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Abstract

Invasive alien species such as Lantana camara L. have ecological impacts that affect native species
and soil conditions in different areas. The context specific ecological effects of L. camara on native
woody species and communities remain poorly understood, yet such understandings are essential to
maintain biodiversity. Therefore, we assessed the ecological impacts of L. camara on native woody
species and soil nutrients in protected and communal areas in the Kavango Zambezi Transfrontier
Conservation Area (KAZA TFCA) in Zimbabwe. Stratified random sampling was used to sample 60
plots in invaded and uninvaded sites in the separate Communal and Park of the KAZA TFCA. In
each plot, woody vegetation was assessed with respect to species composition and richness, stem
density, canopy diameter, height and diameter at breast height. Soil samples were collected and
analysed for nitrogen, organic carbon, phosphorus, potassium, and pH. The results showed that L.
camara negatively affected the native species, with a significant decrease in species richness, density,
height, and canopy cover in invaded plots relative uninvaded plots. However, invaded plots had
lowest pH (6.1) and soil nutrients such as phosphorus and organic carbon than uninvaded plots.
However, some vegetation and soils changes were likely the result of land uses and land use
intensities which promote the invasion of L. camara. We conclude that L. camara invasion negatively
affected native vegetation diversity and growth, which necessitates the implementation of
appropriate control and the management strategies for L. camara in this species rich transfrontier
conservation area. Such strategies need to be suitable for the area based on current land-uses in the
area.

Keywords: invasive alien plant; lantana camara; native woody species; species richness; soil
nutrients; land use; Kavango Zambezi Transfrontier Conservation Area

1. Introduction

One of the major drivers affecting biodiversity globally is invasive alien species (IAS) [1,2],
including invasive alien plants (IAPs). One such IAP is Lantana camara L., an evergreen, aromatic
shrub of the family Verbenaceae [3]. It thrives in disturbed environments [4] and can dominate
invaded habitats, suppressing the growth of native vegetation.

Lantana camara has successfully invaded multiple ecosystem types, including grasslands,
woodlands, and forests [5], across all continents except Antarctica. Invasions are generally, although
not universally, facilitated by habitat disturbance, such that L. camara rarely invades intact forests. It
cannot persist under dense forest canopies unless disturbance creates canopy gaps [6,7]. The species
frequently forms pure stands, particularly in open habitats, but is also capable of growing within
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diverse plant communities [8,9]. Its invasive capacity is further enhanced by climate change in some
regions [10].

Some impacts of L. camara are mediated through allelopathic effects, which hinder the
regeneration and growth of neighbouring plant species [11,7]. Coupled with its rapid growth, L.
camara invasion typically reduces native species richness and diversity, plant density, and seedling
recruitment [8,12]. For example, Ruwanza [12] demonstrated in northern South Africa that L. camara
contributes to major shifts in vegetation structure, favouring woody species over herbs and grasses.

The impacts of L. camara on native vegetation also have secondary effects on fauna. For instance,
reductions in grazing areas and forage availability have negatively affected sable antelope
(Hippotragus niger) and plains zebra (Equus quagga) in South Africa [13]. In India, habitat alteration
associated with L. camara invasion has been linked to declines in insectivorous and canopy bird
species [14]. In addition to allelopathy and competition, L. camara increases fire risk and fire intensity
due to its high flammability associated with aromatic leaf oils [15] and increased fuel loads [6].
Altered fire regimes, in turn, affect woody species composition and density. Dar et al. [16], for
example, reported positive feedbacks between L. camara invasion and fire that altered forest
composition and ecosystem functioning in India.

Within soil ecosystems, L. camara invasion is often associated with changes in soil properties,
including pH and nutrient composition, which may favour its own growth [17,18]. Ruwanza and
Shackleton [19] showed that L. camara increased soil carbon, phosphorus, and moisture, changes
likely to influence native species growth while facilitating further invasion. Other studies have
reported increases in calcium, magnesium, potassium, and soil pH under L. camara invasion [20].
Similarly, Mahla and Mlambo [21] found that L. camara presence was associated with increased soil
carbon, nitrogen, and pH. In contrast, Kisaakye [22] argued that L. camara does not modify soil pH
directly, but instead preferentially invades sites with favourable soil pH conditions.

Despite extensive research on the impacts of L. camara on vegetation and soil properties,
generalisations regarding IAS impacts remain challenging because effects are often site- and species-
specific [23]. Native woody species constitute a significant component of biodiversity and provide
essential ecosystem services that support local livelihoods [24]. In western Zimbabwe, the Hwange
District forms part of the Kavango-Zambezi Transfrontier Conservation Area (KAZA TFCA), where
the spread of L. camara has raised concerns among local leadership and Rural District Council
officials. The invasion of L. camara within the KAZA TFCA potentially threatens native woody
species, with implications for ecosystem functioning, resilience, and ecosystem services, including
livestock fodder, medicinal and food plants, and the ecotourism-based economy. However, limited
research on L. camara in Zimbabwe constrains the ability of management authorities and
policymakers to develop informed control strategies, particularly within a large transfrontier
conservation area. Consequently, this study aimed to determine the impacts of L. camara invasion on
native woody species composition and structure, as well as soil nutrients, within the KAZA TFCA.
Specifically, the study addressed two questions: (i) What is the impact of L. camara invasion on native
woody species composition and structure in the KAZA TFCA? and (ii) What is the impact of L. camara
invasion on soil nutrients in the KAZA TFCA?

2. Materials and Methods
2.1. Study Site

The study was conducted in Zambezi National Park (hereafter, the Park) and the adjacent
Ndlovu Communal Area (hereafter, the Communal), located in northwestern Zimbabwe within the
Kavango-Zambezi Transfrontier Conservation Area (KAZA TFCA). The KAZA TFCA was
established in 2011 and is the world’s largest transfrontier conservation area, spanning over 520,000
km? across Angola, Botswana, Namibia, Zambia, and Zimbabwe [25]. In Zimbabwe, the KAZA TFCA
is situated in the northern part of Matabeleland Province, where this study was undertaken,
specifically within Zambezi National Park. The park covers approximately 56,000 ha along the
Zambezi River near Victoria Falls and provides critical habitat for diverse wildlife, including
elephants, lions, buffalo, and several antelope species.
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The KAZA TFCA comprises a mosaic of protected areas and communal lands, where local
communities engage in small-scale agriculture, livestock grazing, and fishing while coexisting with
wildlife [26,27]. The region holds significant biodiversity resources that are vital for sustainable
development and may buffer the area against climate change impacts [28]. Sampling was undertaken
in Victoria Falls National Park (VENP) (17.91° S, 25.84° E), the Ndlovu Communal Area (18.06° S,
26.19° E), and the Victoria Falls Rainforest (VFRF) (17.55° S, 25.51° E). All three sites fall within
Hwange District, which has a population of 68,541 people [29]. Lantana camara is currently confined
to four administrative wards within the district, comprising approximately 2,430 households.
Household land holdings in Hwange District range from 0.5 to 6 ha, with an average usable area of
approximately 3 ha per household [30].

The study area falls within Agroecological Regions IV and V of Zimbabwe, characterised by low
annual precipitation of approximately 400-500 mm, most of which occurs during the summer season
(October—April) [31]. Mean daily temperatures range from approximately 19 °C in winter to 30 °C in
summer [32]. Soils are predominantly loose Kalahari sands characterised by heavy leaching and low
fertility, although isolated patches of sandy loam soils occur [33]. Vegetation is mainly deciduous
savanna woodland, dominated by Afzelin quanzensis, Baikiaea plurijuga, Brachystegia boehmii,
Colophospermum mopane, Combretum collinum, and Pterocarpus angolensis [31]. Grass cover is generally
low, with common species including Aristida junciformis, Dactyloctenium aegyptium, and Heteropogon
contortus [34].

In the Communal Area, local communities face challenges associated with human-wildlife
conflict but also benefit from ecotourism and community-based conservation initiatives linked to
Park resources. The dry climatic conditions make the area susceptible to L. camara encroachment, and
climate models predict that habitats vulnerable to L. camara invasion in Matabeleland Province could
increase from 3% to 33% over the next 50 years, representing an additional ~6,000 km? of vulnerable
land [35]. Such expansion could negatively affect rural livelihoods, biodiversity, and the tourism
sector within the KAZA TFCA [36].

2.2. Data Collection

A reconnaissance survey was conducted to identify areas invaded by L. camara within both the
Park and the Communal Area. Each area was subsequently stratified into “invaded” and
“uninvaded” zones. Universal Transverse Mercator (UTM) grid squares were overlaid on the study
area to enable random selection of 60 sampling cells. Following Chatanga et al. [37], each sample plot
measured 25 m x 25 m. Eighteen plots were established in the Park (12 invaded and 6 uninvaded),
while 42 plots were established in the Communal Area (34 invaded and 8 uninvaded).

2.3. Vegetation Attributes

Field data collection was conducted at the end of the rainy season (April-May 2018) to facilitate
accurate plant identification. Native woody species were defined as hard-stemmed, self-supporting
plants native to the region with a diameter at breast height (DBH) = 5 cm. Species identification was
undertaken using appropriate field guides [38]. In each plot, all woody plants were identified, and
canopy cover, DBH, and stem height were measured.

Crown cover was estimated by measuring the longest canopy diameter and the diameter
perpendicular to it [37]. Mean canopy diameter was calculated as:

D
Mean canopy area = 1 (E)

where D represents the mean crown diameter. Values were subsequently converted to percentages.

Plant height was estimated using a ranging rod, and for multi-stemmed individuals, the height
of the tallest stem was recorded [37,39]. DBH was measured using a diameter tape. For multi-
stemmed individuals, mean DBH was calculated using the quadratic mean formula [40]:

DBH = /zdf

where d; represents the diameter of individual stems (m).
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2.4. Soil Attributes

Five soil samples were collected per plot—one from each corner and one from the centre —and
homogenised to form a composite sample [39]. Samples were collected at depths of 10-15 cm and
sieved using a 2 mm mesh to remove stones and coarse organic matter. Although 60 composite
samples were collected, only 36 (20 from the Communal Area and 16 from the Park) were analysed
due to cost constraints.

Soil analyses included nitrogen (N), phosphorus (P), potassium (K), pH, and organic carbon
(OC). Nitrate nitrogen (NO;—N) was determined colorimetrically using a Shimadzu UV-1800
spectrophotometer following extraction with a 1:10 soil:1 M KCl solution. Available phosphorus was
measured using the Mehlich-3 extraction followed by colorimetric analysis [41]. Exchangeable
potassium was analysed using flame emission spectrometry (Varian AA 200) after Mehlich
extraction. Organic carbon was determined using the Walkley—Black method [42]. All analyses were
conducted at the Department of Applied Chemistry Laboratory, National University of Science and
Technology (NUST), Zimbabwe.

2.5. Data Analysis

Species diversity was calculated using the Shannon-Wiener diversity index (H') in PAST
software (version 2018). Species density was calculated as stems per hectare, while species frequency
was calculated as the proportion of plots in which each species occurred.

Normality and homogeneity of variance were assessed using Shapiro-Wilk and Levene’s tests,
respectively. Two-way permutational multivariate analysis of variance (PERMANOVA) was used to
examine the effects of site and invasion status on woody species diversity and vegetation attributes.
Two-way analysis of variance (ANOVA) was applied to normally distributed variables, while the
non-parametric Mann—-Whitney U test was used to compare invaded Communal and Park sites for
L. camara structural attributes, species richness, and diversity.

A two-way analysis of similarities (ANOSIM) was used to test differences in woody species
composition between sites and invasion categories [43]. Non-metric multidimensional scaling
(NMDS), based on Bray—Curtis dissimilarities, was used to visualise patterns in species composition
[43]. Cluster analysis was employed to illustrate similarities between invaded and uninvaded sites.
ANOSIM and cluster analyses were conducted using PRIMER v6 with the PERMANOVA+ add-on,
while NMDS was performed using the Vegan Community Ecology Package in R [44].

Detrended Correspondence Analysis (DCA) was used to determine gradient lengths and select
an appropriate ordination model [45,46]. Canonical Correspondence Analysis (CCA) was then
applied to examine relationships between woody species composition and soil variables, as gradient
lengths exceeded 3.5 standard deviation units. Forward selection with Monte Carlo permutation tests
(999 permutations, p < 0.05) was used to assess model significance and identify key soil variables.
Pearson correlation analysis was conducted to examine relationships between soil variables and
species diversity metrics. Ordination analyses were conducted in Vegan [44], while correlation
analyses were performed using STATISTICA v13.

3. Results
3.1. Vegetation Structure and Diversity

Invaded plots were markedly different from uninvaded plots with respect to all investigated
variables, and this pattern was consistent across both the Park and Communal areas (Table 1).
Invaded plots had significantly lower woody plant stem height, stem diameter, density, canopy
cover, diversity, and species richness than uninvaded plots (Table 1). The most pronounced
difference was in native species canopy cover, which decreased from >70% in uninvaded plots to
<10% in invaded plots. Stem density also showed a marked reduction due to invasion (p < 0.002),
with uninvaded plots in both the Park and Communal areas having higher stem density than invaded
plots (Table 1).

Woody plant species richness differed significantly, with the highest richness in uninvaded Park
plots, followed by uninvaded Communal plots, and then invaded sites (Table 1). Consequently, the
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Shannon-Wiener index indicated higher diversity in uninvaded plots than in invaded ones. There
were no significant differences in species diversity between sites within the same invasion category
(Table 1). Comparison of L. camara between the Communal area and Park revealed approximately
seven times higher density (Z=4.5; p=0.001) and more than four times greater canopy cover (Z=4.2;
p =0.001) in the Communal area than in the Park. Mean height of L. camara was also approximately
double in the Communal area compared to the Park (Z = 3.4; p = 0.001; Table 1).

Table 1. Mean (+SD) stem height, diameter, density and canopy cover for woody species and L. camara in
invaded and uninvaded plots in the Communal and Park areas. (Means with different superscripts indicate
significant differences between invasions).

. Communal area Park area Test Statistic

'Variables : -

Invaded ‘Unmvaded Invaded ‘Unlnvaded value p-value
Native Woody Species
Stem height (m) 5.1+1.6¢ 9.5+0.62b 8.5+2.0p 10.7+0.82 31.52 0.001
Stem diameter (m) |0.4+0.1b 0.6+0.022a 0.7+0.42 0.8+0.12 24.68 0.001
Density/ha 228+308P 1 308+4322 479+284a 1561£7062  [18.59 0.002
Canopy cover (%) 6.6+5.9p 81+14.74 9+10.5b 72.5+9.42 7.26 0.01
Shannon-Wiener —y ) 6. D.8+0.40 1.6:05  [3.2+0.4a 7497 0001
index
Species richness 5.4+3.3d 21.3t5.1P 12.7+4.1¢ 33.5+0.32 51.02 0.001
L. camara Z-value |p-value
Stem height (m) 2.2+0.82 IN/A 1.8+0.1° N/A 3.4 0.001
Stem diameter (m) {0.04+0.01° IN/A 0.07+0.10a  [N/A 1.1 0.04
Density/ha 5 542+4 7472 IN/A 747+5670 N/A 4.5 0.001
Canopy (%) 47.4+27.82 IN/A 10.3 +2.00  [N/A 4.2 0.001

3.2. Species Composition and Its Association with the Invasion of L. camara

Fifty native woody species from 21 families were recorded (Table 2). Uninvaded plots in the
Park had the most species (48), whereas the invaded plots in the Communal area had the lowest
number (25). Generally, woody species were more abundant in the uninvaded sites; this was
particularly so in Communal areas (ANOSIM R = 0.8; p = 0.001) (Table 3). The same distribution
pattern was evident in the Park, except for species such as Diospyros mespiliformis and Hyphaene
coriacea that had equal or greater frequency in invaded plots than in uninvaded plots. Apart from the
plots in the Park having more frequently-occurring species, the ANOSIM revealed that the
differentials between invaded and uninvaded conditions were greater in the Communal plots (Table
3).

The most frequently occurring species, with an occupancy frequency greater than 70% across
uninvaded sites were Afzelia quanzensis, Albizia harveyi, Bauhinia petersiana, Colophospermum mopane,
Combretum imberbe, Dichrostachys cinerea, Diplorhynchus condylocarpon, Euclea divinorum, Grewia
flavescens and Terminalia sericea. Only, Combretum imberbe had high frequencies (greater than 50%) in
the invaded sites (Table 2).

Table 2. Fifty species that frequently occur in sites invaded and uninvaded by L. camara. Values show frequencies
of occupancy for each species (%).

Species Name Communal area Park area
Invaded | Uninvaded | Invaded | Uninvaded

\Adansonia digitata 0 0 9 100
Afzelia quanzensis 3 75 17 83
(Albizia harveyi 12 100 25 100
\Antidesma venosum 0 0 9 50
\Azanza garkeana 0 0 0 50
Baikiaea plurijuga 3 63 33 33
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Bauhinia petersiana 30 100 68 83
Berchemia discolor 0 0 33 83
Brachystegia spiciformis 12 75 9 50
Bridelia mollis 0 0 25 67,
Burkea africana 6 75 0 0
Colophospermum mopane 15 75 50 83
Combretum apiculatum 0 63 9 17
Combretum hereroense 0 0 17] 83
Combretum imberbe 53 88 92 100
Combretum molle 44 75 17 33
Corymbia gummifera 0 0 0 67
Dichrostachys cinerea 9 75 50 100
Diospyros lycioides 0 0 17 83
Diospyros mespiliformis 0 0 50 50
Diospyros quiloensis 0 0 42 33
Diplorhynchus condylocarpon 21 100 17 100
Euclea divinorum 38 88 33 100
Ficus natalensis 6 88 17, 33
Ficus petersii 0 0 9 50
Grewia flavescens 24 100 75 100
Gymosporia senegalensis 9 75 25 50
[Hyphaene coriacea 0 0 9 8
Kigelia africana 0 0 9 33
Lantana camara 100 0 100 0
Manilkara mochisia 0 0 9 50
Ozoroa reticulata 0 0 33 67
Peltophorum africanum 0 0 25 83
Philenoptera violacea 0 0 17 50
Phoenix reclinata 0 0 9 83
Piliostigma thonningii 0 0 9 100
Pseudolachnostylis maprouneifolia 0 0 17 50
Pterocarpus rotundifolius 3 100 25 33
Sclerocarya birrea subsp. caffra 18 75 25 33
Senegalia galpinii 32 63 33 67
Senegalia nigrescens 12 88 9 17
Strychnos potatorum 0 0 0 50
Terminalia sericea 21 88 67 100
Terminalia stuhlmanii 0 0 42 67
Trichilia emetica 0 0 17 100
Vachellia erioloba 15 50 25 83
Vachellia karroo 12 63 33 67
Vangqueria infausta 24 50 8 100
Ximenia caffra 0 0 17, 33
Ziziphus mucronata 15 88 25 83

Table 3. ANOSIM results showing the significant difference between sample pairs.

Global R: 0.62; p = 0.001

Groups A Y
R-Statistic Significance Level (p-value)
Invaded Communal, Uninvaded Communal 0.8 0.001
Invaded Communal, Invaded Park 0.4 0.002
Invaded Communal, Uninvaded Park 0.9 0.001
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Invaded Communal, Invaded Park 0.7] 0.001
Uninvaded Communal, Uninvaded Park 0.5 0.001
Invaded Park, Uninvaded Park 0.6 0.002

3.3. Species Composition

The ordination plot revealed three distinct clusters separated on invasion status and land-use
(Figure 1). Invaded Communal formed Cluster A, whilst invaded Park formed Cluster B; Cluster C
consisted of uninvaded sites in both locations (Figure 1). Uninvaded plots in Cluster A favoured the
assemblage of species such as C. imberbe, C. molle, G. flavescens, G. senegalensis, P. africanum, V. infausta
and S. birrea among others, whereas Cluster B was positively associated with B. petersiana, C.
hereroense, C. mopane, D. cinerea, F. petersii and T. emetica among others. Cluster C was associated with
B. discolor, B. spiciformis, K. africana, S. potatorium and T. stuhlmanii
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Figure 1. NMDS ordination plot showing the relationship between the invasion conditions and native woody
species. Abbreviations: Communal invaded (COM_IN), Communal uninvaded (COM_UN), Victoria Falls
National Park invaded (VFN_IN) Victoria Falls Park uninvaded, (VFN_UN). Full species names are in Table 2.2.

Assemblages in the cluster analysis revealed four distinct clusters (Figure 2). Like the NMDS
ordination, the first cluster, Cluster A, consisted of invaded Communal sites, whereas Cluster B
comprised mainly invaded Park sites. Uninvaded Park and Communal areas formed Cluster C,
whereas Cluster D consisted of a combination of invaded Park and Communal sites (Figure 2).
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3.4. Effects of L. camara on Soil Nutrients, Species Composition and Diversity

There were significant differences in soil nutrients between invaded and uninvaded areas (Table
4). The most significantly affected variables were pH, P and OC, which were higher in invaded than
uninvaded sites. For example, OC was approximately two times higher in the invaded sites than the
uninvaded sites in the Communal area, whereas P was 15 to 100 times less in the uninvaded sites
compared to invaded sites. Generally, differences between invaded and uninvaded sites were more
pronounced in the Communal area (Table 4). The CCA revealed that the first two axes explained 54%
of the total variation between species composition and soil nutrient variables (Table 5). Axes 1 and 2
with eigenvalues 0.11 and 0.098 accounted for 30% and 24% of the variance, respectively.

Table 4. Comparison of soil pH, N, P, K and OC in invaded and uninvaded Communal and Park areas. Data are
mean = SD and ANOVA results are shown.

Variable Communal area Park area F-value | p-value
Invaded Uninvaded Invaded Uninvaded

H 6.8+0.5b9 7.620.67 6.1+0.39 7.0+0.84¢ 6.3  0.001

NOs-N (mg/kg) 2.3+1.53 1.1+ 0.74 6.7+6.2 7.5+134 1.4 0.3

P (mg/kg) 3.8+5.6% 0.2+0.4Y 10.7+8.84 10.5+0.0014 3.5 0.03

K (mg/kg) 4 04043 45349 2 050+1 6294 1 660+523 1 0874554 1.8 0.2

0OC (%) 1.8+ 1.1ab 0.95+0.93 1.9+ 0.842Y 2.9+ 0.62 2.6 0.04

The Monte-Carlo permutation test revealed that the CCA model was statistically significant

(p<0.05), indicating that the soil variables had a significant effect on the composition of woody species
in both locations. The CCA ordination plot revealed that pH and OC were the most important soil
variables influencing the distribution of native woody species at the two sites (Table 5). The above-
mentioned two variables indicated a strong negative association with the invaded Communal sites
(Figure 3). The variables were positively associated with D. condylocarpon, G. flavescens, P.
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maprouneifolia, V. infausta and Z. mucronata. Conversely, pH and OC indicated positive associations
with invaded and uninvaded Park sites and favoured the assemblage of species such as C. mopane,
H. coriacea, O. reticulata, P. thonningii, S. potatorium and T. emetica.

Table 5. Summary statistics of CCA ordination on nutrient variables and woody species vegetation in the
Communal and Park sites.

CCA properties CCA1 CCA2

Eigen value 0.21 0.24
Variance explained 0.21 0.24
Cumulative variance 0.21 0.54
Soil variables F-value p-value

pH 1.52 0.03
NOs 1.65 0.11
P 1.53 0.01
K 1.02 0.37,
C 1.74 0.03
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Figure 3. CCA ordination plot of the relationships between soil variables and native vegetation.

Of the ten vegetation attributes considered, only three were significantly associated with soil
nutrients (p < 0.05; Table 6). Native woody species DBH significantly decreased with increasing pH
and OC, whereas L. camara height increased with increasing K. Conversely K negatively affected the
canopy cover of L. camara (Table 6).

Table 6. Correlation between species diversity, vegetation and soil nutrient variables. The positive and negative
values indicate positive and negative correlations respectively. The asterisk (*) represents level of significance

(p<0.05 *) and p<0.001**).

Species diversity/vegetation attributes pH NOs P K oC
Shannon index 0.20 0.15 -0.06) -0.09 0.14
Species richness 0.21 0.28 -0.09 -0.09 0.18
Native woody species density/ha -0.19 -0.10 -0.10 -0.13 -0.19
Native woody species height (m) 0.13 0.21 -0.04 -0.21 0.12
Native woody species diameter (m) -0.008* 0.09 -0.07] -0.18 -0.04%
Native woody species cover (%) 0.28 0.10 -0.19 -0.01 0.17
L. camara density/ha -0.20 -0.12 -0.08 -0.11 -0.19
L. camara height (m) -0.27] -0.11 0.15 0.043% -0.17]
L. camara canopy (%) -0.17 -0.06 -0.02 -0.03% -0.12
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‘L. camara diameter (m) -0.03 0.02 -0.06 0.04 0.24

4. Discussion
4.1. Vegetation Structure and Diversity

This study showed that L. camara invasion negatively affected native woody species
composition, diversity, and structure and was associated with changes in some soil properties. The
ability of L. camara to alter ecosystem structure, function, and resource availability is well
documented. For example, studies by Chatanga et al. [26], Gooden et al. [27], Goyal et al. [48], Negi
et al. [7], and Ruwanza [11] have all shown the threat posed by L. camara to native plant communities
through alteration of their structure and biodiversity.

In this study, L. camara contributed to a decline in species richness and diversity of native woody
species in both the Communal and Park areas. This is in line with Ruwanza [11], who showed that
areas invaded by L. camara had reduced plant species diversity and altered composition. Other
vegetation structural attributes, such as stem height, DBH, density, and canopy cover, were also
negatively impacted by the presence of L. camara. Chatanga et al. [26] support this by suggesting that
L. camara invasion contributes to the reduction of native species by limiting native plant recruitment
and growth potential. Indeed, Jevon and Shackleton [49] showed lower native species seedling
diversity and density under L. camara.

The allelopathic properties of L. camara can also explain the low densities of native species in
invaded sites. Shackleton et al. [50] and Negi et al. [7] reported that L. camara’s allelopathic chemicals
affect the recruitment and growth of native species. Kumar et al. [16] also asserted that the ability of
L. camara to release phytotoxic chemicals from roots suppresses the growth and recruitment of native
plants in surrounding areas.

The marked difference in richness and diversity of woody species among L. camara-invaded sites
was consistent in both Communal and Park areas. Shackleton et al. [50] stated that an increase in
density of L. camara has a negative correlation with native species richness. Jevon and Shackleton [49]
attributed differences in density and richness among invaded and uninvaded areas to L. camara
slowing down successional processes.

However, Chatanga et al. [26] and Kumar et al. [16] reported that L. camara increases fire
frequency and intensity, resulting in some native plants being lost during fires, thus reducing species
richness and abundance. Gooden et al. [27] expressed the need to exercise caution in attributing
species loss to L. camara, as native species loss may precede invasion. Factors such as fire and grazing
may facilitate vegetation decline and increase invasion likelihood. This might be the case in our study,
as uninvaded Communal sites showed lower woody plant densities, richness, DBH, and height than
uninvaded Park sites, together with lower soil N, P, and OC.

4.2. Species Composition

Species composition varied greatly between invaded and uninvaded areas, with higher species
richness and diversity in uninvaded areas (Table 2). Uninvaded Park areas had the highest species
richness (48), while invaded Communal areas had the lowest (25). This is consistent with Gooden et
al. [27], who found that L. camara significantly alters native species composition.

The ANOSIM results revealed that species composition differed markedly across land uses.
Invaded Communal areas had lower species richness compared to invaded Park areas. This
difference can be explained by relatively higher native canopy cover in invaded Park sites, which
likely limits L. camara invasion, as emphasised by Gooden et al. [27]. However, soil physico-chemical
modification may also contribute, as Mahla and Mlambo [22] showed that invasive alien species alter
soils to favour their own growth.

4.3. Effects of L. camara on Soil Nutrients, Species Composition, and Diversity

In line with Kumar et al. [23], our results showed that L. camara invasion greatly influenced soil
nutrient concentrations. Elevated OC levels in invaded areas concur with studies showing increased
litterfall under L. camara thickets (Kumar et al. [16]; Mahla and Mlambo [22]; Ruwanza and Shackleton
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[20]). Comparable increases in soil nutrient availability under L. camara stands have been reported
elsewhere [18,51].

In contrast, NO;—N was lower in invaded areas. Muvengwi and Ndagurwa [52] attributed such
patterns to reduced soil moisture affecting nitrification. Soil pH was also significantly lower in
invaded sites, likely due to increased litter inputs. Similar findings were reported by Muvengwi and
Ndagurwa [52], who linked low NOj- to reduced nitrification under acidic conditions.

The CCA ordination showed that pH and OC had strong negative effects on species
composition, particularly in invaded Communal areas. This aligns with Kumar et al. [16], who
suggested that invasion-driven changes in species composition affect nutrient dynamics and promote
invasive species persistence. In contrast, positive associations in Park sites suggest that invasion
impacts remain below ecological thresholds, as proposed by Gooden et al. [27].

Moreover, in dry savanna ecosystems within the KAZA TFCA, climate change may further
enhance the invasive potential of L. camara [53]. Similar patterns of altered understory species
composition and reduced diversity due to invasive plant species have also been reported in Central
Himalayan forests [54].

5. Conclusions

This study shows that L. camara invasion in both the Communal and Park locations contributed
to changes in native woody species composition in the KAZA TFCA. Since the study focused on both
Communal and Park areas, the results give insight into L. camara negatively affecting woody species
composition despite the land use. However, there were also differences based on land use,
independent of L. camara invasion, which raises questions about cause and effect in IAP studies. This
study also showed that L. camara contributed to the alteration of soil properties. The results suggest
that unless the invasion of L. carmara is addressed it will continue to have serious negative implications
for the woody plant community structure and composition, which will escalate as the invasion
spreads, thereby compromising the supply of key ecosystem services. This requires that appropriate
responsive and adaptive IAP policies are developed for the KAZA TFCA and then translated into
feasible management and control strategies on the ground, specific to each land use system.
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