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Abstract
The study was conducted in Rimoi National Reserve situated in Elgeyo Marakwet County, Kenya. Data collection
was done between January and April 2023. This study examines the forage vegetation diversity and its distribution
patterns for the introduced Rothschild giraffes in Rimoi Reserve, focusing on the ecological conservation of the
habitat for better interactions with the available vegetation and other herbivores. Specific objectives were a) to
determine the distribution of forage plants preferred by Rothschild Giraffe in the reserve, and b) to assess the
diversity of the preferred forage plants by Rothschild Giraffe in the reserve. Over the course of the study, 16 tree
species were identified as part of the giraffes’ diet, with significant consumption of Balanites aegyptica, which
constituted nearly half of their intake. The distribution of giraffe forages across upland and riverine areas within
the reserve showed a significant difference (t= 2.302, df= 30, p=0.028), suggesting that forage availability in the
reserve is skewed towards the upland area (64.73%). The diversity analysis using and richness using rarefaction
curves revealed that the Riverine area had the highest plant diversity, providing a variety of plants beneficial for
giraffes, while the upland area exhibited the lowest diversity (1= 7.325, df= 31, p=0.001). The study recommends
active habitat management by the reserve to promote the growth of key forage species, regular monitoring of
plant distribution and dietary patterns, and conflict mitigation strategies to reduce competition for resources
among herbivores. Implementing these strategies can enhance the conservation of Rothschild giraffes and
maintain a balanced ecosystem in the Rimoi National Reserve.
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Introduction

Africa is the cradle and birthplace of the three-giraffe subspecies. Rothschild giraffe (Giraffa camelopardalis-
rothschildi-Lydekker) is an herbivorous, browsing ruminant and a member of the Bovidae family. It serves as a
flagship species in an ecosystem and has significant conservation importance. Although giraffe populations have
declined in East Africa over the last three decades, little is known about this species (Muller et al., 2016). Mega
herbivore extinction has been attributed to several factors, including community composition, alterations in
ecosystem structure and function, and the encroachment of shrubs and woody plants (Bakker et al., 2016; Chritz
et al., 2016; Doughty et al., 2016). Giraffe feeding and survival ranges have continued to shrink due to land
fragmentation across Africa (Muller et al., 2018).

The giraffe population at Rimoi National Reserve was reintroduced in 2016 and remains small within a wide
conservation area. Managing the species in diversified ecosystems, particularly their introduction into new
ecosystems, is of great concern, given the limited information on how the species acclimatizes to new ecosystems
and which forage plant species it selects. According to Gordon et al. (2016), giraffes mainly browse on woody
plant parts and forbs and feed selectively. The success of giraffe translocations has shown that giraffes can adapt
to different ecosystems.

Extrinsic and intrinsic factors can easily influence giraffe ecology and population dynamics. Extrinsic factors
include precipitation, human disturbance, habitat disturbance, and competition for resources and mates, while
intrinsic factors include the allele effect, density-dependent processes and stress. Poaching, predation, habitat
fragmentation, irregular recruitment and forage availability can significantly influence giraffe population
dynamics (Obari, 2012; Dagg & Foster, 1972). Understanding ecological processes in giraffe habitats is critical
as this determines the population, density, and distribution of giraffes in any protected area (Obari, 2014).

Rothschild giraffes, as mega herbivores, play a pivotal role in maintaining the ecological balance within their

habitats. Their browsing habits help shape vegetation structure by selectively feeding on certain forage plant
species, preventing the over-dominance of particular species and promoting plant diversity (Gordon et al, 2016).

Determining the distribution and assessing the diversity of Rothschild giraffe forage plants in the reserve is crucial
for the successful conservation of the Rothschild giraffe introduced into an ecosystem. According to Sands et al.
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(2012), conservation achieves its highest level of success when research results are effectively translated into
management applications. This study, conducted within Rimoi National Reserve, aims to achieve this by
providing empirical data that can inform and enhance giraffe management practices in a region that has
experienced significant anthropogenic disturbances. The study focuses on the detailed counting and observation
of forage plant resources available to giraffes in the reserve. This methodological approach is essential in an
ecosystem impacted by human activities, as it allows for an understanding of how forage vegetation outlook
affects giraffe behaviour and habitat use. By understanding these impacts, the study contributes to developing
strategies that mitigate negative effects, thereby promoting sustainable conservation and management of giraffe
populations. Furthermore, the study enhances the relationship between giraffe management practices and wildlife
scientific research (Gavlin 2018). Conducting this survey provided the necessary information and a more accurate
assessment of the giraffe population and factors affecting its conservation. The relative importance of factors
affecting giraffe vital rates and habitat use can be determined (Johnson 1980, Stiver et al. 2010).

Limitations of the Study

Collecting sufficient data in order to find reliable results during research is faced with drawbacks that limit the
capacity to collect, analyze and present the results. Accessibility of some sampling sites in the study area was not
guaranteed due to ruggedness, making the process tedious. Secondly, Rimoi National Reserve is under the care
of the Kenyan government (i.e. Kenya Wildlife Service, and Kenya Forest Service) and the County government.
All these offices were a requirement that needed getting permits in order to have access to the reserve. It involves
time-consuming procedures to obtain the permits. Finally, research needs sufficient funds, and the process of
obtaining data in Rimoi National Reserve was financially demanding. Data collection could have been done
throughout the year for a seasonal comparison for better management and conservation decisions.

Materials and Methods
Study Area

This study was conducted in Rimoi National Reserve, located in the floor of Great Rift Valley of Kenya.
Regionally, it is situated in the Rimoi and Tambach divisions of Keiyo District, Elgeyo Marakwet County. Elgeyo
Marakwet County covers a total area of 3029.9 km? which constitutes 0.4 percent of the country’s total area. It
extends from latitude 0°20" to 1o 30’ to the North and longitude 35° 0" to 35° 45’ to the East. It borders West Pokot
County to the North, Baringo County to the East, Trans Nzoia County to the Northwest and Uasin Gishu County
to the West. The county has an elongated shape and is wedged in between the Uasin Gishu Plateau on the West
and the Kerio River on the East (Figure 1). The Kerio River has its source in the southern highlands of the county
and drains into Lake Turkana (Elgeyo Marakwet County Government Integrated Development Plan, 2013).

The reserve lies along the Kerio Valley and is bordered by the Elgeyo Escarpment to the east. It is approximately
15 kilometres from Iten town, accessible via the Iten-Kabarnet road through Biretwo trading centre. The reserve
also borders Lake Kamnarok and the Kerio River, adding to its ecological diversity. It is a relatively small reserve,
covering 66 km?, and is protected by the Kenya Wildlife Service. Rimoi National Reserve provides ample space
to support a wide variety of wildlife populations (Kariuki et al., 2018).
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Figure 1: Study Area Map Showing the Location of Rimoi National Reserve

Data Collection

Giraffe forage plant identification

Direct observations of giraffe foraging behaviour were conducted randomly between 0800 hours and 1700 hours
over four months (January to April 2023) to gain insights into their dietary preferences and foraging patterns
(Matana, 2022). These observations are critical for understanding how giraffes interact with their environment
and utilize available resources. The data collected included the number of plant species consumed, footprints, the
parts of the plants eaten (e.g., leaves, twigs and fruits), the time spent foraging on each plant species, GPS
coordinates and the habitat types where foraging occurred (Kariuki et al., 2018).

Observers followed Rothschild giraffes at a safe distance to minimize disturbance while recording their foraging
behaviour. Observations were conducted at different times of the day to capture potential variations in feeding
patterns. Each foraging bout was recorded, noting the specific plant species targeted by the giraffes. The parts of
the plants consumed were identified, with particular attention paid to whether the giraffes were feeding on leaves,
twigs, flowers or fruits. This differentiation helps in understanding the nutritional needs and preferences of giraffes
(Martinez-Freira et al., 2016).

Foraging on other plant species was also documented. This provided a comprehensive list of the plant species that
form the diet of Rothschild giraffes in Rimoi National Reserve. The indicator of giraffes' dietary breadth is shown
by the diversity of forage plant species consumed and their adaptability to different food resources (Ngare et al.,
2020). Valuable insight about giraffe conservation and habitat management can be gained by a detailed
observation of its foraging behaviour. By identifying preferred plant species and critical foraging habitats,
conservationists can focus on protecting these areas from human disturbance and degradation. Additionally,
habitat restoration efforts can prioritize the replanting of preferred forage plant species to enhance food availability
for giraffes (Thornton et al., 2014). The same procedure in the same routes was used to record forage plant species
utilized by both camel and elephants in the Rimoi National Reserve.

Vegetation survey

Vegetation sampling for forage plant species availability was assessed by stratification based on two distinct zones
(Riverine and Upland) identified through preliminary observations. Data was taken from the Riverine and Upland
areas. The riverine area was part of the Rimoi National Reserve, far from the fence and along the river Kerio,
where it borders Baringo County. People living along the river from the Baringo side could encroach the reserve
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since there is no fencing done long the river. Further, there is grazing of animals in this area. The upland area is
near the electric-fenced section stretching towards the centre of the reserve and deemed to be the main
conservation area for wildlife survival.

From the time Rothschild giraffes were introduced in the reserve, there have been areas where they were spotted
foraging within the two zones. A transect using the existing road networks that runs longitudinally in the middle
of the two zones (upland and riverine) was established within the reserve. To quantify forage availability,
systematic vegetation sampling was conducted (Lee et al., 2016). Six points along the road transect that lie
approximately 2km apart and 100m perpendicular to the road transect were established systematically in each of
the two zones (Figure 4).

Road Transect

100m

>. 2-5km

100m

2-5km

Figure 4: Vegetation sample points and transect in Rimoi National Reserve

At each point, four plots of 20 x 10 m were established to the North, East, South, and West (Lindgren & Sullivan,
2001) as illustrated in Figure 5. On the plots, a detailed inventory of plant species was conducted. Dominant plant
species were identified and recorded, along with their relative abundance. Forage plant species were identified in
the field in situ by a botanist, while those that were not identified, plant specimens (Plant parts having a mature
6-inch stem, leaves, flowers and fruit) were pressed in a plant press. The pressed plant parts were coded and
recorded in a field notebook for further identification. This approach ensured that the reserve in totality was
covered and the plant survey representation was adequate. By using this method, the survey aimed to capture the
heterogeneity of the reserve's vegetation (Veldhuis et al., 2019).
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Figure 5: Vegetation Sample Plots within each sampling point

Data Analysis

The SPSS statistical software version 26 was used to perform an independent sample t-test for mean differences
in plant species distribution across the reserve at 5% significance level. A t-test was used to determine if plants
were differently diverse and the distribution was skewed to part of the reserve. Data obtained for the number of
plants in each habitat was first tested for normality and transformed using the square root method since it was
count data. Means are presented + SE. Species richness was compared between the two sampling zones using
rarefaction curves to standardize for differences in sampling effort. Rarefaction curve was generated in R (Version
2.5-7) using the vegan package (Oksanen et al, 2020). A diversity t-test was used to test for differences between
di Shannon wiener s.

Results
Vegetation Distribution

From the six points in each of the two RNR zones used in data sampling, a total of n=1151 vegetation samples
were obtained. These were from sixteen different species of plants that were identified to be found in RNR during
the early months of the year when the research was done.
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Figure 6: The mean difference of forage vegetation in Rimoi National Reserve
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From the independent sample T-test, the mean + SE vegetation cover for the upland zone (65%+8.72) is
significantly higher (t= 2.302, df= 30, p=0.028) than in the riverine zone (35%+2.94). Further, giraffe forage
availability in this zone (Upland area) is plentiful.

Forage Plant Species Richness and Diversity

Preferred forage species show that all vegetation species are well represented and that they all appear
heterogeneous in abundance but with a difference in species richness between the two areas (t= 7.325, df= 31,
p=0.001).
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Figure 7: Rarefaction Curves for Herbivore Forage Species Richness in Rimoi National Reserve

The difference in the heights of curves along the Y- axis shows that riverine area is higher than upland area hence
rich in species. This shows the differences in evenness and richness, riverine exhibiting the highest value. Upland
Area has a lower species richness when compared to the riverine area. This could mean that a few species are
found and might have a few plant species dominating the area. Further, there is less evenness of species present
as compared to the Riverine area. The Shannon values of the study area, as shown in Table 1, ranged from 2.50 —
2.99 as per Shannon-Weiner ratings. This means that the vegetation diversity within the reserve is moderate
(Baliton. et al, 2020)

Table 1: Diversity and Evenness Indices in Rimoi National Reserve

Upland Area Riverine Area
Diversity (H") 2.55 2.68
Evenness (E) 0.39 0.45

Discussion

Plant species Distribution

The high preference of Balanite aegyptica by Rothschild giraffe explains its frequent consumption despite it being
one of the least available in the area. Other species like Capparis tomentosa and Acacia senegal are also relatively
common in their diet. Studies on the Serengeti show that giraffes can select forages from a large array of
vegetation, and a few forage plants will make up their diet. Further, forages are affected by the quality of nutrients
in a plant. Both studies indicate that giraffes often consume abundant species, but the best and most nutritious
forages form much of the diet (Valery, 2015. Skarpe, 2008).
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Studies show that species such as Balanite aegyptica, Acacia senegal and Capparis tomentosa, despite having
high preference indices, are much less available. Birkett (2002) research on the effects of forage plant availability
on giraffe foraging in the Rimoi national reserve found that giraffes exhibit strong preferences for certain forage
plant species despite their low abundance. This is consistent with our findings, where giraffes seek out scarce but
preferred forage plant species like Balanite aegyptica, highlighting the critical balance between availability and
preference. This scarcity underscores their higher preference index, as giraffes actively seek out these less
common species.

The distribution of plant species across the areas shows significant differences. The upland area exhibits the
highest number of vegetation, indicating a high cover of plants in the habitat. Riverine area gives a slightly lower
percentage plant cover, indicating a relatively lower plant population. Vegetation cover might be brought about
by the difference in the location of the areas and the time at which data was collected, whereby the riverine area
is at the lower part of the reserve near the Kerio River and has no fence, thus it is under human manipulation and
encroachment. The distribution of vegetation does not guarantee a variety of plant species since it can be
dominated by one type of vegetation. The dominance of Acacia totilis and Acacia melifera suggests it is a key
species for maintaining giraffe populations, although its low preference indicates that efforts to increase the
availability of highly preferred species could enhance giraffe dietary satisfaction and health. The differences in
these areas suggest that these regions could support a larger giraffe population by providing a wide range of forage
options.

Plant Species Richness and Diversity

The riverine zone has the highest plant species richness as compared to the upland zone. The high number of
different vegetation types suggests a more heterogeneous area, and from its greater number of species present, the
best area for herbivore forage selection. Further, with a high Evenness value, it offers a wide range of forage
options for giraffes. Also, this zone has the highest plant diversity. The high H' value suggests a more even
distribution of individuals among different species and a greater number of species present. Research in the RNR
emphasized the importance of plant diversity for herbivore diet quality (Birkett, 2002). Similarly, our study shows
that high plant diversity, as evidenced by the diversity rarefaction curves for the reserve. It is crucial to provide
giraffes with a varied and nutritious diet, supporting their overall health and well-being. A study on the impact of
herbivores on biodiversity (Gordon and Prins 2008) indicated that herbivores thrive better in habitats with high
biodiversity. Our results support this by demonstrating that the Riverine area, with the highest diversity value,
provides a diverse habitat that can sustain a healthy giraffe population. The Upland area shows the lowest diversity
index, indicating that this area has the lowest plant diversity. This low diversity value suggests that a few species
dominate the area, resulting in less evenness in distribution among the species present. Such dominance could be
due to various ecological factors, such as soil type, water availability, or competition among species. A study by
Western and Lindsay (1984) on East African rangelands highlighted the importance of maintaining plant diversity
for the health of herbivore populations. Our diversity analysis, showing significant variability in forage plant
species across different areas, underscores the need for conservation strategies to protect diverse habitats, thereby
supporting robust giraffe populations. The areas, with their high species diversity values on the rarefaction curve,
offer a wide range of forage options for giraffes. Management strategies should aim to preserve this diversity by
protecting various plant species and their habitats. Ensuring the continued health of these ecosystems will support
a robust giraffe population. The riverine area exhibited a better species diversity than the upland area, making it
a better area for a giraffe fodder source. It is crucial to enhance species richness and evenness because it can
further support the giraffe population by providing a stable and nutritious forage supply.
Conclusions and Recommendations

The preferred forage plant species are distributed throughout the reserve, with certain areas showing higher
densities of specific species. Forage Plant species are diverse along the riverine areas, despite that there is no
management control to keep the variety of vegetation in those areas.

Conducting regular monitoring of forage plant species distribution and herbivore dietary patterns to assess changes
over time and adjust management strategies accordingly is crucial. Further research on the seasonal availability
of forage plant resources, and their impact on herbivore foraging behaviour and competition needs to be done.
Research needs to be done for the whole year to know the difference in seasons and have a clear picture of
vegetation structure. By considering habitat enrichment techniques, such as planting additional forage species,
can alleviate resource pressure and support diverse herbivore populations.
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