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Abstract:

The ecosystem integrity of the Simanjiro Maasai steppe rangeland in Tanzania is
threatened by the invasive plant Ipomoea hildebrandtii Vatke. However, its
invasion status, impact and control techniques are unclear in the country. We
conducted a study in Terrat and Sukuro villages in Simanjro District, Tanzania, to
assess its invasion status and impact across grassland—-woodland habitats using
point sampling techniques. Key informant interviews and questionnaires were used
to assess techniques used by the Maasai pastoralists to control /. hildebrandtii. A
total of 10 plots (70 m® each) with 9 quadrats (1 m” each) in the invaded and non—
invaded sites were established to study /. hildebrandtii invasions. The impact of /.
hildebrandtii on rangelands was investigated by comparing herbage (herbaceous
vegetation) species composition, richness, basal cover and biomass productivity
between invaded and non-invaded plots. Results revealed that /. hildebrandtii
invasion was higher in grass woodland habitats (90%) than in non-invaded plots.
Non-invaded plots exhibited higher biomass productivity (0.289 + 0.03 t DM/ha)
than invaded plots (0.202 + 0.02 t DM/ha). Furthermore, non—invaded plots had a
higher basal cover (grasses: 54.71 + 1.95%, forbs: 45.29 + 1.95%) compared with
invaded plots. We also recorded high native plants abundance in quadrats with low
I. Hildebrandtii density (22.00 + 1.36). Additionally, 81% of Maasai pastoralists
reported to manually (uproot) control /. hildebrandtii. Based on the results of our
study, we recommend further research and novel control techniques coupled with
education to be implemented in the Simanijiro.
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INTRODUCTION

Rangelands provide vital resources for wildlife and
livestock, and support human livelihoods and
recreational activities [1,2]. However, rangelands
integrity and sustainability are threatened by weeds
and/or invasive plant species in addition to
anthropogenic changes [1,3-5]. Earlier studies have
described factors which facilitate the spread of invasive
plants on rangelands [2]. These include, but not limited
to overgrazing by livestock, habitat degradation,
change in climatic conditions, frequency and timing of
fires that may cause shifts in native biodiversity
composition, deliberate or accidental introduction of
alien plants or their seeds for agricultural purposes or
food [2,6]. But, many invasive plants have been
introduced to rangelands deliberately to satisfy human
needs i.e. for shade provision, erosion control, and
improving forage productivity [1,7]. Following their
establishment, invasive plants have the potential to
reduce rangelands’ ability to provide ecosystem
services i.e. provision of fodder quality and quantity for
livestock and wildlife [1,8—11]. Correspondingly, their
negative impact on rangelands have been reported to
disrupt human wellbeing [12,13].

The spread of some invasive plants on rangelands are
frequently enhanced by wind, flood water, and
contaminated crops seeds or grains, and agricultural
implements [6,8,14]. Also, the establishment of tropical
botanical gardens have been reported to play a
significant role in the spread of invasive plants on
rangelands [15]. As invasive plants dominate on
rangelands they modify vegetation structure by
suppressing native species through allelopathy or
competition for resources i.e. water, nutrients, space,
pollinators and light [16-19]. Allelopathy has been
defined as effect of a plant species on seeds
germination, growth and development of nearby plants
by the release of allelochemicals into the habitat [20].
Due to allelopathy and competition, invasive plants
transform rangelands into novel ecosystems which are
unable to carry out their ecosystem function [1].

Moreover, previous studies show that invasive plants
exert negative effect on crop and livestock production
[21], pollination [17,22,23] as well as human and
animal health [10,24]. The magnitude of the problem is
supposed to be augmented by the increase of
invasions and spreading nature of invasive plant
species [21]. Furthermore, the cost related to the
control of invasive plants in rangelands have been
claimed to be substantial [2,8]. For instance, in the
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United States, it was estimated that the annual cost of
controlling invasive plants in rangelands is US$5 billion
[2].

There are over 100 rangeland invasive plant species in
Tanzania with negative impact on biodiversity [7,25]. Of
these, some of the problematic invasives with
deleteriously effects on native biodiversity include

Parthenium hysterophorus L. (Asteraceae),
Chromolaena odorata (L.) R.M.King & H.Rob.
(Asteraceae), Ipomoea hildebrandtii Vatke

(Convolvulaceae), Leucaena leucocephala (Lam.) de
Wit (Fabaceae), Acacia mearnsiiDe Wild (Fabaceae),
Acacia melanoxylon R. Br (Fabaceae), Agave
angustifolia Haw. (Agavaceae), Caesalpinia decapetala
(Roth) Alston (Fabaceae), Calotropis procera W.T.

Aiton (Apocynaceae), Clidemia hirta (L.) D. Don
(Melastomataceae), Datura stramonium L.
(Solanaceae), Lantana camara L. (Verbenaceae),
Opuntia stricta (Haw.) Haw. (Cactaceae), and

Xanthium strumarium L. (Asteraceae) [7,19,26,27].
These and other invasive plant species have harmful
effects on rangeland and pastures through altering
vegetation dynamics [25,27]. They suppress
rangelands’ native vegetation through allelopathy or
resource competition, modify plant community
structure, reduce rangeland productivity and crop
yields, and cause health problems to human and
animals [25]. In general, their invasions on rangelands
are associated with economic losses [12,28,29].

In Tanzania, many rangelands are vulnerable to
invasive weeds [7,18,19,26,30]. This may be due to
climatic conditions coupled with anthropogenic habitat
change [15]. Maasai steppe rangelands outside the
Tarangire national park in Tanzania are examples of
rangelands prone to invasive plants i.e. I. hildebrandlii.
The Maasai steppe rangelands are important
recruitment sites for wildlife from the park and for
Maasai pastoralists [31-33]. Although the Maasai
steppe rangelands are vital source of nutritive forage
value [32], they are endangered by /. hildebrandtii and
land—use change [31]. Ipomoea hildebrandtii has also
become very abundant in other rangelands in Tanzania
[30]. Similar to the impact of an invasive Ipomoea
kituensis in Kenya [34], also, I. hildebrandtii causes
environmental and socio—economic damage, and
serious threats to native biodiversity. For instance, a
study in Kenya reported that invasion of /. hildebrandtii
on rangelands caused a decline or loss of nutritious
fodder species and livestock loss, and altered
ecological systems and edaphic characteristics [21,35].
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Despite the threats posed by /. hildebrandtii on
biodiversity and livelihoods [21,30,35], the invasive is
still under-reported and understudied in Tanzania.
Ipomoea hildebrandltii is a sub—woody shrub with hairy
stems [35]. It is perennial herb species which grows up
to 4 m tall [35]. It is native to east Africa, Kenya,
Tanzania, Uganda, Ethiopia, Democratic Republic of
the Congo and Rwanda [21,30,35]. However, it has
become invasive in Ethiopia, Kenya and Tanzania
[21,25,36]. It grows and invades wastelands and
degraded and disturbed habitats i.e. roadsides,
overgrazed rangelands and savannah [35]. In east
Africa, the spread of I. hildebrandtii is increasing in the
region because it is often grown as an ornamental [35].
Apart from frequent drought and overgrazing which
decrease grass forage in Maasai steppe rangelands
[33], I. hildebrandtii invasions seems to escalate the
problem of inadequate forage. Similarly, in Kenya,
particularly in Mashuru and Namanga divisions the
invasion of I hildebrandtii has been considered as a
major problem to livestock production as it reduces
grass forage [35].

Furthermore, I. hildebrandtii is inedible to livestock and
wildlife and therefore competes for resources with other
plants, and thus, causes a decline in production of
forage biomass. As a result, it threatens wildlife
sustainability and their distribution in Tarangire—Maasai
steppe rangelands. This is because the Maasai steppe
rangelands which are the pastoral areas are also
important seasonal dispersal zones of wildlife i.e.
zebra, wildebeest and buffaloes. Despite growing
knowledge about biological invasions in Tanzania,
there is still a wide gap in understanding of I
hildebrandtii in Maasai steppe rangelands. This is
because the invasion status of /. hildebrandltii is under—
reported, and its impacts and control techniques are
unclear in the country, particularly in Simanjiro district.

Thus, this study was carried out to assess the invasion
status, impact and control techniques of I. hildebrandtii
across different habitats i.e. grassland, bushland, and
woodland in Maasai steppe rangelands. We
hypothesized that; (i) /. hildebrandtii negatively impact
biomass production, species richness and basal cover
of herbage plants in the invaded habitats, (i) Maasai
pastoralists practice cultural ways to control the /.
hildebrandtii and (iii) Grasslands are highly invaded by
1. hildebrandtii compared with woodland habitat.

MATERIALS AND METHODS

The study was conducted in Terrat and Sukuro villages
in Simanjiro district, Tanzania (Figure 2). Simanjiro
district's plains are located between 3°52'S, 36°05' E
and 4°24' S, 36°39' E. The temperature in Simanijiro
ranges between 19 °C and 26 °C, and the average
annual rainfall is 450 — 600 mm. The Maasai ethnic
communities in Simanjiro rangeland plains are
pastoralists. These rangelands are also used by
wildlife. Agro—pastoralists and crop farmers in
Simanjiro mainly cultivate maize and beans. Common

vegetation in Simanjiro rangeland plains include
Digitaria macroblephara (Hack.) Stapf, Panicum
coloratum L., Acacia ftortilis (Forssk) Hayne,
Commiphora schimperi (O. Berg) Engl, Acacia

stuhlmanni Taub. and Pennisetum mezianum Leeke.

Assessing the Invasion and Control Techniques of
I. hildebrandtii

We used point sampling technique to assess the
invasion status of I. hildebrandtii across grassland and
woodland habitats in Terrat and Sukuro villages [21].
The surveys of [. hildebrandtii in Maasai steppe
rangelands involved habitat categories; grassland,
woodland, grass bushland, wood grassland, bush

Figure 1:
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Ipomoea hildebrandtii spreading on Maasai steppe rangelands in the Simanijiro, Tanzania.
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woodland, and grass woodland. In each habitat, we
estimated the density of I hildebrandtii based on
percentage acre estimation [35,37]. Furthermore, we
assessed techniques used by the Maasai pastoralists
to control the impact and spread of I. hildebrandtii on
rangelands. We used key informant interviews (18
individuals) and questionnaire surveys (60 individuals)
in each study villages [21,27]. Participants for
questionnaire surveys in the study villages were
selected based on probability sampling technique
through simple random sampling [21]. The percentage
of I. hildebrandtii invasion status was compared across
grassland, woodland, grass bushland, wood grassland,
bush woodland and grass woodland.

Assessing the Impact of I. hildebrandtii on Herbage
Plant Species

A total of 10 plots of 70 m? each with 9 quadrats of 1 m?
each in the invaded and non-invaded sites were
established. The plots were at an interval of 300 m
apart. The impact of I. hildebrandtii on rangelands were
investigated by measuring and comparing the
composition of herbage species, richness, basal cover
and biomass productivity between invaded and non—
invaded  areas [35,37,38]. Herbage  species
composition, species richness, basal cover and
biomass productivity were determined using a metal
frame quadrat (1 m x 1 m) thrown at 30 m paces in
each of the 10 plots both in the invaded and non-—
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Figure 2: Map showing study villages (Terrat and Sukuro) in the Simanijiro plains.
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invaded areas. We counted the number plant species
and estimated the herbage species composition and
basal cover (%) visually in invaded and non-invaded
plots [37,38]. Herbage foliage was clipped by hand
sickle at 2.5 cm above the ground to determine
biomass productivity. Fresh weight of the sample (W)
was determined in the field using a 0.01 precision
digital scale. The fresh samples were then transferred
in the laboratory and dried in an oven at 60 °C for 48 h
[18,39]. Dried samples were measured to determine a
dry weight (Wz). The W, and W, were used to calculate
dry matter (DM) (equation 1) and herbaceous biomass
or yield productivity (tonne, DM/ha) (equation 2).

DM (%)=%x100 (egn 1)

Average DM yield x 10000 m*
1m’

t DM [ ha = (egn 2)

where t and ha are tonne and hectare, respectively.

Furthermore, we estimated visually the density of .
hildebrandtii and native plant species in each nine
quadrats (1 m2) as high, medium, and low when the
invasive individuals were > 4, 3—4, and 1-2 in 1 m?
quadrat respectively [40]. We compared the density of
. hildebrandtii and the abundance of native plant
species.

Statistical Methods

The effect of I hildebrandti on herbage species
composition, species richness and basal cover were
compared between invaded and non-invaded sites
using a Mann-Whitney test. The impact of |
hildebrandtii on abundance of native plant species was
analysed using one—way ANOVA (general linear model
procedure) with the number of quadrats as the unit of
replication and density categories as categorical
predictor. Respectively, homogeneity of variance and
normality were tested using Levene’s and Shapiro—
Wilk’s test. Mean comparisons were performed using
the post hoc Tukey-Kramer Honest Significant
Difference (HSD) test. For all the tests, a 0.05
significance level was used. Statistical tests were
performed with Origin version 9.0 SR1 (2013).

RESULTS

Higher invasions of I. hildebrandtii on Maasai steppe
rangelands was found in grass woodland and wood
grassland represented by 90% and 80%, respectively
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(Table 1). It was found that the local people especially
the Maasai pastoralists control the spread of I.
hildebrandtii on rangelands through mechanical means
which involves manual removal or uprooting and
burning of the invasive seedlings (Table 2). This control
technique was reported as the most preferable
approach for suppressing /. hildebrandtii in the study
villages (Table 2). Uprooting and burning of I
hildebrandtii were claimed to be cheap and simple
techniques to use by any person in his or her area (s).
Moreover, we learnt that these techniques were
practiced at family level as there was no prevention or
control measures for I. hildebrandtii at the community
level. Additionally, awareness about biological
invasions, management and impact of invasives on
biodiversity and livestock were very low to Maasai
communities in the study villages. Additionally, we did
not find any information from local people about the
use of herbicides and/ or biological control as an
approach to suppress I. hildebrandtii during our study.

Table 1: Percentage (%) of Ipomoea hildebrandtii
Invasion in Different Habitats
Habitat Invasion status (%)

Grass bushland 30

Grassland 20
Wood grassland 80

Woodland 70
Bush woodland 0
Grass woodland 90

In Terrat village, invaded site had a higher |
hildebrandtii basal cover of 51.86 + 1.84% compared
with Sukuro village which had 40.15 £ 2.44% (Z = 1.14,
p < 0.001; Table 3). The invasive [. hildebrandtii
reduced basal cover of both grass and forb species by
46 % in the invaded site (p< 0.001). The mean basal
cover of I. hildebrandtii in invaded site was 46.01 +
2.14% compared with grasses and forb (Table 3).
Invaded site had lower basal cover for grasses (29.38 +
1.34%) and forb species (24.70 + 1.20%) than non—
invaded site (Table 3). It was observed that presence
of 1. hildebrandtii cover in the invaded plots was
associated with 46% decrease in basal cover for both
grass and forb species. Furthermore, invaded plots had
lower herbage biomass productivity compared with
non—invaded plots (0.202 + 0.02 and 0.289 + 0.03 t
DM/ha, respectively, Z = 1.14, p< 0.002, Figure 3).
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Table 2: Control Techniques for [Ipomoea hildebrandtii in Maasai Steppe Rangelands
Respondents (n)
Control techniques
n=78 Per cent (%)
Preventing importation of alive plant via immigrants 12 15
Manual removal/ uprooting of /. hildebrandtii seedlings 63 81
Burning of uprooted /. hildebrandtii seedlings 36 46
Chemical control of I. hildebrandtii 0] 0]
Biological control of /. hildebrandtii 0 0
Table 3: Herbage Basal Cover between Invaded and Non-Invaded Site
Mean basal cover (%)
Herbage type
Invaded sites Non-invaded sites
Ipomoea hildebrandtii 46.01 £ 2.14 n.a n.a
Grasses 29.38 + 1.34° 54.71 + 1.95° *
Forb species 24.70 £ 1.20° 4529 + 1.95° *

Values with different letter (s) in a row differ significantly at p < 0.05, *indicates significant difference, n.a = not applicable.
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Figure 3: Herbage biomass productivity in site with (invaded
site) and without (non-invaded) Ipomoea hildegrandtii.
Different letters indicate significant difference at p < 0.05.
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The abundance (mean + S.E) of plant species, both
grasses and forbs in high (13.33 + 1.09), medium
(16.56 + 1.19) and low (22.00 + 1.36) density of /.
hildebrandtii differed significantly (Fp, 24 = 12.86, p =
0.0001, Figure 4).

Results of the study revealed that quadrats with /.
hildebrandtii low density had higher native plant
species abundance (Figure 5). Grass species
composition between invaded and non-invaded sites
did not differ significantly (p 0.589). However,
composition of some plant species were less abundant
in the invaded plots, for instance, Cenchrus ciliaris L.
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(2.3%), Brachiaria spp. (1.7%), Hyperrhenia spp.
(1.7%), Eragrostis spp. (1.3%) and Dactyloctenium
aegyptium (L.) Willd (0.4%) (Table 4). Digitaria spp.
(27.1%), Cynodon dactylon (L.) Pers. (21.8%) and
Aristida stipoides Lam. (11.4%) were abundant in the
invaded plots (Table 4). Moreover, forb species
composition between invaded and non-invaded plots

15 -

10

Native plants abundance
Q

-5

T T T
High Medium Low

Density of invasive Ipomoea hildebrandtii

Figure 4: Impact of Ipomoea hildebrandtii density on the
abundance of native plant species. High, medium and low
density is represented by > 4, 3—4, and 1-2 individuals in 1
m? quadrat, respectively. Box plots show the mean (a square
within boxes) and ranges from 25 to 75% quartile, and the
tips of the whiskers indicate the 5th and 95th percentiles.
Different letters on bars indicate significant difference based
on Tukey’s HSD test at p = 0.05.
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Figure 5: Variation in the number of native plant species in quadrats with respect to Ipomoea hildegrandtii density. High,
medium, and low represent /. hildebrandtii density when the individuals were > 4, 3—4, and 1-2 in 1 m? quadrat, respectively.

Table 4: Grass Species Composition (%) in Invaded and Non-Invaded Sites

did not differ significantly (p = 0.611, Table 5).
Gutenbergia cordifolia Benth. (14.3%), Cyathula
cylindrical Moq. (2.2%), Barleria ramulosa C. B. Clarke
(1.3%) were lower in the invaded plots (Table 5). We
recorded 15 grass and 14 forb species in the invaded
and non—invaded plots, respectively (Table 4). Further,
many forb species were recorded in the invaded
compared with non-invaded plots i.e. 21 and 16
respectively (Table 5).
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Grass species Species composition (%)
Invaded sites Non-invaded sites

Digitaria spp. 271 20.5
Cynodon dactylon (L.) Pers. 21.8 14.4
Aristida stipoides Lam. 11.4 1.4
Urochloa spp. 8.3 4.7

Nandi setaria Stapf. Ex. Hubb 7.0 3.7
Cyperus rotundus L. 6.6 6.5

Melinis minutiflora P. Beauv. 5.2 0.0
Sporobolus spicatus (Vahl) Kunth 2.6 1.9
Cenchrus ciliaris L. 23 7.8
Themeda spp. 2.2 1.9

Brachiaria spp. 1.7 21.4
Hyperrhenia spp. 1.7 2.8
Eragrostis spp. 1.3 6.5
Bothriochloa insculpta (A.Rich) A. Camus. 0.4 0.9
Dactyloctenium aegyptium (L.) Willd 0.4 5.6

DISCUSSION

Ipomoea hildebrandtii which is rapidly spreading in
eastern African rangelands is considered an invasive
plant with deleterious effects on the wider ecosystem
[21,35]. In our study we found that [I. hildebrandtii
invasion is strongly associated with disturbed habitats
as it has been reported in southern region of Kenya.
The invasive plant is invading disturbed or degraded
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Table 5: Forb Species Composition (%) in Invaded and Non-Invaded Sites
Forb species Species composition (%)
Invaded sites Non-invaded sites

Gutenbergia cordifolia Benth. 14.3 23.4
Oxygonum sinuatum (Hochst. & Steud. ex. Meisn.) Dammer. 14.3 14.7
Cyathula cylindrica Moq. 2.2 11.9

Tephrosia ehrenbergiana (Schweinf.) Brummitt 10.2 11.2
Solanum campylacanthum L. 13.1 10.4
Convolvulus sagittatus Thunb. 10.8 8.6
Commelina benghalensis L. 5.6 3.6
Crotalaria sp. 0.0 3.2

Macrotyloma maranguense (Taub.) Verdc. 6.7 29
Barleria ramulosa C. B. Clarke 1.3 25

Emilia javanica (N. L. Burm.) C. B. Robinson 0.0 25
Justicia exigua S. Moore 11.8 2.2

Crotalaria polysperma Kotschy 0.0 1.4
Leucas glabrata (Vahl) Sm. 1.9 0.7

Pentas lanceolata (Forssk.) Deflers 3.2 0.4
Centroscema spp. 0.0 0.4

Stylosanthes spp. 1.6 0.0

Asytasia schimperi T. Anderson 0.6 0.0
Leonotis nepetifolia (L.) R. Br. 0.6 0.0
Crotalaria spinosa Benth. 0.3 0.0
Euphorbia crotonoides Boiss. 0.3 0.0

Justicia nyassana Lindau. 0.3 0.0

Sida ovata Forssk. 0.3 0.0

Zehneria scabra (Linn. f.) Sond. 0.3 0.0
Senecio ruwenzoriensis S. Moore 0.3 0.0

habitats affecting mostly overgrazed rangelands [21].
Furthermore, similar to studies on other species
[19,35,36,38,41], we observed I. hildebrandtii invasion
being common in overgrazed areas in the Maasai
steppe rangelands. In this study however, we found
that I. hildebrandtii has the potential to invade diverse
habitat types including grass bushland, grassland,
wood grassland, woodland, bush woodland and grass
woodland. However, [. hildebrandtii was found to be
abundant on wood grassland and grass woodland
habitats in Maasai steppe rangeland. The invasions of
I.  hildebrandtii across different habitats on Maasai
steppe plains perhaps is facilitated by climatic condition
and the variations in terrain, edaphic factors and
vegetation cover on rangelands. Moreover, differences
in . hildebrandtii invasion in our study villages may also
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be due to land use practices which influence habitats
degradation. Therefore, education about biological
invasions and environmental management is key and
should be implemented in the villages exploiting the
Maasai steppe rangelands in Simanjiro area, Tanzania.

Since [ hildebrandtii pose negative impact on
ecosystem health of Maasai steppe rangelands through
reducing forage biomass, the local people particularly
the Maasai pastoralists use physical means to
suppress the invasive. The control techniques
(uprooting and burning) are mainly carried out by family
members to prevent [ hildebrandtii growth and its
spread in their areas. This is done so to allow
rejuvenation of more native plants in the invaded areas
and increase forage biomass productivity for feeding
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livestock (pers. comm. with villagers, 2019). These
techniques have also been used to control |/
hildebrandtii in semi-arid ecosystems in southern
region of Kenya [21]. Furthermore, overgrazing and
lack of awareness about management of invasive
plants seem to facilitate the spread of /. hildebrandtii on
the rangeland in Simanjiro. This may have a significant
impact to wildlife ungulates particularly zebra,
wildebeest, and antelopes which sometimes forage on
Maasai steppe rangelands.

It was further observed that local people in the study
villages do not use herbicides to control /. hildebrandtii
and other invasive on Maasai steppe rangelands. This
is a vital step towards protecting and ensuring the
ecosystem health and integrity of rangelands because
the use of herbicides may have far-reaching impacts
on abundance and diversity of native plants on
rangelands compared with the effect caused by I.
hildebrandltii per se [18]. Several studies have asserted
that herbicides can cause damage to the environment,
human health and other organisms [4,18,42,43]. Also,
synthetic herbicides are often broad—spectrum i.e. they
would have lethal non—target impacts on native plants,
endangered, threatened or ecologically important
species e.g. insect natural enemies, decomposers,
pollinators and soil macrobes and other microbes
responsible for nutrient cycling [44]. Overall, the use of
chemical herbicides to control invasives in natural and
semi—natural habitats such as protected areas and
rangelands is not recommended.

Furthermore, our study reveals that /. hildebrandtii
negatively affects forage and grass biomass
productivity on Maasai steppe rangelands. This means
that /. hildebrandtii has the potential to affect livestock
productivity and wildlife distribution on Tarangire—
Maasai steppe ecosystem. This is because the Maasai
steppe rangelands are important recruitment site for
wildlife from Tarangire national park and livestock from
Maasai communities as the rangelands offer nutritive
forages [32,33]. It is assumed that rangelands in low or
poor condition (e.g. degraded or invaded rangelands)
are often biologically less productive compared with
those in good conditions e.g. without invasives [37].
Also, in some cases, production of forage or fodder for
livestock is greater in rangelands of good condition
than on poor condition. Similar to other studies by
Belnap et al. [1], DiTomaso et al. [2] and Duncan et al.
[3], our study also report same effect of invasive .
hildebrandtii on rangelands which is associated with
alteration of vegetation structure and reduced pasture
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quality and quantity. Hence, we advise that I
hildebrandtii should be controlled to ameliorate its
negative impacts on native plant communities and
ecosystem health of the rangelands that support
wildlife and livestock.

Additionally, our results showed that I. hildebrandtii
negatively impact the abundance and species
composition of herbage plants. Some plant species had
relatively low abundance of /. hildebrandtii in invaded
plots. Moreover, plant species such as Cenchrus
ciliaris, Brachiaria spp., Hyperrhenia spp., Eragrostis
spp. and Dactyloctenium aegyptium had lower species
composition in invaded sites. This indicates that these
herbage species may be suppressed by I. hildebrandtii
and thus, its control is important. Despite the number of
herbage species being high in the invaded plots
compared with uninvaded plots, herbage biomass
productivity was low in the invaded plots. This is
because, like other invasives, the large cover of /.
hildebrandtii can reduce growth vigour and health of
herbage plants. The high abundance of plants such as
Digitaria spp., C. dactylon, and A. stipoides in the
invaded plots indicate that these species perhaps are
not affected by /. hildebrandtii. Because of this, these
plant species could be used as competitor or
suppressor species to control the growth and
development of 1. hildebrandtii [39,46]. Nevertheless,
they can be used following detail field surveys and
competition experiments to test their suppressive ability
against I. hildebrandtii [39,41,46].

Additionally, we found that broad basal cover of |I.
hildebrandtii in the invaded plots was associated with
the decline of grass and forb species basal cover.
Overall, I. hildebrandtii invaded plots reduced the basal
cover of grasses and forb species. For instance, the
larger basal cover of [ hildebrandtii in the plots
significantly reduced basal cover of herbage species by
46 % in the invaded plots. This effect depicts that /.
hildebrandtii could be a driver of ecosystem health of
the Tarangire—Maasai steppe rangeland. Thus, [
hildebrandtii and other invasive plants can have
harmful effects on Maasai steppe rangelands and
pastures by altering vegetation dynamics and limiting
rangeland capacity to provide ecosystem services.
With sufficiently high abundance to influence change in
native biodiversity, . hildebrandtii can further affect the
economy of local people particularly the Maasai
pastoralists who use the rangelands to graze their
livestock, and earn income from tourists who Vvisit
Tarangire national park. Thus, if I. hildebrandtii is not
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controlled, it may eventually invade Tarangire national
park and decrease wildlife forage, plant and animal
diversity, and deplete water resources. Therefore, we
strongly recommend that it may be worthwhile to
manage the native plants abundance instead of
maximizing diversity on altered habitats in Tarangire—
Maasai steppe rangeland where [. hildebrandtii has
already established.

CONCLUSIONS

This study has established that the invasion of I.
hildebrandtii on Maasai steppe rangelands is
associated with the decrease of herbaceous basal
cover and biomass productivity of some plant species.
The spread of I. hildebrandtii in Terrat and Sukuro
villages is facilitated by low knowledge about invasive
plants, poor land use and management of invasive
plants. Our findings, therefore, should be a catalyst to
encourage the government authorities and other
stakeholders to take necessary measures to prevent
and control the spread and impact of I. hildebrandtii in
Simanjiro district. Nonetheless, local communities
should be involved in any initiative to control invasive
species because they are the main users of Maasai
steppe rangelands. In doing so, this would enable to
control and reduce the spread of I. hildebrandtii on
rangelands. Further, we recommend that successful
management of invasive plants on rangeland requires
the development of a long—term strategic plan which
may encompass integrating prevention programs,
education, and sustainable multi-year integrated
methods that may improve degraded rangeland
habitats, and prevent reinvasion and/ or encroachment
by other invasives.
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