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Abstract

Giraffe (Giraffa spp.) numbers and their habitat have drastically declined throughout Af-
rica over the last century due to various threats linked to anthropogenic impacts includ-
ing habitat loss and fragmentation, disease, poaching, and climate change. In Kenya, the
Nubian giraffe (G. camelopardalis camelopardalis) population decreased significantly up
until the late 1980s. As a result of increased conservation efforts, the Nubian giraffe popu-
lation has rebounded since the early 1990s, however, it remains predominantly extralimital
and/or restricted to closed protected areas in central and western Kenya. In this paper, we
set out to assess historical and current population numbers and trends of Nubian giraffe in
Kenya, and highlight the conservation efforts that are applied to conserve this Critically
Endangered taxon. We reviewed published manuscripts and grey literature, wildlife au-
thority records and interviewed landowners with Nubian giraffe populations. We also con-
ducted photographic surveys in three national parks and reserves where anecdotal reports
suggested that the largest populations of Nubian giraffe occurred. We found that from a
low of ., 130 individuals remaining in the wild and near extinction in the mid-1970s, the
Nubian giraffe population has rebounded to ., 1,042 in 14 populations in Kenya, which
represents an increase of more than 700%. This conservation success story is attributed to
targeted management efforts, in particular conservation translocations and the increased
monitoring of populations. At the same time, various factors including habitat loss and
fragmentation, and infrastructure developments, linked with the increasing human popula-
tion continue to pose a threat to their survival in the country. We place our findings in the
broader context of population ecology and present opportunities for conservation research
as well as recommendations that inform the management of this critical population of
concern.
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Introduction

Wildlife populations have largely declined in the past century throughout their range, espe-
cially in Africa (Ogutu et al. 2016; Horvath et al. 2019). These declines are largely attributed
to increased anthropogenic impacts linked to human population growth, which in turn result
in land-use and cover change, habitat loss, land fragmentation and infrastructural develop-
ment (Western et al. 2009; Scholte 2011; Said et al. 2016). Additionally, climate change,
poor governance, disease, and poaching (illegal hunting) continue to threaten wildlife popu-
lations (Scholte 2011; Ferreira et al. 2019). As an example, both species of African elephant
(Loxodonta africana and L. cyclotis) and African rthino (Diceros bicornis and Ceratotherium
simum) have been greatly affected by the illegal trade of their ivory and horns respectively
(Ferreira et al. 2015). It is estimated that 2,936 rhinos were killed in Kruger National Park
(NP) between 2011 and 2015, and 20.8% of known elephant were killed in Kenya between
2009 and 2012 (Wittemyer et al. 2014; Ferreira et al. 2015). Such steep declines have and
can lead to local extinction of species from their natural habitats (Barnes et al. 2016). Cru-
cially, re-establishing populations that have gone extinct from their natural range can be an
incredibly challenging and costly endeavour but an equally important conservation tool.

Various wildlife species have been reintroduced to former habitats following their extir-
pation, as well as established in areas outside their natural ranges (extralimital), to provide
safe havens, promote ecosystem health and/or local tourism (Vernesi et al. 2003; Polak
and Saltz 2011; Auster et al. 2020). In the last century, giraffe (Giraffa spp.) have gone
extinct in at least seven sub-Saharan African countries (Burkina Faso, Eritrea, Guinea, Mali,
Mauritania, Nigeria, and Senegal) and lost ., 90% of their historical range during the last
300 years (O’Connor et al. 2019; Brown et al. 2021). Following an estimated decline of
~ 30% in approximately 40 years, the International Union for the Conservation of Nature
(IUCN) Giraffe & Okapi Specialist Group uplisted giraffe as a single species from ‘Least
Concern’ to ‘Vulnerable’ on the Red List of Threatened Species (Muller et al. 2016). Inter-
estingly, these recent declines are not range-wide with major reductions in East and Central
Africa, whilst southern Africa shows on average an increasing population trend (Muller et
al. 2018a; Brown et al. 2021). Throughout East Africa, Masai (G. tippelskirchi) and reticu-
lated (G. reticulata) giraffe populations have declined markedly, yet Nubian giraffe (G.
c¢. camelopardalis) have increased (Fennessy et al. 2018; Muneza et al. 2018; Bolger et
al. 2019). The reasons for the increase of Nubian giraffe are varied but it is assumed that
intensive surveys, monitoring and conservation actions, especially in Uganda, contributed
significantly (Brown et al. 2019).

As the name indicates, Nubian giraffe ranged in much of the Nubia region in northern
Africa (Egypt, South Sudan, and Sudan) as well as parts of Ethiopia, north-western Kenya,
and Uganda (Brown et al. 2019). Currently, Nubian giraffe are only found in small popula-
tions in Ethiopia, Kenya, South Sudan, and Uganda, and this giraffe subspecies is listed
as Critically Endangered on the [IUCN Red List (Fennessy et al. 2018). In Kenya, Nubian
giraffe have been awarded full protection under the Wildlife Conservation and Management
Act of 2013 (WCMA 2013) since their severe decline in the late 1970s (Muller 2019), which
almost led to their local extinction within their natural range in Kenya (Kenya Wildlife
Service (KWS) 2018). Following targeted conservation translocations, the population has
seemingly rebounded, while ongoing threats remain (KWS 2021).
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In this study, we detailed the history, population trends and distribution numbers of
Nubian giraffe in Kenya by reviewing published manuscripts and grey literature, con-
sulting experts, and conducting field surveys of important populations. Through this
approach, we attempted to consolidate information on the historical numbers and cur-
rent conservation status of Nubian giraffe in Kenya. We also provided recommendations
for their management in consideration of the recent conservation actions conducted to
enhance their protection.

Methodology
Literature review of historic data

We undertook a detailed search of peer-reviewed scientific papers, grey literature and
reports on the history and current Nubian giraffe population status in Kenya using online
databases of Google Scholar, JSTOR, ResearchGate, and Web of Science. The search
involved combinations of key words that included Nubian giraffe, Rothschild’s giraffe,
Baringo giraffe, giraffe translocations in Kenya, and names of current and historic geo-
graphic ranges of Nubian giraffe in Kenya. We included Nubian, Rothschild’s and Bar-
ingo giraffe in the search terms as these are names synonymous with the subspecies
(Dagg 1971; East 1999). We filtered the results by title, followed by the abstract and full
review of the publications, to include only manuscripts and reports that detailed Nubian
giraffe numbers, distribution, and threats in Kenya. We did not place any limitations
on the year of publication. We rejected results that described the conservation status of
Nubian giraffe outside of Kenya and of other giraffe species in Kenya. To complement
our results, we visited the KWS library, which serves as the repository for all gov-
ernment documents on wildlife, and searched reports on the history of Nubian giraffe
populations as well as their translocation history. In addition, we conducted in-person
and email interviews with relevant local experts on the translocation history and con-
servation status of Kenya’s Nubian giraffe. Our intention here was to record first-hand
accounts in order to document all current and historical Nubian giraffe numbers and
distribution in the country.

Expert knowledge is used in conservation science and practice to provide reliable
data on a particular topic (Martin et al. 2012). As such, we derived updated data on
the conservation status of the Nubian giraffe during meetings of the National Nubian
Giraffe Range Committee, which was established to support the implementation of the
first-ever Recovery and Action Plan for Giraffe in Kenya (2018-2022), as well as in-
person interviews with select individuals who have worked with the subspecies. Experts
including wildlife veterinarians, park managers and ecologists from parks, reserves and
sanctuaries where Nubian giraffe occur, were interviewed. During these meetings, the
experts provided updated giraffe data including threats that populations face and prior-
ity actions undertaken/proposed to mitigate the identified threats in their specific areas.
Additionally, they provided information regarding the translocation history of Nubian
giraffe with regards to numbers, source population, destination areas and proposed con-
servation priority actions.
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Photographic surveys

To estimate current numbers and the distribution of Nubian giraffe we conducted photo-
graphic surveys in Mwea National Reserve (NR), Ruma NP, and Lake Nakuru NP (Fig. 1).
These enclosed government-managed protected areas are home to some of the largest
Nubian giraffe population in Kenya (Muller et al. 2018a). The Mwea NR and Ruma NP
surveys were carried out over a one-year period between March 2017 and March 2018,
while the Lake Nakuru NP surveys were conducted from January to July 2019. Mwea NR
covers an area of 48 km? in central Kenya and lies between the confluence of the Thiba
and Tana Rivers. The landscape is characterised by riverine woodlands and thickets and
for the surveys, we divided the Mwea NR road network into three transects, namely the
Upper (13.2 km), Lower (13.3 km) and Tana (15.2 km) transects. Ruma NP covers an area
of 120 km? within Lambwe Valley in western Kenya, and the vegetation is mainly savannah
grassland and woodland with extensive bushes. During the survey, we mapped a road net-
work of 66.6 km, which was divided into Kamato (21.9 km), Lambwe (22.3 km) and Wiga
(22.2 km) transects. The transects in both Mwea NR and Ruma NP were each surveyed 20
times to ensure all areas of the park were adequately covered. Lake Nakuru NP is located
in Nakuru County, and covers an area of -, 188 km?. The park is characterised by Vachellia
and Euphorbia woodlands, as well as thick bushes and open grasslands in the sedimentary
plains found north and south of the lake. We divided the accessible road network into three
transects, namely Lanet (50 km), Nderit (49 km), and Naishi (49 km) transects. Two sur-
veys of three days each were done over two field seasons: dry (January and February 2019)
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and wet season (May to July 2019). Additionally, giraffe in Soysambu Wildlife Conser-
vancy (WC) in Nakuru County are regularly monitored and a detailed database of individual
giraffe is maintained. We analysed 131 individual identification photos of giraffe to assess
whether individuals move between the two conservation areas.

The road-based surveys were conducted through driving along set transects at a speed
of -, 40 km/hr to ensure maximum sightings of giraffe. We took photos of the right-side
of every giraffe encountered using a Nikon CoolPix P900 camera for later identification of
individuals using Wild-ID (Bolger et al. 2012). When giraffe were encountered, we recorded
time of sighting, name of transect, number of individuals in the group, age, sex, signs of
disease, and photo number. We sorted the images to remove photos where the right side of
the giraffe was not clearly visible either due to blurriness or obstruction of vegetation or
other animals. We then cropped suitable images to retain the maximum area of the giraffe
coat pattern for Wild-ID analysis to identify individual giraffe. Wild-ID characterised giraffe
coat patterns in the images and assigned similarity scores of the images ranging from 0.0001
t0 0.9999. We selected the top-ranked image as the matching pair and further inspected each
pair visually before confirming the match to avoid false acceptance. We only selected the
photograph with the highest ranking that could be visually matched. The results from the
photographic analysis yielded encounter histories of giraffe by referring to the GPS coordi-
nates of the corresponding image recorded during our surveys.

Results

From our online search, we found 51 relevant manuscripts, among which 35 were published
articles that had information about numbers, habitat, and distribution of Nubian giraffe in
Kenya. An additional three focused on giraffe skin disease (GSD), and four described both
historic and recent estimates of Nubian giraffe. We also reviewed six reports relating to
Nubian giraffe translocations in Kenya from the KWS Vet library.

In early literature, Nubian giraffe were first described as Baringo giraffe as they were
recorded in the Lake Baringo District, extending from Mount Elgon (Lydekker 1904) to
Turkana (Lipscomb et al. 1931). The first detailed population estimate by the then Kenya
Game Department estimated 850 individuals in 1946 with the largest population occur-
ring on Soy Ranch in western Kenya (Leslie-Melville and Leslie-Melville 1977). However,
illegal killings by farmers who termed giraffe a menace led to their decline (Nesbit 1970).
In 1967, 11 giraffe were translocated from Soy Ranch to Maralal National Sanctuary in the
first successful reported translocation as previous attempts to translocate giraffe to Maralal
resulted in an early release in the nearby Menengai Crater (Nesbit 1970). However, only
three giraffe were sighted in 1968 and by 1970 none survived (Nesbit 1970). By 1974, the
number of Nubian giraffe in the country was estimated at 130 individuals (Leslie-Melville
and Leslie-Melville 1977). In the same year, Major Rutherford announced the sale of his
land, which prompted the then Game Department to begin translocations from the farm
(Fig. 2).

In 1979, three giraffe were translocated from Soy Ranch to Nairobi, with the intention
of breeding these individuals for conservation purposes and establishing a nature education
centre for students (Sembe 2015). This led to the creation of the Giraffe Centre supported
by the African Fund for Endangered Wildlife (AFEW) in 1983. Ever since, the Giraffe Cen-
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tre has played a role in conservation education, breeding, (re)populating, and augmenting
Nubian giraffe populations throughout the country. To date, 27 giraffe have been translo-
cated from the Giraffe Centre, including 11 to Mwea NR, six to Rimoi NR, four each to
Haller Park and Soysambu WC, and two to Lake Nakuru NP (Fig. 2). In 2018, two female
giraffe from Kigio WC were brought into the Giraffe Centre to increase the genetic diversity
of the population and currently, the Giraffe Centre is home to 11 giraffe, nine females and
two males (Table 1).

In 1983, seven giraffe were introduced to Yonder Flower Farm in Mbeere South Dis-
trict in Central Kenya, and by the late 1990s, the population had grown to 24 individuals
(Gakuya 2004). Due to concerns of the size of the farm and the desire to expand agricultural
activities, translocations from the farm to the nearby Mwea NR in Embu County began in
1985 (Muriuki et al. 2018). Mwea NR was established in 1975 to protect the remaining
wildlife species after many large mammals including giraffe, African lion (Panthera leo),
leopard (Panthera pardus), kongoni (Alcelaphus buselaphus), black rhino, and lesser kudu
(Tragelaphus imberbis) were locally extinct due to the increasing human settlements that
led to encroachment, poaching, and habitat destruction (Chira 2003). In 2000, an additional
nine giraffe were introduced from Soy Ranch, and the last remaining giraffe from Yonder
Flower Farm were translocated to Mwea NR in 2004 (Chira 2003). Giraffe numbers slowly
increased and in 2007, a further two males and one female were introduced from the Giraffe
Centre (Sembe 2015). By 2011, the population had increased to 44 giraffe but an anthrax

Table 1 Current population estimates and trends of Nubian giraffe in Kenya compared to numbers in 2015
when initial [IUCN Red List assessment was undertaken

Ecosystem Size  Population estimates Trend
(km’) 2015  Source Current  Source

Ruma National Park 120 68 Muller et al. 2016 550 KWS 2021 Increasing

Soysambu Wildlife 190 109 Muller et al. 2016 162 This study (pers.  Increasing

Conservancy comm.)

Lake Nakuru National 188 81 Muller et al. 2016 109 KWS 2021 Increasing

Park

Mwea National 42 100 Muller et al. 2016 79 KWS 2021 Increasing

Reserve

Kigio Wildlife 14 37 Muller et al. 2016 46 This study (pers.  Increasing

Conservancy comm.)

Rimoi NR 66 7 Muller et al. 2016~ 20 This study (pers.  Stable
comm.)

Ruko Community 177 8 Muller et al. 2016 14 This study (pers.  Increasing

Conservancy comm.)

Sergoit Farm 12.1  &lt;10 Muller et al. 2016 12 This study (pers.  Stable
comm.)

Tindress Farm 3.2 5 Muller et al. 2016 12 KWS 2021 Stable

Giraffe Centre 0.6 10 Muller et al. 2016 11 This study (pers.  Stable
comm.)

Nguuni Nature 7 - 11 This study (pers. ~ Stable

Sanctuary comm.)

Nasalot NR 92 ~ 10 ~ 10 KWS 2021 Unknown

Haller Nature Park 3 - 6 This study (pers.  Stable
comm.)

Mount Elgon 1,279 8 Muller et al. 2016 0 KWS 2021 Extirpated

Total ~ 453 ~ 1,042

@ Springer



Biodiversity and Conservation

outbreak in the reserve led to the death of 11 individuals (Kaitho et al. 2013). Several addi-
tional giraffe introductions from the Giraffe Centre were conducted over the subsequent
years: one male in 2011, one male in 2015, two females and one male in 2018, and two males
and one female giraffe in 2021 (Fig. 2). From our photographic surveys in Mwea NR in
2018, we captured 760 images from 233 sightings of giraffe. After filtering and cropping the
images, we were left with 549 images. The average herd size was six giraffe (range 1-23).
We identified 56 unique individuals, which included 20 adult males, 21 adult females, five
sub-adult males, three sub-adult females and seven calves. Recent numbers from the 2021
National Aerial Census estimated ., 79 giraffe in Mwea NR based on a total count (KWS
2021), representing an annual population growth rate of 1.4 individuals since 1985. During
the photographic surveys, we recorded two giraffe with visible snare wounds on their limbs.
One giraffe, which was severely injured and limping, was subsequently treated by a KWS
veterinary team. Snares set by poachers targeting small mammals for consumption have
long been a threat to the giraffe population in the reserve. This is exacerbated by the loss of
habitat caused by invasive plant species and illegal logging, as well as anthrax outbreaks,
and climate change (Chira 2003; Gachohi et al. 2019; Jenkins et al. 2021).

Twenty seven giraffe (22 female and 5 male) were reintroduced to Ruma NP in Homa
Bay County, western Kenya, from Soy Ranch in 1983 (Awange et al. 2004). The park was
assessed as ideal giraffe habitat based on the forage availability (Anyango and Were-Kagogo
2013). By 2002, the population had increased to 69 individuals, with no additional augmen-
tations undertaken (Awange et al. 2004). During our photographic surveys in 2018, we cap-
tured 2,392 images from 1,056 sightings of giraffe. After filtering and cropping the images,
we were left with 1,268 images that were suitable for Wild-ID analysis. We identified 317
unique giraffe, which included 159 adult females, 83 adult males, 36 sub-adult females,
32 sub-adult males, and seven calves. The average herd size in the park was 21 giraffe
(range 1-76). In 2021, the KWS National Wildlife Census conducted via aerial surveys and
total counts recorded an estimate of 550 individuals in the park (KWS 2021). The park has
the largest population of Nubian giraffe in Kenya and has exhibited an annual population
growth of 13 individuals since 1983. In the 2022 Nubian Giraffe Range Committee meeting,
frequent fires were highlighted as an emerging threat, as well as the assumed overabundance
of giraffe, raising concerns about the carrying capacity of the park (B. Ogwoka pers. comm.
2022). Our surveys recorded one female giraffe with GSD lesions, and no impacts of snares
(Muruana and Muneza 2018). However, bovine trypanosomiasis and tick-borne pathogens
have been identified as key threats to the health of wildlife in Ruma NP, as well as the live-
stock of communities living adjacent to the park (Okal et al. 2020; Kalayou et al. 2021).

In Lake Nakuru NP, 26 giraffe were introduced in 1977 from Soy Ranch (Kakuyo 1980).
In 2008, two giraffe were introduced from the Giraffe Centre to enrich the population (Muller
2019). Several translocations from this population include: Kidepo Valley NP, Uganda (one
male and two female giraffe), Soysambu WC (one male giraffe in 1993 and seven giraffe
(three males and four females) in 1995), and Kigio WC (nine giraffe in 2002) (Fennessy
and Brenneman 2010). In our 2019 photographic surveys, we captured 917 images from 82
sightings of giraffe, and after filtering and cropping, 368 were suitable for Wild-ID analy-
sis. The average herd size was four giraffe (range 1-27). We identified 113 unique giraffe,
including 62 adult females, 25 adult males, 12 subadult females, 10 subadult males, and
four calves. Recent KWS aerial surveys in 2021 incorporated total counts and found ., 109
individuals (KWS 2021). The population numbers have fluctuated over the years as a result
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of predation (Brenneman et al. 2009; Muller et al. 2018b), anthrax (Gachohi et al. 2019),
habitat loss from rising water levels, and habitat destruction by fire (Herrnegger et al. 2021).
Still, the population has maintained an annual population growth of 1.8 individuals since
1977. During our surveys, we encountered giraffe with signs of attempted lion predation and
one male giraffe with cranial deformities (Ferguson et al. 2023).

In the neighboring Soysambu WC, the first two giraffe were introduced in 1993 from Soy
Ranch (Ramsauer 2016). In two additional translocations from Lake Nakuru NP one male
was introduced in 1993 and seven giraffe (three males and four females) in 1995 (Ramsauer
2016). An additional female giraffe in 1998 and three female giraffe in 2003 were intro-
duced from Giraffe Centre (Giraffe Centre pers. comm. 2022). Since 2009, annual surveys
have been conducted and the current population is estimated at 162 individuals (B. Limo
pers. comm. 2023). The various translocations carried out over the years have enabled the
giraffe population to maintain an annual population growth of 5.3 individuals since 1993.
Electrocution by powerline has resulted in at least 12 male giraffe deaths over recent years,
with the most recent occurring in February 2021 (Matara 2021; Nyaga 2021). Additionally,
poisoning through water contaminated by acaricide, and predation by lion have impacted
the population (Muller et al. 2018b; B. Limo pers. comm. 2023). In our Wild-ID analysis,
we did not detect any giraffe movements between Soysambu WC and Lake Nakuru NP most
likely due to the secure fence line between the two properties. In 2018 when the fence was
partially damaged, two male giraffe were observed to migrate between the properties (B.
Limo pers. comm. 2023). Disease (vitiligo) with loss of coat pigmentation was highlighted
as a concern (Muller 2017), although this was likely related to mineral deficiency which
has also been reported in cattle on Soysambu WC (Dunlop and Mccallien 1941; McIntosh
1945).

In 2011, KWS reintroduced eight giraffe (seven females, one male) to their historical
range in Ruko Community Conservancy, eastern boundary of Lake Baringo, West Pokot
County, from Soysambu WC (Oduor and Limo 2011). As a result of continuous rising water
levels in the lake since 2015, the giraffe were restricted to Longicharo Island (R. Sebei pers.
comm. 2023). Conservancy managers hypothesized that the mortality of all three calves
born to these giraffe could be attributed to poor nutrition and/or predation by rock python
(Python sebae) as the giraffe were trapped on the island (R. Sebei pers. comm. 2023). In
20202021, the eight giraffe were translocated from the island to a mainland sanctuary of
~ 17 km? in size (Chebet 2021). Since the translocation, the population has increased to
14 individuals (ten females, four males) after the birth of six calves (R. Sebei pers. comm.
2023).

The first reintroduction of giraffe to Rimoi NR in Elgeyo Marakwet County, was under-
taken in 2012, and included four female and three male giraffe from Soysambu WC. Later
in 2016, the population was augmented with an additional eight giraffe (seven females, one
male) from Soysambu WC (KWS 2017). In December 2021, 13 giraffe were sighted provid-
ing the best estimate at the time (Z. Omulako pers. comm. 2023). Three female giraffe were
translocated to Rimoi NR from the Giraffe Centre in May 2021 and one female and two
males in October 2022 to boost the population (Kibor 2022). Post-translocation monitoring
is ongoing but challenging as the reserve is characterized by a limited road network, hilly
environment, and dense vegetation. Current estimates place the population at -, 20 indi-
viduals following the recent translocations (Z. Omulako pers. comm. 2023).
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Nine giraffe were introduced to the extralimital Kigio WC from Lake Nakuru NP in
2002 (Ramsauer 2016). The population is thriving and had increased to 46 individuals
(28 females, 18 males) in 2023 (J. Mochoge pers. comm.), with an annual population
growth of 1.8 individuals since 2002. In 2012, two giraffe died during preparation for
translocation to Tindress Farm (Ramsauer 2016), and low hanging powerlines (elec-
trocution) caused the death of one giraffe in 2019. Other threats and reported fatalities
in the conservancy were caused by pitfalls, leopard predation, and fence entanglement
(Ramsauer 2016).

Historically, Mount Elgon NP in the Trans-Nzoia County of western Kenya was part of
the Nubian giraffe range in Kenya (Lydekker 1904). Giraffe were locally extirpated across
much of the range, but there were anecdotal reports of eight giraffe in the early 2000s, fol-
lowing an introduction of 21 individuals from Soy Farm in the mid-1980s (Fennessy et al.
2018). Local experts and conservation area managers indicated that only two giraffe were
observed in 2017 (Muruana et al. 2021), but none have been observed since and giraffe are
considered locally extinct.

The 92 km? Nasalot NR in West Pokot County, western Kenya was among the first major
conservation areas to reintroduce Nubian giraffe from Soy Ranch in the 1970-80s (Fennessy
et al. 2018). To our knowledge, no giraffe were introduced to Nasalot NR since the first
cohort, and the population is currently estimated at fewer than ten individuals (Z. Omulako
pers. comm. 2023).

Records from early settlers near Sergoit Hills indicate that giraffe historically roamed the
area (Tarus 1994). However, much of the land is occupied by Sergoit Farm (formerly Kruger
Farm) in Iten, Eldoret, an extensive commercial ranch that reintroduced ten giraffe from
Kitale Farm between 2002 and 2005 (E. Ngumbi pers. comm. 2023). These giraffe were
initially introduced to farms in the Kitale-Kapenguria area in the 1960s (Harthoorn 1962).
The population increased to 14 individuals in 2017 (KWS 2018) and currently numbers 12
individuals (six females, six males) (I. Kruger pers. comm. 2023). No calves have survived
recently, and inbreeding issues have been proposed as a potential threat (I. Kruger pers.
comm. 2023), but no assessment has been undertaken.

The ., 320 ha Tindress Farm (formerly Solai Farm) in Nakuru County, is a mixed land
use conservation area that includes floriculture, coffee and dairy farming. Three giraffe were
first extralimitally introduced between 2011 and 2012 from Marula Farm, Naivasha (B.
Limo pers. comm. 2023), augmented by two more (one female, one male) in 2020, and
a further five giraffe (four females, one male) in 2022, the latter two translocations from
Soysambu WC (Kaitho 2022). The current population stands at 12 individuals.

Haller Nature Park in Mombasa County was established in the 1970s as part of a
rehabilitation of a quarry wast eland with the aim of securing a self-sustaining
ecosystem (Siachoono 2010). Between 1984 and 1992, four giraffe were introduced
from the Giraffe Centre as the first extralimital population in the area (E. Ngumbi pers.
comm. 2023). In 2004, when the population had increased to 15, seven giraffe were
translocated to Nguuni Nature Sanctuary from Haller Nature Park to establish a new
extralimital population in a rehabilitated Vachellia woodland, after which only eight
giraffe remained (K. Nyinge pers. comm. 2023). Currently, Haller Nature Park has six
giraffe, all female, after two died of old age (K. Nyinge pers. comm. 2023). Nguuni
Nature Sanctuary currently has 11 giraffe, comprised of four males, six females, and one
calf (Nguuni Nature Sanctuary pers. comm. 2023).
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Discussion

While Nubian giraffe were once widely naturally distributed throughout western and north-
western Kenya (Fig. 1), their extant populations are now largely limited to a few govern-
ment-managed protected areas and private conservancies (East 1999; KWS 2018; Muller
2019). Some areas where Nubian giraffe were introduced in Kenya were presumably ranges
of different giraffe species at the time, however, they were deemed suitable habitat (Nesbit
1970; Muller et al. 2018a). These concerted efforts to save the Nubian giraffe population
has led to their steady increase since the 1970s and presents one of the most remarkable
conservation success stories in the country. Despite this success, it is important to note that it
is very likely that the current Nubian giraffe populations in Kenya were all established from
a single population at Soy Ranch (Fig. 2). Consequently, concerns relating to the genetic
fitness of some Nubian giraffe populations in the country have been raised as an intrin-
sic threat in the Recovery and Action Plan for Giraffe in Kenya 2018-2022 (KWS 2018).
Recent studies have shown that while there may be ancestral gene flow in some giraffe
populations, the three lineages of giraffe that occur in Kenya have been genetically isolated,
thus maintaining genetic distinctiveness (Coimbra et al. 2023). However, to validate this
concern, appropriate research is required to determine whether inbreeding is a major threat
to Nubian giraffe in Kenya.

Based on current estimates from all available data, Nubian giraffe in Kenya num-
ber ., 1,042 individuals (Table 1). This result is similar to the KWS National Aerial survey
that estimated 970 individuals in 2021 (KWS 2021). This represents an increase of more
than 700% since the 1970s when Nubian giraffe were almost locally extinct (Fennessy et
al. 2018; Muller et al. 2018a). Kenya is now estimated to be home to ., 25% of the remain-
ing wild population of Nubian giraffe (n=4,083). This marked increase can be attributed to
targeted conservation efforts using translocations as the foundation, coupled with height-
ened security resulting in reduced poaching in government-managed and private protected
areas. A similar recovery of Nubian giraffe populations as a result of increased security and
a reduction of poaching levels has been recorded in neighbouring Uganda following their
previous decline in the 1970s (Brown et al. 2019). However, it is important to note that
not all areas in Kenya have exhibited the same growth trends. In Ruma NP for example,
the giraffe population has steadily increased from a founder population of 27 individuals
which were introduced in 1983 (Awange et al. 2004) to a current estimate of ., 550 giraffe.
Comparatively, the giraffe population in Lake Nakuru NP has stabilised between 95 and 120
individuals based largely on local predation threats as well as forage quality and availabil-
ity (Brenneman et al. 2009; KWS 2021; Fennessy et al. 2018). The populations in Kenya
and Uganda represent ., 85% of the remaining wild population of Nubian giraffe, with
only -, 170 assumed to be remaining in Ethiopia and ., 450 in South Sudan (Brown et al.
2021). These two populations exhibited declining trends at the last assessment and the cur-
rent conservation status remains unknown given that they face severe threats due to illegal
hunting and poaching (Brown et al. 2021).

While increased monitoring and surveys have contributed to a better understanding
of the Nubian giraffe distribution and abundance trends in Kenya, more intensive efforts
are required. The first national review of their distribution and abundance was conducted
between 2011 and 2013 as part of the development of the Recovery and Action Plan for
Giraffe in Kenya 2018-2022 (KWS 2018). Following the initial review, it was estimated
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that there were ., 479 Nubian giraffe in Kenya (Fennessy et al. 2018). However, site-spe-
cific surveys have since provided more insights. We observed more than double the assumed
giraffe numbers through targeted individual giraffe photographic surveys in Lake Nakuru
NP, Mwea NR, and Ruma NP. Photographic identification of species with individual unique
features that present externally has long been used to acquire biodiversity data to learn
about population structure and dynamics, and inform management decisions (Hillman et
al. 2005; Bolger et al. 2012; Brown et al. 2019; Kays et al. 2022). Of relevance to manag-
ing the Nubian giraffe population in Kenya, our findings include individual attributes such
as sex and age that can be used in decision making for future translocations and manage-
ment. This is particularly salient for translocations involving areas such as Sergoit Farm
and Mwea NR where the male:female ratio is 1:1, and in areas such as Ruma NP where
the population has increased markedly. Additionally, the countrywide aerial survey of large
mammals conducted in mid-2021 found that there were more giraffe in Mwea NR and Ruma
NP compared to the photographic surveys (Muruana and Muneza 2018; KWS 2021). This
was notable given that aerial surveys tend to under count giraffe (Lamprey et al. 2020).
Given that, these variances can be attributed to the different survey methods, there is a need
for regular standardised individual photographic surveys to update the numbers and reli-
ably inform management decisions. Photographic surveys are more cost effective and thus
allow for long-term monitoring and more precise recording of individual attributes of giraffe
populations (Lee and Bond 2016).

In the Lake Nakuru NP, Mwea NR, and Ruma NP surveys, we observed that snaring and
GSD appeared uncommon, e.g. only one female giraffe exhibited signs of GSD in Lake
Nakuru NP. Severe forms of GSD and snares were reported to impact the movements of
individual giraffe in other populations (Muneza et al. 2017; Mudumba et al. 2020; Ber-
nstein-Kurtycz et al. 2023) but these effects are potentially minimal in the ranges where
Nubian giraffe occur in Kenya. Additionally, disease does not appear to be a major threat for
Nubian giraffe in Kenya. However, anthrax has previously impacted giraffe in Mwea NR
and Lake Nakuru NP, with the latter considered a hotspot for the disease in Kenya (Kaitho et
al. 2013; Gachohi et al. 2019). We also observed one case of congenital deformity in giraffe
in Lake Nakuru NP and Ruma NP, respectively. Despite these deformities, the two giraffe
did not exhibit poor body condition and appeared to feed normally (Ferguson et al. 2023).
The KWS mobile veterinary units respond to wildlife health and disease interventions in the
major conservation areas, and it is hoped that regular monitoring will increase our under-
standing of diseases that might impact Nubian giraffe in the country.

Based on a combination of photographic surveys, expert knowledge, and aerial surveys
there are currently &gt; 1,000 Nubian giraffe in Kenya. With the increasing population size
and distribution, we recommend that regular surveys should be conducted, particularly in
the key areas of Ruma NP, Soysambu WC, Lake Nakuru NP, Mwea NR, and Kigio WC
which collectively account for more than 90% of the Nubian giraffe population in the coun-
try. Regular, robust surveys and data analysis could provide detailed demographic param-
eters to inform future management decisions (MacKenzie 2005; Sandercock 2006; Pitman
et al. 2017). It would be prudent to update conservation status of Nubian giraffe in the
Wildlife and Conservation Management Act of 2013 considering their marked growth in
numbers and range since the 1970s. Additionally, we propose that Nubian giraffe in Kenya
should be listed as Vulnerable (D1) as part of a National Red List assessment using the
IUCN criteria based on their low number of less than 1,000 mature individuals in the coun-

@ Springer



Biodiversity and Conservation

try (IUCN 2022). Such a listing would better reflect and highlight the conservation success
in the country rather than current Critically Endangered TUCN listing.

To further support Nubian giraffe conservation in Kenya, we propose to undertake a
population viability analysis (PVA) of the population in Kenya. Considering that Nubian
giraffe largely occur in enclosed areas, with very little to no movement between populations,
a PVA would help to assess the potential or likelihood of the metapopulation going locally
extinct due to a wide range of threats, and inform future management and decision-making
(Keedwell 2019). While further work would be valuable, it is important to acknowledge that
the Nubian giraffe population in Kenya has considerably increased due to various conserva-
tion actions and that this increase should be considered a true conservation success story for
one of the most imperilled giraffe species.
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