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ARTICLE INFO ABSTRACT

Edited by: Dr H. P. Moyo Grazing animals affect their environment. The Bontebok National Park hosts a number of hooved animals, which

causes alterations to the habitat, resulting in the establishment of grazing lawns. The proliferation of these lawns

Keywords: may pose a threat to the intact natural vegetation occurring in the park. The aim of this study was to determine
Vegetation assemblages how the existence of these lawns impact the endangered Swellendam Silcrete Fynbos vegetation in the park. Sites
ECOt(,’nes . were identified in three categories in the park, namely lawns, ecotones, and natural vegetation areas. Vegetation
Grazing densities . . . P .

Diversity was sampled to assess the species diversity and composition in the three zones, and soils were collected to

investigate physio-chemical parameters. Species diversity indices were calculated for the vegetation that were
sampled. Soil physico-chemical parameters were used to generate a PCA and box plots for comparison between
the different zones sampled in the BNP. Dendrograms were created to show similarities in plant species across the
various sites that were sampled. The BNP is dominated by shrubs and grasses, with compositional shifts taking
place from the natural vegetation transitioning to lawns. Plant assemblages showed a noticeable decrease in
diversity in larger lawns, and the greatest diversity was seen in the ecotones. Soils found in the lawns had higher
amounts of macro- and micronutrients, as well as heavy metals. Medium and large lawns also had higher pH
levels causing soils to become more basic. These factors all play a role in contributing to the composition shift of
vegetation in the intact vegetation from being dominated by shrubs to lower growing vegetation such as grasses
and forbs in the lawns. Grazing can have dire impacts on vegetation diversity and can pose a major threat to the
endangered vegetation and soil physiochemical parameters in the park. Park management should monitor
grazing animal densities adaptively to reduce the spread of lawns and loss of biodiversity in the adjacent
vegetation assemblages.

Bontebok National Park
Grass lawns

property changes could ultimately result in correlated differences in
plant functional characteristics, hence the importance of understanding

1. Introduction

Plant community diversity can be altered in an environment because
of drivers such as fire regimes, alien invasions, nutrient supply, and
grazing (Lyseng et al., 2018). In systems where interactions occur be-
tween soil, plants and grazing animals, overgrazing can substantially
influencing plant community diversity by driving shifts in the species
composition This could influence palatability (nutritional value) of
species, and negatively affect soil coverage, nutrient cycling, and litter
accumulation (Ford and Grace, 2002). Overgrazing diminishes vegeta-
tion biomass, cover, as well as species richness in various habitats
(Nenzhelele et al., 2018; Yang and Sun, 2021). Soil physiochemical
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the full effects of grazing on both plant community functional diversity
and soil properties (McSherry and Ritchie, 2013).

The development of plant communities is largely dependent on the
availability of soil nutrients (De Deyn et al., 2004). Chemical, physical
and biological properties of soil play a vital role in productivity, growth
and reproductive success in plants (van der Putten et al., 2013). Soil
characteristics are altered by means of trampling, which causes damage
to foliage, and nutrient redistribution via dung and urine deposits by the
grazers (McSherry and Ritchie, 2013). The limitation of certain nutrients
is one of the main factors that affect the structure of vegetation, as
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species tend to decline in richness when nutrient availability favours
species that are better competitors in resource capturing and biomass
accumulation (Critchley et al., 2002). Moreover, nutrient rich soil
patches are ideal conditions for the establishment of grazing lawns (Fox
et al., 2015).

The concept of grazing lawns was proposed by Bell (1971), and
thereafter further described as the co-evolution between
grazing-tolerant communities of grass species and herbivores by
McNaughton (1984) and Cromsigt and Han (2008). Grass lawns are
characterized by short, stoloniferous grasses that are graze-tolerant, and
rich in nutrient quality and productivity in contrast to older grass and
other plant communities in the surrounding areas (Archibald, 2008;
Augustine and McNaughton, 1998; Cromsigt and Han, 2008). Lawns can
be established by means of consistent grazing and trampling, which
creates and maintains these areas as sites of forage for herbivores
(Novellie and Kraaij, 2010).

Grazers can improve the quality of their food source by aiding the
increase in the nutrient content of the grass they consume (Cromsigt and
Han, 2008; McNaughton, 1979). The frequent grazing allows for the
exclusion of tall, invasive grass species, and promotes the persistence of
high-quality forage that is maintained for herbivores on the lawns.
Constant grazing ensures insufficient time for senescence lawn grass
species to proliferate, ensuring that the bulk of what the grazers
consume are young and actively photosynthesizing leaf material, guar-
anteeing highly quality forage (Hempson et al., 2015).

The flora of the BNP has been well documented in a study by Kraaij
(2011), which consists of a range of plant species that are of importance
for conservation. However, no studies have been conducted on how the
establishment of lawns by herbivores in the park could potentially affect
the endangered vegetation. The aim of this study was to investigating
how formation of grazing lawns affects the Swellendam silcrete fynbos
structure and composition occurring in the BNP. The study investigated
how the plant species diversity and richness changes as a result of lawn
formation, and how species occurring on lawns are different to the
species in natural vegetation of the park.

2. Methods
2.1. Study site

The Bontebok National Park (BNP) is a small, protected area
covering about 3 435 ha of land in Swellendam, Western Cape, South
Africa (Watson et al., 2011). The park was initially established in 1960
for the conservation of one of the rarest African antelope known as
bontebok (Damaliscus pygargus), hence the name of the protected area.
Although this was the original intent of the founding behind the park,
the BNP is located in a region that is internationally recognized as a
biodiversity hotspot referred to as the Cape Floristic Region (CFR).
Because of this, the conservation of the park’s vegetation has become an
increasing matter of importance as a result of the near-complete habitat
destruction of this vegetation type outside of the boundaries of the park
(Kraaij, 2011).

The BNP is comprised of an endangered vegetation known as Swel-
lendam silcrete fynbos, which is a poorly known vegetation type that
exhibits features of both lowland Fynbos and Renosterveld (Rebelo
et al., 2006). Silcrete fynbos, as described by Kraaij (2010), is a medium
to tall evergreen grassland or shrub land that hosts predominantly
asteraceous fynbos species, having graminoid fynbos vegetation inhab-
iting the summits and northern slopes of the park that are more
disturbed. The national status of Swellendam silcrete fynbos has been
defined as endangered, with a 30 % conservation target put in place to
preserve this vegetation type. Approximately 4 % of Swellendam silcrete
fynbos is properly being conserved, mainly in the BNP, compared to 43
% of the vegetation already being transformed due to cultivation and
urbanization (Kraaij, 2010).

The BNP has more than 650 plant species, making it the national
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park in South Africa exhibiting the largest species richness value per unit
area. Amongst the 650 species occurring in the park, a number of species
are of conservation concern, while three species, namely Aspalathus
burchelliana Benth., Diosma fallax 1. Williams, and Erica filamentosa
Andrews, are endemic to the BNP (Kraaij, 2010). Though the initial
establishment of the park was for the conservation of bontebok, the park
now has the aim to conserve a diverse range of plant species that are not
only highly endangered but also contribute to the important biodiversity
of this region.

2.2. Data collection

Sampling was conducted in the Bontebok National Park in Swellen-
dam, Western Cape, South Africa. Three zones were selected at each site
that was sampled. The three zones were lawns, natural vegetation
(intact area) and ecotones (transition area between a lawn and natural
vegetation). Sites were selected based on lawn size classes that were
established prior to the sampling period. Small lawns, medium lawns
and large lawns were classified in ranges of 1-10 m, >10-20 m, and >20
m in diameter respectively. Eight small lawns and four medium and
large lawns of each size class were located in different areas of the park
and co-ordinates recorded using the GPS Essentials App. In the lawn of
each site, five 1 x 1 m quadrats were surveyed for herbaceous plant
species diversity, which were later identified using available literature
and field guides. The presence of each species observed was recorded. In
the ecotones of each site, one 16m? (4 m x 4 m) quadrat was set up and
plant species’ presence (herbaceous and woody) that were observed was
also noted. A 100 m transect was set up in both the ecotone as well as
natural vegetation areas at each of the sites that were sampled to
determine vegetation cover, and the descending-point method was used
to record plant species height and width occurring along the transect
(Roux, 1963).The height of each plant that intersected the transect was
measured, and areas of bare ground, rock, or litter were noted.
Descending point method could not beconduct in the lawns, as they
could not accommodate a 100 m transect line.

2.3. Vegetation identification and analysis

Each species that was found during sampling were given field names
and later identified to the lowest classification possible (either genus or
species level) with the assistance of field guides, iNaturalist and a floral
list of plant species occurring in the BNP compiled by Kraaij (2011) as
references. The growth forms of each species identified were determined
and recorded.

2.4. Soil collection and analysis

Two top-soil cores were collected from the center of the lawns, and at
random areas within the ecotones, and natural vegetation sites using a
soil auger. Soil samples were sent for chemical analysis to Elsenburg
(Western Cape Department of Agriculture) laboratories for further
physio-chemical analyses. All the methods that were used to test
selected micronutrients, chemicals and other soil variables were adop-
ted from the Handbook of Standard Soil Testing for advisory purposes,
which was published by the Non-Affiliated Soil Analysis Work Com-
mittee (1990).

Soil texture was determined, along with pH and acidity. The pH and
acidity of the soils were tested for using the KCl and exchangeable
acidity (K2SO4) methods respectively. Soil elemental analyses were also
carried out to determine the phosphorus (P), potassium (K), Calcium
(Ca), magnesium (Mg) and sodium (Na) content of the soil samples.
Boron (B), by means of calcium chloride extract, as well as copper (Cu),
zinc (Zn) and manganese (Mn) were also tested for using ammonium
EDTA extract (Non-Affiliated Soil Analysis Work Committee, 1990). The
Olsen method (1954) and the Walkley-Black (1934) methods were
performed to investigate phosphorus (P), and carbon (C) content
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respectively.

2.5. Statistical analysis

Soil physico-chemical variables were compared among the lawns,
ecotones and natural vegetation using non-parametric Kruskal-Wallis
tests in R Studio (R Core Team, 2020) as the data were not normally
distributed. Where there were significant differences seen, Dunn’s post
hoc tests were used to identify pairwise differences between the zones.
The data were presented in the form of boxplots and pairwise compar-
isons indicated above the plots between each of the zones.

The proportions of the growth forms in the respective areas were
recorded and organized in a comparative bar graph to analyze growth
form compositional changes in the lawns, ecotones, and natural vege-
tation zones. Growth forms are described as:

Dwarf shrubs: shrubs that are usually less than five meters in height
at maturity due to genetics or environmental constraints.

Shrubs: plants that exhibit multiple erect, prostrate, or spreading
stems giving off a bushy appearance, and are woody.

Forbs: characterized as non-graminoid, terrestrial herbs with showy
flowers and/or broad leaves.

Restios, grasses and sedges (graminoids): Flowering herbs, that are
nonaquatic, with long, narrow leaves. They have insignificant flowers
with parts reduced to bracts. Trees: woody plants with a singular main
stem and possess roughly definite crowns. Succulent: shrub or shrublike
plants with specialized tissue for water conservation and fleshy leaves or
stems.

Climber: plants with weak stems that cling onto other plants/trees
using specialized mechanisms such as tendrils, twining stems, or aerial
roots

Geophyte: perennial plant that possess specialized underground or-
gans to store water and nutrients.

Species richness was calculated for each of the zones that were
sampled in the BNP. Species richness refers to the number of different
species within a given sampling unit. Summary statistics including the
mean, standard deviation, median, and interquartile range were calcu-
lated for all zones. Variation in species richness were tested using
Kruskal-Wallis tests, followed by Dunn’s post-hoc pairwise test where
significance in the p-value was seen.
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A non-metric multidimensional scaling plot (NMDS) based on Jac-
card similarity (Lengendre and Legendre, 2012), calculated from
presence-absence data, was used to examine difference in plant com-
munities between lawns, ecotones and the intact vegetation in the BNP.
NMDS ordinations were visualized using points with colours that
correlated to a particular zone, and 95 % confidence ellipses drawn
around each group. Differences in community compositions between the
zones were formally tested using permutational multivariate analysis of
variance (PERMANOVA) implemented with the adonis2 function in
RStudio. The analysis was based on Jaccard dissimilarities and run with
999 permutations.

3. Results

Fig. 1.1 shows carbon (C), acidity, and calcium (Ca) showed no
variation between the various zones sampled in the BNP. Boron (B),
potassium (K), magnesium (Mg), Manganese (Mn), sodium (Na), phos-
phorus (P), and sulphur (S) on the other hand showed an increase in
these elements in the lawns (small, medium and large) in contrast to the
ecotones and natural vegetation sites. Resistance values decreased with
lawn size and natural vegetation had the largest resistance value. Zinc
(Zn) showed no obvious trends in the values, while pH values increased
in medium and larger lawns, causing soils to move towards being more
basic.

Fig. 1.2 shows that the lawns and ecotonal areas had a larger pro-
portion of grass occurring compared to the natural vegetation zone. The
grasses made up between 26 % to 29 % in the lawns and ecotones
respectively, in contrast to the natural vegetation that only consists of 10
% grasses. Considering the proportions of shrubs and dwarf shrubs, the
natural vegetation zones had considerably more in comparison to the
lawns and ecotones. The natural vegetation has 32 % dwarf shrub
composition and 27 % shrubs, while the small-, medium- and large
lawns as well as ecotones have 14 %, 11 %, 5 % and 10 % dwarf shrub
and 11 %, 11 %, 9 % and 16 % shrub growth form composition,
respectively. The small lawns show a complete absence of restio and
sedge species in those sites. The larger lawns had a higher number in
forb species, while the smaller lawns showed a larger number of geo-
phytes that were present. The natural vegetation sites were the only ones
that had at least one species of each growth form present.
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Fig. 1.1. Variation insoil physico-chemical parameters in the lawns, ecotones and natural vegetation sites that were sampled in the BNP. The boxplot shows the
interquartile ranges and median values. The Kruskal-Wallis test results are presented with the significant pairwise comparisons shown by the lines above the boxplots.
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Fig. 1.2. A comparison of the growth form proportions that occur in the lawns (small, medium, and large), ecotones and natural vegetation zones that were sampled

in the BNP.

Table 1.1 shows a total of 130 species from 25 different families that
were collected, with Poaceae, Asteraceae, Restionaceae, Iridaceae, and
Fabaceae being the most speciose families. All other families had four or
less species that were recorded, and there were six species that could not
be identified to family level. There were six species of concern that were
identified in the Amaryllidaceae, Fabaceae, Hyacinthaceae, Poaceae and
Rhamnaceae families.

Species richness varied among the different zones that were sampled
in the BNP (Table 1.2). The natural vegetation and ecotone sites sup-
ported the highest overall species richness, with 78 and 74 recorded
respectively. The mean species richness was the highest in the ecotones

Table 1.1

Plant families recorded in the BNP and number of species found in each family.
The table also includes whether there were any species of concern found while
sampling?®, and how many if any were present®. The species of concern: Near
threated (NT) = Lachenalia contaminata Aiton, Phylica velutina Sond., and Pen-
tameriscalcicola (H.P.Linder) Galley and H.P.Linder var. calcicola; Endangered
(EN) = Argyrolobium pachyphyllum and Aspalathus burchelliana Benth.; Declining
= Boophone disticha (L.f.) Herb.

Family Number of species Species of conservation concern? (no.b)
Aizoaceae 4 X
Amaryllidaceae 2 x (1)
Anacardiaceae 1 X
Asphodelaceae 1 X
Asteraceae 21 X
Caryophyllaceae 1 X
Cyperaceae 4 X
Ericaceae 2 X
Eriospermaceae 1 X
Fabaceae 11 x (2)
Geraniaceae 2 X
Hyacinthaceae 4 x (1)
Iridaceae 12 X
Oxalidaceae 1 X
Poaceae 26 x (1)
Polygalaceae 1 X
Primulaceae 1 X
Proteaceae 4 X
Restionaceae 14 X
Rhamnaceae 3 x (1)
Rosaceae 1 X
Rubiaceae 1 X
Sterculiaceae 2 X
Thymelaceae 4 X
Unknown 6 X

Table 1.2
Species richness metrics for lawns, ecotones and natural vegetation sites
sampled in the BNP.

Zone n Total species Mean richness + Median
richness SD (IQR)
Ecotone 14 74 16.86 + 4.88 16.5 (5.75)
Large lawns 4 22 9.00 + 1.83 9(2.5)
Medium lawns 4 27 11.00 + 3.56 12 (3.5)
Natural 16 78 14.38 £+ 3.96 14 (5.0)
vegetation
Small lawns 8 35 10.50 £ 2.67 11 (3.5)

(16.86 + 4.88), followed by the natural vegetation (14.38 + 3.96).
Grazing lawns exhibited the lowest species richness between all the
zones, with the large lawns showing the lowest mean richness overall
(9.00 + 1.83), while the medium and small lawns showed intermediate
species richness values.

Species richness differed significantly between the zones (Krus-
kal-Wallis test: > = 17.52, df = 4, p = 0.0015). A post-hoc pairwise
comparison showed that richness in the ecotone sites was significantly
higher than that of large lawn sites (Z = 3.16, adjusted p = 0.016) as well
as small lawn sites (Z = 3.15, adjusted p = 0.016). Pairwise comparisons
between the rest of the zones were not significantly different (Table 1.3),

An NMDS revealed that there were clear differences in plant com-
munity composition among the various zones sampled (figure). The
ordination had a stress value of 0.185, indicating an acceptable repre-
sentation of compositional dissimilarities.

The samples were broadly clustered according to their respective

Table 1.3
Pairwise post-hoc comparison of species richness among zones sampled in the
BNP (Dunn’s test with adjusted p-values).

Comparison Z Adjusted p
Ecotone — Large lawn 3.16 0.016
Ecotone — Medium lawn 2.23 0.257
Large lawn — Medium lawn —0.74 1.000
Ecotone — Natural vegetation 1.31 1.000
Large lawn — Natural vegetation -2.35 0.190
Medium lawn — Natural vegetation -1.41 1.000
Ecotone — Small lawn 3.15 0.016
Large lawn — Small lawn —0.64 1.000
Medium lawn — Small lawn 0.21 1.000
Natural vegetation — Small lawn 2.12 0.340
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zones, with the natural vegetation forming a distinct group separated
from the lawn samples. The ecotone sites occupied an intermediate
position, overlapping partially with both the natural vegetation as well
as the grazing lawns. The different sized lawns substantially overlapped
with one another, indicating that they had relatively similar species
composition. Despite differences in the richness. A PERMANOVA
confirmed that community composition differed significantly between
the zones (PERMANOVA: F = 3.17, R? = 0.236, p = 0.001).

4. Discussion

The variation in soil physico-chemical properties between lawns,
ecotones and natural vegetation (Table 1.1) in the BNP is important for
understanding observed patterns in vegetation diversity, structure and
composition. Grazing lawns’ distribution is not necessarily limited to
geology or specific soil nutrient patches however, particular parts of a
landscape are more inclined to experiencing the establishment of lawns
as a result of localized resource availability which are in high demand by
grazers. These areas include regions of mineral accumulation such as
sodium, nutrient hotspots where high levels of phosphorus and nitrogen
are present, and areas around or in close proximity to waterpoints
(Hempson et al., 2015).

Grazing lawns were coupled with elevated nutrient concentrations,
including Ca, Mg, Na, K, P, Mn, S, B, Zn and pH, whereas the ecotonal
and natural vegetation sites exhibited lower nutrient concentrations.
Such trends are consistent with herbivore driven enrichment due to
urine and dung deposition in combination with repeated use of lawns as
a forage resource and trampling (McNaughton, 1984; Zarekia et al.,
2021). The enrichment of specific nutrients could allude to grazing
lawns acting as nutrient hotspots within a nutrient poor system,
particularly noting phosphorus, which is a limited in Fynbos soils but a
slight increase can have ecological effects on vegetation (Lu et al., 2022).
The study conducted by Lu et al. (2022) found that Fynbos plant species’
roots are adapted for competition in soils where available nutrients are
scarce. Species can explore tiny nutrient patches in their soil environ-
ment which allows them to better compete in regions of extremely low
quantities of nutrients such as phosphorus (Jacobs et al., 2020).

Increases in soil pH values in lawns further speak to the alkaline
nature of herbivore dung and urine, as well as soil structural changes
because of trampling. These results coincided with studies done by
Hosseinzadeh et al. (2010) and Fox et al. (2015), where their results
showed that the pH value increased with increasing grazing intensity.
Soil compaction, as a result of trampling, can also result in an increase in
soil pH as compaction causes anaerobic conditions which limit avail-
ability of nitrogen for vegetation.

In contrast, soil properties such as acidity, carbon and copper con-
centrations did not show significant variability among the lawns, eco-
tones and natural vegetation sites (Table A2). This suggests that grazing
does not necessarily alter soil properties uniformly. Overall, these results
imply that grazing lawns are associated with distinct soil conditions that
very likely have an influence on plant establishment, and can be
attributed to differences in vegetation structure, diversity and commu-
nity composition in various zones.

Soil condition variation among zones could potentially be seen in
contrasting vegetation structure as well as growth form composition.
The results from sampling across all zones in the BP showed that the
most abundant growth form was dwarf shrubs, followed by shrubs,
grasses and geophytes. This is a common trend seen in Fynbos vegeta-
tion, which is typically dominated by asteraceous shrubs and grass
species, and is rich in geophytic and forb species (Cowling, 1990; Curtis,
2013).

Grazing lawns were structurally distinct from natural vegetation in
supporting a greater proportion of low-growing, palatable species.
Although the natural vegetation generally supports higher aboveground
vegetation cover, any of the dominant shrub species tend to be unpal-
atable (Karki et al., 2000). In contrast, lawns were characterized by
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plant species that are grazing tolerant and benefit from frequent defo-
liation, consistent with the replacement of decreaser species (species
with decreased abundance due to herbivory) by increaser species (spe-
cies whose abundances are favored by grazing) under consistent her-
bivory (Del-Val and Crawley, 2005; Scott-Shaw and Morris, 2015).

Grazing lawns that host palatable increaser grass species provide a
highly nutritious source of forage in high densities per unit volume in
comparison to natural zones (Karki et al., 2000). These grasses included
Cynodon dactylon and Panicum repens (Appendix Table A1), while the
natural vegetation areas had taller growing grasses that are not
appealing grazers.. Cynodon dactylon is a well-document pioneer spe-
cies that thrives under heavy grazing pressure and disturbance due to its
prostrate growth, rapid growth rate, and strong competitive ability
(Galiano, 1985; Potenza et al., 2019; Radloff et al., 2014). The domi-
nance of this species in lawns can inhibit the establishment of species
that are less tolerant, which further leads to a homogenized plant
community.

In contrast, Themeda triandra was observed across most zones, but
was absent from the natural vegetation in this study. This species is
regarded a generalist tolerator species that is capable of adopting tall,
upright growth forms in environments where low grazing pressure oc-
curs, while persisting in areas with increased grazing pressure through
reduced stature (Snyman et al., 2013; Archibald et al., 2019, ; Hempson
et al., 2022). The persistence of Themeda triandra across multiple zones
could explain the compositional overlap between the different lawn
class sizes.

Geophytes were recorded in all zones and a relatively high species
richness within the lawns. Previous studies have shown that interme-
diate levels of grazing can encourage geophyte diversity by reducing
competition from dominant grass and shrub species and increasing light
availability (Moolman and Cowling, 1994; Hadar et al., 1999; Imanuel
and Tayla, 2001). Many geophytic species possess traits that make them
less susceptible to herbivory, which include below-ground storage or-
gans, chemical defenses, dormancy in unfavorable conditions, as well as
low growing and/or narrow leaves that decreases exposure to grazing
and trampling (Saltz and Ward, 2000; Imanuel and Tayla, 2001).

Forbs that occur in lawns typically exhibit growth forms similar to
lawn grasses like prostrate habits and low canopy heights, which lessens
their exposure to (Diaz et al., 2007). Those that are more erect are often
less palatable and are usually avoided by herbivores (Hempson et al.,
2015). The prevalence of forbs and geophytes in lawn sites suggests that
species with traits that support herbivory tolerance or avoidance are
favoured in lawns, which then result in distinct structural and functional
vegetation assemblages relative to ecotones and natural vegetation sites.

Vegetation shifts were accompanied by changes in the dominance of
particular plant families. The most speciose families recorded in this
study were poaceae, asteraceae, restionaceae, iridaceae, and fabaceae.
This trend is consistent with that found in precious floristic surveys done
in the park by Kraaij (2010).

The fabaceae family was of particular interest, as Aspalathus burch-
elliana, an endemic species found in a rapidly declining habitat, was
exclusively recorded in the natural vegetation. The limited distribution
of this species highlights the conservation value of the remaining intact
vegetation in the BNP and emphasizes the vulnerability of specialist taxa
to grazing pressure (Raimondo, 2006). The patterns seen at family level
provide important insights into differences in species richness and
community composition between the various zones that were sampled.

Intense grazing pressure has been shown to cause a reduction in
plant diversity by the selective removal of palatable species and the
promotion of grazing tolerant species, which often results in commu-
nities dominated by a small number of resilient plants (Rutherford and
Power, 2013; Hempson et al., 2022). Grazing lawns generally supported
lower species richness compared to ecotones and natural vegetation sites
for this study. Furthermore, richness varied between varying lawn size
classes,

The trends that are noticed coincide with the intermediate
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disturbance hypothesis, which suggests that species diversity at mod-
erate levels of disturbance reaches its peak (Risser, 1988; Pulungan
et al., 2019). Smaller lawns had higher species richness in contrast to
medium and large lawns, reflecting patterns of either lower grazing
intensity at those sites or greater spatial heterogeneity in disturbance.
Ecotone sites supported a higher species richness, potentially due to the
co-occurrence of species associated with both lawns and natural vege-
tation, strengthening the idea that these areas serve as transitional
habitats within the landscape.

A multivariate analysis revealed that varying species richness was
accompanied by plant community compositional shifts across the lawns,
ecotones, and natural vegetation zones in the BNP. The NMDS ordina-
tion (Fig. 1.3) showed clear separation between the grazing lawn and
natural vegetation communities, with the ecotones occupying an inter-
mediate position in the ordination space. The different lawn size classes
overlapped, indicationg similar species composition among them,
regardless of differences in species richness values.

The PERMANOVA confirmed that community composition varied
significantly between zones. Once again, the intermediate position of
the ecotonal sites highlights their function as compositional transition as
opposed to discrete community types. Together these results that the
establishment and proliferation of lawns not only influence the number
of species present, but also the species identity the plant communities
are comprised of across the landscape.

The presence of invasive species such as Pennisetum clandestinum in
lawns and ecotones further draw attention to risks associated with
disturbance drive modification in habitats. This species readily colonizes
trampled and grazed areas and can suppress the establishment of native

NMDS of plant species composition
Stress = 0.185
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plant species by forming dense mats on lawns, thereby reducing habitat
quality as well as compositional diversity (Posada et al., 2000).

While lawns are an important forage resource for herbivores,
excessive grazing could promote nutrient enrichment, homogenization
of plant communities, and invasion and competitive species, they ulti-
mately reduce the conservation value of these habitats. Maintaining a
mosaic of grazing lawns, ecotones and intact natural vegetation may
therefore be critical for accommodating herbivore requirements while
conserving the biodiversity in the BNP. Managing grazing intensity to
prevent lawn degradation while preserving ecotonal habitats is likely
key to sustaining both plant diversity and ecosystem functioning within
the park.

Heavy grazing pressure has been shown to contribute to a decrease in
biodiversity (Rutherford and Powrie, 2013), by resulting in a loss of
grass basal cover and a spike in annual species numbers that have low
forage value (Hempson et al., 2022). This can further lead to irreversible
impacts on lawns such as increased bare ground and soil erosion, and
furthermore a decrease in the number of animals the system can support
(Hempson et al., 2022). Moreover, as important as lawns are for
providing a valuable resource for grazers, overgrazing can result in the
degradation of these lawns (Hempson et al., 2022).

Grasses are not dependent on sodium as a nutrient requirement, but
this is an element that is in high demand by grazing animals. Increased
sodium levels have been seen to coincide with areas of grazing lawns
formation which is most likely due to herbivores selecting grass species
with higher sodium concentrations in their leaves (Grant and Scholes,
2006). It has been determined that foliar sodium levels are higher in
grass species that occur in lawns in comparison to taller growing grasses
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Fig. 1.3. A non-metric multidimensional scaling (NMDS) ordination of plant community composition across grazing lawns, ecotones and natural vegetation sampled
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in the same system regardless of soil sodium levels remaining constant
(Stock et al., 2010). Species showing such characteristics include Cyn-
odon dactylon that have been found to have salt-secreting glands on its
leaves and was prevalent in sites sampled in the BNP (Hempson et al.,
2015).

5. Conclusion

The vegetation in the BNP is an endangered vegetation type highly
distinctive of the Cape Floristics Region that is subject to many distur-
bances including grazing by large herbivores. This study demonstrates
that a transition from natural vegetation to lawns are coupled with
notable changes in soil physico-chemical properties, vegetation struc-
ture, species richness, and community composition. Lawns were char-
acterized by nutrient-rich soils, changes in growth form composition,
and distinct grazing-tolerant plant species assemblages compared to
natural vegetation.

Grazing lawns serve as a valuable resource in ecosystems as it is
necessary to sustain herbivores in a given environment. Grazing lawns
also house a particular and unique group of species that are grazing
tolerant and can contribute in their own way to the diversity of the
environment. The establishment of lawns, however, can pose a threat to
the endangered natural vegetation that the park aims to conserve. This
can be detrimental to the Silcrete Fynbos vegetation type that is char-
acteristic of the park, and an important component of the Cape Floristic
Region (CFR). Although these lawns are essential and beneficial for the
grazers (especially bontebok) in the park, measures need to be imple-
mented to limit the number of lawns being established, as well as the
number of lawns being over-utilized to the point of being completely
degraded that it no longer serves any purpose to the animals, or the
vegetation.

For management of Bontebok and their biodiversity monitoring
system, grazing lawns are seen as influential to the biodiversity

Appendices

Table Al
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mechanism and functioning of the park. While herbivores are critical for
the lawn formations, it is important for management to also understand
the role that drought and flooding plays in influencing the lawns. This
study adds to a very limited knowledge of the biodiversity mechanisms
of the park.
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Plant species that were recorded in the BNP in the lawns, ecotones and natural vegetation zones.

Species (with authority) Small lawns

Medium lawns

Large lawns Ecotones Natural vegetation

Aira cupaniana Guss.

Albuca viscosa L.f.

Anthospermum spathulatum Spreng.
Arctotis acaulis L.

Aristida diffusa Trin.

Argyrolobium pachyphyllum Eckl. & Zeyh.
Aristida junciformis Trin. & Rupr.
Asparagus africanus Lam.

Aspalathus burchelliana DC.
Aspalathus capensis (L.) Thunb.
Aspalathus laricifolia Eckl. & Zeyh.
Aspalathus spinosa L.

Aspalathus tridentata L.

Aspalathus nigra L.

Aspalathus rubicundus Eckl. & Zeyh.
Babiana patersoniae L.Bolus
Boophane disticha (L.f.) Herb.

Briza minima L.

Bulbine frutescens (L.) Willd.
Cannomois parviflora (Thunb.) Pillans
Carpobrotus deliciosus L.Bolus
Carpobrotus edulis (L.) N.E.Br.
Chondropetalum tectorum (L.f.) Mast.
Chrysocoma ciliata L.

Cliffortia ruscifolia L.

Cotula turbinata L.

Crossyne guttata (L.) D.Miill.-Doblies & U.Miill.-Doblies
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X
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Table A1 (continued)

Species (with authority) Small lawns Medium lawns Large lawns Ecotones Natural vegetation

Cynodon dactylon (L.) Pers. X X X
Cyperus marginatus Thunb.

Cyperus tenellus L.f. X X
Cyperus thunbergii Vahl

Digitaria eriantha Steud. X X X
Dimorphotheca nudicaulis (L.) DC.

Dicerothamnus rhinocerotis (L.f.) Koekemoer X X

Dodonaea viscosa Jacq.

Drimia elata Jacq. X

Drosanthemum floribundum (Haw.) Schwantes X
Elegia filacea Mast. X
Erica axillaris L. X
Eragrostis curvula (Schrad.) Nees X

Ehrharta calycina Sm. X X
Erica peltata Andrews X X
Eriospermum pubescens Baker X

Euryops tenuissimus DC. X X
Ficinia nigrescens (Schrad.) J.Raynal X X

Galenia africana L.
Hermannia decumbens L.
Hermannia flammula L. X X X
Helichrysum indicum (L.) Grierson

Helichrysum patulum Thunb.

Helichrysum rosum (Bergius) Less.

Helichrysum rutilans (L.) D.Don

Helichrysum teretifolium (L.) DC. X

Helichrysum zeyheri Less.

Hypochaeris glabra L. X X X
Hypodiscus striatus (Thunb.) Mast.

Isolepis setacea (L.) R.Br. X
Ixia polystachya L. X
Lachenalia contaminata Aiton X X
Ledebouria revoluta (L.f.) Jessop X

Leucadendron salignum P.J.Bergius

Lysimachia loeflingii (L.) U.Manns & Anderb. X

Metalasia acuta (Thunb.) Less.

Metalasia densa DC.

Moraea setifolia (L.f.) Druce X X
Micranthus alopecuroides (L.f.) Eckl. X
Oxalis purpurea L. X

Oedera capensis (L.) N.G.Bergh

Otholobium fruticans (L.) C.H.Stirt. X
Panicum repens L. X X

Passerina corymbosa Thunb. X X X
Passerina rubra Thoday

Pelargonium crispum (Bergius) L'Hér. X
Pelargonium rapaceum (L.) L’Hér. X
Pentaschistis airoides (Nees) Stapf

Pennisetum clandestinum Hochst. ex Chiov. X X X
Pentaschistis calcicola Davidse X X
Phylica ericoides L.

Phylica lasiocarpa Thunb.

Phylica velutina Rourke

Polygala bracteolata L.

Pteronia incana (Burm.) DC.

Restio capensis Thunb.

Restio cincinnatus Thunb. X

Restio curviramis Mast. X

Restio gaudichaudiana Kunth

Restio pillansii Linder

Romulea rosea (L.) Eckl. X X
Schoenoxiphium ecklonii (Nees) C.B.Clarke

Searsia laevigata (L.) F.A.Barkley X
Senecio laevigatus Thunb. X X X

Senecio rosmarinifolius L.f. X X X X
Serruria acrocarpa Rourke X
Stellaria media (L.) Vill. X X

Stipagrostis zeyheri (Nees) De Winter X X
Stoebe capitata (Lam.) Thunb. X
Struthiola ciliata Lam. X X X

Struthiola confusa Gilg X
Tenaxia disticha (Nees) N.P.Barker & H.P.Linder X
Tenaxia stricta (Schrad.) N.P.Barker & H.P.Linder X X

Thamnochortus fruticosus (L.) P.J.Bergius X X
Thamnochortus guthrieae Pillans X
Thamnochortus lucens Pillans X
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Table A1 (continued)
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Species (with authority) Small lawns Medium lawns Large lawns Ecotones Natural vegetation
Themeda triandra Forssk. X X X X

Tritonia cooperi Baker X
Tritoniopsis ramosa (Burm.f.) Goldblatt X
UForl (Asteraceae) X X
UFor2 (Asteraceae) X X
UGeol (Iridaceae)

UGeo2 (Iridaceae) X

UGeo3 (Iridaceae) X

UGeo4 (Iridaceae) X X
UGeo5 (Iridaceae) X

UGr1 (Poaceae) X

UGr2 (Poaceae) X
UGr3 (Poaceae) X

UGr4 (Poaceae) X
UGTr5 (Poaceae) X X

UGr6 (Poaceae) X

URes2 (Restionaceae) X

UsShrl X
UShr2 X
UShr4 X

UShr5 X
UShr6 X
UShr7 X
UGr7 (Poaceae) X
UDs2 (Asteraceae) X

Table A2

Kruskal-Wallis test results assessing differences among sampling categories for each
measured soil variable. The table shows the degrees of freedom (df), the test statistic (H),

and corresponding p-values.

Variable df H_Stat P_Value
pH 4 13.674 0.008412
Sodium 4 18.17 0.00114
Resistance 4 14.33 0.00631
Acidity 4 0.5 0.919
Calcium 4 10.88 0.028
Magnesium 4 15.3 0.00412
Potassium 4 9.93 0.0416
Phosphorus 4 15.36 0.00401
Copper 4 5.41 0.248
Zinc 4 11.99 0.0174
Manganese 4 11.26 0.0238
Boron 4 19.29 0.000688
Suphur 4 13.62 0.0086
Carbon 4 2.05 0.727
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