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Abstract

Camels have the potential to increase the resilience of pastoral communities to the impacts of climate variability
and change. Despite this potential, there is limited documentation of the camel forage species, their availability and
distribution. The study was conducted in Karamoja sub-region in Uganda and involved assessment of vegetation
with intent to characterize the range of forage species available for camels in the region. The camel grazing area
was stratified based on land cover types, namely woodland, bushland, grassland and farmland using the Amudat
and Moroto district vegetation maps. Vegetation plots measuring 20 m × 20 m were mapped out among the land
cover types where species identification was undertaken. In addition, a cross-sectional survey involving 52 camel
herders was used to document the camel forage species preferences. Shannon and Simpson diversity indices as
well as the Jaccard coefficient were used to measure the species richness, relative abundance, diversity and plant
community similarities among the land cover types. Results showed high species richness and diversities in the
bushland and woodland land cover types. Plant communities in the woodland and bushlands were found to be
more similar. A wide range of plant species were reported to be preferred by camels in the study area, that is 63 in
Amudat and 50 in Moroto districts. respectively, with Balanites, Euphorbia and several Acacia species taking
precedence. Therefore, given the diversity of camel forage species, this study recommends increased adoption of
camel rearing in Karamoja sub-region. Further, the camel owners are encouraged to undertake conservation
management and deliberate production of preferred forage species such as Euphorbia tirucalli that also exhibit ease
of propagation and adaptability to the sub-region. This browse could support the milking herd and the camel
calves that remain at the homesteads. A toxicological analysis of E. tirucalli is however recommended, given irritant
latex discharge, prior to taking this recommendation to scale.
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Introduction
Camels (Camelus dromedarius) as drought-resistant
livestock species have become an important facet in the
economy, ecology and culture of pastoralists, particularly
under current climate variability and environmental
change (Hesse and Cotula 2006; Krätli et al. 2013;
Megersa et al. 2014b). Prolonged drought spells in many
arid and semi-arid areas have heightened the importance
of camel rearing among several pastoral groupings in
these regions (Evans et al. 1995). Camels, unlike other
livestock species, are uniquely adapted to hot and arid
environments that are unsuitable for crop production,
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thus contributing significantly to the food security of
pastoral households (Ahmad et al. 2010). This is because
they are reliable milk producers during dry seasons
when other livestock species such as cattle, sheep and
goats have lower milk production levels (Farah 2004).
Camels have thus shown enormous potential to enhance
the livelihoods and build the resilience of pastoral
communities to impacts of climate variability and
change. For example, among both the transhumant and
semi-transhumant communities such as the Samburu,
Rendille, Borana and Somali of eastern Africa, camels
have played a pivotal buffering role in safeguarding live-
lihoods against intermittent drought periods (Belay et al.
2005; Elhadi et al. 2015; Flintan et al. 2011; Tangus et al.
2004). This explains the observed recent transitions to
camel rearing in the east African region (Schwartz et al.
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2012) as communities such as the Karrayyuus in
Ethiopia and Borana, Samburu and Masaai that were
traditionally cattle rearing have adopted camel produc-
tion (Amante 2014; Kagunyu and Wanjohi 2014;
Schwartz et al. 2012).
The extent to which camels have proven to be a buffer

has led to camel husbandry in the recent past to thrive
as an adaptation strategy in response to ecological and
climatic change (Amante 2014). Climate variability and
change continuously threaten the productivity of trad-
itional livestock systems in arid and semi-arid environ-
ments through their impacts on pasture production,
water availability, herd size and productivity, disease
risks and thermal stresses (Megersa et al. 2014a; Thorn-
ton et al. 2009). The level of variability orchestrated by
climate change has had debilitating impacts on livestock
herds, and for that reason, the role of camels in enhan-
cing ecological resilience has become more profound,
given their exceptional biological and physiological adap-
tations (Awoke et al. 2015; Kagunyu and Wanjohi 2014).
Based on the role camels play in pastoral livelihoods,

their dietary requirements cannot be ignored. The nutri-
tional requirements of camels impact on their meat and
milk production and their performance as resilient ani-
mals. Camels are, by preference, browsers of a broad
spectrum of forage plants including trees, shrubs and
hard-thorny, bitter and halophytic (salty) plants that
grow naturally in the desert and other semi-arid areas
(Dokata 2014). Further, camel diets also include herbs,
forbs and grasses (Dorges and Heucke 2003; Iqbal and
Khan 2001). More often than not, camels tend to be se-
lective in their diet during the wet season when forage is
plentiful (Amin et al. 2011) but become indiscriminate
in their forage choices during the dry seasons (Amin
et al. 2011; McLeod and Pople 2008) due to forage scar-
city. Under natural conditions, camels take the largest
percentage of their diet from forage trees than grasses
(Abukashawa et al. 2016; Laudadio et al. 2009). These
woody plants are mildly affected by seasonal variations,
due to their extensive and deep root system and longer
life spans (Abel at al. 1997) and are consequently avail-
able all year round. They often bear green foliage even
in the dry season, and/or highly nutritious flowers and
fruits are available (Schwartz et al. 2012).
The camel forage preferences and nutritive value of

consumed forages have been studied in different parts of
the world. For instance, in northern Ethiopia, Opuntia
sp., Acacia brevispica and Becium species were reported
as the most preferred species by both calves and mature
camels (Chimsa et al. 2013; Dereje and Udén 2005).
According to Schwartz et al. (2012), Cadaba farinosa,
Indigofera spinosa, Vernonia cinerascens, Maerua crassi-
folia and Acacia tortilis dominated the diet of camels in
Isiolo District, Kenya. This was similarly observed in the
Jijiga district, eastern Ethiopia (Desalegn and Mohammed
(2012). Meanwhile, Kagunyu and Wanjohi (2015)
reported that Euphorbia tirucalli had emerged as an
important drought forage for camels among the Borana of
northern Kenya.
Like other livestock, pasture preference in camels de-

pends on the species present in the range, amount of
forage available and the nutritional quality of the plant
(Shaheen 2009). Additionally, the physical environment,
plant environment and animal behaviour all interact to
influence selection process during grazing (Iqbal and
Khan 2001). Environmental and anthropogenic factors
influence the composition and structure of grazing land
(Gwali et al. 2010) and thus affect the availability of for-
age for the livestock species. Moreover, information on
forage preference, behavioural activities and availability
and quality of forage are important in understanding the
camel forage relationship, proper camel husbandry and
ensuring sustainable forage as well as landscape manage-
ment in the semi-arid areas.
Understanding the camel forage array is of utmost im-

portance for the growing sphere of camel herders in
Karamoja. A few forage assessments (Egeru et al. 2015b;
Gradé 2008) have been done in the sub-region with a
broad spectrum for all livestock species. Earlier recom-
mendations by Mukasa-Mugerwa (1981) to undertake
research on browse forage for camels, since these were
going to become livestock of importance in the region,
have never received any further attention. This study
therefore focused on identifying camel forage species,
their relative abundance and diversity by land cover type
in the semi-arid Karamoja sub-region, Uganda.

Study area
The study was conducted in Moroto and Amudat
districts of the Karamoja region. Karamoja lies between
latitudes 1° 30′ and 4° N, and longitudes 33° 30′ and 35°
E in north-eastern Uganda. The region borders Sudan to
the north and Kenya to the east (Egeru et al. 2015b).
Karamoja experiences a semi-arid type of climate with
sporadic uni-modal rainfall patterns experienced
between May and August and an intensely hot dry sea-
son occurring from November to March (BakamaNume
2010). Rainfall in the sub-region ranges between 350 and
1000 mm per annum, and is variable in space and time
(Nalule 2010); this annual total rainfall makes the region
characterized as a sub-humid system. The temperatures
in the region are high, ranging from a maximum of 28
to 32.5 °C to an average minimum of between 15 and
18 °C (Mubiru 2010). Further, the sub-region has
suffered climate variations manifested in extended dry
spells, cyclic droughts and erratic rainfall patterns which
have affected crop and livestock production. The vegeta-
tion is dominated by indigenous tropical grasses, and the
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overstorey is mostly composed of Acacia species (Egeru
et al. 2014; Nalule 2010). The livestock population in the
region was estimated to be 2,253,960 cattle, 2,025,293
goats, 1,685,500 sheep, 960 donkeys and 32,870 camels
according to the 2008 national livestock census (MAAIF
and UBOS 2009). Amudat and Moroto districts were
purposively selected because they have the highest
number of camels in Karamoja sub-region (MAAIF and
UBOS 2009).

Methods
The study utilized both bio-physical vegetation assess-
ments and social research approaches. Vegetation as-
sessment was intended to characterize the foraging
range for the camels. A multi-stage sampling proced-
ure was used. In the first stage, in each district, one
sub-county was selected and further stratified based
on the land cover types of bushland, woodland, farm-
land and grassland. A grid of 1 × 1 km was laid on
the district map in order to facilitate systematic
sampling within the different strata. At every point of
Figure 1 Map showing sampling points in Moroto district (left) and Amud
intersection, a cluster of five sampling points was
systematically laid out at an interval of 100 m apart
distributed in the four cardinal points of the
intersection (Figure 1). Sample clusters lying in the
preferred vegetation strata were purposively selected
based on accessibility.
Three plots were randomly selected from each cluster

for assessment. A sampling intensity of 0.01% was
adopted as recommended by Malimbwi and Mugasha
(2002) and Malimbwi et al. (2005). The number of plots
assessed per vegetation strata varied depending on the
area size of the strata and relevancy to camel foraging. A
total of 46, 10, 6 and 5 plots were assessed in the
bushland, woodland, farmland and grassland strata
respectively. A Global Positioning System (GPS) was
used to capture spatial information for each plot, and in
each plot, all the tree and shrub species were enumer-
ated. Information on camel forage preferences was
gathered through a cross-sectional survey by way of
guided interviews among 52 camel herders selected
through a snowball sampling approach.
at district (right)
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Data analysis
Descriptive statistics were used to summarize the data
on the camel forage preference, relative abundance and
species richness. Kindt and Coe (2005) observed that
one diversity index does not provide sufficient informa-
tion to order sites from high to low diversity; conse-
quently, both Shannon and Simpson indices were used
to compare the plant diversity across the different land
cover types and between districts. The inverse of the
Simpson dominance (ds) was preferred to the Simpson
diversity index (Ds) for the analysis given that the latter
provides a good estimate of diversity at relatively small

sample sizes (Magurran 2004). The formula used was ds ¼ 1

−
P

ni ni−1ð Þ
N N−1ð Þ , where, ni is the abundance of species i and N

is the number of all species.
The value of this index ranges between 0 and 1, and

the greater the value, the greater the species diversity.
The Shannon index assumes that individuals are

randomly sampled from an infinitely large sample com-
munity and that all species are represented in the sample
(Magurran 2004). The Shannon index was calculated
from

H 0¼−
X

pi logpi

where p is the proportion (n/N) of individuals of one
particular species found (n) divided by the total number
of individuals found (N). The greater the value of the
index, the more diverse the community is.
Species compositional similarities among the land

cover types and between the two districts were estimated
using the Jaccard similarity index. The Jaccard similarity
index uses species presence/absence data for two sample
sets (in this case, land cover types and the districts) and
is calculated as J =M⁄(M +N), where M is the number of
Figure 2 Plant families in the study sites
species that occurs in both vegetation types and districts
and N is the number of species that occurs in only one
of the vegetation types and districts (Asase et al. 2010).
Community Analysis Package (CAP-4.1.3) and Species
Diversity and Richness (SDR-4.1.2) software were used
for diversity analysis. The translation of local species
names to scientific names was done with the help of lists
generated by Egeru (2014) and Gradé (2008).

Results
Woody species richness in the camel grazing sites
Thirty-eight camel forage species distributed in 20 fam-
ilies were recorded in the study sites. Of these, 28 and
31 camel forage species were recorded in Amudat and
Moroto districts respectively. Mimosaceae, Anacardia-
ceae, Celastraceae and Euphorbiaceae were the most
dominant plant families in the study sites (Figure 2).
Further, there were differences in species richness across
the land cover types. For example, in Amudat, 24 species
were recorded in the bushland, 14 in the woodland and
1 species in the farmland. On the other hand, 26, 16, 10
and 3 species were recorded in the bushland, woodland,
grassland and farmlands of Moroto district respectively
(Figure 3). There was a significant difference in the
species richness among the land cover types (P = 0.011);
however, there was no significant variation (P = 0.614) in
the species richness between the districts.
The most common species in the two districts

included the following: Acacia brevispica, Acacia nilo-
tica, Acacia senegal, Acacia seyal, Acacia tortilis and
Acacia sieberiana; Balanites rotundifolia, Opuntia coche-
nillifera, Commiphora africana, Dichrostachys cinerea,
Euphorbia candelabrum, Grewia mollis, Maytenus undata,
Rhus natalensis and Terminalia brownii; and Zanthoxylum
chalybeum, Rhus vulgaris and Lannea species.
Unique to Amudat district were species such as Ficus

sur, Acacia drepanolobium, Acalypha fruticosa and



Figure 3 Species richness in the land cover types

Table 2 Relative abundance of wood species among land
cover types of Amudat district

Bushland Farmland Woodland

Species % Species % Species %

Acacia brevispica 28.86 Ficus sur 100 Rhus vulgaris 20.45

Grewia mollis 14.68 Acacia nilotica 13.64

Rhus vulgaris 11.94 Acacia senegal 11.36

Lannea barteri 9.95 Grewia mollis 11.36

Maytenus undata 8.21 Acacia brevispica 9.09

Dichrostachys
cinerea

5.72 Maytenus undata 9.09

Rhus natalensis 3.73 Terminalia brownii 6.82

Acacia nilotica 1.99 Dichrostachys
cinerea

4.55

Balanites
rotundifolia

1.74 Acacia gerrardii 2.27

Commiphora
Africana

1.74 Acacia seyal 2.27

Others (n = 14) Others (n = 4)
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Ziziphus abyssinica while Gymnosporia gracilipes,
Cadaba farinosa, Acacia hockii, Annona senegalensis,
Allophylus africanus, Barleria acanthoides and Gardenia
ternifolia were unique to Moroto district.

Relative abundance of woody species among the land
cover types
The disaggregated results by land cover types that Grewia
mollis, Euphorbia candelabrum and Acacia brevispica
were the most abundant camel forage species in the bush-
land, woodland and grasslands of Moroto district respect-
ively (Table 1). Meanwhile, in Amudat district, Acacia
brevispica, Grewia mollis, Rhus vulgaris and Acacia
nilotica were the most abundant camel forage species
among the land cover types (Table 2).

Diversity and plant composition similarity in the camel
grazing sites
The diversity indices revealed high species diversities in
the bushlands and woodlands of both districts, with the
least diversity observed in the farmlands (Table 3). Spe-
cies compositional similarity statistics showed that the
plant community in the bushland of Moroto was found
Table 1 Relative abundance of wood species among land cover typ

Bushland Woodland

Species % Species %

Grewia mollis 20.6 Euphorbia candelabrum 26.1

Acacia brevispica 18.7 Opuntia cochenillifera 17.6

Gymnosporia gracilipes 13.0 Acacia brevispica 13.6

Euphorbia candelabrum 9.6 Grewia mollis 10.9

Maytenus undata 8.4 Gymnosporia gracilipes 10.5

Balanites rotundifolia 7.1 Rhus vulgaris 6.1

Rhus vulgaris 6.3 Maytenus undata 5.8

Acacia nilotica 4.8 Acacia seyal 2.0

Rhus natalensis 1.7 Rhus natalensis 1.7

Acacia hockii 1.1 Others (n = 7)

Others (n = 16)
to be relatively similar to that in the woodland of
Moroto (Jaccard index = 0.466667) (Table 4). The plant
community in the woodland of Amudat was found to be
similar to that in the bushland and woodland of Moroto
(Jaccard index = 0.448276 and 0.428571 respectively).
The plant community in the bushland of Amudat was
also found to be similar to that in the bushland of
Moroto and the woodlands of Amudat and Moroto
(Jaccard index = 0.447368, 0.366667 and 0.34375 respect-
ively). The farmland of Amudat was found to have least
similarity to all the habitats followed by the farmland of
Moroto.

Camel forage preference
The most common forage species reported by pastoral-
ists as preferred by camels in Moroto included Balanites
es of Moroto district

Grassland Farmland

Species % Species %

Acacia nilotica 30.0 Acacia tortilis 55.6

Ormocarpum trichocarpum 18.0 Acacia seyal 33.3

Euphorbia candelabrum 14.0 Balanites rotundifolia 11.1

Gymnosporia gracilipes 12.0

Cadaba farinosa 10.0

Acacia tortilis 6.0

Balanites rotundifolia 4.0

Acacia senegal 2.0

Barleria acanthoides 2.0

Grewia mollis 2.0



Table 3 Diversity of wood species among the land cover types

District Vegetation strata Shannon index Simpson dominance index

Amudat Bushland 2.357 0.85939

Farmland 0 0

Woodland 2.366 0.908034

Moroto Bushland 2.404 0.87686

Farmland 0.9369 0.63889

Grassland 1.962 0.84408

Woodland 2.152 0.85403
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aegyptiaca, Euphorbia tirucalli, Barleria acanthoides
and Grewia mollis (Table 4). In Amudat, Cadaba fari-
nosa, Rhus kwangoensis, Acacia species and Balanites
aegyptiaca were reported as most preferred by the
camels (Table 5).

Discussion
Richness and diversity of woody camel forage species
The study revealed the existence of a significant variety
of browse species in the camel grazing sites. Both
Moroto and Amudat districts were rich in browse spe-
cies with the species richness being more-or-less similar
between the districts. In Moroto, the richness in woody
species was related to the cultural and spiritual values
attributed to these species by pastoralists. Traditional
shrines in Moroto prohibit tree cutting since trees are
believed to be dwelling places for gods (Aleper and
Lotyang 2006). The richness of woody plants in Amudat
could on the other hand be attributed to the fact that
Table 4 Perceived camel forage preference in Moroto district

Scientific namesa Familya Vern

Balanites aegyptiaca Balanitaceae Ekore

Euphorbia tirucalli Eurphorbiaceae Eligo

Barleria acanthoides Acanthaceae Eme

Grewia mollis Tiliaceae Ekali

Ipomoea kituensis Convolvulaceae Eliaro

Acacia spirocarpa Mimosaceae Etirir

Rhus kwangoensis Anacardiaceae Ekurr

Opuntia cochenillifera Cactaceae Edap

Cadaba farinosa Capparaceae Erere

Capparis sp. Capparidaceae Echo

Acacia mellifera Mimosaceae Ereg

Capparis tomentosa Capparidaceae Erog

Capparis fascicularis Capparidaceae Ekad

Acacia nilotica Mimosaceae Ekap

Melia azedarach Meliaceae Elira

Aspilia mossambicensis Asteraceae Ekuy
aEgeru 2014; Gradé 2008; Katende et al. 1995
their elders strongly advise against tree cutting. This
district is also inhabited by the Pokot, originally from
Kenya, who rear camels. The Pokot attach great value to
trees, which they use for fodder, food, medicine, shade
and as meeting points for elders (Barrow 1988). The
sanctions against tree cutting could be to protect the
trees that are used as browse by the camels. It was ob-
served in Amudat that a small portion of land is cleared
within the vegetation, when setting up homesteads leav-
ing the rest of the environment intact. The homesteads
are also sparsely distributed within the landscape as
expected of pastoral groupings and settlement patterns.
The inventory of woody flora also revealed variation in

richness and diversity across land cover types. A study
by Egeru et al. (2015b) similarly reported a high species
richness and diversity in Karamoja sub-region. Higher
richness and diversity of browse species were recorded
in the bushland and woodland land cover types of both
districts in comparison to the other land cover types.
The differences could be due to varied micro-site fac-
tors, namely micro-climate, soil properties, elevation and
nutrients, which could be more favourable for woody
species growth in the bushland and woodland land cover
types. This could be through an effect on regeneration,
germination, seed production and phenological events of
these plant species. Spatial and environmental hetero-
geneity govern species richness-diversity gradients
(Egeru et al. 2015a; Stein et al. 2014). Human activities,
namely tree clearance by pastoralists in a bid to expand
cropping land as well as bush burning in grasslands to
allow for nutritious grasses to grow for the benefit of the
acular name % preference Growth forma

te 84 Tree

i/Ekilala 64 Tree

kui 60 Shrub

ye 56 Shrub

56 Climber

52 Tree

48 Tree

al 40 Shrub

ng 40 Shrub

gorom 36 Tree

ai 36 Tree

orogoete 24 Tree

elaie 20 Shrub

alimen 20 Tree

16 Tree

on 16 Shrub



Table 5 Perceived camel forage preference in Amudat district

Scientific namesa Familya Vernacular names % preference Growth forma

Cadaba farinosa Capparaceae Tugwo 78 Shrub

Rhus kwangoensis Anacardiaceae Akurion 59 Tree

Amongo 44

Acacia reficiens Mimosaceae Panyirit 44 Shrub/tree

Acacia brevispica Mimosaceae Kiptari 41 Shrub/tree

Balanites aegyptiaca Mimosaceae Akorete/Tuyunwo 33 Tree

Awapet 30

Opuntia cochenillifera Cactaceae Adapale 26 Shrub

Barleria acanthoides Acanthaceae Kelkelyan 26 Shrub

Pokot 26

Maerua angolensis Capparaceae Sarachan 26 Tree

Acacia tortilis Mimosaceae Ses 26 Tree

Grewia bicolor Tiliaceae Sitet 26 Shrub/tree

Zanthoxylum chalybeum Rutaceae Songowo 26 Shrub/tree

Mosolen 22

Grewia tenax Tiliaceae Taran 22 Shrub
aKatende et al. 1995; Timberlake 1994; Wigrup 2005
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grazing animals, could explain the scarcity of woody spe-
cies in the farmlands and grasslands of Amudat and
Moroto districts. Fire is a traditional tool for prevention
of bush encroachment and obtaining an early flush of
grass growth (McGahey et al. 2008; Turner 1967). Ac-
cording to Egeru et al. (2014), a rapid increase in crop-
lands in the Karamoja sub-region has been observed
over the last decade arising from the ‘chlorophyll syn-
drome’ - a perception that crop cultivation in the region
will assure the Karimojong food security. However, the
existence of high diversity and richness of woody species
in woodland and bushland land cover types is indicative
of how favourable the region is for camel rearing.
Camels are predominantly browsers whose forage con-
sists mainly of shrubs, bushes and trees (Iqbal and Khan
2001; Laudadio et al. 2009). Camels are known to prefer
the bushland and woodland land cover types because of
their shade provision during hot months and their
constant rich and varied food supply all year round
(Dorges and Heucke 1995, 2003). This implies that
camels could have adequate forage even in the face of
climate change and variability in Karamoja sub-region,
which is often affected by extreme and unpredictable
climatic events.

Relative abundance of woody camel forage species
The study revealed a variation in the relative abundance
of woody species among the land cover types and across
districts. The differences could be attributed to
environmental/habitat factors. Variations in habitats are
introduced by topography, geology, light intensity,
temperature, edaphic factors, humidity and herbivory
pressure (Bonkoungou 2001). These environmental gra-
dients with their complex interactions influence the
composition, structure, distribution and abundance of
woody species (Tadesse et al. 2008). Also, human-
induced factors such as selective tree cutting, expansion
of farming land and induced fires could explain the
difference in the relative abundances among the land
cover types. The relative abundance was dominated by
species, namely A. brevispica, G. mollis, E. candelabrum,
G. gracilipes and R. vulgaris. These species could per-
haps be among those that are least preferred by the
locals as construction materials or firewood. However,
some of these species such as A. brevispica are particu-
larly known for invasive characteristics (Angassa and
Oba 2008, 2010); as such, their high relative abundance
could be arising from their rapid spread and colonizing
effect on the landscapes in Karamoja sub-region. Fur-
ther, Nalule (2010) has shown that the relative abun-
dance of different tree species in Karamoja sub-region is
related to preference by local communities so certain
species dominate because they are less frequently
harvested by local people. The dominance of these spe-
cies in all the vegetation types could also be explained
by the fact that as camels and other livestock graze, they
transfer seeds of these plants from one grazing land
cover to another, thus explaining why these species are
common and dominant. These species could also be
invasive in nature, thus out-competing other species.
Studies by Egeru et al. (2014) and Nalule (2010) also
reported these species as common in Karamoja sub-
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region. These species also feature among those that are
preferred by camels as browse in southern Ethiopia
(Tolera and Abebe 2007). Meanwhile, the limited rela-
tive abundance of species, such as E. tirucalli, could be a
result of an unexpected foraging of the woody species,
as this has emerged as dry season forage for camels
(Kagunyu and Wanjohi 2015).

Similarity of plant community among land cover types
The plant communities were found to be more similar
in the bushlands and woodlands of both Amudat and
Moroto districts. These communities could have similar
soil conditions, for instance soil texture, saturation, pH
and organic matter. Camels are also known to prefer
grazing in these two habitat types (Dorges and Heucke
1995, 2003). Thus, it can be argued that camels transfer
species between and within the bushland and woodland
land cover types as they browse, thereby creating a pool
of similar plant species between them. However, the
plant communities in the bushland and woodlands were
found to be dissimilar to those in the farmlands and
grasslands. The differences could be attributed to
variations in disturbance levels, microclimate and ed-
aphic factors as well as observed transitions in land use
and cover in the region over the last three decades
(Egeru et al. 2014). Land clearance for crop production
has intensified, especially the production of sorghum, an
adaptable staple that occupies 80% of the total cultivated
land area in the sub-region. At 1500 kg/ha, sorghum
yields are low (Levine 2010). Consequently, households
expand land area in order to increase production. This
practice has left huge tracts of land open without
traditional trees and shrubs but also exposes these lands
to rapidly multiplying tree species such as Acacia oerfota
that quickly form bushlands once cultivated lands are
abandoned and their productivity declines.

Camel forage species preference as revealed by
pastoralists
A wide range of plant species were reported to be pre-
ferred by camels. Camels graze on a broad spectrum of
plant species including those that are avoided by other
domestic herbivores (El-Keblawy et al. 2009). This is
because of their unique anatomical and digestive charac-
teristics (Laudadio et al. 2009). These characteristics
come as an adaptation to harsh environments to which
camels have been accustomed.The majority of the spe-
cies reported as preferred by camels were trees and
shrubs. Camels’ inclination towards these woody plants
stems from their anatomical traits such as the mobile
and prehensile split upper lips, the long tongue, the
stretched neck and extended heads (Amin et al. 2011).
These make them preferentially browsers than grazers.
The woody plants are also less affected by inter-seasonal
variations due to their extensive and deep root system
and longer life spans (Abel at al. 1997) and are conse-
quently available all year round. Furthermore, most of
the large woody trees are evergreen with high-quality
forage throughout the seasons (Schwartz et al. 2012).
Their forage preferences and unique traits enable them
to efficiently use rangelands that are prone to drought,
with a degraded herbaceous layer, and those undergoing
bush encroachment (Schwartz et al. 2012). Camels are
consequently resilient to drought and can subsequently
build the resilience of pastoralists who depend on them.
The species reported as preferred by camels also

matched those that were recorded from field assess-
ments as the most abundant in the study sites. Camel
herders were in a position to cite preferred camel forage
species owing to their accumulated traditional ecological
knowledge, especially on livestock forage species and
landscape condition, as a result of them having observed
their animals feed over time. Two key issues arise from
this finding; first, there is correlation between traditional
observations of livestock feeding habits and abundant
forage species; thus, preference of particular forage-
browse species could be related to their availability at
the landscape level. Secondly, traditional observations of
tree abundance coincide with scientific observations,
suggesting that traditional deductions are not mere
coincidence. Similar findings have been recorded by a
number of researchers among the Borana, Turkana and
Rendile in Ethiopia and Kenya (Oba 2012; Oba and
Kaitira 2006; Roba and Oba 2008). Further, those
forage species observed here to be preferred by
camels have also been identified as such in previous
studies (Chimsa et al. 2013; Desalegn and Mohammed
2012; Kuria et al. 2012; Rutagwenda et al. 1990;
Schwartz et al. 2012).

Conclusion and recommendation
The sub-region presents a high richness, abundance and
diversity of woody browse dominated by several Acacia
species, Euphorbia sp., Balanites sp., G. mollis, and O.
cochenillifera that also featured among the most pre-
ferred camel forage as revealed by the community
survey. This is indicates availability of a broad spectrum
of camel forage. Further, these woody forage species can
withstand seasonal and climatic variations rampant in
the sub-region, thereby securing camel forage availability
all year around, thus making camel production a viable
livelihood option in the sub-region.
The study has also revealed that the pastoralists have

in-depth knowledge of camels’ forage preferences. This
diversity and abundance of woody browse coupled with
the indigenous knowledge of camel forage preferences
should be taken into account as adoption of camel
rearing in the region becomes an increasing reality.
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Camel owners are encouraged to undertake conser-
vation management and deliberate production of
forage species such as E. tirucalli that are easy to
propagate to secure access to forage particularly for
the milking herd and the camel calves that remain at
the homesteads. However, given concerns about the
irritant latex in this particular species, a toxicological
study should be undertaken to determine any likely
side effects increased by consumption of this forage
on the camels as well as on camel milk and other
products.
Future studies should assess camel forage preferences

as observed at grazing sites, including consideration of
seasonal influences and nutritive value. Further, studies
focused on determining the interaction between tree
density and ease of browsing, as well as coppicing and
regeneration ability of browsed species, need to be under-
taken. Finally, to further facilitate in-depth and precise in-
terpretation of differences in species composition between
land cover types in camel grazing sites and between re-
gions, bio-physical assessments that explore the effect of
site characteristics, namely topography, soil properties and
slope among others, on the diversity and density of camel
forage species ought to be included in the studies that will
be undertaken.
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