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Projected increases in the frequency and severity of drought events are expected to impose changes in the ecology
of native forb communities in semi-arid ecosystems. We examined the state of forb communities during, and
directly after an extreme drought event across two contrasting land-use types, which included a protected area
(high diversity of free roaming wild herbivores) and communal rangeland (long history of intensive cattle grazing)
in a semi-arid Lowveld savanna of the Gazankulu area, South Africa. Forb floristic data were collected towards the
end of the drought and repeated after the drought release a few months later. Forb community composition was
significantly different among land-use types. Community changes were not induced by annual forb emergence
alone, but through species-specific dominance shifts, which differed among land-use types. Forb richness,
diversity and biomass were equally low at both land-use types and increased significantly after the drought release,
although the magnitude of response was much stronger in the protected area, whereas drought contributed to a
directional change in the protected area with a complete post-drought turnover in both annual and perennial forb
species, much less variability was observed in the communal rangeland, which may suggest long-term effects

imposed by land-use history.
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Introduction

Ecological research in semi-arid savannas is increasingly
focused on quantifying ecosystem responses to global
environmental change (Ruppert et al. 2015; Bunting et
al. 2018). Biodiversity and the maintenance of terrestrial
ecosystem functioning are threatened by climate change
(Midgley and Bond 2015; Van Wilgen et al. 2016) combined
with non-sustainable land-use practices (Newbold et al.
2015). In African savannas, changes in the assembly
and density of herbivores, especially increasing livestock
densities at the cost of a diverse suite of native herbivores
with whom these ecosystems evolved, combined with
predictions of future increases in drought events are of
particular concern (Ruppert et al. 2015; Zerbo et al. 2016;
Riginos et al. 2018). Quantifying such land-use and climate
effects on savanna herbaceous vegetation dynamics is
essential for the management and conservation of semi-arid
ecosystems, because herbaceous plants provide important
goods and services to African livelihoods (Martin et al. 2016).

Studies on herbaceous vegetation dynamics are
strongly focused on grass productivity related to grazing
and climate variability (Trollope et al. 2014) with limited
focus on forbs (non-graminoid herbaceous vascular
plants) (Siebert and Dreber 2019). Forbs are an important
source of biodiversity in grasslands and savannas
(Uys 2006; Buitenwerf et al. 2011; Trollope et al. 2014;
Scott-Shaw and Morris 2015; Siebert and Scogings 2015)
that are functionally diverse, which suggest stronger
resilience to environmental disturbances (Shackleton

2000; Jacobs and Naiman 2008; Bond and Parr 2010;
Scott-Shaw and Morris 2015; Van Coller et al. 2018).
Furthermore, forbs provide nutritious forage resources
across herbivore guilds, from insects (Andersen and
Lonsdale 1990) to wild native herbivores and cattle
(Odadi et al. 2007). Cattle may even suppress forb cover
through forb forage preferences towards the end of a dry
season (Young et al. 2005; Odadi et al. 2007; Kimuyu et
al. 2017). Despite significant contributions to ecosystem
goods and services, both annual and perennial forbs are
often perceived negatively by land managers, because
of their association with savanna land degradation
(Siebert and Dreber 2019) and dominance over grasses
under particular environmental conditions, such as on
nutrient-rich soils (Reich et al. 2003; Van Coller and
Siebert 2015), when grazing pressure is moderate to high
(Scholes 1987; Hejcmanova et al. 2010; Cowley et al.
2014) or after drought events (Fynn and O’Connor 2000;
Buitenwerf et al. 2011).

The majority of studies that are aimed at describing
grazing and/or drought impacts in savanna ecosystems are
not particularly designed for an improved understanding
of forb community ecology, neither the drivers
responsible for community dynamics (Siebert and Dreber
2019). Nevertheless, some notes on forb dynamics in
rangeland studies are useful contributions to our current
understanding. For instance, similar to what is known for
grasses, herbivory, climate (particularly rainfall variability),
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fire and microhabitat properties are considered as important
drivers of forb community dynamics in semi-arid and arid
savannas (Siebert and Dreber 2019).

Forb community responses to herbivory are unpredictable,
because it largely depends upon herbivore type (Odadi et
al. 2017), grazing intensity (Dreber et al. 2011; Rutherford et
al. 2012; Hanke et al. 2014; Linstadter et al. 2014), duration
(Tessema et al. 2011; Odadi et al. 2017) and seasonality
(Angassa and Oba 2010). For instance, long-term high
intensity livestock grazing in savanna ecosystems may result
in community shifts in favour of grazing resistant or —tolerant
forbs (Dreber et al. 2011; Hanke et al. 2014; Tessema et al.
2016), as a result of significant changes in soil properties
(Metzger et al. 2005; Tessema et al. 2011), seed banks
(Dreber et al. 2011) and tree-grass balances (Angassa 2012).
Changes in the type of herbivore guild grazing may induce
long-term changes in forb communities (Odadi et al. 2017),
although the direction of change may differ across ecosystem
and herbivore types. High grazing pressure from cattle and
goats on communal rangelands in an arid South African
savanna have shown negligible effects on the overall forb
community, although increased abundances of some perennial
forbs were reported (Linstadter et al. 2014). In contrast,
a significant reduction in perennial forbs and increases in
annual, prostrate forbs under high communal grazing pressure
by goats was reported in an arid Nama-Karoo savanna
ecosystem (Dreber et al. 2011; Hanke et al. 2014). In areas
where diverse assemblages of herbivores are being protected,
grazing impacts are less defined, although exclusion of
herbivores from such ecosystems have been reported to have
significant effects on forb communities (Jacobs and Naiman
2008; Young et al. 2013; Van Coller et al. 2018). Long-term
exclusion of wild ungulate grazing and browsing from a
nutrient-rich sodic savanna in South Africa resulted in declines
in forb species richness. When overtopped by tufted perennial
grasses in the absence of large mammals, perennial forbs
may persist, although annual forb abundances are dependent
upon disturbance-induced and nutrient-enriched open areas
(Van Coller et al. 2018). Declining numbers of wildlife and
subsequent increases in livestock density have also revealed
herbaceous community shifts towards a reduction in forb
abundances (Young et al. 2013).

Forb community assemblages, structure and diversity are
furthermore shaped by interannual rainfall variability (Clegg
and O’Connor 2017; Zerbo et al. 2018), although they
seem to be less sensitive than grasses to periodic droughts
(O’Connor 1998; Fynn and O’Connor 2000). Semi-arid
savanna forbs are particularly rich in functional traits (Hanke
et al. 2014; Van Coller and Siebert 2019), which make
them resilient to environmental fluctuations. Forbs have a
strong ability to persist during droughts, largely as a result
of decreased competition with tufted perennial grasses,
which are often depleted after an extensive drought
(O’Connor 1998). After drought events, forbs emerge before
grasses and often dominate the herbaceous layer while the
grasses recover (Fynn and O’Connor 2000; Kallah et al.
2000; Buitenwerf et al. 2011). Drought events in grassland
ecosystems may increase native annual forbs in the seed
bank (LaForgia et al. 2018), although emergence following
disturbances may be species-specific for forbs (Siebert and
Dreber 2019).

Despite available knowledge on how forbs (as a life form)
respond to common drivers of herbaceous dynamics, our
understanding of the effects of such disturbances (e.g.
herbivory) combined with rainfall variability (e.g. drought
events) on forb species composition and diversity, is limited.
This study therefore sought to quantify the status of forb
communities during, and directly after a severe drought
event in a semi-arid Lowveld savanna of South Africa under
two contrasting land-use types within a similar vegetation
type and climate bioregion. Land-use types included a (i)
communal rangeland and (ii) protected area.

Traditional communal rangelands in South Africa
are often perceived as degraded landscapes that are
unsustainable and unproductive (Shackleton 1993) and yet,
they often host more plant species, most of which include
forbs, than the neighbouring protected areas (Shackleton
2000). Under moderate to high grazing pressure, drought
may induce compositional shifts in the herbaceous layer
from a perennial grass-dominated state to an alternate
state characterised by unpalatable, weakly tufted perennial
grasses and annual forbs (Fynn and O’Connor 2000;
Morecroft et al. 2004; Vetter 2009; Porensky et al. 2013;
O’Connor 2015). We therefore expected a shift in forb
community composition driven by post drought dominance
of annual forbs in the communal rangeland land-use type.
Furthermore, because communal cattle often depend on
forb forage during dry periods when other food resources
are limited, we expected forb communities to be depleted
by overgrazing towards the end of the severe drought
event, and the forb species that persisted being grazing-
and drought-tolerant perennials. Private game reserves in
the Lowveld of South Africa function as protected areas with
the mandate of conserving biodiversity (Shackelton 2000).
Considering that the diverse community of native herbivores
in the protected area depends on various food resources,
dispersing the pressure on foraged vegetation (Fynn 2012;
Kartzinel et al. 2015), it was expected that forb communities
that persisted during the drought would be dominated by
drought-tolerant perennials and few, if any, annual species.
Responses to the release of the extensive drought event
a few months later, were expected to induce significant
changes in forb communities (Fynn and O’Connor 2000;
Zerbo et al. 2016), with community composition, richness,
diversity and productivity being divergent among the
contrasting land-use types, as a result of different land uses
and hence, disturbance histories. Post-drought dominance
of annual forbs in disturbed ecosystems (O’Connor 1998;
Bat-Oyun et al. 2016) led us to predict weak responses
to the drought release with regards to forb evenness and
hence diversity in the communal rangeland (Hillebrand et
al. 2008). However, the taxonomic and functional diversity
of forbs (Bond and Parr 2010) led us to predict that forb
responses to rainfall variability and land-use change would
be species- and land-use type specific.

In this paper, we discuss the observed changes in forb
community composition and diversity with a specific focus
on dominance shifts between perennial and annual forbs
(i.e. life-history trait dominance shift) and species-specific
dynamics at each respective land-use type for an improved
understanding of forb community responses to drought
under different management systems.
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Materials and Methods

Study site and experimental design

The two selected land-use types are located in the
semi-arid Lowveld savanna of the Gazankulu area along
the Klaserie—Orpen road (R531) in Mpumalanga, South
Africa (Figure 1).

The Birmingham section of the Timbavati Private Nature
Reserve (TPNR) (24°34'04" S, 31°19'11" E) represented
the protected area land-use type, which hosts a diversity
of indigenous wildlife since the 1970s, including mixed
feeders, such as elephants (Loxodonta africana), impala
(Aepyceros melampus) and steenbok (Raphicerus
campestris), browsers, such as greater kudu (Tragelaphus
strepsiceros), giraffe (Giraffa camelopardalis), black rhino
(Diceros bicornis) and bushbuck (Tragelaphus sylvaticus),
and grazers, such as Cape buffalo (Syncerus caffer), blue
wildebeest (Connochaetes taurinus) and plains zebra
(Equus quagga) (Hirst 1975; Van der Waal et al. 2011).
Management of private game ranches and reserves, such
as TPNR prescribes lower stocking rates for protected
areas (Peel et al. 2005; Matsika et al. 2013), although free
animal movement across bordering reserves and the Kruger
National Park may lead to dynamic stocking rates in private

nature reserves. Water provision in the reserves attracted
high numbers of herbivores during the drought (2015-2016),
during which the stocking rate at the Birmingham section
peaked at ~0.12 livestock units (LSU’s) per ha, after which
animal numbers stabilised at ~0.06 LSU’s in 2017, when
rainfall returned to normal (Data obtained from TPNR
management).

The rural village of Welverdiend (24°34'15" S, 31°20'42" E)
represented the communal rangeland land-use type,
where herbivores are limited to domestic cattle and goats
(Shackleton 2000; Matsika et al. 2013). Livestock grazing at
Welverdiend dates back between 1930 and 1940 (George
2000) and increased in intensity as human population
increased in the area (Shackleton 2000). Stocking rates are
well above the ecological carrying capacity of 0.88 (+ 0.09)
livestock units (LSU) per ha (Parsons et al. 1997) and
peaked at >1.0 LSU ha="in 2016.

The landscape has a flat to undulating topography,
giving rise to a catenal sequence that includes a complete
series of terrain morphologies (Kaschula et al. 2005).
On a national scale the study site is located within the
Granite Lowveld vegetation unit (SVI 3) of the Savanna
Biome (Mucina and Rutherford 2006). Crests, in which
vegetation surveys were undertaken for the purpose of this
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Figure 1: The location of land-use types (Birmingham in the TPNR as the protected area; Welverdiend as the communal rangeland) adjacent

to the Kruger National Park in South Africa (courtesy of A Greyling)
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study, are characterised by deep sandy soils dominated
by broad-leaved woody species, such as Senegalia
nigrescens (Oliv.) PJH Hurter, Sclerocarya birrea
subsp. caffra (Sond.) Kokwaro, Albizia harveyi E Fourn.,
and several species from the Combretaceae (Mucina
and Rutherford 2006). The grass layer is dominated
by Digitaria eriantha subsp. eriantha (Steud.) Maire.,
Eragrostis rigidior Pilg., Melinis repens (Willd.) Zizka,
Schmidtia pappophoroides Steud. ex JA Schmidt, Urochloa
mosambicensis (Hack.) Dandy and Aristida congesta
Roem. & Schult., whereas dominant forbs include species
from the genera Commelina, Hibiscus, Sida and several
more taxa from the Malvaceae, Fabaceae, Convolvulaceae
and Acanthaceae (Mucina and Rutherford 2006).

The climate of the region is semi-arid with a long-term
mean annual rainfall of ~630 mm, ranging between
500-700 mm (Kaschula et al. 2005; Matiska et al. 2012).
For two consecutive years (2015 and 2016), the entire
Central Lowveld (north-eastern Mpumalanga and southern
Limpopo) in South Africa experienced below-average
annual rainfall (Swemmer et al. 2018). Rainfall for the study
sites was ~330 mm below the long-term average for the
area in 2015 and in 2016, at the time of floristic sampling.
Drought events in the area occur approximately once every
10 years (Matiska et al. 2012), although the drought of 2015
and 2016 was accompanied by extreme temperatures,
reaching means of above 30 °C (~8 °C warmer than the
mean annual temperature for the area) (Shackleton 1994;
Swemmer et al. 2018).

Floristic sampling was conducted towards the end of the
drought in October 2016, when rainfall during the preceding
months (i.e. total of 22 mm) were less than 50% of the
average rainfall received between August and October of
2009 to 2014 (i.e. average total of 49 mm). Sampling was
repeated towards the end of January 2017 after more than
150 mm of rain was received in the preceding months,
which was close to the average rainfall received for the area
between October and January between 2009 and 2017
(i.e. average total of 170 mm). Sampling was conducted
within twelve 50 x 20 m fixed plots in each land-use type.
The herbaceous layer was sampled in five 1 m? subplots
positioned along a 50 m centred transect within each of
the 1 000 m? fixed plots. All forb species rooted within the
1 m? subplots (120 in total, 60 in each land-use type) were
counted and identified up to species level, conforming to
the nomenclature published by Germishuizen and Meyer
(2003). Aboveground rooted clonal structures were counted
as individuals. Standing herbaceous biomass was clipped
and collected at five randomly placed 100 cm? plots along
the 50 m centred transect line in each 1 000 m? plot. Forbs
and grasses were separated prior to drying at 30 °C for
24 hours. To quantify the responses of total standing
herbaceous biomass (and forb versus grass biomass) to
drought release, sampling was done during the drought
(October 2016), and repeated after the drought release
(January 2017) at each land-use type, respectively.

Data analyses

Non-Metric Multi-Dimensional Scaling (NMDS) analyses
were applied to explore forb species assemblages among
the two contrasting land-use types, irrespective of rainfall

year, to test whether land-use types with contrasting
land-use histories host different forb communities. Forb
community shifts in response to drought release were
furthermore explored for each land-use type, respectively.
These analyses were performed in PRIMER 6 (Clarke and
Gorley 2006) using Bray—Curtis similarity and fourth-root
transformations of species abundances. To corroborate
visual representations, Permutational Multivariate Analysis
of Variance (PERMANOVA; permutations = 999; type Il
sums of squares) was applied. PERMANOVA is suitable for
abundance data, because response data within complex
experimental designs are analysed based on permutations
of dissimilarity matrices to make analyses distribution free
(Hunter 2017). Permutation analysis of variance does
therefore not require specific assumptions for normality
(Linstadter et al. 2016). To distinguish between significantly
different forb communities across rainfall years, pairwise
comparisons of PERMANOVA analyses test, similar to
a Tukey test (Scogings et al. 2012), were conducted. To
identify the taxa that contributed most to the observed
differences in composition, Similarity Percentage Analysis
(SIMPER) (Clarke 1993) was applied to the data in
Paleontological Statistics software (PAST) (Hammer et al.
2001). Three measures of alpha diversity were selected in
this study, which included total species (S), Shannon—Wiener
diversity index (H’) and Pielou’s evenness (J’) to account
for both richness and evenness as important components
of community diversity (Hanke et al. 2014). Diversity values
were calculated in PRIMER 6 (Clarke and Gorley 2006). To
test for significant responses of forb community diversity,
biomass and cover to drought release, parametric paired
t-tests were performed in SPSS (Version 24) (Hancock and
Mueller 2010). Significance levels for analysis were set at the
standard significance level of p < 0.05.

Results

Forb species composition

The two land-use types hosted significantly different forb
communities (Figure 2a; PERMANOVA F, ., = 15.07,
p = 0.001), presumably, as a result of the long history of
land-use change at the communal rangeland. Significant
shifts in forb community composition in response to
drought release were revealed for both land-use types
(Figures 2b and 2c), although PERMANOVA results
revealed stronger community shifts in the protected area
(Fus6)= 12.616, p = 0.001).

Floristic drivers of forb community shifts were variable
across land-use types. Shifts in the protected area were
driven mainly by the complete turnover in abundance
of both annual and perennial species and not by the
dominance of annuals alone (Table 1). At species level,
forb abundances in the protected area changed from being
absent in the aboveground herbaceous layer during the
drought, to post-drought dominance (Table 1). In contrast,
species that were responsible for community shifts in the
communal rangeland, were more abundant during the
drought and included both perennial and annual forbs
(Table 1). In contrast to our predictions, only two annuals
(Triumfetta rhomboidea and Limeum viscosum) emerged
and co-dominated with two perennials (Kyllinga alba and
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Figure 2: Non-Metric Multidimensional Scaling (NMDS)
presentation of forb species composition differences among the
contrasting land-use types a), and across rainfall years within the
protected area b) and communal rangeland c)

Tephrosia purpurea) in the post-drought forb community
of the communal rangeland (Table 1). The cyperoid
forb K. alba was the only perennial that could maintain
its dominance in the communal rangeland. Although
not observed during the drought, the perennial legume
T. purpurea was one of the most abundant species after
the drought in both land-use types (Table 1). Four more
species that contributed to community shifts were similar
across land-use types (i.e. L. viscosum, Chamaecrista

absus, T. rhomboidea and Phyllanthus incurvus) of which
most of these species responded similarly to the drought
release. Conversely, the annual legume C. absus and the
perennial P. incurvus were post-drought dominant species
in the protected area, but drought dominant species in the
communal rangeland (Table 1).

The proportion of perennial forb species increased in
2017 in both land-use types, although the proportion of
aliens decreased in both systems in response to the drought
release in 2017 (Table 2). Alien forb species accounted for
over 16% of the drought-tolerant perennial species in the
communal rangeland, which were reduced to 11% in 2017
(Table 2). The proportion of annual forbs decreased in
both land-use types. There was an increased contribution
of aliens among the annual forb species in the protected
area after the drought release, opposed to no annual alien
forbs recorded in the communal rangeland after the drought.
In the protected area, perennials increased and annual
forbs decreased in dominance, although 14% of the most
abundant annual species in the protected area were exotic,
but non-invasive alien species (Table 2). One third of the
drought-dominant forb species in the communal rangeland
were perennials, of which 25% were alien species. After
the drought release, the proportion of dominant perennial
forb species increased, but with a lower abundance of alien
perennials (Table 2). Annual forb species, of which 11%
were aliens, dominated over perennials in the communal
rangeland during the drought, but could not maintain their
dominance after the drought release. None of the dominant
annual forbs recorded in the communal rangeland in 2017
was an alien species (Table 2).

Biomass and cover

Mean forb biomass was equally low at both rangeland
systems during the drought (~29 kg ha'; Table 3) and
increased significantly at both sites after the drought
release (p < 0.05; Figure 3a), although the increase in
the protected area was over three-fold. Grass biomass
increased significantly in both land-use types in response
to drought release (Figure 3b), although a five-fold
increase was reported in the protected area (i.e. from
69 to 325 kg ha™', Table 3), opposed to a borderline
significant increase in grass biomass in the communal
area (57 to 96 kg ha™', Table 3). Forb biomass increases
were stronger (p = 0.005) than grass biomass increases
(p = 0.021) in the communal rangeland, but equally
strong in the protected area (p = 0.002, Table 3).
Similarly, forb and grass cover increased significantly in
response to the drought release in both land-use types
(Figure 3c and d), although in equal magnitudes among
the different land-use types (Table 3). Responses to
the drought release were much stronger in the grass
component, compared with the forb layer productivity
(Table 3). Grass-forb biomass ratio in the protected
area increased from 69 kg ha™' over 30 kg ha™' during
the drought, up to 325 kg ha™' over 94 kg ha™' after
the drought release, whereas notably weaker grass
biomass dominance was observed in the communal
area (i.e. 57 kg ha™" over 29 kg ha™' during the drought,
rising up to 96 kg ha™' grass biomass over 64 kg ha™' forb
biomass after the drought release) (Table 3).
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Table 1: Summary of similarity percentage analyses (SIMPER) results for forb species that contributed to compositional shifts across rainfall
years in the protected area and communal rangeland land-use types, respectively

— . Mean Mean .

Species di::i;r:g:ty COntl;fUtlng Cum;(l) ative abundance abundance Pz;ennur;?i X;)
2016 2017

Protected area: overall average dissimilarity across rainfall years = 79.6%
Limeum viscosum 7.9 9.9 24.5 0 104 A
Chamaecrista absus 4.3 5.3 29.8 0 56 A
Bulbostylis hispidula 3.7 4.6 39.1 0 48 A
Triumfetta rhomboidea 3.4 4.3 43.4 0 45 A
*Bidens pilosa 2.4 2.9 59.6 0 31 A
Hibiscus pusillus 3.7 4.7 34.5 0 49 P
Kohautia virgata 2.8 3.5 46.9 0 37 P
Hermannia boraginiflora 26 3.2 53.6 0 34 P
*Richardia brasiliensis 2.4 3.1 56.6 0 32 P
Phyllanthus incurvus 21 2.7 62.3 0 28 P
Tephrosia purpurea 1.6 2.0 66.4 0 21 P
Phyllanthus parvulus 2.7 3.4 50.3 10 46 P
Cyperus rupestris 1.7 21 64.4 40 18 P
Gisekia africana 11.6 14.5 14.5 154 2 A
Communal rangeland: overall average dissimilarity across rainfall years = 53.3%
Tephrosia purpurea 9.9 18.6 18.6 0 146 P
Triumfetta rhomboidea 2.7 5.1 58.0 0 40 A
Limeum viscosum 1.5 2.8 67.7 0 22 A
Phyllanthus maderaspatensis 1.2 2.2 72.4 17 0 P
Schkuhria pinnata 2.0 3.8 61.8 30 0 A
Cleome macrophylla 9.1 17.2 35.8 135 0 A
Monsonia angustifolia 3.2 5.9 52.9 48 1 A
Chamaecrista absus 1.6 3.1 64.9 28 4 A
Phyllanthus incurvus 1.4 2.5 70.2 25 5 P
Kyllinga alba 5.9 11.2 46.9 313 225 P

Table 2: Proportion (%) of total and dominant (i.e. mean abundance value >10) perennial and annual forb
species per land-use type during the drought (2016) and after drought-release (2017). Values in brackets

represent the proportion (%) of alien species

Total forb species

Dominant forb species

2016 2017 2016 2017

Protected area Perennials 46 (4) 59 (6) 25 (0) 46 (0)
Annuals 54 (7) 41 (13) 75 (0) 54 (14)
Communal rangeland Perennials 49 (16) 54 (11) 31 (25) 54 (17)
Annuals 51 (5) 46 (0) 69 (11) 46 (0)

Richness, diversity and evenness
Forb richness increased significantly after the drought
release in the protected area, but remained comparatively
constant in the communal rangeland (Table 3; Figure 4a).
Forb species diversity increased significantly in both
land-use types, although diversity responses to the drought
release were much stronger in the protected area (Table 3;
Figure 4b).

Pielou’s evenness revealed no significant response to
the drought-release for forb communities in either land-use
types. (Table 3; Figure 4c).

Discussion
Herbivore assemblages have varying effects on plant

communities (Eby et al. 2014; Koerner et al. 2014).
Long-term intensive communal grazing in semi-arid

ecosystems that have evolved with a diverse suite
of grazers and browsers, may function at alternative
vegetation states (Parsons et al. 1997; Fynn and O’Connor
2000; Porensky et al. 2013), which explains why forb
species assemblages differed among the land-use types,
irrespective of the rainfall year. Significant forb community
composition shifts after the drought release at both land-use
types support previous findings of significant changes in
herbaceous communities in response to rainfall variability,
irrespective of land-use type (Shackleton 2000; Porensky et
al. 2013; Zerbo et al. 2016; Riginos et al. 2018). Semi-arid
savanna grazing systems with an annual-dominated
herbaceous layer, are known to have a strong post-drought
recovery (Ruppert et al. 2015). Forb communities in the
protected area displayed a complete turnover in both
perennial and annual species abundances in response to
the drought release, which was not expected, because it
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Table 3: Herbaceous community variables of the two land-use types during the drought (2016) and after the drought release (2017)
Response variable Land-use type Mean (+SE) 2016  Mean (+SE) 2017 t Pa'regFt'tGSt .
Forb biomass (kg ha™") Protected area 29.7 (£10.35) 93.8 (+27.04) -5.98 5 0.002*
Communal rangeland 28.9 (+11.90) 64.0 (+17.98) -4.82 5 0.005*
Grass biomass (kg ha™") Protected area 69.2 (£25.54) 325.3 (+88.58) -6.28 5 0.002*
Communal rangeland 56.8 (+4.13) 96.3 (+8.60) -3.30 5 0.021*
Forb cover (%) Protected area 2.9 (£1.17) 10.4 (£1.17) -1.75 29 <0.001*
Communal rangeland 4.0 (x1.19) 10.2 (£1.19) -5.22 29 <0.001*
Grass cover (%) Protected area 3.24 (+0.40) 29.73 (£2.97) -9.34 29 <0.001*
Communal rangeland 9.97 (+0.98) 25.87 (+3.44) -5.14 29 <0.001*
Forb richness (S) Protected area 4.40 (+0.55) 9.50 (+0.55) -9.36 29 <0.001*
Communal rangeland 517 (£1.77) 5.73 (£1.77) -1.75 29 0.091
Forb diversity (H') Protected area 1.21 (0.10) 1.94 (+0.10) -7.14 29 <0.001*
Communal rangeland 1.12 (£0.07) 1.26 (£0.07) -2.11 29 0.044*
Forb evenness (J) Protected area 0.87 (+0.03) 0.88 (+0.03) -0.29 27 0.777
Communal rangeland 0.73 (x0.03) 0.77 (x0.03) -1.25 28 0.223
*Significant effects (at p < 0.05)
contributed to stronger community shifts, compared with 140 - (a) W 2016
the communal rangeland. These results suggest that, T o120k * 02017
opposed to the communal rangeland where forb community @2 100 L ] N
responses to drought release were much weaker, the gg 80
protected area was able to maintain a viable seed- z% i J |
and bud-bank under disturbance conditions with which ﬁg 60 - |
the system have evolved (O’Connor and Pickett 1992; §9 40
Tessema et al. 2012). © 20t - -
In contrast to our predictions, long-term overgrazing I
combined with drought effects did not deplete forb . 450 |- (b) *
communities in the communal rangeland, because the ol 400 |- [
species that were responsible for community shifts in Q< 350
response to the drought release were more abundant gé 300: l
- . . . »n 250
during the drought year, which included both perennial Z9D o500l
and annual species. Seeds from annual forb seed ﬁé 150 - "
banks are known to respond rapidly to sudden moisture 2% 100 - X
increase in the topsoil, albeit local spring rain of less 50 i -
than 5 mm (Ruthven Ill 2007; Nenzhelele et al. 2018), L
which was recorded at the communal area a week prior < 141
to the ‘within-drought’ floristic sampling (M Mashele, w 12 * 1 *
SAEON, pers. comm. 2016; Kruger National Park @g 10+ T I
Meteorological Records). For this reason, annual forbs, 8; sl
such as Schkuhria pinnata, Cleome macrophylla, <Z,:$ 6L
Monsonia angustifolia, the legume C. absus and the g% al
perennial cyperoid K. alba were abundant during the 8
drought survey. However, these annual forbs have © 2r i
not been able to withstand two more months of high ) :
temperature, drought and browsing by cattle and were R 3Br * *
therefore unable to flower and set seed for more favourable ww 30 I
. . . 0nk= 1 T
post-drought conditions to come, which explains the weak é% 25 I
responses of annual forbs to the drought release in the OF 20+
communal rangeland. A long history of overgrazing in <Z($ 151
semi-arid savannas may impose dynamic responses of g% 10k
annual forbs across rainfall years, with a reduction in the 5 5L
emergence of annual forbs after a dry year, as a result of © [ |

their dependence on spring rain (Nenzhelele et al. 2018)
or, as in this case, emergence in response of late spring
rain, which caused early dieback, as a result of a lack
of follow-up rain. For this reason, our results therefore
did not support previous observations of post-drought
herbaceous community shifts induced by the emergence

Protected area Communal rangeland

Figure 3: Mean forb and grass biomass a) and b) and cover (c and
d) during the drought (2016), and in response to drought release
(2017) across two contrasting land-use types. Significant differences
(p < 0.05) between rainfall years are indicated with an asterisk (*)
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Figure 4: Responses of a) forb richness, b) diversity and c)
evenness to the drought release (2017) at the two contrasting
land-use types. Significant differences (p < 0.05) between rainfall
years are indicated with an asterisk (*)

and dominance of annual forbs (Fynn and O’Connor 2000;
Morecroft et al. 2004; Vetter 2009; Porensky et al. 2013;
O’Connor 2015). However, the long-term, irreversible
reduction in herbaceous species seed banks, as a result of
sustained heavy grazing (Dreber et al. 2011) may explain
the weak increases in forb species richness and diversity
after the drought, as well as the much weaker responses of
forb biomass opposed to grass biomass.

Forb species that were responsible for community shifts
after the drought release represented both perennial
and annual life history groups of which the proportion
of perennials increased and annuals decreased after
the drought in both land-use types. Perennial alien forb
species were more dominant during, than after the drought
in the communal rangeland. Alternanthera pungens, a
non-invasive prostrate growing species was among the
dominant alien perennials during the drought. This ruderal
species is well adapted to tolerate dry and hot conditions
through traits, such as small leaves and a prostrate growth
form, which is also an adaptation to high grazing pressure
(Cornelissen et al. 2003). Alternanthera pungens is from
the Amaranthaceae, a family known for nutritious resources
in Africa (Maundu 1996) and among the several observed
severely browsed species during the drought, which
explains why it was no longer a dominant species after
the drought. Another perennial species that could tolerate

intensive dry season browsing in the communal rangeland,
Waltheria indica, has numerous regenerative buds at a
swollen woody stem base (personal observation), which
make this species particularly successful during stressed
conditions, such as intensive grazing/browsing during
a drought (Cornelissen et al. 2003). Forbs in semi-arid
savanna ecosystems are expected to be maintained by,
not only a viable seedbank, but also a persistent bud-bank,
although little is known about belowground functional traits
of this dynamic life form (Siebert and Dreber 2019). Traits,
such as underground storage organs and a high density of
belowground bud-bearing structures are acknowledged to
contribute to the understanding of evolutionary pathways
and hence, to explain the resilience of forbs to severe
periodic disturbances (Pausas et al. 2018), which include
drought, fire and herbivore pressure in this particular
semi-arid African savanna. There was an overlap in
species that were responsible for community shifts after
the drought release between the two land-use types. Of
these species, the majority responded similarly, although
two species, the annual legume C. absus and the perennial
palatable P. incurvus responded inversely at the contrasting
land-use types. Chamaecrista absus and P. incurvus were
post-drought dominant species in the protected area (and
absent during the drought), but drought-dominant species
in the communal rangeland (with very low abundances
during the drought-release survey). This may possibly be
attributed to the continuous heavy grazing in the communal
area, which depleted the seedlings of C. absus after
emergence during the drought (in response to the local
rainfall) and prevented successful regeneration thereafter.
Similarly, P. invurvus, a perennial forb that makes use of
stored resources in its woody rootstock, might not have
been able to tolerate the sustained heavy grazing, after
which its belowground resources might have become
exhausted. Tephrosia purpurea responded similarly across
the land-use types to the drought release. lts overall
contribution to the post-drought forb community in the
communal land-use was, however, much stronger than
in the protected area, which reflects its high resistance to
joint severe disturbances (i.e. livestock grazing pressure
and drought). Because nitrogen-fixing herbaceous
legumes are becoming more abundant in semi-arid
savanna rangelands (Wagner et al. 2016), studies on their
belowground regeneration traits are required to improve our
understanding of the dynamics and disturbance-tolerance of
these important forage species.

The observed low forb biomass and cover during
the drought were expected, because such results are
common in grazed savanna ecosystems (Porensky et al.
2013; O’Connor 2015). Biomass and cover increases in
response to drought-release were, however, lower than
predicted, because forbs generally contribute as much
as grasses to overall herbaceous cover increases in
response to substantial rain following a drought (O’Connor
1991; Porensky et al. 2013; O’Connor 2015). Significant
increases in grass biomass and —cover in response to the
drought release at both sites are the suggested reasons for
weaker increases in forb biomass and cover, as a result of
increased competition with emerging forbs. Furthermore,
the timing of rainfall in the communal rangeland before the
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end of the drought, which stimulated forb emergence that
could not be maintained through the drought, furthermore
explains the unexpected weaker increases in forb cover and
biomass opposed to grass biomass and cover increases.

It is well documented that forbs regulate herbaceous
species richness and diversity in grassy ecosystems
(e.g. Uys 2006; Bond and Parr 2010; Koerner et al. 2014;
Scott-Shaw and Morris 2015; Siebert and Scogings
2015), as a result of a diverse pool of traits that allows for
a variety of adaptive strategies (Uys 2006; Hanke et al.
2014). Despite this, forb species richness and diversity
were equally low at the two land-use types during the
drought, although post-drought conditions enhanced
the richness and diversity of forbs, despite higher grass
biomass and -cover. These results are in accordance
with similar studies that reported increases in herbaceous
species richness and diversity with increased precipitation
(Cleland et al. 2013; Porensky et al. 2013; Koerner and
Collins 2014; Zerbo et al. 2016). Although communal
lands have been reported to host higher species richness
than adjacent conservation areas in a similar semi-arid
savanna ecosystem (Shackleton 2000), post-drought
conditions in the communal rangeland had a weak effect
on species richness, compared with the protected area.
The diversity of herbivores in the protected area promotes
diverse foraging patterns, (Du Toit 2003; Codron et al.
2007), which allow for dispersed herbivore effects and
hence, more species to coexist (Van Coller et al. 2018).
Furthermore, the high functional trait diversity of forbs in
systems that evolved with natural disturbances, such as
herbivory and drought, (Hanke et al. 2014; Van Coller and
Siebert 2019) may explain the increases in forb species
richness and diversity in the protected area in response to
the drought release. The strong forb community responses
in the protected area suggests that the species that
emerged after the drought-release may be less drought
tolerant (i.e. they were absent during the drought survey),
but rather drought avoidant through escaping the effects
of the drought through a persistent seed-, or bud-bank.
Because emergence patterns of forbs in response to
disturbances are species- and functional trait-specific
(Siebert and Dreber 2019), long-term intensive grazing
may have filtered out the majority of drought avoidant
species and —traits and benefit forb species and -traits
that are drought-tolerant under sustained grazing pressure
(Dreber et al. 2011).

As components of community diversity measures,
evenness and dominance are important measures
to understand ecosystem processes and hence, to
explain particular community responses to disturbances
(Hillebrand et al. 2008; Koerner et al. 2018). Forb species
evenness was expected to decrease after the drought
at both land-use types, because herbaceous community
shifts following a disturbance event are mostly driven by
dominance of opportunistic species (O’Connor 2015).
Furthermore, drought-induced grass tuft mortality in a
heavily grazed system allows annual forbs to colonise the
area (O’Connor 1995; Fynn and O’Connor 2000; Porensky
et al. 2013), which may cause a shift in dominance during
post-drought conditions. Our results, however, revealed
weak rainfall effects on forb evenness at both land-use

types, which suggest weak dominance of by a limited
number of species during and after the drought.

Conclusions

The observed forb community dynamics during, and directly
after an extreme drought event emphasised that contrasting
land-use types with divergent herbivore assemblages,
herbivory pressure and duration of disturbance impacts
may reveal both similar and conflicting results. Such
results are, however, expected when a species- and
functionally diverse, and ecologically dynamic life form
is being investigated. To illustrate this, neither land-use
types displayed a remarkable emergence of annual forbs
in response to the drought release, despite multiple studies
on post-drought dominance of annual forbs. This highlights
the importance of considering species-specific adaptive
traits, rather than life history only when investigating forb
community responses to environmental perturbations.
Despite several unexpected response patterns, our
results added to our understanding of the combined
effects of drought and herbivory on forb communities at
two opposite end of land-use type disturbances. Because
frequencies of drought events in African savannas are
expected to increase while diverse herbivore communities
are under increasing pressure, attempts to manage
savanna rangelands for long-term ecosystem resilience
are becoming more important. Forb communities in the
communal rangeland land-use type were relatively stable,
although our results revealed that a moderate level of mixed
herbivore community grazing and browsing may promote
a more balanced suite of species with both disturbance-
tolerant and —avoidance traits through healthy seed- and
bud banks. Additional research is, however, required to
better understand trait-specific filtering of forb species
among contrasting land-use types. Finally, this study
emphasises that past effects, albeit a short-term, localised
natural stress release, or long-term high grazing pressure,
regulate observed patterns in forb community dynamics and
have to be considered to fully understand forb community
responses to disturbances.

Acknowledgements — We thank the National Research Foundation
(NRF) for financial support; the Timbavati Private Nature Reserve
(TPNR) (Almero Bosch) and the South African Ecological
Observation Network (SAEON) (Tony Swemmer) for issuing
research permits and assisting with research logistics; Mightyman
Mashele, Elané Lubbe, lwan le Roux and Johan Eksteen for field
assistance and the AP Goossens Herbarium at the North-West
University (Stefan Siebert) for plant identification.

ORCID

F Siebert https://orcid.org/0000-0001-5549-8211

References

Andersen AN, Lonsdale WM. 1990. Herbivory by insects in
Australian tropical savannas: A review. Journal of Biogeography
17: 433-444.

Angassa A, Oba G. 2010. Effects of grazing pressure, age of


https://orcid.org/0000-0001-5549-8211

62

Siebert, Klem and van Coller

enclosures and seasonality on bush cover dynamics and
vegetation composition in southern Ethiopia. Journal of Arid
Environments 74: 111-120.

Angassa A. 2012. Effects of grazing intensity and bush
encroachment on herbaceous species and rangeland condition
in southern Ethiopia. Land Degradation & Development 25:
439-451.

Bat-Oyun T, Shinoda M, Cheng Y, Purevdorj Y. 2016. Effects of
grazing and precipitation variability on vegetation dynamics in
a Mongolian dry steppe. Journal of Plant Ecology 9: 508-519.

Bolker BM, Brooks ME, Clark CJ, Geange SW, Poulsen JR,
Stevens MHH, White JS. 2009. Generalized linear mixed
models: a practical guide for ecology and evolution. Trends in
Ecology & Evolution 24: 127-135.

Bond WJ, Parr CL. 2010. Beyond the forest edge: ecology,
diversity and conservation of the grassy biomes. Biological
Conservation 143: 2395-2404.

Buitenwerf R, Swemmer AM, Peel MJS. 2011. Long-term
dynamics of herbaceous vegetation structure and composition
in two African savannas reserves. Journal of Applied Ecology 48:
238-246.

Bunting E, Southworth J, Herrero H, Ryan S, Waylen P. 2018.
Understanding Long-Term Savanna Vegetation Persistence
across Three Drainage Basins in Southern Africa. Remote
Sensing 10: 1013.

Clarke KR. 1993. Non-parametric multivariate analyses of changes
in community structure. Australian Journal of Botany 18:
117-143.

Clarke KR, Gorley RN. 2006. PRIMER version 6: User manual/
tutorial. PRIMER-E, Plymouth.

Clegg BW, O’Connor TG. 2017. Determinants of seasonal changes
in availability of food patches for elephants (Loxodonta africana)
in a semi-arid African savanna. PeerJ 5: e3453.

Cleland EE, Collins SL, Dickson TL, Farrer EC, Gross KL,
Gherardi LA, Hallett LM, Hobbs RJ, Hsu JS, Turnbull L, et al.
2013. Sensitivity of grassland plant community composition
to spatial vs. temporal variation in precipitation. Ecology 94:
1687-1696.

Codron D, Codron J, Lee-Thorp JA, Sponheimer M, De Ruiter D,
Sealy J, Grant R, Fourie N. 2007. Diets of savanna ungulates
from stable carbon isotope composition of faeces. Journal of
Zoology 273: 21-29.

Cornelissen JHC, Lavorel S, Garnier E, Diaz S, Buchmann
N, Gurvich DE, Reich PB, Ter Steege H, Morgan HD, Van
der Heijden MGA, et al. 2003. A handbook of protocols for
standardised and easy measurement of plant functional traits
worldwide. Australian Journal of Botany 51: 335-380.

Cowley RA, Hearnden MH, Joyce KE, Tovar-Valencia M, Cowley
TM, Pettit CL, Dyer RM. 2014. How hot? How often? Getting the
fire frequency and timing right for optimal management of woody
cover and pasture composition in northern Australian grazed
tropical savannas. Kidman Springs Fire Experiment 1993-2013.
The Rangeland Journal 36: 323—-345.

Dreber N, Oldeland J, Van Rooyen GMW. 2011. Species,
functional groups and community structure in seed banks
of the arid Nama Karoo: Grazing impacts and implications for
rangeland restoration. Agriculture, Ecosystems & Environment
141: 399-409.

Du Toit JT. 2003. Large herbivores and Savanna heterogeneity.
(pp 292-309). In: du Toit JT, Rogers KH, Biggs HC (Eds). The
Kruger Experience: Ecology and Management of savanna
Heterogeneity. Washington DC, United States: Island Press.

Eby S, Burkepile DE, Fynn RWS, Burns CE, Govender N, Hagenah
N, Koerner SE, Matchett KJ, Thompson DI, Wilcox KR, et al.
2014. Loss of large grazer impacts on savanna grassland
plant communities similarly in North America and South Africa.
Oecologia 147: 293-303.

Ellis S, Steyn H. 2003. Practical significance (effect sizes) versus
or in combination with statistical significance (p-values): research
note. Management Dynamics 12: 51-53.

Fynn RWS, O’Connor TG. 2000. Effect of stocking rate and rainfall
on rangeland dynamics and cattle performance in a semi-arid
savanna, South Africa. Journal of Applied Ecology 37: 491-507.

Fynn RWS. 2012. Functional resource heterogeneity increases
livestock and rangeland productivity. Rangeland Ecology and
Management 65: 319-329.

George V. 2000. Community Development through external aid in
rural South Africa - Welverdiend Village - a case study. MPhil
thesis, University of Stellenbosch, South Africa.

Germishuizen G, Meyer NL (Eds). 2003. Plants of southern Africa:
an annotated checklist. Strelitzia 14. Pretoria, South Africa:
National Botanical Institute.

Hammer @, Harper DAT, Ryan PD. 2001. PAST: Paleontological
Statistics software package for education and data analysis.
Paleontol. Electron. 4, http://palaeo.electronica.org/2001_1/past/
issue1_01.htm. [Accessed 2 February 2018].

Hancock GR, Mueller RO. 2010. The reviewer’s guide to
quantitative methods in the social sciences. New York, United
States: Routledge.

Hanke W, Bohner J, Dreber N, Jirgens N, Schmiedel U, Wesuls
D, Dengler J. 2014. The impact of livestock grazing on plant
diversity: an analysis across dryland ecosystems and scales in
southern Africa. Ecological Applications 24: 1188-1203.

Hejcmanova P, Hejcman M, Camara AA, Antoninova M. 2010.
Exclusion of livestock grazing and wood collection in dryland
savannah: an effect on long-term vegetation succession. African
Journal of Ecology 48: 408-417.

Hillebrand H, Bennett DM, Cadotte MW. 2008. Consequences of
dominance: a review of evenness effects on local and regional
ecosystem processes. Ecology 89: 1510-1520.

Hirst S.M. 1975. Ungulate-habitat relationships in a southern
African woodland/savanna ecosystem. Wildlife Monographs 44:
3-60.

Hunter JT. 2017. The effects of fire and manual removal of biomass
on vegetation of granite inselbergs. Fire Ecology 13: 127-137.
Jacobs SM, Naiman RJ. 2008. Large African herbivores decrease
herbaceous plant biomass, while increasing plant species
richness in a semi-arid savanna toposequence. African Journal

of Arid Environments 72: 891-903.

Kallah MS, Bale JO, Abdullahi US, Muhammad IR, Lawal R.
2000. Nutrient composition of native forbs of semi-arid and
dry sub-humid savannas of Nigeria. Animal feed science and
Technology 84: 137-145.

Kartzinel TR, Chen PA, Coverdale TC, Erickson DL, Kress WJ,
Kuzmina ML, Rubenstein DI, Wang W, Pringle RM. 2015.
DNA metabarcoding illuminates References 113 dietry niche
partitioning by African large herbivores. Proceedings of the
National Academy of Sciences of the United States of America
112: 8019-8024.

Kaschula SA, Twine WE, Scholes MC. 2005. Coppice harvesting of
fuelwood species on a South African common: utilizing scientific
and indigenous knowledge in community based natural resource
management. Human Ecology 33: 387—418.

Kimuyu DM, Veblen KE, Riginos C, Chira RM, Githaiga JM, Young
TP. 2017. Influence of cattle on browsing and grazing wildlife
varies with rainfall and presence of megaherbivores. Ecological
Applications 27: 786—-798.

Kirby, G. 2013. Wild flowers of Southeast Botswana. Cape Town:
Struik Nature.

Koerner SE, Burkepile DE, Fynn RWS, Burns CE, Eby S,
Govender N, Hagenah N, Matchett KJ, Thompson DI, Wilcox KR,
et al. 2014. Plant community response to loss of large herbivores
differs between North American and South African savanna
grasslands. Ecology 95: 808-816.



African Journal of Range & Forage Science 2020, 37(1): 53-64

63

Koerner SE, Collins SL. 2014. Interactive effects of grazing,
drought, and fire on grassland plant communities in North
America and South Africa. Ecology 95: 98—109.

Koerner SE, Smith MD, Burkepile DE, Hanan NP, Avolio ML,
Collins SL, Knapp AK, Lemoine NP, Forrestel EJ, Eby S, et al.
2018. Change in dominance determines herbivore effects on
plant biodiversity. Nature Ecology and Evolution 2: 1925-1932.

Kruger National Park Meteorological Records. Available at http:/
www.sanparks.co.za/conservation/scientific/weather/default.php.
[Accessed 28 June 2019].

LaForgia ML, Spasojevic MJ, Case EJ, Latimer AM, Harrison
SP. 2018. Seed banks of native forbs, but not exotic grasses,
increase during extreme drought. Ecology 99: 896-903.

Linstadter A, Schellberg J, Briser K, Moreno Garcia CA, Oomen
RJ, du Preez CC, Ruppert JC, Ewert F. 2014. Are there
consistent grazing indicators in drylands? Testing plant functional
types of various complexity in South Africa’s Grassland and
Savanna Biomes. PLoS One 9: e104672.

Linstadter A, Bora Z, Tolera A, Angassa A. 2016. Are trees of
intermediate density more facilitative? Canopy effects of four
East African legume trees. Applied Vegetation Science 19:
291-303.

Martin R, Linstadter A, Frank K, Miller B. 2016. Livelihood
security in face of drought — assessing the vulnerability of
pastoral households. Environmental Modelling & Software 75:
414-423.

Matsika R, Erasmus BFN, Twine WC. 2013. A tale of two villages:
assessing the dynamics of fuelwood supply in communal
landscapes in South Africa. Environmental Conservation 40:
71-83.

Maundu PM. 1996. Utilisation and conservation status of wild food
plants in Kenya. (pp. 678-683). In: The biodiversity of African
plants Dordrecht, (Country?): Springer

Metzger KL, Coughenour MB, Reich RM, Boone RB. 2005. Effects
of seasonal grazing on plant species diversity and vegetation
structure in a semi-arid ecosystem. Journal of Arid Environments
61: 147-160.

Midgley GF, Bond WJ. 2015. Future of African terrestrial
biodiversity and ecosystems under anthropogenic climate
change. Nature Climate Change 5: 823—-829.

Morecroft MD, Masters GJ, Brown VK, Clarke IP, Taylor ME,
Whitehouse AT. 2004. Changing precipitation patterns alter plant
community dynamics and succession in an ex-arable grassland.
Functional Ecology 18: 648—655.

Mucina L, Rutherford MC (Eds). 2006. The vegetation of South
Africa, Lesotho and Swaziland. Strelitzia 19. Pretoria South
Africa: South African National Biodiversity Institute.

Nenzhelele E, Todd SW, Hoffman MT. 2018. Long-term impacts of
livestock grazing and browsing in the Succulent Karoo: a 20-year
study of vegetation change under different grazing regimes in
Namagqualand. African Journal of Range & Forage Science 35:
277-287.

Newbold T, Hudson LN, Hill SLL, Contu S, Lysenko |, Senior RA,
Borger L, Bennett DJ, Choimes A, Collen B, et al. 2015. Global
effects of land use on local terrestrial biodiversity. Nature 520:
45-50.

O’Connor TG. 1991. Local extinction in perennial grasslands: a
life-history approach. American Naturalist 137: 753-773.

O’Connor TG, Pickett GA. 1992. The influence of grazing on seed
production and seed banks of some African savanna grasslands.
Journal of Applied Ecology 29: 247—-260.

O’Connor TG. 1995. Transformation of a savanna grassland by
drought and grazing. African Journal of Range & Forage Science
12: 53-60.

O’Connor TG. 1998. Impact of sustained drought on a semi-arid
Colophospermum mopane savanna. African Journal of Range &
Forage Science 15: 83-91.

O’Connor TG. 2015. Long-term response of an herbaceous sward
to reduced grazing pressure and rainfall variability in a semi-arid
South African savanna. African Journal of Range & Forage
Science 32: 261-270.

Odadi WO, Young TP, Okeyo-Owuor JB. 2007. Effects of wildlife
on cattle diets in Laikipia rangeland, Kenya. Rangeland Ecology
and Management 60: 179-185.

Odadi WO, Fargione J, Rubenstein DI. 2017. Vegetation, wildlife,
and livestock responses to planned grazing management in an
African pastoral landscape. Land Degradation & Development
28:2030-2038.

Parsons DAB, Shackleton CM, Scholes RJ. 1997. Changes
in herbaceous layer condition under contrasting land use
systems in the semi-arid lowveld, South Africa. Journal of Arid
Environments 37: 319-329.

Pausas JG, Lamont BB, Paula S, Appezzato-da-Gléria B, Fidelis
A. 2018. Unearthing belowground bud banks in fire-prone
ecosystems. The New Phytologist 217: 1435-1448.

Peel MJS, Kruger JM, Zacharias PJK. 2005. Environmental and
management determinants of vegetation state on protected
areas in the eastern Lowveld of South Africa. African Journal
Ecology 43: 352-361.

Porensky LM, Wittman SE, Riginos C, Young TP. 2013. Herbivory
and drought interact to enhance spatial patterning and diversity
in a savanna understorey. Oecologia 173: 591-602.

Reich PB, Buschena C, Tjoelker MG, Wrage K, Knops J, Tilman D,
Machado JL. 2003. Variation in growth rate and ecophysiology
among 34 grassland and savanna species under contrasting
N supply: a test of functional group differences. The New
Phytologist 157: 617-631.

Riginos C, Porensky LM, Veblen KE, Young TP. 2018. Herbivory
and drought generate short-term stochasticity and long-term
stability in a savanna understorey community. Ecological
Applications 28: 323—-335.

Ruppert JC, Harmoney K, Henkin Z, Snyman HA, Sternberg M,
Willms W, Linstadter A. 2015. Quantifying drylands’ drought
resistance and recovery: the importance of drought intensity,
dominant life history and grazing regime. Global Change Biology
21: 1258-1270.

Rutherford MC, Powrie LW, Thompson DI. 2012. Impacts
of high utilisation pressure on biodiversity components in
Colophospermum mopane savanna. African Journal of Range &
Forage Science 29: 1-11.

Ruthven 1lII DC. 2007. Grazing effects on forb diversity and
abundance in a honey mesque parkland. Journal of Arid
Environments 68: 668-677.

Scholes RJ. 1987. Response of three semi-arid savannas on
contrasting soils to the removal of the woody component. PhD
thesis, University of the Witwatersrand, South Africa.

Scogings P, Johansson T, Hjaltén J, Kruger J. 2012. Responses
of woody vegetation to exclusion of large herbivores in semi-arid
savannas. Austral Ecology 37: 56—66.

Scott-Shaw R, Morris CD. 2015. Grazing depletes forb species
diversity in the mesic grasslands of KwaZulu-Natal, South Africa.
African Journal of Range & Forage Science 32: 21-31.

Shackleton CM. 1993. Are the communal grazing lands in need of
saving? Development Southern Africa 10: 65-78.

Shackleton CM, Griffin NJ, Banks DI, Mavrandonis JM. 1994.
Community structure and species composition along a
disturbance gradient in a communally managed South African
savanna. Vegetation 115: 157-167.

Shackleton CM. 2000. Comparison of plant diversity in protected
and communal lands in the Bushbuckridge lowveld savanna,
South Africa. Biological Conservation 94: 273-285.

Siebert F, Scogings P. 2015. Browsing intensity of herbaceous
forbs across a semi-arid savanna catenal sequence. South
African Journal of Botany 100: 69-74.


http://www.sanparks.co.za/conservation/scientific/weather/default.php
http://www.sanparks.co.za/conservation/scientific/weather/default.php

64

Siebert, Klem and van Coller

Siebert F, Dreber N. 2019. Forb ecology research in dry savannas:
knowledge, gaps and future perspectives. Ecology and Evolution
9(13): 7875-7891.

Swemmer AM, Bond WJ, Donaldson J, Hempson GP, Malherbe
J, Smit IPJ. 2018. The ecology of drought - a workshop report.
South African Journal of Science 114: 1-3.

Tessema ZK, de Boer WF, Baars RMT, Prins HHT. 2011. Changes
in soil nutrients, vegetation structure and herbaceous biomass in
response to grazing in a semi-arid savanna of Ethiopia. Journal
of Arid Environments 75: 662—-670.

Tessema ZK, de Boer WF, Baars RMT, Prins HHT. 2012. Influence
of grazing on soil seed banks determines the restoration
potential of aboveground vegetation in a semi-arid savanna of
Ethiopia. Biotropica 44: 211-219.

Tessema ZK, de Boer WF, Prins HHT. 2016. Changes in grass
plant populations and temporal soil seed bank dynamics in a
semi-arid African savanna: Implications for restoration. Journal of
Environmental Management 182: 166-175.

TIBCO Software Inc. (2017). Statistica (data analysis software
system), version 13. http:/statistica.io. [Accessed 27 June 2019].

Trollope W, Van Wilgen BW, Trollope TA, Govender N, Potgieter
AL. 2014. The long-term effect of fire and grazing by wildlife
on range condition in moist and arid savannas in the Kruger
National Park. African Journal of Range & Forage Science 31:
199-208.

Uys RG. 2006. Patterns of plant diversity and their management
across south African rangelands. PhD thesis, University of Cape
Town, South Africa.

Van Coller H, Siebert F. 2015. Herbaceous biomass—species
diversity relationships in nutrient hotspots of a semi-arid African
riparian ecosystem. African Journal of Range & Forage Science
32:213-223.

Van Coller H, Siebert F, Scogings PF, Ellis S. 2018. Herbaceous
responses to herbivory, fire and rainfall variability differ between
grasses and forbs. South African Journal of Botany 119:
94-103.

Van Coller H, Siebert F. 2019. The impact of herbivore exclusion
on forb diversity: Comparing species and functional responses
during a drought. African Journal of Ecology Article 12676.
https://onlinelibrary.wiley.com/doi/full/10.1111/aje.12676.

Van der Waal C, Kool A, Meijer SS, Kohi E, Heitkdnig IMA, de
Beer WF, van Langevelde F, Grant RC, Peel MJD, Slowtow R,
et al 2011. Large herbivores may alter vegetation structure of
semi-arid savannas through soil nutrient mediation. Oecologia
165: 1095-1107.

Van Wilgen NJ, Goodall V, Holness S, Chown SL, McGeoch
MA. 2016. Rising temperatures and changing rainfall patterns
in South Africa’s national parks. International Journal of
Climatology 36: 706-721.

Vetter S. 2009. Drought, change and resilience in South Africa’s
arid and semi-arid rangelands. South African Journal of Science
105: 29-33.

Wagner TC, Hane S, Joubert DF, Fischer C. 2016. Herbaceous
legume encroachment reduces grass productivity and density in
arid rangelands. PLoS One 11: 1-13.

Woltman H, Feldstain A, MacKay JC, Rocchi M. 2012. An
introduction to hierarchical linear modeling. Tutorials in
Quantitative Methods for Psychology 8: 52—69.

Young HS, McCauley DJ, Helgen KM, Goheen JR, Otarola-
Castillo E, Palmer TM, Pringle RM, Young TP, Dirzo R. 2013.
Effects of mammalian herbivore declines on plant communities:
observations and experiments in an African savanna. Journal of
Ecology 101: 1030—1041.

Zerbo |, Bernhardt-Rémermann M, Ouédraogo O, Hahn K,
Thiombiano A. 2016. Effects of climate and land use on
herbaceous species richness and vegetation composition in
West African savanna ecosystems. Le Journal de Botanique
2016: 1-11.

Zerbo |, Bernhardt-Rémermann M, Ouédraogo O, Hahn K,
Thiombiano A. 2018. Diversity and occurrence of herbaceous
communities in West African savannas in relation to climate, land
use and habitat. Folia Geobotanica 53: 17-39.

Manuscript received: 28 June 2019; revised: 8 December 2019; accepted: 3 February 2020

Associate Editor: JCO du Toit





