Conservancy in Laikipia County, Central Kenya, as shown in
Figure 1. The property which covers 90,000 acres (360 km2)
lies in between Mt. Kenya and Aberdares (at 0∘ 7.288󸀠N,
36∘42.384󸀠E and 0∘ 8.634󸀠N, 37∘ 0.605󸀠E) (0∘ 1.831󸀠S, 36∘
46.578󸀠E and 0∘ 5.7025󸀠S, 37∘ 2.492󸀠E). It has an average
altitude of 1810m, mean annual rainfall of 739mm, and
mean maximum and minimum temperatures of 28∘C and
12∘C, respectively. It is a private owned conservancy, chiefly,
a sanctuary for black rhinos (Diceros bicornis). However,
other wild animals are also conserved in the same property
composed of various feeding guilds such as mixed feeders,
carnivores, grazers, and browsers. It is also a sanctuary for
chimpanzee (Pan troglodytes) providing refuge site for seized
chimps from black markets. It has one permanent river
flowing through the conservancy as well as various man-
made water holes to supplement water scarcity in dry spells.

Habitat cover types include grasslands, Acacia drepanolo-
bium, A. xanthophloea, Euclea divinorum, and mixed bush-
lands. The conservancy is surrounded by an electric fence
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Figure 2: Wildlife species diversity (left 𝑦 axis) and wildlife species evenness (right 𝑦 axis) in different habitats in OPC.

with three “corridors” to allow movement of wild animals in
and out of OPC (but movement of rhino species is restricted
due to the risks involved). The conservancy is surrounded
by agropastoral communities and towards the north by other
adjoining conservancies.

2.2. Data Collection and Analysis. The entire conservancy
was overlaid on 2 × 2 km grid as shown in Figure 1 (map)
and centroids of each grid were identified. At every centroid,
motion triggered infrared camera traps of Reconyx Rapid-
fire RM45 model were deployed systematically taking into
cognisance of animal trails to capture wildlife species within
given cover types. Camera traps were set to take photos with
no delay and remain active for 24 hrs at 50 cm above the
ground surface either attached to a tree using elastic strings
(cords) or housed in a metal cage in case of grassland areas.
They remained in the field for 14 consecutive days and nights
though they were checked on the 7th day for battery charge
level, remaining storage size in secure cards (SD), and any
other malfunctions occasioned by knocking of the traps by
rhinos or elephants. A total of 9 camera traps were deployed
in each habitat type, namely, open grassland, E. divinorum,
A. drepanolobium, and mixed bushland. Upon realising low
battery charge or near filled up storage there were replace-
ments of such to avoid loss of data due to nonperforming
camera traps. Immediately after removal of camera traps
from the field, all photographic data were downloaded and
further sorted into species name, size, time, and habitat type
the camera trap was deployed in. Further, duplicates were
removed where thirty (30) minutes after the last photo was
taken was considered as another photographic event.

After data cleaning, species diversity and composition
using Shannon Weiner index (where if index is 5 it implies
highest diversity and if it is 1 it implies lowest diversity)
[16] and Hierarchical Cluster Analysis [17], respectively, were
performed in Paleontological Statistics Software Package for
Education and Data Analysis (PAST) software while habitat
preference or avoidance was performed using Jacobs’ index
[18]. Further, Jacobs’ index values were tested for signifi-
cance preference or avoidance (where +1 implies maximum
preference while −1 implies maximum avoidance) using 𝑡-
tests against means of zero (0) in R version 3.1.2. Prior to

these tests, normal distribution and homogeneity of variance
were performed to ensure that conditions for parametric tests
were not violated [19]. Overlay of grids on the spatial extent
of the conservancy was performed in Quantum Geographic
Information Systems (QGIS) platform version 2.8.2.

3. Results

3.1. Wildlife Species Diversity and Evenness. ShannonWeiner
index revealed highest wildlife species diversity in E. divi-
norum dominated habitats (𝐻󸀠 = 2.291), followed by A.
drepanolobium habitats (𝐻󸀠 = 2.058), mixed bushland (𝐻󸀠 =
1.728), and least wildlife species diversity in open grassland
(𝐻󸀠 = 1.715). Wildlife species evenness (𝐻/𝑆) was highest in
area under E. divinorum (𝐻/𝑆 = 0.5201), followed by mixed
bushland (𝐻/𝑆 = 0.3751) and then closely followed by A.
drepanolobium (𝐻/𝑆 = 0.3404) and finally open grassland
(𝐻/𝑆 = 0.2647) as shown in Figure 2.

3.2. Wildlife Species Composition. Hierarchical Cluster Anal-
ysis (HCA) compared wildlife species composition (common
wildlife species) across the four habitat types, namely, E. divi-
norum, A. drepanolobium, mixed bushland, and open grass-
land. Results revealed that E. divinorum and mixed bushland
habitats shared 45% similarity in wildlife species composi-
tion. Additionally, E. divinorum habitat and mixed bushland
shared 39% similarity in wildlife species composition with A.
drepanolobium dominated habitat. On the other hand, open
grassland habitat shared 27% similarity in wildlife species
composition with three habitat types, namely, E. divinorum,
A. drepanolobium, and mixed bushland as shown in Figure 3.

3.3. Habitat Preference or Avoidance by Various Feeding Guilds
in OPC. Jacobs index revealed that carnivores preferred
A. drepanolobium (𝐷 = 0.469) mostly followed by open
grassland (𝐷 = 0.327) and least preferred mixed bushland
(𝐷 = 0.066) but avoided E. divinorum dominated areas (𝐷 =
−0.698) (Figure 4(a)). Grazers showed great preference for
open grassland (𝐷 = 0.773) and A. drepanolobium (𝐷 =
0.040) but avoided E. divinorum (𝐷 = −0.917) and mixed
bushland (𝐷 = −0.192) habitats (Figure 4(b)).
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Figure 3: Percentage similarity in wildlife species composition of 4 habitats in OPC.
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Figure 4: Habitat preference or avoidance (Jacobs’ index) for (a) carnivores, (b) grazers, (c) browsers, and (d) mixed feeders in OPC.

Browsers showed preference for A. drepanolobium (𝐷 =
0.674) and mixed bushland habitat (𝐷 = 0.175) but avoided
both E. divinorum (𝐷 = −0.673) and open grasslands (𝐷 =
−0.116) dominated habitats (Figure 4(c)). However, mixed
feeders preferred habitats dominated by open grassland (𝐷 =
0.688) and A. drepanolobium (𝐷 = 0.523) but avoided E.
divinorum (𝐷 = −0.858) and mixed bushland (𝐷 = −0.420)

dominated habitats (Figure 4(d)). A total of thirty (30)
wildlife species were recorded as per the table in the sup-
plementary material showing detection and nondetection of
wildlife species in various habitat cover types.

Mean preference or avoidance revealed that E. divinorum
and mixed bushland were avoided; however, E. divinorum
was significantly avoided (𝑡

1
= 2.253, d.f. = 3, and
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Figure 5: Jacobs index means for all guilds across the habitat types.

𝑝 < 0.01) compared with mixed bushland (𝑡
1
= 2.353, d.f.

= 3, and 𝑝 = 0.27). On the other hand, A. drepanolobium
and open grassland were both preferred by all feeding
guilds; however, A. drepanolobium dominated habitats were
significantly preferred (𝑡

1
= 2.353, d.f. = 3, and 𝑝 = 0.03)

compared to open grasslands (𝑡
1
= 2.353, d.f. = 3, and 𝑝 =

0.06) as shown in Figure 5.

4. Discussions

Wildlife species diversity and evenness were highest in E.
divinorum dominated areas compared to other habitat types.
This is attributable to existence of resource rich patches
that are hardly accessed by most wildlife species. As such,
attraction of several wildlife species into this dense vegetation
(E. divinorum) contributed to higher diversity chiefly small
carnivores. Animals use cues such as landscape structure
and vegetation structure like tree species phenology, resource
availability (probability of encounter, quantity, and quality),
and predator/parasite risks among others in order to explore
a given habitat type. This implies that spatial and temporal
habitat heterogeneity drives faunal species diversity and
composition from local to regional to global scales. Hence,
aggregation of resources may create dynamic impacts where
these small sites/patches become a focus for higher propor-
tion of faunal diversity and composition [20]. According
to Sirami et al. [21] savannah ecosystems are diverse in
structure and floral composition; hence different guilds will
use different habitats based on their requirements.

Animals have different preference to certain habitats [22]
as a function of direct and indirect effects of prey availability,
detectability/cover, and resource availability [23]. Spatial
heterogeneity of ecosystem is important for maintenance of
diverse wild animal species and acts as buffer against changes
in resources availability for wild animals in era of climate
change [24]. On the other hand, woody encroachment can
potentially change this heterogeneity and affect wide range of
wild animals.

Similarity in wildlife species composition was highest
between E. divinorum and mixed bushland habitats. These
two habitat types have nearly homogeneous vegetation struc-
ture (dense canopy). This phenomenon is an illumination to
higher percentage similarity in wildlife species composition
in both E. divinorum and mixed bushland dominated areas
due to nearly similar structure of the vegetation (canopy and
dense bushland) providing ideal habitats for wildlife species
which require such areas. According to Dupuch et al. [25],

prey and predator can explore freely across habitats that
differ in resource quantity, quality, and inherent habitat risks.
As such, predators’ movement and habitat selection are as
a function of prey density, competition level, cover, and
inherent risks while prey habitat selection and movement are
balance of forage quality (benefits of foraging) and risk of
predation [26].

On the other hand, habitats dominated by A. drepanolo-
bium and open grassland were preferred by feeding guilds
majorly herbivores due to their associated lesser predation
risk. This is chiefly influenced by presence of relatively open
landscapes allowing prey to detect predators from a distance
and hencemaintain safer flight distance (improved visibility).
The phenomenon is consistent with other findings according
to Dupuch et al. [25], where prey habitat selection is largely
influenced by the need to minimise predation risks over
forage quality. As such, these factors influence preference
of habitats that offer significant benefits for most wildlife
species.

5. Conclusion and Recommendations

The study revealed that bush encroachment by E. divinorum
had impact on species diversity, composition, and habitat
selection. In particular, species diversity was highest in E.
divinorum dominated areas and least in open grasslands, a
positive impact, albeit long term impacts are unknown. Like-
wise, percentage similarity in species composition was high-
est between E. divinorum and mixed bushland dominated
habitats. Further, feeding guilds avoided areas dominated
by E. divinorum but preferred A. drepanolobium and open
grassland dominated habitats; hence, bush encroachment
by E. divinorum affected habitat suitability; thus it has a
negative impact. Based on this finding, active management
of the encroaching species is recommended. Further stud-
ies on activity budget of wildlife species to ascertain how
habitat types are being used are key. Additionally, long term
study to provide insights into the effect of seasonality on
species diversity dynamics across various land cover types
in the conservancy is crucial. This information will be vital
in designing habitat management protocols for sustainable
ecosystem management.
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