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The objective of this paper is to analyze the species diversity change following the invasion of

L. camara and grass coverage in the woodland in the Somaline Region, Ethiopia. To achieve the
objectives, two adjusted sites were selected (invaded and non-invaded); at each site, a five-transect
line with a distance of 500 m was established. In this transect line, 30 plots with a size of 20 m * 20 m
and a distance of 200 m were established for collecting tree and shrub data, while seedlings, saplings,
and herbaceous data were collected in a1 m * 1 m plot. Diversity indices were used for the data
analysis. The study result indicates that 23 species with 12 families of herb, grass, shrub, and tree
species were identified in the study area. The comparison of the Shannon diversity index and evenness
showed that the non-invaded site demonstrated more diversity as compared to the invaded site.
Additionally, the correlation result indicates that the rate of L. camara invasion negatively correlates
with the Shannon diversity index and evenness, with a correlation coefficient of -0.78 (p=0.00)

and -0.73 (p=0.00), respectively. Furthermore, grass and herb coverage: the non-invaded area has
high grass and herb coverage with 77.7 +12.3, while the invaded area has 29.9 +17. In addition, the
correlation results indicated that the rate of L. camara invasion had an adverse effect on grass and herb
coverage. The invasion of L. camara leads to a decline in species diversity, the number of seedlings

and saplings, and grass and herb cover in the study area. Consequently, future research explores the
specific interactions between L. camara and native species to better understand the impact of this
invasion on local ecosystems, as well as its effects on soil nutrients, microbial communities, and overall
composition.
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Invasive alien species (IAS) pose a significant threat to global ecosystems by altering community composition,
biotic interactions, and other ecosystem processes' . These species jeopardize not only biodiversity but also food
security, human and animal health, and economic development®. Additionally, they found that 17% of the global
land area®. In Ethiopia, the spread of IAS has intensified over the past decade, with reports identifying over 35
such species”®. Furthermore, anthropogenic factors such as population pressure, over-stocking, overgrazing, and
deforestation have facilitated the IAS, exacerbating their impact on biodiversity’. Among the most problematic
IAS in Ethiopia, Lantana camara L. is the major one!%1.

L. camara is a member of the Verbenaceae family, and is a pantropical weed affecting pastures and native
forests in over 60 countries'?. It thrives in diverse habitats and soil types, growing best in open, unshaded areas
like degraded lands and tropical forests. In its native range in tropical America, it forms small clumps, whereas
in its naturalized range, it can develop into dense, monospecific thickets up to 15 m tall®. It is recognized as
one of the most aggressive invasive plant species globally, particularly in tropical and subtropical regions. Its
introduction as an ornamental plant has led to significant ecological consequences, including the displacement
of native flora and fauna, alteration of ecosystem dynamics, and negative impacts on agricultural productivity
and biodiversity!4~16. It is listed among the world’s 100 worst invasive species due to its extensive impact on native
biodiversity and ecosystem functions!'’. Additionally, its invasion leads to the loss of native species through
competition, recruitment limitations, and ecosystem alteration!*!8-22,
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In Ethiopia, L. camara was initially introduced as an ornamental plant but has since spread prolifically due to
its prolific seed production and dispersal (Belayneh et al., 2016). Its invasion negatively affected the composition
and richness of local plant communities!*?. Its dense thickets suppress native grasses and forages, causing
adverse effects on livestock health, including gastrointestinal issues and reproductive problems??. The invasion
of L. camara has led to noticeable changes in community composition and diversity, often decreasing native
species richness as its cover increases®. Despite these documented impacts, research specific to the Somali
region of Ethiopia is limited. Therefore, the present study aims to assess species diversity change following the
invasion of L. camara and grass coverage in the woodland ecosystem.

Materials and methods

Description of the study area

The study was undertaken in the Somali Regional State, Fafan Zone, in Golajo Kebele. Located at 9° 18’ 00" N
latitude and 42° 40’ 12” E longitude, it is 650 km from the country’s capital city (Fig. 1). The average elevation of
the zone is 1075 m above sea level?®, and the study area covers 450 hectares. Thirty years of meteorological data
from the Jigjiga center indicate that the mean minimum and maximum temperatures in the study area are 13.82
°Cand 27.71 °C, respectively. The maximum temperature occurs in March, while the minimum temperature was
recorded in January. The mean annual rainfall is 618.11 mm (Fig. 2). The rainfall conditions in the district are
generally low, unreliable, and unevenly distributed. The soil is characterized by a mix of loam, sandy loam, and
clay types, with loam being the most widespread (EPA, 2024). The vegetation of the study area is characterized by
dry forests and woodlands, with Acacia-Commiphora woodland being the most widespread, with the dominant
tree species such as Vachellia tortilis, Vachellia nilotica, Vachellia seyal, Balanites aegyptiaca, Vachellia albida,
and Ziziphus spina-christi (EPA, 2024). The zone’s landscape is largely semi-arid, with a climate that supports a
pastoralist lifestyle, which is the predominant way of life for the Somali population living there. In the study area,
90.9% of the population lived a lifestyle centered around pastoralism and semi-pastoralism.

Vegetation data collection
In this study, systematic sampling method were used and the number of plots in the study site was determined
based on the formula adopted?” as in the following.

n= AEl 2
~+ (4 xCv)
Where, n= number of sample plot determined, AE= allowable error that is between 10 and 20%, CV= coeflicient
of variation, t=statistical sample of the t distribution for 95% level of confidence.

At each site (invaded and non-invaded), a five-transect line with a distance of 500 m was established. In this
transect line, 30 plots with a size of 20 m * 20 m* and a distance of 200 m were established for collecting tree and
shrub data, as described by Kent and Coker (1993). Additionally, within this main plot, five 1 m *1 m subplots
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Fig. 1. Map of the study area(The map was developed by the first author using QGIS software version 3.4
(https://qgis.org/).
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Fig. 2. Metrological data of the study area.
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Fig. 3. Sampling designs for vegetation and herbaceous and grass study: (A) Grid-based plot for herbaceous
and grass study, and (B) Plot for data collection of tree, shrub, seedling, and sapling.

(four corners and one center) were placed to collect data on seedlings and saplings (Fig. 3). Trees were considered
to have a dbh>2.5 cm and a height exceeding 150 cm. In contrast, seedlings are considered regenerations with a
height of less than 50 cm, while saplings are those with a height ranging from 50 to 150 cm (Manaye et al. 2019).
The measurements were taken using a caliper and a Suunto hypsometer for dbh and height, respectively. The
heights of seedlings and saplings were measured using a meter or a ruler. Woody species were identified both
in the field and using available literature data, such as Bekele-Tesemma et al. (2007)* and Vivero et al. (2005)%.

The percentage cover of herbaceous plants and grass coverage in each sample plot was estimated using wooden
frames sized at 1 m x 1 m, which were subdivided into grids of 10 cm x 10 cm (Fig. 3). To assess herbaceous
plant and grass coverage, the percentage of each grid section was recorded. The overall grass coverage area was
calculated by averaging the coverage at each corner of the frame. For L. camara, its coverage was determined by
measuring the average width and length of each patch within the plot. The total area covered by L. camara was
then calculated by summing the areas of all patches and converting this sum into a percentage.
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Data analysis

Diversity analysis

The data analysis was undertaken by R-software version 4.2.1 (Team, 2021), and Excel was used. Additionally,
the woody plant diversity in the invaded and non-invaded areas was calculated using the Shannon-Wiener
diversity index (H’) (Eq. 1), and a t-test was carried out to see the variation between the two sites. The species
evenness was also calculated using the following formula (Eq. 2). The diversity of woody plants was calculated
for each sample plot, and a correlation analysis (Pearson correlation) with the density of the invasive species (L.
camara) was performed:

H = s T3 .
E P n (pi) (1)
Hr
E E)= 2
venness (E) TImax (2)

Analysis of vegetation structure
The vegetation structure in both invaded and non-invaded sites was analyzed based on the abundance, density,
frequency, basal area, and ecologically significant species (the sum of relative densities, frequencies, and
dominance) for each species. Basal area (BA), density (D), frequency (F), dominance (Do), and importance
value index (IVI) data were calculated using the formula developed (Curtis and McIntosh (1951) to describe
woody species structure in the forest.
d2
Basa area (BA) = R

Where BA is the basal area in square meters per hectare, d is the diameter at breast height in meters.
The importance value index (IVI) for each woody species was calculated as: importance value index (IVI)
(%) = % relative dominance (RDo) + % relative density (RD) + % relative frequency (RF)

Basal area of ith species

Dominance (Do) =
minance (Do) Basal area of quadrates in hectare

. . Relative dominance of species ith
lat d D = *1
Relative dominance (RDo) (%) The sum of dominance of all species 00

Frequency (F) = Number of plots in which species i occurs

Total number of plots laid down

frequency of a species

lative fi F) =
Relative frequency (RF) total frequency of all species

Density (D) — total number of individuals of species in all plots

sample size in hectare

ity of i .
Relative density (RD) — —oousity of ithspecies 5,
total density of all species

Result and discussion

Result

Diversity and species composition in the study area

Twenty-three species representing 12 distinct families of herbs, shrubs, and trees were recorded at the study site,
and the list of identified species in the study area is presented in Table 1. Of these, 11 were trees, followed by five
shrubs and herbs, with 5 and 2 grass species. Fabaceae is the most common family species; 35% of the species
belong to this family, followed by Euphorbiaceae, Zygophyllaceae, Poaceae, and Solanaceae with 8%. The mean
distribution of L. camara invasion within the study plots was approximately 51.4% (+25.54), with coverage
ranging from a minimum of 10% to a maximum of 90%.

Density of tree species and distribution

In comparing the number of tree species per hectare and the number of seedlings between two sites, the non-
invaded area contains 127 trees and 14 seedlings per hectare. In contrast, the invaded area has 101 trees and 10
seedlings per hectare, respectively. Tree species such as V. tortilis and V. seyal tree species have the highest density
of woody stems/ha in the invaded and non-invaded areas (Table 2). Important Value Index (IVI) analysis of the
non-invaded area reveals that the vegetation structure is strongly dominated by V. seyal showed the highest IV,
indicating its ecological dominance through high relative basal area, frequency, and density. Other species such
as V. tortilis, V. albida, and Z.spina-christi also show high IVI values, reflecting their strong contribution to the
overall stand structure and distribution. These species form the core ecological framework of the ecosystem,
supporting its stability and functioning. In contrast, species such as Sesbania sesban and Vachellia abyssinica
recorded very low IVI values, indicating limited presence, low competitive ability, or restriction to specific
microhabitats. In contrast, the IVI invaded area reveals that V. tortilis is overwhelmingly dominant, with an IVI
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No. | Species Family Invaded | Non-invaded | Life form
1 Alternanthera pungens (Kunth) Kuntze Amaranthaceae | v v herb
2 Senna didymobotrya (Fresen.) H.S.Irwin & Barneby Fabaceae v v shrub
3 Tribulus terrestris L. Zygophyllaceae | v herb
4 Datura stramonium L. Solanaceae v herb
5 Solanum incanum L. Solanaceae v v shrub
6 Zelaya pentandra (L). C.Jeffery Aizoaceae v v herb
7 | Xanthium strumarium L. Asteraceae v v herb
8 Balanites aegyptiaca (L.) Delile Zygophyllaceae | ¢ v tree
9 Calotropis procera (Aiton) W.T. Aiton Apocynaceae v shrub
10 | Euphorbia tirucalli L. Euphorbiaceae | v v tree
11 | Parkinsonia aculeate L. Fabaceae v tree
12 | Ricinus communis L. Euphorbiaceae | v shrub
13 | Sesbania sesban (L.) Merr. Fabaceae v tree
14 | Ziziphus spina-christi (L.) Desf. Rhamnaceae v v tree
15 | Vachellia nilotica (L.) PJ.H. Fabaceae v v tree
16 | Vachellia seyal (Delile) PJ.H. Fabaceae v v tree
17 | Vachellia tortilis (Forssk.) Fabaceae v v tree
18 | Vachellia albida (Delile) A.Chev. Fabaceae v v tree
19 | Dodonaea angustifolia L.f. Sapindaceae v v tree
20 | Opuntia ficus-indica (L.) Mill Cactaceae v v shrub
21 | Vachellia abyssinica (Hochst. ex Benth.) Kyal. & Boatwr. | Fabaceae v tree
22 | Cynodon dactylon (L.) Pers Poaceae v v grass
23 | Cenchrus ciliaris L Poaceae v v grass
Table 1. List of families of herbs, grass, shrubs, and trees.
Non-invaded area Invaded area
T species RB RF |RD |IVI | Species RB RF RD |[IVI
V. abysinica 0.666 | 1.7 |13 3.6 | V. albida 8.03 | 1695 | 6.33 | 31.31
V. albida 12.553 | 14 11.5 | 38.1 | Vinilotica 126 | 3.39 | 1.27 591
V. nilotica 1.643 | 5 3 9.6 | V.seyal 5.37 | 16.95 | 5.06 | 27.39
V. seyal 21.63 | 20.5 | 21.1 | 63.2 | V. tortilis 78.89 | 40.68 | 80.59 | 200.16
V. tortilis 21.533 | 8.3 | 12.8 | 42.6 | B. aegyptiaca 6.1 1695 | 549 | 28.54

B. aegyptiaca | 10.187 | 12.4 | 9.8 | 32.4 | D. angustifolia | 0.34 | 5.08 | 1.27 6.69
D. angustifolia | 1.462 |41 |6.6 |12.2

E. tirucalli 2477 9.1 11.8 | 234
P, aculeate 4783 |74 |59 |18.1
S. sesban 1.007 | 1.7 |26 5.3

Z. spina-christi | 15.737 | 13.2 | 12.1 | 41.1

Table 2. Comparison of relative density (RD), frequency (RF), basal area (RB), and IVI between invaded and
non-invaded sites.

of 200.16, far surpassing all other tree species. This high value in IVI reflects its substantial presence in terms of
abundance, frequency, and basal area, indicating that it plays a major role in structuring the plant community.
Other species, such as V. albida, V. seyal, and B.aegyptiaca, exhibit moderate IVI values ranging from 27.39 to
31.31, indicating that they are present but have a limited ecological influence compared to V. tortilis.

Diameter distribution regeneration status in invaded and non-invaded sites

The distribution of tree species by diameter class showed distinct patterns between the invaded and non-invaded
sites (Fig. 4). At the invaded site, more trees occupied the higher diameter class. Conversely, at the non-invaded
site, higher concentration of trees with diameters between 5 and 15 cm. Specifically, at the invaded site, trees
within the smallest dbh class of 2-15 cm make up 29.6% of the total, while 71.4% of trees have a dbh exceeding
15 cm. Conversely, at the non-invaded site, 73.7% of trees belong to the smallest dbh class of 2-15 cm, and 36.3%
of trees are found in the dbh class greater than 15 cm. The composition of seedling, sapling and shrub coverage
indicates that, in non-invaded sites, saplings dominate with the highest coverage at 41.7%, followed by seedlings
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Fig. 4. Tree diameter distribution in the invaded and non-invaded areas across the diameter range.
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Fig. 5. Percentage of the shrubs, seedlings, and saplings in the invaded and non-invaded areas.

at 31.5% and shrubs at 26.9% (Fig. 5). On the other hand, invaded sites, shrubs are dominant, accounting for
51.5%, with saplings and seedlings following at 33.8% and 14.7%, respectively.

Species diversity within invaded and non-invaded sites

The diversity index measures like Evenness (E) and Richness (r), the non-invaded area has a higher value as
compared to the invaded area with L. camara (Table 3). Whereas, in the Shannon (H) index value, the non-
invaded area has a higher value than the invaded area, but this difference is not statistically significant. The
Pearson correlation analysis indicated a negative relationship between the invasion of L. camara and both
the Shannon diversity index and evenness, with correlation coefficients of —0.79 and —0.73, respectively, at a
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Diversity index | Site N | Mean P-value
Non-invaded | 30 | 1.3383 (+0.339

Shannon (H) 0.132
Invaded 30 1.205+ (0.304)
Non-invaded | 30 | 0.8882+ (0.07)

Evenness (E) 0.00
Invaded 30 | 0.7743+ (0.088)

Table 3. Diversity index analysis between the invaded and non-invaded sites.

A B
091 ¢ =-0.73, p = 4e-06
081 = R=-0.79, p=2.7e-07
E E 1.5
=2
w =)
@ 0.7 g
o 2
= =]
] i c
0.6 g 1.0
c
g
0.5 0
041 : , , : 0.5 , , ,
25 50 75 25 50 75
Lantana cover (%) Lantana cover (%)
Cc
%60- . R=-0.88,p=24e-10
©
@
=
o
L&]
£ 401
2
k=]
=
o
w
@ 20+
o
0..

25

50 75
Lantana cover (%)

Fig. 6. Correlation between L. camara coverage with Evenness (A), Shannon diversity index (B) and grass and
herb coverage (C) in the Invaded area.

significance level of p=0.00) (Fig. 6). This implies that an increase in invasion corresponds to a decrease in the
Shannon diversity index and evenness.

Grass coverage in the invaded and non-invaded area

The herbaceous speciesidentified in the area are described in Table 1. A total of 7 herbaceous plants were identified.
The grass and herb coverage of both areas is compared; accordingly, the mean grass coverage percentage in the
non-invaded 77.7 + 12.3, whereas in the invaded area it is 29.9+ 17, and this difference is statistically significant
(Fig. 7). Additionally, the result from Pearson correlation showed that the rate of L. camara coverage and grass
and herb coverage have a negative correlation with the correlation coefficient of —0.88 (p=0.00) (Fig. 6).

Discussion

Impact of L. camara on species composition and diversity

In the comparison of IVI, the non-invaded area is composed of tree species with 12 species, including V.
abyssinica, E. tirucalli, P. aculeata, S. sesban, and Z. spina-christi, which only existed in the invaded area. In
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contrast, the invaded area is composed of six species. Additionally, the highest value IVI was taken by three
species: V. seyal, Z. spina-christi, and V. tortilis, while the invaded area, V. tortilis, becomes extremely dominant
with an IVL. Tree species like V. tortilis can cope with the aggression caused by L. camara. A recent investigation
discovered that leaf extracts from V. tortilis impeded the germination and seedling development of the invasive
species’L. This trait may provide V. tortilis with a competitive advantage in ecosystems it has occupied by invasive
species.

The tree diameter distribution showed that in the invaded area, the smaller dbh classes (2.5-5 cm and 5-10
cm) had relatively fewer trees, indicating a more mature tree population with a significant presence of larger trees.
Whereas, in non-invaded sites, the larger dbh classes (20-25 c¢m, 25-30 c¢m, and > 30 cm) contain significantly
fewer trees, suggesting a younger or regenerating forest with many small trees and fewer mature ones. This
indicates that regeneration is better in the non-invaded site than in the invaded site. This result aligns with the
findings of Barahukwa et al., 202332, and Vivian-Smith and Panetta, (2009)%, indicating that the invasion of L.
camara hinders the regeneration of tree species. The dense proliferation of L. camara in invaded areas suppresses
native tree growth by reducing their access to essential light and nutrients, which are critical for the survival of
seedlings and saplings®*. Additionally, the growth of seedlings and saplings is impeded by both the allelopathic
effects of L. camara and the competition for resources (Barahukwa et al., 20233%; Omeja et al., 2011%; Wilson et
al., 2014)%. Yet, the invaded area has a higher number of shrubs than the non-invaded area, as compared with
the seedlings and saplings. Shrubs have the ability to adapt to light stress and can flourish even when they are
given insufficient moisture levels*’. However, their establishment is negatively impacted when they compete
with invasive species like L. camara.

The diversity index showed that in all diversity measure indices, the non-invaded area has a higher diversity
index than the invaded area. The finding is consistent with Bezabih et al., (2021), Qureshi et al., (2021)*, and
Ruwanza (2020)*, indicating that areas invaded by L. camara show reduced diversity index values, including
evenness (E) and the Shannon diversity index (H). Additionally, the presence of L. camara significantly diminishes
ecological indices such as species richness, evenness, and overall diversity across a range of habitats*'. Moreover,
the increased percentage of L. camara invasion is correlated with a significant decline in ecological diversity, as
evidenced by decreased values in key diversity indices such as the Shannon diversity index and Evenness. This
indicates the expansion of L. camara disrupts the structural composition of native forest ecosystems, resulting
in a reduction in tree species richness and evenness a shift toward community dominance by a limited number
of tolerant species. The invasive nature of L. camara is further exacerbated by its ability to thrive in disturbed
environments, where it often outcompetes native species for resources*>*, The implications of such invasions
extend beyond biodiversity loss; they also affect ecosystem services and agricultural productivity, posing
challenges to land management and conservation efforts**°. Invasive species like L. camara can profoundly
affect species diversity and ecosystem health. Its ability to dominate landscapes, coupled with its allelopathic
effects and resource competition, underscores the need for effective management strategies to mitigate its
impacts on native biodiversity.
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Impact of L. camara in grass coverage

The invaded area has lower grass and herb coverage as compared to the non-invaded site. The presence of L.
camara has been correlated with reduced grass and herb overage. Similar finding were observed by Mandiporeva
et al,, (2023)*; and Wilson et al., (2014)*, where the invasion of L. camara led to reduced grass and herb
coverage. Furthermore, it was identified as one of the most troublesome invasive species, particularly in areas
where it outcompeted native grasses, leading to significant reductions in grassland habitats*®. Additionally, by
outcompeting native grasses for resources such as light, water, and nutrients, leading to a marked decline in grass
coverage in invaded areas®!**. The allelopathic properties of L. camara further exacerbate this issue, as it releases
chemicals that inhibit the growth of surrounding plant species, including grasses (Sharma, 2011; Sharma et al.,
2005)?°. Changes in habitat structure due to dense L. camara thickets can lead to changes in microclimates,
affecting soil moisture and temperature, which are critical for the survival of native grass species (Sengupta
Dash, 2024%*; Sharma, 2011). Grasslands are vital for soil conservation, carbon sequestration, and providing
habitat for various wildlife species. The decline in grass coverage can disrupt these functions, leading to broader
ecological consequences®. In the study area, the community practices semi-pastoralism, needs rangeland for
cattle grazing, and thus, the invasion will affect the grazing land.

Conclusions

The study’s findings indicated a difference in the diversity index between sites that were invaded and non-invaded
by L. camara. The non-invaded site demonstrated more diversity as compared to the invaded site. Moreover, the
non-invaded area contained a greater number of seedlings and saplings than the invaded area. Additionally, the
invaded area has less grass coverage than the non-invaded one. These observations suggest that the invasion of
L. camara leads to a decline in species diversity, the number of seedlings and saplings, and grass and herb cover
in the study area. Consequently, we recommend that future research explore the specific interactions between
L. camara and native species to better understand the impact of this invasion on local ecosystems, as well as its
effects on soil nutrients, microbial communities, and overall composition.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on reason-
able request.
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