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Abstract

Due to global land surface warming, severe temperature events are expected to
occur more frequently and more extremely causing changes in biodiversity
and altering movement and survival of large herbivores. There are increasing
observations of escalating wildlife range losses worldwide. In this study, we
investigated 15 large wild herbivores (4 migratory, 1 dispersing and 10 resi-
dents) and their potential range changes in relation to projected temperatures
changes based on three Representative Concentration Pathways (RCPs) 2.6,
4.5 and 8.5. Previous studies of Kenyan savannah have shown that increases in
temperature can reduce the densities of wildlife significantly and after certain
thresholds the species can be lost in those landscapes. The range maps of the
15 species were developed from aerial censuses that have been conducted in
the arid and semi-arid lands of Kenya. We analysed temperature changes for
the three RCPs for the periods 2030s, 2050s and 2070s. And based on the
temperature threshold for each of the 15 species we analysed which wildlife
range areas will be lost. Our results project that for the RCP 2.6, 3 out of the
15 species are projected to lose more than 50% of their range by the year
2030s, and 5 out 15 by 2050s and 4 of 15 by 2070s. The second climate scena-
rio of RCP 4.5 projects that by 2030s, 3 species will lose more than 50% of
their range, and in 2050s and 2070s 5 species. The RCP 8.5 which is the ex-
treme scenario of temperature changes projects 5 species to lose their range by
50% in 2030s, 7 species by 2050s and 10 species by 2070s. The extent of range
loss was different among species but was severe for buffalo, Thomson’s ga-
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zelle, waterbuck, and wildebeest which are also water dependent species.
However, the elephant, gerenuk, hartebeest, lesser kudu, and oryx are ex-
pected to retain most of their range in all the RCPs scenarios. These range
contractions raise serious concerns about the future of wildlife in Kenyan sa-
vannah based on projected climate changes. And therefore, it is imperative the
wildlife sector develops climate policies and plans that take into account the
projected climate scenarios.

Keywords

Representative Concentration Pathways 2.6, 4.5 and 8.5, Species Range,
Climate Adaptation and Management

1. Introduction

Since global warming debates in the 1970s, research has shown that every decade
has been warmer than the previous ones and growing evidence insinuate that the
past few decades are warmer than any others in past 2000 years [1]. On average,
global temperature has increased by 0.72°C since 1950 [2]. The Intergovern-
mental Panel on Climate Change (IPCC) Fifth Assessment Report (AR5) pre-
dicts a continuous increase in global temperature if greenhouse gas (GHG) emis-
sions continue unchanged. It further expects an increase in temperature between
0.3°C and 4.8°C by the end of 21* century based on the emission scenarios [2]
[3]. Increase of mean annual temperature has been reported at different spatial
scales varying from local to national, regional, continental, hemispheric and
global [4].

There has been an increase in globally averaged combined temperature both
for the land and ocean surface of about 0.85 [0.65°C to 1.06°C] from 1880 to
2012 [5]. Climate change may soon surpass the conventional human influence as
the biggest driver of change in biodiversity over the coming century [6]. It is ex-
pected that there would be dynamic changes as some species enlarge their ranges
to take advantage of newfangled suitable habitat, others move into new regions
and form novel species relations, and many others alter their physiology, beha-
vior, or preferred range in an attempt to adjust to the varying conditions. In sa-
vannah ecosystems climate change will influence wildlife unequivocally through
shifts in temperature and water availability, and indirectly through effects on
food sources, associated species, and habitat conditions [7]. Some animals will
undoubtedly benefit from the future changes, while others may decrease or even
go extinct-depending on the unique responses of species and populations [8].

Africa has been seen as one of the segments of the world extremely susceptible
to the impacts of climate change [9]. It is projected that temperatures in the re-
gion are likely to increase more rapidly than the other parts of the world, which
might surpass 2°C by midway of the 21* century and 4°C by the close of the 21%
century [9]. IPCC ARS5 has indicated that future rainfall predictions are more
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indeterminate but expected to intensify in the eastern Africa and decrease in the
southern part [9]. Warmer temperatures are expected to occur in the East Afri-
can region with a 5% - 20% increase in rainfall from December-February and a
5% - 10% decrease in rainfall from June to August by 2050 [10]. The stated vari-
ations are likely not to be uniform throughout the year and are expected to occur
erratically. It is anticipated that the East African region will experience a reduc-
tion in the amount of precipitation received during the already dry season,
which is likely to trigger more recurrent and severe droughts and increased de-
sertification in the region. Previous investigation has indicated that the amounts
of rainfall in Kenya have been lessening as from 1960 [11] and forecasts into the
year 2029 indicate that some portions of the country will suffer more than 100
mm of rainfall decline [11].

As the climate continues to change, temperatures could become gradually sig-
nificant, principally because it may be a key trigger of species extinction [12]
[13]. The geographical distribution of plants and animals is expected to be in-
fluenced heavily by climate change [14] [15]. A study was done by [16]. [12] in-
dicate that climate warming would cause species extinction of about 15% - 37%
by 2050. Recent studies by [13] reveal that out of the 177 mammals for which
they had comprehensive data, all have lost at least 30% or more of their geo-
graphical ranges and more than 40% of the species have experienced severe pop-
ulation declines—more 80% range shrinkage. It is anticipated that birds may be
very sensitive to climate change [17]. Estimates from two studies point to losses
by 2100 due to climate change [13]. About 0.3% of the world’s 8750 species of
land birds are bound to be extinct [17] while up to 30% of the 8400 land bird
species located in the Western Hemisphere could also go extinct [18]. Many spe-
cies are already being driven to alter their geographic distributions and behavior
as they respond to extreme weather patterns that are associated with human in-
duced climate change [15].

Apart from climate affecting large herbivore other factors such as changes in
land tenure systems, poor land use policies, human population pressure and the
resulting settlements and fences, development of urban centers and formally
semi-nomadic pastoralist in the savannah of East Africa becoming sedentary are
adversely impacting wildlife [19]. However, the impacts of temperature have not
been well understood. Recent studies by [20] indicate striking temperature rises
in the arid and semi-arid lands (ASALs) of Kenya with annual average maxi-
mum temperature increases between 0.7°C to 1.9°C between 1960 and 2013. The
mean annual minimum temperature rose from 0.6°C to 1.7°C between the same
periods displaying a more universal regional warming. Analysis on the relation-
ship between wildlife densities and temperatures indicate that extreme mini-
mum and maximum temperatures were linked to a reduction in the densities of
all wildlife species except five: (gerenuk, lesser kudu, oryx, hartebeest and
Grevy’s zebra) which occurred at higher temperatures [20].

In this study we investigated the possible changes in wildlife ranges based on
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projected temperatures changes based on regional climate models. The simula-
tions used for the projections are the Representative Concentration Pathways
(RCPs), which are based on radiative forcings (globally radiative energy imbal-
ance) measured in Wm™ by the year 2100 [21]. The three RCPs used in this
study are: the RCPs 2.6, 4.5 and 8.5, which represent the low, mid and high-level
emission and concentration scenarios, respectively. The projected maximum
temperatures were analysed for three future time slices 2030s, 2050s and 2070s
to provide information on the expected magnitude of the climate response over
each time window. The projected climates change signals for each time window
are calculated as the difference between the future time windows and the refer-
ence period. In this study we analysed the impacts of projected climate change
on 15 large wildlife species consisting of 4 migratory (wildebeest, zebra, Thom-
son’s gazelle, eland) 1 dispersal (elephant) and 10 resident (buffalo, gerenuk, gi-
raffe, Grant’s gazelle, hartebeest, impala, Lesser Kudu, Oryx, warthog, and wa-
terbuck) species in the county of Kajiado, a rich biodiversity wildlife area in East
Africa. It hosts more than 50 mammal species, comprising the lion, cheetah, ze-
bra, wildebeest and their predators. The study focused on the 15 species because
they form the key large herbivores in the area and was based on the consistent
availability of data from aerial census conducted between 1977 and 2016 [20]
[22]. [20] also analyzed the relationship between the 15 species and temperature
estimated their temperature thresholds.

2. Materials and Methods
2.1. Study Area

Kajiado County is primarily semi-arid as shown in Figure 1, and is located in

I Sub-humid

[ Semi-humid
Semi-humid to semi-arid

[ ] Semiarid

[ ]Aid

50 0 50 100 Kilometers
I I I I ]

Figure 1. Study areamap showing Kajiado county in terms of agro-climatic zones.
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the southern tip of the former Rift valley province between longitudes 36°5'E
and 37°55'E and 1°10'S and 3°10'S. Its boundaries are: Tanzania to the south,
Taita Taveta County to the west and Narok County to the east. It covers an area
of 22,106 km’. It incorporates the Athi-Kaputiei ecosystem (2200 km?) in its
northern part, the Greater Amboseli Ecosystem (7730 km?) to the east and the
western Kajiado ecosystem (11,389 km?) to the west. Rainfall over the whole
county is less than 600 mm except Ngong and Loitokitok areas. The county av-
erage maximum temperature is 26°C and average minimum temperature is
15°C. The maximum temperature increases for Kajiado between 1960 and 2014
is reported to be 1.48°C while the minimum temperature increases are about
1.38°C [19].

Kajiado County is rich in wildlife species and also has some of the highest
densities of wildlife [23] [24]. Wildlife not only exists in the National parks and
gamereserves but throughout the county. There are, however, areas of wildlife
conservation which include; the Kitengela Game Conservation area, Nairobi Na-
tional Park, the Amboseli National Park, and the West Chyulu game conserva-
tion area. Apart from parks and conservation areas, wildlife concentration is
high outside these protected areas. In general, wild animals migrate to higher
areas or swamps during the dry spell, but in the wet season, they spread widely
across the plains. The wildlife has co-existed with the livestock who are kept
mainly by the Maasai pastoralist. The livestock helps in maintaining shorter
grass which facilitate many of the wildlife population to thrive in these savannah

ecosystem [20].

2.2. Mapping Wildlife Distribution

The wildlife range maps were generated by combining the wildlife surveys con-
ducted in Kajiado between 1977 and 2014. In total 18 censuses were used to
generate the range maps. The data were collected by the Directorate of Resource
Surveys and Remote sensing (DRSRS) using a Systematic Reconnaissance Flight
(SRF). High winged Partenavia aircraft equipped with GPS, intercom, and radar
altimeters were used for aerial census. A crew of a pilot, two rear seat observers
(RSO) and one front seat observer (FSO) were carried on every flight. The RSO
were responsible for animal counts, while the FSO assists in navigation, crew
coordination and records general environmental parameters. The county was
surveyed along transects in east-west direction and spaced at 5 km intervals.
Topographic sheets of scale 1:250,000 were used for flight planning and all tran-
sects conform to the Universal Transverse Mercator (UTM) projection system.
Each transect was divided into equal sample sub units.

During surveys a standard flying height and flying speed was maintained. A
calibrated survey strip width was defined by rods mounted on the aircraft and by
window markings. Only animals observed within the survey strip were recorded
during the survey. During the survey all visual observations by RSO of animals

within the survey strip were recorded using tape recorders. For herds greater
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than 10 animals, a photo was also taken (refer to Appendix for photo for 2 key
species). After every survey the tape recorded observations were transcribed to
data sheets. Photos were processed and interpreted for animal species. Details of
the methods and survey parameters are given in details in [20] [22].

In this research we studied 15 large wildlife species, 4 migratory, 1 dispersal
and 10 resident species. The migratory species were wildebeest (Connochaetes
taurinus), zebra (Equus burchelll), Thomson’s gazelle (Gazella thomsoni) and
eland (Zaurotragus oryx). Elephant (Loxodonta africana) was assigned as dis-
persal species as it wanders seasonally but do not engage in regular seasonal mi-
grations [25]. The 10 resident species included in this study were impala (Aepy-
ceros melampus), warthog (Phacochoerus africanus), Grant’s gazelle (Gazella
granti), gerenuk (Litocranius walleri), Coke’s hartebeest (Alcelaphus busela-
phuscokeii), waterbuck (Kobus ellipsiprymnus), buffalo (Syncerus caffer), oryx
(Oryx gazella), lesser kudu ( Tragelaphus imberbis) and giraffe (Giraffa camelo-
pardalis). Refer to Table 1 on details of the functional grouping of the residence
and dietary guild of the species.

2.3. Projected Climate Trends Based on Three RCPs
2.6, 4.5 and 8.5

The IPCC report of 2013 [27] recommended a differentseries of scenarios
known as Representative Concentration Pathways (RCPs) representing the full
bandwidth of possible future emission trajectories. In this study, three Repre-
sentative Concentration Pathways 2.6 (RCP 2.6), Representative Concentration
Pathways 4.5 (RCP 4.5) and Representative Concentration Pathways 8.5 (RCP

Table 1. Functional groupings of species by residence guild and foraging guild.

Common name Scientific name Mass Resid.ence Die'.[ary
(kg) guild guild
Wildebeest Connochaetes taurinus 120 Migratory Grazer
Zebra Equus burchelli 200 Migratory Grazer
Thomson’s gazelle Gazella thomsoni 15 Migratory Grazer
Eland Taurotragus oryx 350 Migratory Mixed feeder
Elephant Loxodonta Africana 5500 Dispersal Mixed feeder
Buffalo Syncerus cafter 700 Resident Grazer
Gerenuk Litocranius walleri 49 Resident Browser
Giraffe Giraffa camelopardalis 1250 Resident Browser
Grant’s gazelle Gazel lagranti 50 Resident Mixed feeder
Hartebeest Alcelaphus buselaphuscokeii 125 Resident Grazer
Impala Aepyceros melampus 40 Resident Mixed feeder
Lesser Kudu Tragelaphus imberbis 90 Resident Browser
Oryx Oryx gazelle 210 Resident Mixed feeder
Warthog Phacochoerus africanus 45 Resident Grazer
Waterbuck Kobus ellipsiprymnus 160 Resident Grazer

Modified from [25] and [26].
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8.5) were used. The first scenario (RCP 2.6) represents an optimistic projection
characterized by a very low concentration and emissions levels of greenhouse
gases, medium rate of population growth, the radiative forcing peaks at 3Wm?in
2050s before decreases in 2100. The second scenario (RCP 4.5) is a scenario that
stabilizes radiative forcing at 4.5 Wm™ in the year 2100 without ever exceeding
that value. This scenario assumes that climate policies, in this instance the in-
troduction of a set of global greenhouse gas emission prices, are invoked to
achieve the goal of limiting emissions, concentrations and radiative forcing. The
third scenario represents a pessimistic projection (RCP8.5) with high levels of
concentrations and emissions of greenhouse gases, a high rate of population
growth and radiative forcing reaches 8.5 Wm™ by the end of the century, this
scenario does not implement climate change policies [28] [29].

The projected changes in temperatures for the three scenarios was based on
three future time slices, 2030s (2016-2045), 2050s (2036-2065) and 2070s (2055-
2085) to provide information on the expected magnitude of the climate response
over each time window. The period 1971-2000 is considered as a reference for
the present climate. The projected climates change signals for each time window
are calculated as the difference between the future time windows (averages cal-
culated over 30 years) and the reference period [30]. We calculated both the
temporal and spatial changes.

The temporal temperature trends were modelled based on regression analysis
for period 2006 to 2100. To make a choice between the linear and quadratic
models we used the corrected Akaike Information Criterion (AICc). The lower
AIC was taken as the better model since they indicate a trade-off between the

nonexistence of fit and the number of parameters in the model [31].

2.4. Potential Impacts of Climate on Large Herbivore

We adapted the framework developed by [20] to analyse the relationship of the
large wild herbivore species with temperature. The two covariates (maximum
and minimum temperatures) were related to the population size of each wild
herbivore species using a generalized linear mixed model with a negative bi-
nomial error distribution and a log link function as shown in Figure 2. Each
Species had their linear and quadratic models for each covariate chosen inde-
pendently based on the corrected Akaike Information Criterion (AICc). The
model fitting process automatically calculated the dispersion (scale) parameter
of the negative binomial model and allowed for potential over dispersion and
serial autocorrelation in population size. The models were fitted in the SAS
GLIMMIX procedure.

3. Results

3.1. Temporal and Spatial Projections of Temperatures

3.1.1. Maximum Temperature Projection for Kajiado
Maximum temperature projection for Kajiado are shown in Figure 3. The analysis
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were based on the three RCPs. Temporal analysis of temperature changes for the
three RCPs: 2.6, 4.5 and 8.5 in Kajiado indicate significant changes in maximum
temperature for the period 2006 to 2100. RCP 8.5 shows a steep increase in tem-
perature (Figure 4 and Table 2). The temperature will increase from a base
temperature 25.95°C in 2006 to about 30.35°C in 2100. This will be an increase
of about 4.4°C. As for the RCP 4.5 the increases will be from a base temperature
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Figure 2. Relationships between the population density (number/km?) of each of the 15 wildlife species and the annual average
maximum temperature (°C). Adapted and modified from [20].
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of 26.4°C to about 28.1°C by 2100. Finally RCP 2.6 projects maximum tempera-
tures to increase from a base temperature of 26.18°C in 2006 to about 26.96°C in
2100.
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Figure 4. Spatial projections of maximum temperatures changes in Kajiado counties
based on RCPs 2.6, 4.5 and 8.5 scenarios for the period 2030s, 2050s and 2070s.

Table 2. Projection of maximum temperature for the three RCPs.

RCP Equation R? F Ratio P Value
RCP2.6 Y = -1501.9977 + 1.48693x — 0.00036x> 0.280 17.822 <0.0001
RCP4.5 Y =-10.0754 + 0.01817x 0.563 119.812 <0.0001
RCP8.5 Y =-67.70979 + 0.04669x 0.876 655.686 <0.0001

The spatial analysis of the temperature projections indicates western sections
and Amboseli ecosystem as the hotspot for temperature changes (Figure 4). In
these areas the temperatures are projected to be between 29°C and 37°C. The
central plains and Athi Kaputei plains are projected to have moderate tempera-
ture increases for the RCP 2.6 (2030s, 2050s and 2070s—as shown in Figures
4(a)-(c)), and RCP 4.5 (2030s and 2050s—Figure 4(e) and Figure 4(f)) and
RCP 8.5 (2030s—Figure 4(g)). However, for the RCP 4.5 (2070s), and RCP 8.5
(2050s and 2070s) these areas are projected to have significant increases in tem-
perature. Table 3 shows that by 2070 the temperatures are projected to increase
by +1.10, +1.83, and +3.09 for RCPS 2.6, 4.5, and 8.5 respectively.
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Table 3. Temperature projections (°C) for the 3 RCPs for the periods of 2030s, 2050s,
2070s.

RCP 2030s 2050s 2070s
RCP 2.6 +1.16 +1.26 +1.10
RCP 4.5 +1.00 +1.55 +1.83
RCP 8.5 +1.36 +1.99 +3.09

3.1.2. Species Range Distribution

The distribution of the 15 wildlife species in Kajiado varied (Figure 5). The
larger geographical ranges in the study area are occupied by the giraffe, impala,
Thomson’s gazelle, eland and the Grant’s gazelle. They are spread out in the en-
tire area and their pattern of distribution is almost similar. The wildebeest and
the Burchell’s zebra which are migratory species, have concentrated mainly to
the north (the Athi Kapuitei), southern part (Amboseli ecosystem), and western
section of the county and avoiding the central region.

The geographical distribution of the gerenuk, hartebeest, lesser kudu, oryx
and warthog is much restricted to certain landscapes. Gerenuk and lesser kudu
geographical distribution is restricted in the central and the Amboseli ecosystem.
The warthog is sparsely spread in the northern parts of Kajiado but fairly distri-
buted from the central region towards Amboseli ecosystem. The range of the
oryx is restricted to the western Kajiado and in Amboseli ecosystem avoiding
high altitude areas. The hartebeest deviated from this pattern by concentrating
in high altitude areas like the Chyulu hills, Athi Kaputei, Ngong hills and spa-
ringly in the southern plains of Kajiado.

The large size wildlife like the elephant, buffalo and waterbuck displayed a
very narrow range altogether. They are mostly distributed in Amboseli ecosys-
tem and western sections of the county around the Nguruman forests, areas

close to water resources sources (wetlands and forest).

3.1.3. Range Changes

We analyzed the changes in temperature for the three RCPs for the periods 2030,
2050 and 2070. And based on the temperature threshold for each of the 15 spe-
cies, we analysed which wildlife range areas will be lost. Based on the results of
this study , RCP 2.6 projects that at least 3 out of the 15 species would lose more
than 50% of their range by the year 2030; 5 out 15 by 2050 and 3 out 15 by 2070
(Figure 6(a)). In the second scenario of RCP 4.5 it is projected that by 2030 3
species will lose more than 50% of their range. The number would increase to 5
species in the year 2050 and 2070 (Figure 6(b)). In the third and final scenario
of RCP 8.5 which is the extreme scenario of temperature changes, it is projected
that 5 species are likely to lose more than 50% of their range by 2030, 7 species
by 2050 and 10 species by 2070 (Figure 6(c)). The extent of range loss differed
amongst species but was largely extreme for buffalo, Thomson’s gazelle, water-
buck, and wildebeest the water dependent species. The four species are expected
to lose between 48% - 96% of their range based on RCP 2.6; 46% - 97% based on
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Figure 5. Species range map for the 15 wildlife species in Kajiado county.

RCP 4.5 and 51% - 98% based on RCP 8.5. However, the elephant, gerenuk, har-
tebeest, lesser kudu, and oryx are expected to retain most of their range in all the
RCPs scenarios. The range lose are minimal at 4% - 27% (RCP 2.6); 4% - 23%
(RCP 4.5) and 2% - 31% (RCP 8.5).
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Figure 6. (a) Percentage of species that are projected will be impacted by temperature changes under RCP
2.6; (b) Percentage of species that are projected will be impacted by temperature changes under RCP 4.5;
(c) Percentage of species that are projected will be impacted by temperature changes under RCP 8.5.
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4. Discussions

In this study we used the Regional Climate Models (RCM) with a better data
resolution. The RCM clearly simulate the interactions between the large-scale
weather patterns simulated by a global model and the local terrain. The results
indicate that maximum temperatures for Kajiado are projected to increase by
1.7°C between 2006 and 2100 based on RCP 4.5. As for the RCP 8.5 it is expected
to increase by 4.4°C between 2006 and 2100. These temperature increases are
more than what has been projected for the region. Studies based on historical
temperature analysis for Kajiado have indicated that there is regional warming
in the region [20]. The trend towards increasing frequency and intensity of
droughts and rising temperatures will affect species range in Kenyan savannas
negatively. The three RCPs projected temperature increases would impact the
herbivores differently since there will be both spatial and temporal differences.
RCP 2.6 projects a temperature increase of 1.16°C by 2030s, 1.26°C by 2050s,
and 1.10°C by 2070s. RCP 4.5 projects temperatures to increase by 1.00°C in the
2030s, 1.55°C in 2050s and 1.83°C by 2070s. The projections for RCP 8.5 show
there will be extremely higher temperature increases with an increase of 1.36°C
by the 2030s, 1.99°C in the 2050s and 3.09°C in the 2070s. Generally the temper-
atures in Kajiado have increased from 2006 to 2070. RCP 8.5 shows higher
maximum temperature increases of about 3.09°C which is above 2°C that is pro-
jected globally. RCP 4.5 on the other hand projects an increase of about 1.83°C
by the year 2070.

In terms of spatial projection of maximum temperature it is projected that
there will be increases of between 29°C and 37°C in the south western sections of
Amboseli ecosystem and moderate temperature increases of approximately 22°C
to 27°C in the central plains and Athi Kaputei plains. Species that have most of
their range concentrated in west Kajiado and small sections of the semi-arid
central plains will begin to feel the impacts of the increasing temperatures as
they try to adapt to the escalating maximum temperatures. The waterbuck, wil-
debeest, buffalo, Oryx, warthog and zebra are likely to lose most of their range in
Kajiado West by 2030s. The RCP 8.5 will increase by 1.99°C, RCP 4.5 by 1.55°C
and RCP 2.6 by 1.26°C by the 2050s. The range loss will continue in the hotspot
areas (Western Kajiado and central plains) affecting mainly the species located
in these areas. As the 2070s approach most of the species in the hot spot areas
will experience very high temperatures that will impact them negatively since
there will be an increase in unsuitable areas for the species [20]. RCP 2.6 Projects
an increase of 1.10°C, RCP 4.5 projects 1.83°C and 8.5 projects 3.09°C. With the
high increases by 2070s the central plains hotspot is also increasing in size and
most of the species will undergo increased contraction of their range sizes.

The range size of the 15 species studied declined by an average of about 50%
between 2006 and 2070 in western Kajiado, central plains and Amboseli ecosys-
tems. For the RCP 2.6, it is projected that 3 out of the 15 species would lose more
than 50% - 70% of their range by 2030s, 7 out 15 would lose more than 30% -
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50% of their range by 2030s and 5 of 15 would lose less than 30% of their range
by 2030s. The second climate scenario of RCP 4.5 projects that by 2030s, 3 spe-
cies will lose more than 50% - 70% of its range, 7 out of 5 would lose more than
30% - 50% of their range by 2030s and finally 5 of 15 would lose less than 30% of
their range by 2030s RCP 8.5 projects that 5 out of the 15 species would lose
more than 50% - 70% of their range by 2030s. 5 out 15 would lose more than
30% - 50% of their range by 2030s and 5 of 15 would lose less than 30% of their
range by 2030s.

In the 2050s the RCPs project different range loses for the various species.
RCP 2.6 projects 5 species to lose between 50% - 70% of their range, another 5 to
lose between 30% - 50% of their range and final 5 to lose less than 30% of their
range. On the contrary RCP 4.5 projects 7 out 15 species would lose more than
50% - 70% of their range by 2050s, while 3 other species would lose between 30% -
50% of their range and an additional 5 would lose less than 30% of their range by
2050s. The same scenario is repeated for RCP 8.5 where 7 out 15 species would
lose more than 50% - 70% of their range by 2050s and 3 species would lose be-
tween 30% - 50% and 5 would lose less than 30% of their range by 2050s.

Range loss projections for the 2070s are much higher than the previous years
for RCP 4.5 and 8.5 but lower for RCP 2.6 which projects 3 out of the 15 species
to lose more than 50% - 70%, 8 out 15 to lose between 30% - 50% and 4 to lose
less than 30% of their range. RCP 4.5 projects 5 out of the 15 species to lose
more than 50% - 70% of their range, another 5 to lose 30% - 50% and the final 5
to lose less than 30% of their range. On the extreme is the RCP 8.5 which
projects at-least 10 out of the 15 species to lose more than 50% - 70% of their
range, 2 species to lose between 30% - 50% and 3 species to lose less than 30% of
their range.

The magnitude of range loss varied among species but was most extreme for
buffalo, Thomson’s gazelle, waterbuck, wildebeest and the grants gazelle. Most
of these animals have a small range; big bodies sizes, and are water dependent.
Previous studies have indicated that body size of mammals are positively corre-
lated with extinction risk [32] [33] [34]. Past studies have also indicated that the
buffalo population declined tremendously during the 2008-2009 drought while
that of the waterbuck and Thomson’s gazelle had been declining continuously
before the drought and it dropped distressingly to very low levels after the
drought [23]. The impact of migratory species was high and the impacts on wil-
debeest as projected will be extremely severe.

The wildebeest is projected to be among the five most vulnerable species since
its range will reduce by 98%. This species is migratory and its temperature thre-
shold is about 28°C. Higher temperatures will pose an additional challenge to its
movement process. Historically, wildebeests have been affected by housing de-
velopments, land fragmentation through fencing and poaching activities espe-
cially in central plains and Athi-Kaputei plains [19]. Growth and escalation of

land use developments coincided with the dramatic population declines and
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range contractions of the wildebeest [35]. In the Athi-Kaputiei ecosystem, the
wildebeest migration between the Nairobi National Park and the adjoining Athi-
Kaputiei Plains dropped by more than 90%, from over 30,000 in 1978 to below
2000 by 2011 due to ever-increasing urbanization, fencing, settlements, mining
and other developments [19] [34]. With climate change as an additional threat it
is expected that there will be an increase in the frequency and severity of extreme
events and shocks, such as droughts and floods [36]. Land fragmentation
coupled with Climate change will interact with one another, such that increasing
fragmentation will limit the agility and movement of the wildebeests thereby
threatening their survival. The population viability of this species is not guaran-
teed since other drivers are also leading to the decline of the population. [20].
Increase in temperatures will have a negative impact on the species because they
are migratory in nature. In addition wildlife corridors are being blocked by land
a use change which further complicates the adaptation strategy of the animals.

On the contrary the elephant, gerenuk, hartebeest, lesser kudu, and oryx are
expected to retain most of their range in all the RCPs scenarios as the increase in
temperature are within the species ranges. Other studies have shown that ele-
phant population have also increased persistently in Kajiado east from 2000 to
2011 [23] [24] [37]. Therefore despite the increase in temperatures the elephant
range is not threatened mainly because they are found in the Amboseli region
which is relatively low temperature and has many swamps that guarantee their
survival. Other studies have demonstrated that elephant can survive extreme
climate as indicated in the studies in Namibia [38] and increasing elephants in
Botswana [39], where the condition are much severe than our study area. In Ka-
jiado the other drivers like settlements, agriculture, land subdivision and devel-
opments may impact the elephants negatively. Most of the elephant corridors
have been partially blocked [40] which might impact the elephant distribution.

The results of this study underscore the use of a blended regional-and spe-
cies-level assessment and reiterate the need to address both physiological and
physiographic factors in order to broadly comprehendglobal warming impacts
on large herbivores of East African savanna. We speculate that among the large
herbivores, a reduction in range sizes in the twenty-first century may be worse
than in the best case scenario. With the intensifying temperatures it may be ne-
cessary for the animals to flee from the heat, forcing them to move to unsafe ha-
bitats. Ininsecurehabitats, the animal’s survival rate might decrease to a point
where the population is no longer viable. If a suitable habitat is not available due
to factors like human disturbance, the animals might face extinction.

High temperatures have great impacts on wildlife because of other drivers like
competition with livestock, predation, and human activities like agriculture and
settlements that block migration or dispersal of wildlife from the high tempera-
ture areas to cool and wet areas. The restricted access to key resources during
these harsh conditions may lead to high mortalities of the affected species. Dis-

persal is a vital biological process that displays strong difference among species
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and regions [41]. At regional and local level, warming can hasten species’ physi-
ological and biological rates with rising impacts on population dynamics and
species interactions [42].

In our study the species that will be affected most by the increasing tempera-
ture are; the buffalo, Thomson’s gazelle, warthog, waterbuck, and wildebeest. If
temperatures continue rising unabated in Kajiado, these species are anticipated
to lose more than 50% of their range by 2070. Most of these animals have a small
range especially the big body size, and are water dependent animals. Body size of
mammals have been positively correlated with extermination risk [32] [34].
Energetic constraints are deemed to limit maximum body size of larger mam-
mals which require more energy, and therefore more land area than smaller
mammals [43]. Large mammals also have less body surface area for a unit of
body mass, and therefore have slower heat loss per kilogram of body mass, in
cool environments, than do smaller mammals [44].

Our study has shown that increasing temperatures are affecting wildlife par-
ticularly in the Kenyan Savanna. This is the fact that cannot be ignored by con-
servation managers. We have established that increasing temperatures are lead-
ing to range loss among the large herbivores. In their study Ojwang et al, (2006)
documented range contraction based on analyses of the DRSRS data for several
individual rangeland counties, including Kajiado. Several other studies in the sa-
vannas have reported devastating declines in wildlife numbers in Kajiado county
[23] [24] [35] [45]. Therefore immediate intervention strategies are needed if wild-
life is to be conserved for the future generations. The following suggestions can be
explored: 1) The government should focus conservation resources in the main-
tenance and continued survival on species that are highly threatened (buffalo,
Thomson’s gazelle, warthog, waterbuck, and wildebeest) that might become ex-
tinct as a result of global climate change. 2) The species at risk of extinction can
be moved from sites that are becoming unsuitable due to global climate change
to other sites that are deemed more favorable for their continued existence. 3)
Reduce pressure on species from non-climate stressors to give the animals
maximum flexibility to evolve responses to climate change. 4) Incorporate pre-
dicted climate change impacts into wildlife and conservation managements
plans since studies have shown that climate change is not addressed in many ex-
isting natural resource plans [46]. In addition the Kenya Wildlife Conservation
and Management Act 2013 should be reviewed to ensure that their provisions
are consistent with the needs of managers dealing with the effects of climate
change. New legislative tools or regulations may be necessary to address specific
climate-change impacts, [47] and [48] indicate that impacts of climate change on
biodiversity at all levels implies that ecologists must swiftly rise to the challenge

of offering scientific guidance for the improvement of conservation strategies.

5. Conclusion

The present study only examined the impact of increasing temperatures on the
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range of about 15 large herbivore species based on future climate scenarios.
More localized studies should explore both rainfall and temperature impacts on
other species in the study area using high resolution data and other environ-
mental variables. The findings of this study highlight the potential for climate
change to significantly add more burdens to large herbivores in Kenyan savanna
as they struggle with other stressors to survive. From this study the following
conclusions can be made: 1) in a world of limited dispersal opportunities, the
range size occupied by species is crucial to their survival and determines their
extinction risk more than any other factor; 2) species threat assessment will ben-
efit strongly from extending and including knowledge of species percentage
range loss over the years; 3) conservation efforts will benefit from the placement
of alternative corridors in strategic locations and along key migratory corridors
to promote connectivity especially in areas with intensive human land use. It is
widely accepted that landscape connectivity is an important strategy that enables
species to move through a matrix of interconnected habitats in order to escape

from unsuitable climatic conditions [46].
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