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ABSTRACT

Aims: This study sought to determine the effects of P. juliflora on the abundance and relative
diversity of other forage species in Turkana County.

Study Design: Ecological data collection entailed cross-sectional surveys across riverine and non-
riverine ecosystems.

Place and Duration of Study: The study was undertaken in three sub-counties within Turkana
County namely Turkana Central, Turkana West and Turkana South between 15" January to 17"
May, 2020.

Methodology: Sampling plots were used to collect plant abundance data from the various parts of
the study area. The plots were of three types; main plots of 30 mx 40 m (1200 m2), sub-plots of 5 m
x 2 m (10 m?) and square quadrats of 1 mx1 m (1 m®). The sub-plots and quadrats were nested
within the main plots which were in turn laid down along transect belts. The transects of width 40 m
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and 400m in length were laid down in two main habitats (riverine and non-riverine) of the three sub-
counties. Control plots were also laid in non P. juliflora sites.

Results: Prosopis juliflora was the most abundant species covering about 63% of the sampled
individuals (N=6390). This was followed by Acacia tortilis at 18% while Acacia mellifera was the
least. There was significant difference in abundance between sites and among counties (p<0.05).
The Shannon diversity index (H) in areas with Prosopis juliflora ranged between 0.40-1.27 while in
areas without Prosopis juliflora (or Control) it ranged between 1.5-2.1, indicating high diversity in
the areas without P. juliflora compared to areas colonized by it. Prosopis juliflora was also high in
the riverine areas compared to non-riverine areas across the three sub counties. Results show that
Prosopis juliflora has invaded vast areas especially the riverine ecosystem leading to a decline in
the population of key forage species and thus threatening the socio-economic livelihoods of
Turkana County.

Conclusion: Prosopis juliflora was the most abundant and dominant plant species in both the
riverine and non-riverine sites. The study also showed that P. juliflora has led to the decreased

plant species richness and diversity in the area because of its invasive nature.

Keywords: Prosopis juliflora; invasive shrub; arid and semi-arid lands; arid-land forage; Turkana.

1. INTRODUCTION

Prosopis juliflora is a perennial deciduous thorny
shrub commonly found in arid and semi-arid
lands (ASALs) but native to South America,
Central America and the Caribbean, where it is
known as Mesquite or Algarrobo [1]. The plant
can grow up to a height of 10 meters tall. P.
Juliflora grows in very dry and harsh conditions
where virtually no other trees can grow hence
ensuring self-sufficiency in fodder for livestock
and food for humans, fuel wood and timber [1,2].
In addition, the species makes the fragile arid
and semi-arid environments more habitable, thus
mitigating against the impacts of drought, famine
and climate change.

Prosopis juliflora was first introduced to Africa in
1822 in Senegal followed by South Africa in 1880
and Egypt in 1900 [3]. The plant was introduced
into Kenya in the late 1970s by the National
Irrigation Board (NIB), in collaboration with the
Finland government to help in solving
environmental and energy problems in irrigation
schemes within the ASALs [4]. In 1983, the plant
was introduced in Marigat in Baringo District
during the Baringo Fuel Wood Afforestation
Extension Project by the World Bank, Food and
Agricultural Organization (FAO) and Government
of Kenya (GoK) [5]. The aim of this introduction
was to help mitigate desertification and fuel wood
shortages in the arid and semi-arid lands
(ASALs) [6]. The plant was preferred in this
region because of its drought tolerance,
resilience, fast growth, source of fodder and fuel
wood [5]. Unfortunately, the invasion of the P.
juliflora species was not managed hence became
invasive, causing ecological, economic and

social impacts that included reduced pasture
production on grazing lands and loss of
biodiversity among others. Further planting of the
tree was stopped in the early 1990s when its
invasive characteristics were noticed [4]. In
Turkana County where the study was
undertaken, Prosopis juliflora was introduced in
1979 by the Government of Kenya (GoK) and
Norwegian Agency for Development Cooperation
(NORAD) through the Turkana Rehabilitation
Project [4]. However, the species has been
termed as a nuisance as it continues to invade
millions of hectares of rangelands [7].

It was purposely introduced in Turkana County to
help mitigate desertification, fuel wood and
fodder shortages. The plant however turned
invasive and has since colonized vast areas of
the pastoral rangelands heavily colonizing areas
along the water courses especially along River
Turkwell, River Kerio and on the western shores
of Lake Turkana [8]. The plant has heavily
invaded some parts of Turkana County including
Letea ward, Songoti ward, Lokangai, Loriu,
Kalokol, Lotubai, Katilu, Nanam, Turkwell and
Kerio [9].

Previous studies have associated P. juliflora
invasiveness with reduced diversity of the native
plant species growing in the same ecosystem [8].
According to [10] and [11], invasion of alien
species is one of the key drivers of biodiversity
loss which consequently disrupts the ecological
integrity and ecosystem functioning of a place. In
2004, International Union for the Conservation of
Nature (IUCN) rated P. julifora among the
world’'s top 100 least wanted plant species
because of its invasive nature [12]. From a study
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done in south Africa, ecosystem services such as
water supply and grazing potential mostly in arid
areas are clearly affected by Prosopis invasions
[13,14,15]. Further negative effects are noted on
bird and insect species richness and composition
in the Kalahari [16]. Prosopis has been proven to
increase the mortality of a keystone tree species
for instance the Acacia erioloba in the Kalahari
Desert [17]. All of these studies have been
limited to small areas or single sites and there is
a need for more extensive surveys to establish
both the nature of the invasions, and the degree
of impact that they are having in different
habitats. Such information would be necessary
for estimating the impacts of Prosopis over large
spatial areas, and for informing large-scale
management strategies. This study therefore
aimed at evaluating the impact of P. juliflora
invasion on forage plant species diversity in
Turkana County of Kenya in both riverine and
non-riverine areas. This was more so given that
this region is a pastoralists’ area with a fragile
ecosystem of sparse vegetation.

2. MATERIALS AND METHODS
2.1 Study Area

The study was undertaken in the three sub
counties of Turkana West, Turkana Central and
Turkana South in Turkana County where

Transect Belt

Sub-Plet
Main Plot

Prosopis juliflora is predominant especially along
the riverine regions where the soils are fertile
because of alluvial deposition with sufficient
moisture. Turkana County falls within the Arid
and Semi-arid ecological zone experiencing a
mean annual temperature of 29.3°C and mean
annual rainfall of 180 mm [18]. The area has
scarce vegetation cover predominated by acacia
woodlands [18]. The locals in the county are
nomadic pastoralists and depend on livestock for
their livelihoods [19].

2.2 Study Design

A cross-sectional survey was used to collect data
on the impact of Prosopis juliffora on the
abundance and species diversity of forage
plants. Sampling plots were laid to collect data
on plant abundance from the various parts of the
study area. The plots were of three types;
main plots of 30 m x 40 m (1200 m?), sub-plots
of 5m x 2 m (10m?) and square quadrats of 1
mx1 m (1m?). The sub-plots and quadrats were
nested within the main plots which were in
turn laid down along transect belts. The transects
of width 40 m and 400m in length were laid down
in two main habitats (riverine and non-riverine) of
the three sub-counties (Fig. 1). For
control purposes, plots were also laid in sites
colonized by P. juliflora and sites free from P.
juliflora.

Iiain Plot- 40m x 30m
Sub-Plot- 5m x 2m
Quadrat- Im x 1m

Fig. 1. A schematic diagram showing the laid out transects, main plots, sub-plots and quadrats
in a given habitat (not to scale)
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Each transect belt had four main plots. Within
each main plot, four sub-plots and two 1m?’
quadrats were laid within each sub-plot (Fig. 1).
This resulted to a total of 32 main plots, 128 sub-
plots and 256 one-meter square quadrats for the
entire area. The main plots were laid on the belt
transect at a distances of 100 m apart while the
subplots and quadrats were randomly placed
within the main plots. Within the main plots, all
large trees with diameter at breast height (DBH)
greater than 10 cm, were identified, counted and
their DBH measured using a diameter tape.
Within the sub-plots, trees with DBH between 2-
10 cm were identified and counted. In the 1m?
quadrats, all seedlings were identified and
counted. Any unidentified tree/plant species in
the sampled plots had its leaves and flower
specimen collected and preserved as a
herbarium specimen for further identification by a
taxonomist in the Masinde Muliro University
laboratory.

2.3 Species Diversity

Species diversity per ecological area was
calculated using the Shannon diversity index

S
H= _Z PiIn Pi
i=1

where:

H’is diversity index,

P;is the proportion of (n/N)
In is the natural log
£ summation of the calculations

2.4 Data Analysis and Presentation

Analysis of data was done using the PASWSs
Statistical Package version 20. Plant diversity
was calculated by using the Shannon Wiener
diversity index. Analysis of variance (ANOVA)
was determined to establish whether there was a
difference in plant abundance and diversity
between sites and among the sub-counties at
95% confidence interval. The analyzed data
was presented using tables, figures and
graphs.

3. RESULTS

3.1 Trees Species Abundance

A total of (N 6390) trees, saplings and
seedlings of 19 different species were sampled
from the three study sites of Turkana Central,
Turkana South and Turkana West. The sampled
species were of trees (DBH>10 cm), saplings
(DBH 2-10 cm) and seedlings. For the three sub
counties cumulatively, Prosopis juliflora was the
most abundant (63%) of the total species
followed by Acacia ftortilis at 18%. Acacia
melifera, which was observed in the surveys,
was the least abundant with less than 1% of the
total species in the area (Fig. 2).
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Fig. 2. A ranked abundance of tree species in Turkana Central, Turkana West and Turkana
South Sub-Counties
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3.2 Tree Species Diversity and Richness

3.2.1 Tree species diversity and richness in
Turkana Central Sub-county

In Turkana central, among the tree species with
DBH > 10 cm; Prosopis juliflora was the most
abundant with about 69.6% (n = 374) of the
individuals in the riverine region and 82.3 % (n =
79) of the total species in the non-riverine region.
P. juliflora also was the most abundant among
the saplings DBH (2-10cm) and seedlings (DBH
< 2cm). This comprised of 59% (n = 154), 41% (n
= 149) in the riverine and 85% (n =79), 97% (n =
33) in the non-riverine respectively (Table 1). The
second most dominant species in the riverine
and non-riverine areas was Acacia tortilis. Other
dominant trees but confined to the riverine areas
included Hyphaene coriacea, Zizyphus
mauritania and Ficus sycomorus. These species
are important for the pastoralists as they are
among the good fodder species for their
browsing goats. Other than Acacia ftortilis, the
last four mentioned species showed very low
numbers of seedlings (i.e. DBH<2cm) in the
riverine areas and non in the non-riverine areas.
This means that their regeneration was very
poor, and particularly in the non-riverine areas
where a whopping 97% of the seedlings on the
habitat floor were Prosopis juliflora. The latter
colonised the entire open landscapes and the
understorey of growing saplings and trees that
were found in the dry none riverine areas.

3.2.2 Tree species diversity and richness in
Turkana west Sub-county

The pattern of tree species distribution in
Turkana West was similar to that in Turkana
Central. Here among the trees (DBH > 10 cm),
P. julifiora was again the most abundant at
84.5% (n = 463) of the total individuals in the
riverine region but third in the non-riverine region
with only 17% (n = 18) of the total abundance. P.
juliflora also was the most abundant among
saplings of DBH (2-10 cm) and seedlings of DBH
< 2 cm which comprised of 90.4% (n = 322) and
56.6% (n = 158) in the riverine respectively. An
interesting observation in the non-riverine areas
was that Acacia reficiens was the most abundant
species among the saplings (DBH 2-10 cm) and
seedlings (DBH < 2 cm) while Acacia tortilis was
dominant for the large trees (DBH > 10cm),
(Table 2). The high number of seedlings of
Acacia reficiens compared to P. juliflora could
suggest that the former may be only species that
may counteract the dominance of the invasive P.
juliflora in this region.

3.2.3 Tree species diversity and richness in
Turkana South Sub-county

Among the trees (i.e. DBH >10 cm) in Turkana
South, P. juliflora was the most abundant with
about 52% (n = 344) of the total tree species in
the riverine region but its population declined
from the riverine habitat towards the non-riverine
habitat where the other species dominated. P.
julifiora was also the most abundant species
among the saplings and seedlings of all tree
species in both the riverine and non-riverine sites
(Table 3).

3.2.4 Tree species abundance, diversity and
richness in the control Plot

In the sites without Prosopis juliflora (Control),
there were no specific most abundant species in
both the riverine and non-riverine regions.
Generally, the big trees (DBH >10 cm in the
riverine region) ranged between 3.2% to 24.9%,
1.1% to 23.4% for the saplings and 1% to 35%
for the seedlings. In the non-riverine sites,
among the big trees, Acacia tortilis had the
highest percentage at (22%) followed by Acacia
senegal at 18%. Ficus sycomorus was the least
at 12%. Among the saplinggs and seedlings,
there was no specific abundant species as most
ranged between 20-27% (Table 4).

The abundance of P. juliflora in the three sub-
counties were subjected to ANOVA and the
results showed significant difference in
abundance between the riverine and non-riverine
sites across the sub counties (F =5.857, p =
0.006). P. julifiora abundance did not significantly
vary in the riverine sites across the three sub-
counties (p = 0.06). The abundance of P. juliflora
did not also vary in the non-riverine sites across
the three sub-counties (p =0.06).

3.3 Species Distribution

3.3.1 Tree species distribution in the riverine
sites

The study results showed that Prosopis juliflora
was more abundant in both the riverine and non-
riverine sites. In the riverine sites, the P. juliflora
population was high close to the river banks and
reduced as the distance from the riverbanks
increased (Fig. 3). The opposite was the case
with population of the other species which was
low in areas close to the riverine but increased
as the distance from the riverbank increased

(Fig. 3).
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Table 1. Trees species abundance and diversity in Turkana Central riverine and non-riverine regions

Turkana central Riverine Non-riverine
S. No Species SCDin each Type (F=Forage, N (DBH N (DBH2- N DBH<2 N (DBH>10 N (DBH2- N DBH
ecological area NF=Non forage) >10cm)% 10cm) % cm)% cm)% 10cm)% <2cm)%
01 Prosopis juliflora NF 364 69.6 154 59.0 149 41.2 79 823 29 853 33 971
02 Acacia tortilis F 79 151 54  20.7 166 45.9 5 52 2 59 1 29
03 Dobera glabra F - - - - - -
04 Balanites orbicularis F - - - 5 52 2 59 -
05 Acacia senegal F - - - 2 21 1 29 -
06 Acacia melifera F - 1 0.4 - 2 21 - -
07 Ficus sycomorus F 21 4.0 1 0.4 - - - -
08 Cordia sinensis F - - 5 1.4 1 1.0 -
09 Tamarindus indica F - - - - - -
10 Hyphaene coriacea F 36 6.9 18 6.9 19 5.2 - - -
11 Salvadora persica F 3 0.6 5 1.9 1 0.3 2 21 - -
12 Lycium europium F - 22 8.4 19 5.2 - -
13 Zizyphus Mauritania F 20 3.8 6 2.3 0 - -
Species richness 6 8 6 7 4 2
Shannon diversity 1.01 1.24 1.1 0.76 0.57 0.13
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Table 2. Trees species abundance and diversity in Turkana West riverine and non-riverine regions

Turkana West Riverine Non-riverine

S. no Species SCD in each Type (F=Forage, N (DBH>10 N (DBH 2-10 N DBH<2 N (DBH>10 N (DBH2- N DBH <2
ecological area NF=Non forage) cm%) cm%) cm%) cm%) 10 cm%) cm%)

o1 Prosopis juliflora NF 463 84.5 322 904 158 56.6 18 175 12 26.7 16 25.4

02  Acacia tortilis F 35 64 9 2.5 85 30.5 - - 1 2.2 0.0

03  Acacia nilotica F - - - - - - 38 36.9 7 15.6 16 25.4

04 Acacia reficiens F - - - - - - 30 291 22 48.9 31 49.2

05  Acacia nuica F - - - - - - 11 107 1 2.2 - -

06  Dobera glabra F - - - - - - - - - - - -

07 Balanites abicularis F 1 0.2 - - - - - - - - - -

08  Acacia senegal F 33 6.0 10 28 26 9.3 6 5.8 2 44 - -

09 Grewia villosa F 13 24 15 4.2 - - - - - - - -

10 Grewia tenax F - - - - - - - - - - - -

11 Cordia sinensis F 2 0.4 - - - - - - - - - -

12 Tamarindus indica F -2 - - - - - - - - - - -

13 Hyphaene coriacea F 1 0.2 - - 10 3.6 - - - - - -
Species richness 7 4 4 5 6 3
Shannon diversity 0.62 0.42 1.02 1.44 1.30 1.06
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Table 3. Trees species abundance and diversity in Turkana South riverine and non-riverine regions

Turkana South Riverine Non-riverine

S.no. Species SCD in Type N (DBH>10 N (DBH 2-10 N DBH<2 N (DBH>10 N (DBH2- N DBH <2
each ecological (F=Forage, cm (%) cm (%) cm (%) cm (%) 10 cm cm (%)
area NF=Non forage) (%)

01 Prosopis Juliflora NF 344 522 199 66.8 152 54.7 50 543 21 60 39 97.5

02 Acacia Tortilis F 136  20.6 63 211 95 34.2 5 54 3 8.6 -

03 Dobera glabra F 115 175 15 5.0 14 50 - - -

04 Balanites abicularis F - - - - 2 5.7 -

05 Acacia Senegal F 19 29 18 6.0 8 29 35 38.0 6 17.1 1 25

06 Grewia Villosa F 5 0.8 - 2 0.7 - - -

07 Grewia tenax F 18 2.7 - 2 0.7 - - -

08 Cordia sinensis F 14 21 - 1 0.4 - 1 29 -

09 Tamarindus indica F 6 0.9 2 0.7 - - - -

10 Hyphaene coriacea F 1 0.2 - 2 0.7 - - -

11 Salvadora persica F 1 0.2 1 0.3 2 0.7 2 2.2 2 5.7 -
Species richness 10 6 9 4 6 2
Simpson diversity 1.35 0.97 1.1 0.94 1.25 0.12
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Table 4. Trees species abundance and diversity in riverine and non-riverine sites without Prosopis juliflora (control)

Control(Sites without Riverine Non-riverine
Prosopis)

S. no Species SCD in each Type (F=Forage, N (DBH>10 N (DBH2- N DBH<2 N (DBH >10 N (DBH 2-10 N DBH <2
ecological area NF=Non forage) cm%) 10 cm%) cm%) cm%) cm%) cm%)

01 Acacia melifera F 140 249 44 55 20 10.0 - - - - - -

02 Acacia senegal F - - - - - - 35 183 90 20.7

03  Acacia tortilis F - - 188 234 71 353 42 220 118 271 39 40.6

04  Balanites orbicularis F 28 5.0 60 75 7 35 25 131 15 34

05 Cordia sinensis F 92 16.4 116 14.4 13 6.5 34 178 94 21.6 19 19.8

06  Dobera glabra F 72 12.8 112 13.9 39 194 - - - - - -

07  Ficus sycomorus F 18 3.2 3 0.4 - - 24 126 12 28 - -

08 Grewia villosa F 80 14.2 88 11.0 15 75 - - - - - -

09 Hyphaene coriacea F 18 3.2 17 21 5 25 - - - - - -

10  Salvadora persica F 36 6.4 68 85 16 7.8 29 152 106 244 38 39.6

11 Tamarindus indica F 60 10.7 9% 12.0 13 6.5 - - - - - -

12 Zizyphus mauritania F 18 3.2 9 1.1 2 1.0 - - - - - -
Species richness 10 1 10 6 6 3
Simpson diversity 2.08 2.1 2.0 1.77 1.60 1.05
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3.3.2 Tree species distribution in the Non-
riverine sites of Turkana County

In the non-riverine sites, the population of
Prosopis julifora was evenly distributed across
the area which was the cases with the other
species as shown by the selected species (Fig.
4). It was also noted that population of all the
species were much lower in the non-riverine sites
as compared to the riverine sites.
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4. DISCUSSION

4.1 Tree Species Abundance

The high abundance of Prosopis juliflora in the
riverine and non-riverine sites of Turkana County
concur with the findings reported in other regions
of Kenya like Baringo and Marigat [5]. The
dominance of Prosopis Juliflora in the three sub
counties has led to reduction of forage species
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which are beneficial to livestock production. The
high spread and growth of P. juliflora in the ASAL
areas was attributed to its ability to withstand the
hardy conditions of the region [5,20]. The plant’s
ability to produce many seeds all year round is
also a factor behind its high regeneration and
abundance [20]. A single mature tree is
estimated to produces approximately 630,000 to
980,000 seeds per year [21]. The high
percentage of seed germination, successful
mechanisms of dispersal and adaptability to a
wide range of ecological conditions are among
the driving factors to its widespread distribution
and abundance [22]. Several studies have
reported that Prosopis juliflora suppresses the
growth of Acacia spp as it suppresses the other
native species [3,23]. This suggests that
Prosopis was able to out compete native plants
for limited resources, such as light and water
[24,25]. The peculiar phenomenon seen in
Turkana  west where  Acacia  species
outnumbered Prosopis could be attributed to the
stringent measures put in place to preserve the
indigenous species and only allowing the locals
to use Prosopis as firewood in the Kakuma
refugee camp [26].

4.2 Species Richness and Diversity

This domination by one species at the expense
of all the other fodder species is likely to be
driven by several processes that include
allelopathy often observed with tree [23,26]. It is
this one factor of over domination of the
regeneration of dryland ecosystems in Turkana
by Prosopis juliflora that remains the biggest
threat to the socio-ecology of this region. This
concerning threat is further indicated by four
species (Dobera glabra, Balanites orbiculari,
Grewia villosa, Grewia tenax and Tamarindus
indica), which although common in the past,
were completely absent in both the riverine and
non-riverine areas.

This indication of reduced diversity in the areas
colonized by P. juliflora could suggest the
negative influence of P. juliflora on the
regeneration and establishment of other native
species in the region. This asserts the findings of
[27] and [28] which showed that invasion of
Psidium guajava L against selected native tree
species in Kakamega Tropical Forest is key
driver of biodiversity loss consequently disrupting
the ecological integrity and ecosystem
functioning of a habitat. This is also the case in
Turkana County where introduction of Prosopis
juliflora with the intention of rehabilitating the

area has led to the reduction of species diversity
of other plants that initially existed in the area.

For instance, before the introduction of P.
juliflora, there existed tree species like Acacia
mellifera, Balanites  orbicularis, Balanites
orbicularis, Cadaba rofundifolia, Commiphora
Africana, Dobera glabra, Doum palm, Euphorbia
magnicapsula, Grewia bicolour, Grewia
tembensis, Hyphaene coriacea, Lawsonia
inermis, Salvadora persica, Tamarindus indica,
Ximenia caffra which are have gone locally
extinct since the introduction of Prosopis juliflora.
The results concur with the other findings that
associated P. juliflora species with reduced
species diversity [8,11].

The plant has become invasive because of its
massive seed production throughout the season
and its mode of dispersal, which is mainly
through livestock and water [29]. Prosopis has
also been reported to smoother plants
underneath because of its canopy which is
thicker than those of other arid plant species like
Acacia [25]. It is also believed that Prosopis
julifiora has allelopathic effects that hinder the
growth of the native plant species [30,31].
Research in other areas around the world have
shown that Prosopis is more superior to the
native plant species in terms of competition for
the limited resources [24,32].

4.3 Species Distribution

The abundance of Prosopis juliflora was higher in
the riverine sites as compared to the dry non-
riverine areas mainly because of sufficient water
for growth as well as high soil nutrition as a result
of siltation within such sites [33,34]. In Turkana,
most of the enriched nutrient soils that causes
siltation are carried by the Turkwel River from the
upland farming region in West Pokot [35]. Given
this siltation, and the general trend of increased
abundance of P. juliflora from the riverine areas
towards the drier zone, it is likely that more
infestation and colonization of the streams that
drain into the Turkwel River will be infested with
P. juliflora. The high Prosopis juliflora abundance
in the riverine areas is also attributed to the fact
that these areas are the convergent zone for
most agents of dispersal mainly livestock and
water [32,36].

5. CONCLUSION

The abundance of P. juliflora population was high
close to the river banks and reduced as the
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distance from the riverbanks increased. In the
non-riverine sites, the population of Prosopis
juliflora was evenly distributed across the area
which was the cases with the other species. The
abundance of Prosopis juliflora was higher in the
riverine sites as compared to the dry non-riverine
areas mainly because of sufficient water for
growth as well as high soil nutrition The study
established high diversity of Prosopis juliflora in
the study area in both the riverine and non-
riverine sites for trees and seedlings. Species
diversity was low in areas colonized by the
invasive plant as compared to areas which were
not colonized and acted as control plots. This is
an indication that the invasive plant greatly
contributed to the decline in diversity of the
essential forage plants.

ACKNOWLEDGEMENTS

I would like to thank Professor John Obiri and Dr.
Humphrey Agevi of Masinde Muliro University of
Science and Technology (MMUST) for their
immense contribution towards this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Geesing D, Khawlani MA, Abba ML.
Management of introduced Prosopis
species: Can economic exploitation control
an invasive species. Unasylva. 2004;55:
36-44.

2. Sirmah P, Muisu F, Mburu F, Dumarcay S,
Gerardin P. Evaluation of Prosopis juliflora
Properties as Alternative to Wood
Shortage in Kenya. Bois Et Forets Des
Tropiques. 2008;298(4):25-35.

3. Zeila A. Mapping and managing the spread
of Prosopis juliflora in Garissa County,
Kenya (MSc. dissertation, Kenyatta
University); 2011.

4. Choge SK, Ngunijiri FD, Kuria M, Busaka
N. The Status and Impact of Prosopis spp.
in Kenya: KEFRI, Nairobi, Kenya; 2002.

5. Mwangi E, Swallow B. Prosopis juliflora
invasion and rural livelihoods in the Lake
Baringo area of Kenya. Conservation and
Society. 2008;6(2):130-140.

6. Pimentel D, Lach L, Zuniga R, Morrison D.
Environmental and economic costs of non-
indigenous species in the United States.
Bioscience. 2000;50:53-65.

123

10.

11.

12.

13.

14.

15.

16.

Pasiecznik NM, Felker P, Harris PJC,
Harsh LN, Cruz G, Tewari JC, Cadoret K,
Maldonado LJ. The Prosopis juliflora —
Prosopispallida complex: A monograph.
HDRA, Coventry, UK. 2001;1-172.

Muturi GM, Poorter L, Mohren GMJ,
Kigomo BN. Ecological impact of Prosopis
species invasion in Turkwel riverine forest,
Kenya. Journal of Arid Environments.
2013;92:89-97.

Choge SK, Pasiecnik NM, Harvey M,
Wright J, Awan SJ, Harris PJC. Prosopis
pods as human food, with special
reference to Kenya; 2007.
Available:http://www.wrc.org.za/Lists/Know
ledge%20Hub%20Items/Attachments/5507
[Article%2017%20abstract.pdf

Accessed on 13/05/2010

Richardson DM, Hui C, Nunez MA,
Pauchard A. Tree invasions: Patterns,
processes, challenges and opportunities.
Biological invasions. 2014;16(3):473-481.
Shackleton RT, Le Maitre DC, Van Wilgen
BW, Richardson DM. The impact of
invasive alien Prosopis species (mesquite)
on native plants in different environments
in South Africa. South African Journal of
Botany. 2015;97:25-31.

Mwangi E, Swallow B. Invasion of Prosopis
juliflora and local livelihoods: Case study
from the lake Baringo area of Kenya.
Nairobi, Kenya: World Agroforestry Centre.
2005;1-68.

Ndhlovu T, Milton-Dean SJ, Esler KJ.
Impact of Prosopis (mesquite) invasion
and clearing on the grazing capacity of
semiarid Nama Karoo rangeland,
South Africa. African Journal of Range
and Forage Science. 2011;28:129-
137.

Wise RM, Van Wilgen BW, Le Maitre DC.
Costs, benefits and management options
for an invasive alien tree species: The
case of mesquite in the Northern Cape,
South Africa. Journal of Arid Environments.
2012;84:80-90.

Dzikiti S, Schachtschneider K, Naiken V,
Gush M, Moses G, Le Maitre DC. Water
relations and the effects of clearing
invasive Prosopis trees on groundwater in
an arid environment in the Northern Cape,
South Africa. Journal of Arid Environments.
2013;90:103-113.

Dean WRJ, Anderson MD, Milton SJ,
Anderson TA. Avian assemblages in native
Acacia and alien Prosopis drainage line
woodland in the Kalahari, South Africa.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Clement et al.; CJAST, 39(33): 112-125, 2020; Article no.CJAST.62474

Journal of Arid Environments. 2002;51:
1-19.

Schachtschneider K, February EC. Impact
of Prosopis invasion on a keystone tree

species in the Kalahari Desert. Plant
Ecology. 2013;214:597-605.

Turkana  County.  Turkana  County
Integrated Development Plan. CIDP I

(2018-2022); 2018.

Available:https://www.cog.go.ke/download
s/category/106-county-integrated-
development-plans-2018-2022.

Opiyo FE. Climate variability and change
on vulnerability and adaptation among
Turkana pastoralists in  North-western
Kenya (Doctoral dissertation, University of
Nairobi); 2014.

Kipchirchir KO, Ngugi KR, Wahome RG.
Use of dry land tree species (Prosopis
Jjuliflora) seed pods as supplement feed for
goats in the arid and semi-arid lands of
Kenya. Environmental Research Journal.
2011;5(2):66-73.

de Souza Nascimento CE, Tabarelli M, da
Silva CAD, Leal IR, de Souza Tavares W,
Serrdo JE, Zanuncio JC. The introduced
tree Prosopis juliflora is a serious threat to
native species of the Brazilian Caatinga
vegetation. Science of the Total
Environment. 2014;481:108-113.
Haregeweyn N, Tsunekawa A, Tsubo
M, Meshesha D, Melkie A. Analysis
of the invasion rate, impacts and
control measures of Prosopis juliflora: A
case study of  Amibara District,
Eastern Ethiopia. Environmental
monitoring and assessment. 2013;185(9):
7527-7542.

Saxena SK. Ecology of Prosopis juliflora in
the arid regions of India. In Prosopis
species in the arid and semi-arid zone of
India. Proceedings of a conference held at
the Central Arid Zone Research Institute,
Jodhpur, Rajasthan, India. 1993;17-20.

Garcia-Serrano H, Sans FX, Escarre J.
Interspecific competition between alien
and native congeneric species. Acta
Oecologica. 2007;31(1):69-78.

El-Keblawy A, Al-Rawai A. Impacts of the
invasive exotic Prosopis juliflora (Sw.) DC
on the native flora and soils of the UAE.
Plant Ecology. 2007;190(1):23-35.

D’Aietti L, Ekakoro E, Gianvenuti A,
Jonckheere |, Lindquist E, Ochieng RM,
Owen MG. Rapid Assessment of Natural

27.

28.

29.

30.

31.

32.

33.

34.

124

Resources Degradation in Areas Impacted
by the Refugee Influx in Kakuma Camp,

Kenya. Technical report No. 142631;
2019.
Kawawa R, Obiri J, Muyekho F.

Allelopathy potential of invasive Psidium
guajava L, against selected native tree
species in Kakamega Tropical Forest,
Western Kenya. Journal of Pharmacy
and Biological Sciences. 2016;11(5):
80-86.

Adhiambo R, Muyekho F, Creed |, Enanga
E, Shivoga W, Trick C, Obiri J. Managing
the invasion of guava trees to enhance
carbon storage in tropical. Forests. Forest

Ecology and  Management.  2019;
432(2019):623-630.
Mworia JK, Kinyamario JI, Omari JK,

Wambua JK. Patterns of seed dispersal
and establishment of the invader
Prosopis juliflora in the upper floodplain of
Tana River, Kenya. African Journal of
Range & Forage Science. 2011;28(1):
35-41.

Getachew S. Allelopathic Effects of the
invasive Prosopis julifiora (Sw.) DC. on
selected native plant species at Middle
Awash, Southern Afar Rift of Ethiopia.
Doctoral dissertation, Addis Ababa
University; 2010.

Getachew S, Demissew S, Woldemariam
T. Allelopathic effects of the invasive
Prosopis juliflora (Sw.) DC. on selected
native plant species in Middle Awash,

Southern  Afar Rift ~of  Ethiopia.
Management of Biological Invasions.
2012;3(2):105-114.

Kebede AT, Coppock DL. Livestock-

mediated dispersal of Prosopis juliflora
imperils grasslands and the endangered
Grevy’'s zebra in North eastern Ethiopia.
Rangeland Ecology & Management.
2015;68(5):402-407.

Richardson DM, Holmes PM, Esler KJ,
Galatowitsch SM, Stromberg JC, Kirkman
SP, Hobbs RJ. Riparian vegetation:

Degradation, alien plant invasions,
and restoration prospects. Diversity
and Distributions. 2007;13(1):126-
139.

Athalye RP. Biodiversity of Thane Creek.
In the Proceedings of the National
Conference on Biodiversity: Status and
Challenges in Conservation, FAVEO.
2013;9-14.



35.

Clement et al.; CJAST, 39(33): 112-125, 2020; Article no.CJAST.62474

Mbaabu PR, Ng WT, Schaffner U, Gichaba
M, Olago D, Choge S, Eckert S. Spatial
evolution of Prosopis invasion and its
effects on LULC and livelihoods in
Baringo, Kenya. Remote Sensing. 2019;
11(10):1217.

36.

Robinson TP, Van Klinken RD,
Metternicht G. Spatial and temporal rates
and patterns of mesquite (Prosopis
species) invasion in Western Australia.
Journal of Arid Environments. 2008;72(3):
175-188.

© 2020 Clement et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/62474

125



