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Abstract

Mountainous grassland landscapes are severely threatened by the proliferation of shrub encroachment. So far, it remains
unclear though how slope aspect coupled with land disturbances linked to the proximity of homesteads to communal grazing
sites affects the distribution, density and structure of the encroaching shrubs in these grassland ecosystems. In this study, we
investigated the role that slope aspect plays in determining the density and structure of an encroaching shrub species Eury-
ops floribundus N.E. Br in three communal grazing sites located at varying distances from rural homesteads in a semi-arid
mountainous grassland in the Eastern Cape Province of South Africa. Three sites were strategically chosen in Cala communal
grazing lands in an encroached mountainous grassland landscape that depicted north and south-facing slope aspects. The
selected sites were Tsengiwe; a site located in close proximity to homesteads at a distance of less than 100 m, Upper Mnxe
situated at an intermediate distance ranging from 200 to 800 m away from homesteads and Manzimdaka, which was located
furthest from homesteads at a distance greater than 1600 m. In each site and corresponding slope aspect, the density and
structure of the shrub E. floribundus were evaluated on 36 randomly distributed plots, yielding a total of 108 plots across
all sites. We found that shrub density was significantly higher (50%) on the north-facing slope compared to the south-facing
slope in Tsengiwe, the site located near homesteads. Shrub height was significantly higher (53 and 17%) on the north-facing
slope compared to the south-facing slope at Upper Mnxe and Manzimdaka, which were located at intermediate and furthest
distances from the homesteads. Notably, shrub height was significantly lower (37%) in the north-facing slope compared to
the south-facing slope in Tsengiwe. Following a similar pattern to shrub height, total stem number was significantly higher
(20 and 85%) in the north-facing slope compared to the south-facing slope at Upper Mnxe and Tsengiwe, respectively. Shrub
crown area was higher (33 and 11%) in the north-facing slope compared to the south-facing slope at Upper Mnxe and Man-
zimdaka, respectively. A strong positive relationship was established between the height of shrubs and their longest crown
diameter, shortest crown diameter and shrub crown area across all sites, suggesting that the investigated shrub species E.
Sfloribundus employs its structural characteristics to survive, and thrive and this was more evident in the north-facing slope.
The results highlight the importance of considering the proximity of homesteads into account in ecological studies, and puts
emphasis on improved understanding of the vegetation patterns shaped by shrub encroachment in mountainous grasslands,
which is crucial in the development of effective land management strategies.

Keywords Hillslope aspect - Homestead proximity - Morphological traits - Shrub encroachment - Communal rangeland -
Land disturbance

Introduction

Grasslands are distributed throughout varying topogra-
phies globally and makeup about 40% of the surface of the
world (Bardgett et al., 2021; Lieffering et al., 2019). This
proportion of grasslands worldwide also include grasslands
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found in mountainous environments. Mountains are distinct
and conspicuous parts of the landscape, characterized by
extreme topography and complex slopes with steep gradi-
ents (Hirmas and Graham, 2011). Specifically, mountainous
grasslands are characterized by high elevations and undu-
lating topography where the mixture of grasses and other
herbaceous plants predominate (O’Connor, 2005; Sala et al.,
2013; Ralph Clark et al., 2021). These grasslands provide a
range of material and non-material benefits to human liveli-
hoods (Bardgett et al., 2021). The benefits brought by grass-
lands include a wide range of ecosystem services including
food production, timber, water supply and regulation, protec-
tion from natural hazards, storage of carbon, climate change
mitigation, recreation and tourism (Bardgett et al., 2021;
Gibson, 2009). Mountainous grasslands also provide abun-
dant forage for more than 360 million cattle and 600 million
sheep and goats due to their high protein and mineral content
(Huntsinger and Hopkinson, 1996; Squires et al., 2018). In
addition, these grasslands provide economic activities and
livelihood opportunities for many rural people who depend
on livestock sales and products (e.g., meat, milk and skins)
for their livelihoods (Palmer and Ainslie, 2005; Papanastasis
et al., 2017; Squires et al., 2018). Despite the importance of
mountainous grasslands, mounting evidence indicates that
they are under severe threat from ongoing shrub encroach-
ment (Masibonge et al., 2019; Montané et al., 2007; Steger
et al., 2022).

Mountainous grasslands are seriously threatened by the
increasing density of native trees and shrubs, a phenomenon
referred to as shrub encroachment (Van Auken, 2009). This
land cover transformation, which is common in many arid
and semi-arid grasslands, leads to a reduction in biodiversity,
changes in plant species composition and contributes to over-
all decrease in productivity of grasslands (Mogashoa et al.,
2021; Moleele et al., 2002; Roques et al., 2001; Van Auken,
2000). These changes associated with shrub encroachment
negatively impact livestock production and the livelihoods
of those living in rural areas (Archer et al., 2017; Scholes
and Archer, 1997). The impact of shrub encroachment on
grassland ecosystems is not only governed by the density of
shrubs, but is also controlled by the structural characteristics
of the encroaching plants (Eldridge et al., 2011, Osborne
et al., 2018; Zhou et al., 2019; Mogashoa et al., 2021). The
structural characteristics of the encroaching plant including
the height, stem number and canopy density are critical in
governing the accessibility of crucial resources like sunlight,
water, nutrients and space (Zizka et al., 2014; Gotmark et al.,
2016; Gaillard et al., 2018). These structural characteristics
significantly influence the ability of various grass species
to dominate and thrive within the ecosystem. For instance,
taller shrubs with denser canopies may create more shade,
reducing light availability for grass species and increasing
competition for water and nutrients (Osborne et al., 2018;
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Mogashoa et al., 2021; Ding and Eldridge, 2022). Despite
the negative impact of shrub encroachment on some of the
functions and services provided by mountainous grasslands,
it has been documented that slope aspect promotes shrub
encroachment (Kakembo et al., 2007; Gartzia et al., 2014,
Archer et al., 2017; Wu et al., 2018). This land characteristic
is a major driver of incoming solar radiation, and creates a
range of microclimates that affect the growth and survival
of woody and shrubby vegetation (Auslander et al., 2003;
Bennie et al., 2008; Carletti et al., 2009; Gallardo-Cruz
et al., 2009; Grab, 2013; Longman et al., 2014). Generally,
north-facing slopes in the Southern Hemisphere experience
warmer temperatures than their south-facing counterparts
due to their exposure to increased solar radiation, resulting
in drier and warmer conditions (Holland and Steyn, 1975;
Schulze and McGee, 1978). This is in stark contrast to the
conditions in the Northern Hemisphere, where south-facing
slopes receive more solar radiation, making them warmer
compared to the cooler north-facing slopes (Kutiel and
Lavee, 1999; Jasinska et al., 2019; Li et al., 2022). In this
article, we will use the terms “warmer aspect” and “cooler
aspect” where appropriate to ensure clarity and account for
the different slope aspect terminology used in the South-
ern and Northern hemispheres. Despite the impact of slope
aspect in determining microclimatic conditions, its effect
on the distribution of encroaching shrubs is still not well
understood.

There is no explicit agreement on how slope aspect
influences the structure of encroaching woody plants, as
evidenced by the contradictory results in the existing lit-
erature. Some studies have shown that cooler slope aspects
are characterized by greater density and cover of encroach-
ing woody plants than warmer slope aspects (Johnson and
Miller, 2006; Kakembo et al., 2007; Weisberg et al., 2007;
Wu et al., 2018; Soubry et al., 2022), while other studies
have reported greater density and cover of shrubs on warmer
slope aspects (Hottman and O’Connor, 1999; Johnson and
Miller, 2006; Gartzia et al., 2014; Caviezel et al., 2017).
There are also studies that found no discernible effect of
slope aspect on the encroaching woody plants (Coop and
Givnish, 2007; Endress et al., 2007; Haile et al., 2021). The
inconsistent results observed in these studies likely result
from (1) the interactive effects of slope aspect with other
factors such as human-induced disturbances, particularly
in mountainous grazing sites situated in close proximity to
homesteads; and (2) the type of encroaching woody plant
species such as trees, shrubs, or a mixture of both. Addition-
ally, there is a lack of research investigating the influence of
slope aspect on the structural characteristics of encroaching
shrub species in mountainous grasslands.

In this study, we investigated the influence of slope aspect
on the density and structural characteristics of Euryops flo-
ribundus N.E. Br shrub in communal grazing sites located
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at varying distances from homesteads in a semi-arid moun-
tainous grassland. Euryops floribundus N.E. Br is one of the
shrub species that is aggressively encroaching the mountain-
ous grasslands in the Eastern Cape Province of South Africa.
The mountainous grasslands run north—south producing
predominantly north-aspect and south-aspect slopes. This
difference in aspect affects the growth patterns of the Eury-
ops floribundus species. The species is an evergreen multi-
stemmed perennial shrub that develops to reach a height
of 3 m. This shrub species is endemic to the Eastern Cape
Province of South Africa, and produces abundant quantities
of tiny seeds that are easily dispersed by wind, animals and
water (Masibonge et al., 2019). Euryops floribundus shrub
is widely found in communal grazing lands, but it is not
palatable to livestock such as goats, sheep and cattle. Local
communities utilize the shrub for its medicinal purposes
and as a source of fuel for cooking and building material
(Vetter et al., 2006; Shackleton and Gambiza, 2008; Gxas-
heka, 2013). The extent of utilization of the benefits derived
from the woody plants and the impact of livestock grazing
in communal grasslands vary depending on the proximity
of homesteads to grazing lands (Shackleton, 1993; Inman
et al., 2020). This difference in the distance from homesteads
to grazing lands has been associated to the extent of shrub
encroachment, as grazing land near homesteads tend to
have higher shrub encroachment compared to those that are
located at far distances from homesteads (Fisher et al., 2011;
Bennett et al., 2012). The sites located near homesteads
often experience more land disturbance, such as overgrazing
and wood harvesting for building and firewood, compared to
sites situated further away (Fisher et al., 2011; Gatica et al.,
2020). Consequently, nearby sites are characterized by bare
soil, which can provide favorable conditions for the estab-
lishment and growth of shrubs. Even so, there is a lack of
studies examining the underlying ecological and topographi-
cal drivers behind the encroachment of Euryops floribundus.
We hypothesized that Euryops floribundus density would be
higher on the north-facing slope than on the south-facing
slope due to warmer and drier conditions favoring shrub
establishment, but lower on communal grazing sites clos-
est to homesteads than those farthest away due to increased
land disturbance. Additionally, we hypothesized that the
structural characteristics of Euryops floribundus including
height, total stem number and cover would be higher on
the north-facing slope than on the south-facing slope due to
warmer and drier conditions favoring shrub development,
but lower on communal grazing sites closest to homesteads
than those farthest away due to greater land disturbance.
Improved understanding of how slope aspect influences the
density and structure of encroaching shrubs across different
communal grazing sites will help in formulating efficient
rangeland management strategies to curb shrub encroach-
ment, in turn enhancing the quality and quantity of forage

and promoting sustainable livestock production in commu-
nal grazing land.

Material and methods
Description of study sites

The study was conducted across three communal grazing
sites near Cala in the Sakhisizwe Local Municipality in
the Eastern Cape Province of South Africa (Fig. 1). Cala
is a town located near the Tsomo River, approximately
28 km southwest of Elliott town. The name “Cala” means
“adjacent to,” referring to its location near the west of
the Drakensberg (Raper et al., 2014). The Sakhisizwe
Local Municipality has a population of approximately
64,500 people, of which 14,500 live in Cala (Aliber
and Xabadiya, 2020; Sakhisiwe Local Municipality,
2017). To select our communal grazing sites, we used
a multi-faceted approach that involved discussions with
local extension officers and community leaders as well
as extensive field scouting. Our selection was based on
the distance of neighboring homesteads to the communal
grazing site. The distance to homesteads was estimated
using Google Earth (Haile et al., 2021). The selected sites
were Tsengiwe (situated near at less than 100 m from
homesteads), Upper Mnxe (located at an intermediate dis-
tance from homesteads within 200-800 m) and Manzim-
daka (located far from homesteads at more than 1600 m)
(Table 1). These sites are approximately 10 km apart
within the communal grazing land of Cala. The climate
at the study site is semi-arid, with an average annual pre-
cipitation of 500 mm and average temperatures of 22 °C
in January and 12 °C in July. Most of the precipitation
in the area occurs during the summer season (Novem-
ber to March) and only small amounts of precipitation
fall during the winter months (June to August). For all
the selected sites, the woody layer is mainly dominated
by Euryops floribundus while the grass layer is domi-
nated by Aristida congesta, Elionurus muticus, Eragrostis
chloromelas, Eragrostis plana, Heteropogon contortus,
Sporobolus africanus and Themeda triandra (Mucina
and Rutherford 2006; Table 1). Mudstones of the Karroo
supergroup dominates the geology of the sites, giving rise
to shallow and stony soils (Mucina and Rutherford 2006).
The communal grazing sites investigated in this study
had no fencing or imposed management practices, such
as prescribed burning. Over the last three decades, the
sites have been continuously used as grazing land for a
variety of livestock including cattle, sheep and goats, with
no limits or constraints imposed on land management
(Gxasheka, 2013). There is a lack of quantified data on
stocking rates in the study sites, but the average number
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Fig. 1 Location of the three communal grazing sites, a Tsengiwe, b Upper Mnxe and ¢ Manzimdaka) within Cala in Sakhisizwe Local Munici-
pality of the Eastern Cape Province of South Africa. Photo credits: Masibonge Gxasheka

Table 1 Geographical setting of the three communal grazing sites in Cala, Eastern Cape Province of South Africa

Study sites Distance to MAP (mm) MAT (°C) Geology Vegetation
Homestead
(m)
Upper Mnxe <100 500 15.2 Mudstone of Karroo supergroup Shrub: Euryops floribundus

Grasses: Aristida congesta, Elionurus muti-
cus, Eragrostis chloromelas, Eragrostis plana
Heteropogon contortus, Sporobolus africanus,
Themeda triandra

Tsengiwe 200-800 500 15.2 Mudstone of Karroo supergroup Shrub: Euryops floribundus

Grasses: Aristida congesta, Elionurus muticus, Era-
grostis chloromelas, Eragrostis plana, Sporobolus
africanus, Themeda triandra

Manzimdaka > 1600 500 15.2 Mudstone of Karroo supergroup Shrub: Euryops floribundus

Grasses: Elionurus muticus, Eragrostis plana, Pas-
palum dilatatum, Sporobolus africanus, Themeda
triandra

of cattle per household ranges from 5 (Upper Mnxe),  number of sheep per household is 10 (Manzimdaka), 13
6 (Manzimdaka) and 7 (Tsengiwe), while the average (Upper Mnxe) and 20 (Tsengiwe) (Gxasheka et al., 2017).
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Fig.2 Various observed land disturbance including a Overgrazing, b
stem cutting, resulted in no surviving stems, ¢ stem cutting with only
one stem remaining, d stem cutting, with only one stem removed, e
livestock grazing, f burned shrub with no stems remaining, g burned

As shown in Fig. 2, these sites are subjected to various
land disturbances such as overgrazing, unplanned burn-
ing of grazing areas, stem cutting and the harvesting and
collection of Euryops floribundus for firewood. Among
these disturbances, overgrazing and firewood collection
of Euryops floribundus are the most significant, with
Tsengiwe experiencing higher levels of firewood extrac-
tion compared to Upper Mnxe and Manzimdaka (Gxas-
heka, 2013; Gxasheka et al., 2017).

Table 2 Basic information of the three communal grazing sites

shrub with some stems remaining, h firewood collection in the three
communal grazing sites of Cala, Eastern Cape Province of South
Africa. Photo credits: Masibonge Gxasheka

Experimental design and vegetation sampling

In February 2022, a mountainous grassland landscape
encroached by Euryops floribundus shrub species, with
north-facing and south-facing slope aspects was selected at
each communal grazing site after an intensive field vegeta-
tion survey. (Table 2, Fig. 2). For each mountainous grass-
land site, slope aspect was determined using a compass
(Majeed et al., 2022). From the bottom of the mountainous
grassland to the top, 18 plots (10 m X 10 m) were randomly

Study sites Distance to Slope aspect Slope gradient (°) GPS co-ordinates Elevation (m.a.s.l)
homestead (m) - -
©) Latitude Longitude
Tsengiwe <100 North-facing 7.7-17.8 S 31°35"0.11" E 27°38 "0.11" 1246-1312
South-facing 11.7-21.8 S 31°35"13.1" E 27°38 "07.5" 1268-1352
Upper Mnxe 200-800 North-facing 4.6-23.7 S 31°31 "20.5" E 27°35 "00.1" 1286-1379
South-facing 42-21.3 S 31°31 "40.2" E 27°35 "66.7" 1298-1355
Manzimdaka > 1600 North-facing 14.1-23.5 S 31°33 "48.9" E 27°42 "45.8" 1327-1413
South-facing 7.5-18.2 S 31°33 "29.9" E 27°42 "13.6" 1228-1297

GPS Global positioning system; m.a.s.] meters above sea level
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established approximately 10 m apart at each slope aspect.
Overall, this approach resulted in 36 plots per study site
and 108 plots across the three sites investigated. To deter-
mine density and total stem number, we measured all the
shrub live individuals of Euryops floribundus within the
demarcated 100 m? plot (Dlamini et al., 2019; Mogashoa
et al., 2021). We measured the height of every shrub using
a calibrated 2 m rod from the base of the shrub Euryops
floribundus to the top of the green foliage within the 100 m?
plot. We classified the shrub heights into three categories
following the work of Masibonge et al. (2019): 0—1 m for
seedlings, > 1-2 m for young shrubs and >2 m for mature
shrubs. To estimate the shrub crown area, we determined the
longest crown diameter (LCD) and shortest crown diameter
(SCD) of each shrub Euryops floribundus using tape meas-
ure in 100 m? plot. Then, we calculated the shrub crown area
(SCA) using the equation shown below:

dy XdyXr
SCA=| ———

4

where d, is the major axis (LCD) and d, is the minor axis
(SCD) of the crown (Hesselbarth et al., 2018). Further-
more, we used a Garmin® GPSMAP 64 X series hand-
held global positioning system ( Garmin International
Incorporated Company in Kansas, USA) to record longitude,
latitude and elevation of each plot per sampling site.

Data analysis

The data on density, height class distribution and struc-
tural characteristics of Euryops floribundus were analyzed
using the R statistical software version 4.2.1 (R Core Team,
2022). Prior to analysis, the data were checked for normal
distribution using the Shapiro—Wilk test, and homogene-
ity of variance using Levene’s test, which indicated non-
normal distribution. Shrub density data were normally
distributed after they were log |, transformed. A two-way

ANOVA, employing the general linear model (GLM) pro-
cedure (Pekar and Brabec, 2016) was used to determine how
slope aspect and site influence shrub density and structural
characteristics of Euryops floribundus (i.e., shrub height,
total stem number, longest crown diameter, shortest crown
diameter and shrub crown area). The results were consid-
ered significant at p <0.05. Subsequently, a post hoc analysis
was conducted using the Tukey test. To get an overview
on how the structural characteristics are related, we con-
ducted a Pearson’s correlation analysis using the R package
“corrplot” (Wei et al., 2017). The correlation coefficients
were classified as follows: 0.00-0.10, negligible correlation,
0.10-0.39: weak, 0.40-0.69: moderate, 0.70-0.89: strong
correlation, 0.90-1.00: very strong (Schober et al., 2018).
A p value £0.05 was considered statistically significant. For
data visualization and manipulation, we used the R packages
“ggplot2”, “dplyr “and “ggpubr’ (Wickham and Grolemund,
2016; Wickham and Wickham, 2020).

Results

Effect of slope aspect on shrub density of Euryops
floribundus

Slope aspect and communal grazing site as individual
factors did not influence shrub density, but the combined
effect of slope aspect and site significantly influenced the
density of Euryops floribundus (p <0.05; Table 3). Spe-
cifically, shrub density was significantly higher (50%) on
the north-facing slope (2528 shrubs ha™!) compared to the
south-facing slope (1689 shrubs ha™') (p <0.05; Fig. 3a)
in Tsengiwe. In contrast, no significant differences were
observed for shrub density in the north-facing and south-
facing slopes at Upper Mnxe (1800 and 2156 shrubs ha™")
and Manzimdaka (1572 and 2017 shrubs ha™!) (p > 0.05;
Fig. 3a). In Upper Mnxe and Manzimdaka, seedling den-
sity (O—1 m) was lower on the north-facing slope relative to
the south-facing slope (Fig. 5a). On the contrary, seedling

Table 3 Two-way analysis of

. : Structural Site Slope aspect Site x Slope aspect

variance (general linear model) character-

of communal grazing site and istics df F P df F P df F P

slope aspect on density and

structural characteristics of SD 2 0932 0.327ns 1 0289 0.924ns 2 5196 0.004151 **

g‘ercyi‘;’s’sﬂ"”b“"d’” shrub SH 2 138578 22e—16%%F 1 17.884 2445¢-05 %%t 2 305979 22e—16 %
TNS 2 80.051 22e—16*** 1 76453 22e—16 *¥* 2 4801 22e—16***
SCD 2 93.638 22e-16** 1 2116 0.146ns 2 20.695 1.249e—09 ik
LCD 2 90925 2e—16 *** 1 0.689 0.407ns 2 46411 2e—16 ***
SCA 2 75418 22e—16*** ] 1.712  0.191 ns 2 32303 1.496e—14 ***

SD shrub density, SH shrub height, TNS total stem number; SCD shortest crown diameter; LCD longest
crown diameter; SCA shrub crown area

*P <0.05; **P <0.01; ***P <0.00; ns, not significant P>0.05
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Fig.3 Boxplots values of a a
shrub density, b shrub height 5000-
and c total number of stems
per shrub between north-facing
and south-facing slope aspect —~ 4000-
in Tsengiwe, Upper Mnxe ‘5"
and Manzimdaka. Different 2
. . . 35
letters denote significant dif- £ 3000-
ferences at p <0.05 between )
the slope aspects. Box plot 2
elements: box = values of %
25th and 75th percentiles; S 2000-
. . . o
horizontal line =median; sym- )
bol+ =mean, whiskers =values 5
of 5th and 95th percentiles. 1000-
Circle and triangle shapes
outside the whiskers represent
the outliers 0-
b 35°
3.0-
2.5+
=
= b
g 2.0+ *
E °
2 15- :
l-E
n
1.0-
0.5-
L ]
0.0-
c 25°
o a
2 20- °
_% o
E 15-
IS
=}
| =
g 10-
2]
©
e *
O
&
4{00\ j(b
X
& o

density (0—1 m) was higher on the north-facing slope com-
pared to the south-facing slope in Tsengiwe. The density of
young shrubs (> 1-2 m) did not differ between the north-
facing slope and the south-facing slope at Upper Mnxe and
Manzimdaka (5b). In contrast, the density of young shrubs
(> 1-2 m) was lower on the north-facing slope compared
to south-facing slope in Tsengiwe (5b). Compared to the
south-facing slope, the density of mature shrubs (>2 m)

Tsengiwe

Upper Mnxe Manzimdaka
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was higher on the north-facing slope at Upper Mnxe (5¢).
Similarly, mature shrub density was higher on the north-
facing slope than the south-facing slope (5¢) in Manzim-
daka. Conversely, mature shrubs were not found on the
north-facing slope, but only observed on the south-facing
slope in Tsengiwe (5c).
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Effect of slope aspect on shrub height and total
stem number

Shrub height and total stem number of Euryops floribundus
showed significant differences at the different communal
grazing sites and varying slope aspects (p <0.05; Table 3).
Notably, shrub height was significantly higher (53%) in the
north-facing slope (1.48 m) compared to the south-facing
slope (0.97 m) at Upper Mnxe (p <0.05; Fig. 3b). Similarly,
the shrub height on the north-facing slope (1.6 m) was signif-
icantly higher (17%) compared to south-facing slope (1.3 m)
at Manzimdaka (Fig. 3b). Shrub height at Tsengiwe followed
an opposite trend, as it was 37% lower in the north-facing
slope (0.88 m) compared to the south-facing slope (1.4 m)
(Fig. 3b). Total stem number was significantly higher (20%)
on the north-facing slope (4 stems/shrub) compared to the
south-facing slope (3 stems/shrub) in Upper Mnxe (Fig. 3c).
Similarly, total stem number was significantly higher (85%)
on the north-facing slope (7 stems/shrub) compared to the
south-facing slope (4 stems/shrub) at Tsengiwe (Fig. 3c). In
contrast, the total stem number of the north-facing slope (5
stems/shrub) and south-facing slope (4 stems/shrub) did not
differ statistically at Manzimdaka (Fig. 3c).

Effect of slope aspect on crown characteristics
of Euryops floribundus shrub

Communal grazing site significantly influenced the short
crown diameter, longest crown diameter and shrub crown
area, while slope aspect had no direct influence on the crown
diameters and crown cover of Euryops floribundus. The
combination of slope aspect and communal grazing site,
however, significantly influenced the short crown diameter,
longest crown diameter and shrub crown area of Euryops
floribundus. Specifically, the longest crown diameter was
significantly higher (20%) on the north-facing slope (1.14 m)
than on the south-facing slope (0.95 m) at Upper Mnxe
(p <0.05; Fig. 4a). However, the longest crown diameter
did not show a statistically significant difference between
the north-facing slope (1.46 m) and the south-facing slope
(1.39 m) in Manzimdaka. In contrast, the longest crown
diameter was significantly lower (22%) on the north-facing
slope (1.14 m) compared to south-facing slope (1.46 m)
(Fig. 4a) in Tsengiwe. In Upper Mnxe, shortest crown diam-
eter was significantly higher (12%) on the north-facing slope
(0.80 m) than on the south-facing slope (0.71 m) (Fig. 4b).
In Manzimdaka, the shortest crown diameter did not differ
significantly between the north-facing slope (1.06 m) and
the south-facing slope (1.05 m). Conversely, shortest crown
diameter was significantly lower (17%) on the north-facing
slope (0.87 m) compared to south-facing slope (1.05 m)
at Tsengiwe (Fig. 4b). Shrub crown area was significantly
higher (33%) on the north-facing slope (0.86 m?) than the
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south-facing slope (0.64 m?) in Upper Mnxe (p <0.05;
Fig. 4c). Even though there was no statistical difference
between the slope aspects, the shrub crown area showed
a marginal increase (11%) on the north-facing slope (1.44
m?) compared to the south-facing slope (1.30 m?) at Man-
zimdaka. Conversely, shrub crown area was significantly
lower (38%) on the north-facing slope (0.85 m?) compared
to south-facing slope (1.36 m?) in Tsengiwe (Fig. 4c).

Relationship among structural characteristics
of Euryops floribundus in north-facing
and south-facing slopes

In Fig. 6, a heat map diagram shows the Pearson correla-
tion coefficients between shrub structural characteristics of
Euryops floribundus on the north-facing and south-facing
slopes for the three communal grazing sites investigated in
this study. In the north-facing slope in Tsengiwe, we estab-
lished a moderate positive correlation between shrub height
and longest crown diameter (r=0.55) and shrub crown area
(r=0.49) (Fig. 6a), indicating that taller shrubs tend to have
larger and wider crowns. Total stem number was moder-
ately positively correlated with shrub crown area (r=0.53),
shortest crown diameter (r=0.51) and longest crown diam-
eter (r=0.51), implying that shrubs with more stems tend
to have larger crowns. Shrub crown area was very strongly
positively correlated with shortest crown diameter (r=0.96)
and longest crown diameter (r=0.93). At Tsengiwe, shrub
height was moderately positively correlated with shrub
crown area (r=0.69), longest crown diameter (r=0.67) and
shortest crown diameter (»=0.64) in the south-facing slope
(Fig. 6a). Total stem number was moderately positively
correlated with shrub crown area (r=0.59), shortest crown
diameter (r=0.58) and longest crown diameter (r=0.53).
Shrub crown area was very strongly positively correlated
with shortest crown diameter (r=0.94; p <0.001) and long-
est crown diameter (r=0.94). These relations suggest that
taller shrubs with more stems tend to have larger and dense
crowns on the south-facing slope.

In the north-facing slope at Upper Mnxe, shrub height
was moderately positively correlated with longest crown
diameter (r=0.44) (Fig. 6b), suggesting that taller shrubs
tend to have larger crowns. Shrub crown area (r=0.58),
shortest crown diameter (r=0.56) and longest crown
diameter (r=0.51) were all moderately positively corre-
lated with total stem number. This infers that shrubs with
more stems tend to have bigger crowns with larger surface
areas and crown diameters. Shrub crown area was very
strongly positively correlated with shortest crown diameter
(r=0.96) and longest crown diameter (r=0.95), indicat-
ing that shrubs with larger crown areas also tend to have
larger crown diameters. In the south-facing slope, shrub
height was strongly positively correlated with longest
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Fig.4 Box plots showing the
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crown diameter (r=0.72) and moderately positively cor-
related with shrub crown area (r=0.68) and short crown
diameter (r=0.60) (Fig. 6b). Total stem number was
moderately positively correlated with shrub crown area
(r=0.58), shrub crown area (r=0.56) and longest crown
diameter (r=0.55). Furthermore, shrub crown area was
very strongly positively correlated with the longest crown
diameter (r=0.96) and shortest crown diameter (r=0.96).

This correlation suggests that taller shrubs with more
stems tend to have larger and wider crowns on the south-
facing slope.

As shown in Fig. 6c¢, the longest crown diameter
(r=0.66), shrub crown area (r=0.62) and shortest crown
diameter (r=0.55) were all moderately positively corre-
lated to shrub height on the north-facing slope at Man-
zimdaka. This suggests that as the height of the shrub
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Fig.5 Boxplots showing Euryops floribundus height class distri-
bution of seedlings (0O-1 m) (a), young shrubs (>1-2 m) (b) and
Mature shrubs (>2 m) (c) between north-facing and south-facing
slope aspects in Tsengiwe, Upper Mnxe and Manzimdaka. Box

Young shrub density (shrubs/ha)

Mature shrub density (shrubs/ha)o

increases, the length of the longest and shortest branches
as well as the size of the crown area also increase. Total
stem number was strongly positively correlated with shrub
crown area (r=0.74), shortest crown diameter (r=0.73)
and moderately positively correlated with longest crown
diameter (r=0.69). This indicates that shrubs with more
stems tend to have bigger crowns with larger surface
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Manzimdaka

plot elements: box =values of 25th and 75th percentiles; horizontal
line=median; whiskers=values of 5th and 95th percentiles. Black
dots, circle and triangle shapes outside the whiskers represent the out-
liers. Photo credits: Masibonge Gxasheka

areas and crown diameters. Shrub crown area was very
strongly positively correlated with shortest crown diameter
(r=0.97) and longest crown diameter (r=0.96). Shrub
height was moderately positively correlated with longest
crown diameter (r=0.54), shrub crown area (r=0.51)
and shortest crown diameter (r=0.46) in the south-fac-
ing slope of Manzimdaka (Fig. 6¢). Total stem number
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Fig.6 Pearson’s correlation’s
correlation heatmap among
structural characteristics of
Euryops loribundus in (a)
Tsengiwe, b Upper Mnxe and

¢ Manzimdaka. SH=shrub
height, TNS =total number

of stem, LCD =longest crown
diameter; SCD =shortest crown
diameter, SCA = shrub crown
area. The blue color gradient
shows highest significantly
positive correlation while the
red color gradient shows highly
negative correlation
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diameter (r=0.55), shrub crown area (r=0.54) and long-

est crown diameter (r=0.48). Shrub crown area was very
strongly positively correlated with shortest crown diameter

(r=0.96) and longest crown diameter (r=0.94). This sug-

gests that as the height and number of stems of the shrub
increases, the length of the longest and shortest branches

and the size of the crown area also increase.
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Effect of slope aspect on shrub density of Euryops
floribundus

Slope aspect is an important topographical attribute that
affects the length and intensity of solar radiation, and this
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alters the microclimate of the faces of the north-facing
and south-facing slopes (Higgins et al., 1999; Schulze and
McGee, 1978). Hillslope aspect, therefore, has important
effects on vegetation development because of larger dif-
ferences in soil radiation, soil temperature, evaporation
and soil moisture on various hillslope aspects (Pan et al.,
2023). Contrasting aspects of the landscape may lead to
differences in plant species, density and vegetative pro-
ductivity (Archer et al., 2017; Gartzia et al., 2014; Gxas-
heka et al., 2023; Sternberg and Shoshany, 2001). At the
communal grazing sites investigated, we found that slope
aspect influenced the vegetation characteristics of the
Euryops floribundus species in the sampled mountainous
grassland. Specifically, we found that the density of E.
Sfloribundus shrubs at Tsengiwe, which is geographically
located near communal homesteads was 50% higher on the
north-facing slope than on the south-facing slope. Nota-
bly, slope aspect had no effect on shrub density at Upper
Mnxe and Manzimdaka, which were located at intermedi-
ate and furthest distances from the homesteads. One pos-
sible explanation for the increased shrub density on the
north-facing slope at Tsengiwe is that the surface of the
north-facing slope in the Southern Hemisphere, where our
sites are located faces the sun and receives more solar
radiation over a longer period of time (Holland and Steyn
1975; Schulze and McGee, 1978). Elevated intensity of
radiation increases soil temperature, resulting in higher
seed germination rates, especially for shrubby seedlings
(Fig. 4a). In fact, work by Boehm et al. (2021) in a mon-
tane rangeland in the United States of America (USA)
showed that warmer slope aspects experience higher
seed germination, especially in winter than cooler slope
aspects. This observation was also captured in a labora-
tory-based study on seed germination, which found that
mountain shrub seeds particularly those of Asteraceae
species, germinate more readily in warmer temperatures
(25-35 °C), leading to an increase in shrub abundance
and dominance in mountainous grasslands (Venn et al.,
2021). A study by Sternberg and Shoshany (2001), who
investigated the effects of aspect on woody vegetation in
a semi-arid shrub land in Israel found that the density of
woody plants was 31% higher on warmer slopes than on
cooler slopes. The results from these studies and what was
found in our work reinforces that slope aspect is indeed an
important landscape attribute that influences shrub distri-
bution across a range of environments. Another possible
explanation for the higher density of shrubs on the north-
facing slope in our study could be linked to the close prox-
imity of the Tsengiwe communal grazing site to home-
steads. Communal grazing sites that are located close to
homesteads experience more land disturbances caused by
overgrazing and harvesting of woody plants by inhabitants
compared to sites that located far away from homesteads
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(Fisher et al., 2011; Bennett et al., 2012). These land dis-
turbances reduce the cover and diversity of grass species
leading to creation of bare grounds, which encourage the
establishment of undesirable grass species and promote
shrub encroachment (Fisher et al., 2011; Bennett et al.,
2012; Jamil et al., 2022). In fact, earlier work by Gxasheka
et al. (2017) found that the Tsengiwe site was subjected
to higher levels of anthropogenic activity, particularly the
harvesting and collection of Euryops floribundus shrubs,
which are used as building materials and for firewood.
The findings obtained in our study are in congruent to the
results by Bennett et al. (2012), who found greater den-
sity of shrubs on the north-facing slopes of sites close to
settlements in communal rangelands in the Eastern Cape,
South Africa.

Effect of slope aspect on height, total stem number
and crown cover of Euryops floribundus

Height is a key plant characteristic that distinguishes poten-
tial fitness variation across individual plants in an ecosys-
tem (Moles et al., 2009; Nagashima and Hikosaka, 2011).
It is a crucial attribute of the ecological strategies used by
woody plants to ensure their long-term survival in challeng-
ing environments (Diaz et al., 2016; Falster and Westoby,
2003). In this study, the Euryops floribundus shrub showed
more investment in plant height growth on the north-facing
slopes than on south-facing slopes at Upper Mnxe and Man-
zimdaka, respectively. The taller shrubs on the north-facing
slope are probably due to the larger number of mature shrubs
observed at these sites (Fig. 5c). The proliferation of mature
shrubs in the north-facing slope is associated with increased
sunlight and warmth that provides a more favorable environ-
ment for the growth of Euryops floribundus shrubs. Mature
tall shrubs tend to have a developed root system, which
increases water uptake (Fan et al., 2019; Letts et al., 2010;
Luo et al., 2020) leading to higher photosynthetic rate and
in turn increased plant height (Helluy et al., 2021; Schenk
and Jackson, 2002). Additionally, the correlation analysis
revealed a strong positive relationship between shrub height
of Euryops floribundus and its longest crown diameters
implying that an increase in shrub height promotes longest
crown diameters. The development of such a shrub archi-
tecture allows for the shadowing effect of the longest crown
diameters, and in so doing enhances soil moisture availabil-
ity by reducing evapotranspiration (Dai et al., 2009; Lozano-
Parra et al., 2018). Despite the increased shrub height on
north-facing slopes in Upper Mnxe and Manzimdaka, our
research work also found that the north-facing slope in
Tsengiwe had lower shrub height and shrub cover. These
results were linked to the abundance of shrub seedlings on
the north-facing slope in Tsengiwe (Fig. 5a). The prolif-
eration of shrub seedlings at the site near homesteads may
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indicate more recent establishment, potentially as a result of
human-induced disturbances linked to collection of building
materials and firewood from the shrub Euryops floribundus
(Gxasheka et al., 2017; Shackleton and Gambiza, 2008).

In Upper Mnxe and Manzimdaka, the shrub crown cover
was higher (33 and 11%) on the north-facing slope compared
to the south-facing slope. Similar to the results obtained
in our study, Hottman and O’Connor (1999) found that
woody cover was 56% higher on north-facing slopes than
south-facing slopes in semi-arid mountainous rangelands
in South Africa. The authors ascribed their findings to the
ability of particular woody plants to encroach (such as Aca-
cia tortilis and Maytenus heterophylla), thus reducing grass
cover, altering species richness and soil fertility. In south-
west Yukon, Canada, Kambo and Danby (2018) found that
shrub cover was 47% higher on warmer slopes compared
to cooler slopes. The increase in shrub cover of Euryops
Sfloribundus on north-facing slopes could be explained by
the positive correlation between shrub height, number of
stems and crown area. These results suggest that the shrub
Euryops floribundus grows taller with more stems on the
north-facing slopes, thus providing a large and dense crown
cover. Shrubs with large dense crowns on the north-facing
slope influence the local microclimate by improving abi-
otic conditions and enhancing plant growth. Previous stud-
ies have shown that shrub architecture in dry environments
can reduce seasonal temperatures (i.e., cooler summers
and warmer winters), resulting in enhanced soil moisture
in summer (D’Odorico et al., 2010, 2013; He et al., 2010;
Thomas et al., 2018). Specifically, tall shrubs with large
crowns have a significant impact on surface cooling as they
cast more extensive shadows, which reduce the amount of
solar energy that reaches the ground. Ultimately, this reduces
evaporation from the soil surface and enhances plant growth
(Thomas et al., 2018). Large crowns also increase shrub fog
precipitation during fogging times, which enhances water
availability (Brantley and Young, 2010; Kennedy and Sousa,
2006). Furthermore, tall shrubs with large crowns reduce
wind permeability, air movement and convection, and this
decreases evapotranspiration rates in the surrounding atmos-
phere (Adams, 2009; Thomas et al., 2018).

In Tsengiwe and Upper Mnxe, north-facing slopes had
a higher total stem number than south-facing slopes. The
increase in total stem number on the north-facing slope was
likely due to higher crown cover of the Euryops floribun-
dus shrubs. This is supported by the positive relationship
between total stem number, longest crown diameter, short-
est crown diameter and crown area depicted in Fig. 6a-b.
This relationship can be interpreted as a self-adaptation
strategy used by Euryops floribundus, whereby the large
crown cover interacts with the local climate and establishes
a more favorable microclimate by providing shade, subse-
quently reducing the amount of direct sunlight reaching the

ground. The shading effect results in more favorable soil
temperatures and moisture levels. Consequently, the favora-
ble microclimate encourages the growth of additional stems,
which in turn enhances the shrub crown cover. Furthermore,
additional stems improve the shrub’s capacity to accumulate
resources (i.e., water and nutrients), enhancing the ability
to survive and persist in unfavorable environments (Got-
mark et al., 2016; Matsushita et al., 2010; Ye et al., 2014).
Previous research has also suggested that shrub species
have more stems in stressful environments (Wilson, 1995;
Nzunda and Lawes, 2011; Scheffer et al., 2014; G6tmark
et al., 2016). For instance, Ye et al. (2014) explored local-
scale factors (i.e., topography) that influence the growth of
multi-stemmed trees and found that stressful environment
(e.g., low soil moisture and nutrient availability) encour-
age shrubs to develop more stems. Lastly, multi-stemmed
trees exchange their carbohydrate reserves among their
stems which improves survival, growth and resistance to
environmental stressors (Del Tredici, 2001). Therefore, the
shrub Euryops floribundus may also benefit from a higher
total stem number by storing more carbohydrates among the
stems, acting as a buffer against environmental stress, thus
improving its survival in the mountainous grassland (del
Tredici, 2001; Kobe, 1997; Tanentzap et al., 2012).

Limitation of the study

Although our research provides useful insights, it is crucial
to acknowledge a significant limitation concerning the lack
of replications for the distance to homestead factor. This
limitation requires replication of the study sites, which was
hindered by logistical and financial constraints, resulting in
pseudoreplication (Hurlbert, 1984). While, this limitation
is common in field ecological research, it should not limit
our ability to draw insights from the results obtained in our
study (Davies and Gray, 2015). These findings should be
interpreted with caution. Despite this limitation, the study
provides valuable insights on the effects of slope aspect and
human disturbance on Euryops floribundus encroachment
patterns in mountainous grasslands. Additionally, these find-
ings provide vital guidance for stakeholders involved in the
management and conservation of mountainous grasslands.

Conclusion

The aim of this study was to investigate the influence of
slope aspect on the density and structural characteristics
of Euryops floribundus N.E. Br shrub in communal graz-
ing sites located at different distances from homesteads
across a semi-arid mountainous grassland. Our research
revealed that the north-facing slope at Tsengiwe (site near
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homesteads) had a higher density of shrubs than the south-
facing slope. Additionally, our results revealed that the
north-facing slope at Upper Mnxe (intermediate site to
homestead) and Manzimdaka (furthest site to homesteads)
had higher shrub height, total stem number and crown
cover compared to the south-facing slope. These findings
suggest that the warmer north-facing slope provides more
favorable conditions for shrub growth and survival as the
distance from homesteads increases. Also, our research
results showed a significant positive relationship between
the height of shrubs and their longest crown diameter,
shortest crown diameter and shrub crown area. Such a
relation suggests that the E. floribundus shrub species
employs its structural characteristics to survive and thrive
more in the north-facing slope of the communal grazing
land. Our research results on the landscape distribution of
the density and structural characteristics of E. floribundus
shrub can be used as a baseline for future monitoring of
the extent and intensity of this shrub species in the studied
semi-arid mountainous grassland. This information is also
critical in improving our understanding of shrub encroach-
ment patterns, and this will enable the development of a
suitable management strategy for restoring the diversity
and ecological integrity of semi-arid mountainous grass-
lands. E. floribundus shrub is a major encroacher in the
mountainous grasslands in the Chris Hani District of the
Eastern Cape Province, so it must be given top priority
by land managers. To unravel the impact of topographic
factors like slope aspect on the structure of encroaching
shrubs, future research should consider quantifying the
microclimatic related data including soil temperature, rela-
tive humidity, soil moisture and light intensity on different
slope aspects and under the shrub canopy of E. floribun-
dus. This information will provide insight into the thermal,
water and light conditions affecting the growth and sur-
vival of the shrubs and how they may change with slope
aspect and in response to future climate change.
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