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Background: Grasslands are heavily utilised for livestock agriculture and the resultant 
degradation through mismanagement contributes to an estimated 60% of this biome being 
permanently transformed. This study focused on the impact of fire and grazing in moist 
highland grasslands.

Objectives: To determine the contribution of burning frequency and grazing intensity 
combined (for domestic livestock and indigenous ungulates) on vegetation structure 
heterogeneity and species diversity.

Methods: Eight study sites under different management regimes were sampled over two 
summers. Vegetation structure characteristics and diversity data were collected monthly within 
multiple replicates in each study site. A disc pasture meter was used to assess standing biomass. 
Differences in vegetation structure characteristics, plant community composition and plant 
species assemblage structure across sites were statistically analysed using analyses of variance, 
indicator species analyses, multidimensional scaling ordinations and two-way cluster analyses.

Results: The combination of heavy grazing and annual burning leads to a distinct plant 
community dominated by disturbance specialist species. Selective grazing by indigenous 
herbivores promotes a community of unpalatable species. This study illustrates that fenced 
indigenous herbivores, even at moderate stocking densities, have a greater detrimental impact 
on plant diversity and structure than do domestic livestock.

Conclusion: Intensive grazing and burning have a detrimental impact on plant species 
diversity and structure. This also affects resultant palatability for grazing livestock and fenced 
game. To promote both grazing quality and ecological integrity we recommend a minimum 
sustainable ‘fodder capacity’ or standing phytomass of 5000 kg per large-animal unit per 
hectare for domestic livestock in moist highland grasslands.
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Introduction
Grasslands are ancient, complex and slowly evolving systems of diverse plant communities 
that generally lack the ability to recover after severe disturbance (Jacobs, Kingston & Jacobs 
1999; Little et al. 2005). South African grasslands are being increasingly degraded through the 
cumulative influence of overgrazing (Neke & Du Plessis 2004; O’Connor et al. 2011), extensive, 
frequent burning (Uys, Bond & Everson 2004), plantation forestry (Allan et al. 1997; Lipsey & 
Hockey 2010) and invasion by alien plant species (Le Maitre et al. 1996). In South Africa, it is 
estimated that 60% of the grassland biome has been permanently transformed, whilst as little 
as 15% remains as natural grassland. Of the grassland biome, 25% is degraded to some degree 
and only about 2% is formally conserved (Carbutt et al. 2011; Macdonald 1989). Of particular 
concern is that the majority of the remaining natural grassland is highly fragmented and most is 
poorly managed (Mucina & Rutherford 2006:362; South African National Biodiversity Institute 
2014). Grasslands have traditionally been used for livestock farming, which has allowed some of 
the natural ecological processes to continue fairly undisturbed. However, livestock grazing does 
not simulate the natural herbivore–grassland interaction that would have occurred in the area 
historically, at least from the late Miocene and early Pliocene (Jacobs et al. 1999; McNaughton 
1986), and impacts of intensive grazing on species diversity in this system are poorly understood 
(Uys et al. 2004).
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The use of grazing, and more commonly fire, for managing 
grassland is primarily to provide a green flush of nutrient-
rich grass, remove old moribund grass material and control 
tick abundance (Bond 1997; Van Wilgen & Scholes 1997). 
However, grazing by livestock and the associated trampling 
and nutrient enrichment have a significant impact on 
grassland plant diversity (O’Connor et al. 2010; O’Connor 
et al. 2011; Veen et al. 2008), as does the use of fire (Veen  
et al. 2008). Furthermore, selective grazing has been shown 
to alter the structure and species composition of grasslands 
(Milchunas, Sala & Lauenroth 1988; Owen-Smith 1999), 
often favouring unpalatable species, which, in turn, causes 
a change in community species composition (Milchunas  
et al. 1988; Sternberg et al. 2000). Fire also modifies the grazing 
pattern and behaviour of herbivores, because it reduces 
above-ground biomass (Van Wilgen & Scholes 1997).

Although South African grassland systems are naturally 
maintained by winter and spring fires (Mucina & Rutherford 
2006:356), there is concern over the possible detrimental 
effect of unnaturally frequent fires on plant diversity (Collins 
& Calabrese 2012; Swengel 2001). It has been suggested 
that the natural fire frequency in moist highland grasslands 
would have been only every 4 years or more (Manry & 
Knight 1986). It has further been suggested that controlled 
burning should be based on the rate of litter accumulation 
and that grazing should not start until sward height reaches 
250 mm (Mentis 1981). This is manageable with domestic 
livestock, but indigenous game species tend to graze burnt 
areas selectively and therefore their stocking rates in fenced 
areas need to be sufficiently low so that the total number of 
animals congregating on burnt areas alone is not detrimental 
(Van Rooyen, Bredenkamp & Theron 1986). Annual burning 
of grasslands after the first rains has become common 
practice amongst farmers (Everson 1999), irrespective of 
litter accumulation (Everson 1999; Van Wilgen & Scholes 
1997). However, without frequent burning, some species 
(e.g. Themeda triandra Forssk 1775 and Heteropogon contortus 
Roem & Schult 1954) become moribund and decrease in 
abundance, whereas other species are more tolerant of self-
shading and increase (Owen-Smith & Danckwerts 1997).

Tainton (1999) has suggested that the carrying capacity for 
high-altitude climax grassland lies somewhere between  
3 ha and 5 ha per large-animal unit (ha LAU–1). One LAU 
is defined as being equivalent to one cow or five sheep and 
represents the metabolic equivalent of a 454-kg cow (Owen-
Smith & Danckwerts 1997; Tainton 1999). However, many 
farmers exceed this stocking rate and thereby exceed the 
ecological carrying capacity of the grasslands. Together with 
annual burning the system’s ecological integrity and future 
livestock productivity are likely to be adversely affected 
(Fuhlendorf et al. 2012; Limb et al. 2011; Little, Hockey & 
Jansen 2013).

Historically, indigenous game species in moist highland 
grasslands moved seasonally along rainfall gradients, 
which  resulted in a temporal and spatial easing of the 

grazing pressure (Rowe-Rowe & Scotcher 1986). Indeed, 
there probably was no grazing by indigenous game species 
in high-altitude grasslands during the dry winter months 
(Mucina & Rutherford 2006:357). The effects of indigenous 
game species on plant diversity under current management 
practices have yet to be investigated.

Previous studies on the effect of fire (Uys et al. 2004) and 
grazing (Owen-Smith & Danckwerts 1997) on the grassland 
biome in South Africa have focused on their independent 
impacts, with limited attention given to their combined 
effect. O’Connor et al. (2010) highlighted the need to assess 
the combined effect on plant communities. Previous studies 
in moist grasslands have not included a detailed analysis 
of the influence of grazing regimes or burning frequency 
on vegetation structure, which may have a profound 
effect on grassland ecosystem functioning. Therefore, the 
objective of this study was to assess the interactive effect of 
burning frequency and stocking rates on plant community 
(vegetation) structure and diversity in moist highland 
grasslands. It is hypothesised that with increased stocking 
rates plant diversity will decrease, accompanied by a shift 
from predominantly decreaser to predominantly increaser 
grasses (Tainton 1999). Decreasers are species that are 
sensitive to degraded grassland conditions as a result of 
either too much or too little disturbance. Increaser I species 
increase in abundance as a result of too little disturbance 
(typically when the grassland becomes moribund), increaser 
II species increase in abundance in response to heavy 
disturbance (e.g. by fire, grazing or a combination), and 
increaser III species proliferate in response to selective 
grazing (i.e. are unpalatable species – Tainton [1999]). 
The study also compares the impacts of indigenous game 
(predominantly blesbok [Damaliscus dorcas]) to those of (more 
heavily stocked) domestic livestock on vegetation structure 
and diversity.

Research method and design
Study sites
The study area falls within the Moist Highland Grassland 
Bioregion and is specifically identified as Lydenburg 
Montane Grassland (Mucina & Rutherford 2006:405) 
(previously referred to as the North-Eastern Sandy Highveld 
grassland; Burgoyne, Bredenkamp & Van Rooyen [2000]). 
All the study sites were on the plateau around Dullstroom 
(centred at 25°25′S, 30°10′E) and were between 1900 m a.s.l. 
and 2200 m a.s.l. The soils are mostly derived from quartzite 
of the Steenkampsberg and Lakenvlei formations (Burgoyne 
et al. 2000). The Dullstroom Plateau Grassland (encompassing 
this entire study area) has been classified as endangered 
owing to very high irreplaceability of species (Department 
of Environmental Affairs 2011). The topography within 
the geographic range of this vegetation type includes high-
altitude plateaus and undulating plains. The predominant 
vegetation is short grass in the high-lying areas, which 
becomes taller on the lower slopes. Although grass species 
diversity is relatively low, the diversity of non-graminoid 
elements of the vegetation (‘forbs’ from here on) is high 
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(Mucina & Rutherford 2006:405). Orographic and convection-
based precipitation (660 mm year-1 – 1180 mm year-1; Mucina 
and Rutherford [2006:405]) and heavy mists throughout 
most months of the year have promoted a unique flora, 
including a rich diversity of mesophytic plants such as the 
Orchidaceae. In fact, the high forb diversity (over 2260 taxa 
and 51 endemic species) has prompted this grassland type 
to be proposed as a ‘centre of plant endemism’ (Mucina & 
Rutherford 2006:360).

Eight study sites of similar soil type and underlying geology 
but under different management regimes (Table 1) were 
sampled over two summers. These sites (reported with 
their stocking rates) represent the most common types of 
management in the moist highland grasslands:

•	 an annually burnt farm (AF); 1.251 ha LAU-1

•	 communally grazed lands (Com); 1.071 ha∙LAU-1

•	 a biennially burnt farm that was either burnt (BF;  
1.963 ha LAU-1) or left unburnt (BFu; 2.092 ha LAU-1) in 
the study year

•	 a nature reserve site, with a high density of indigenous 
grazing ungulates, which was either burnt (NRH;  
14.408 ha LAU-1) or left unburnt (NRHu; 13.613 ha LAU-1) 
in the study year

•	 a nature reserve site, with a low density of indige
nous grazing ungulates, whixh was either burnt (NRL;  
46.715 ha LAU-1) or left unburnt (NRLu; 63.671 ha LAU-1) 
in the study year.

Numbers of grazing animals were constant throughout the 
season at all sites. The biennially burnt farm and both the 
heavily grazed and lightly grazed reserve sites had different 
stocking rates in the burnt and unburnt years; this was 
unavoidable and is a result of the flux based on mortality 
and fecundity. However, these changes in stocking 
rates between years were minimal and did not affect the 
categorisation of sites, and the burnt and unburnt sites can 
be considered as separate treatments. All nature reserve 
sites were within Verloren Valei Nature Reserve, a site that 
acted as both a control and a management experiment site in 
the heavily grazed area (NRH and NRHu). The reserve site 
was selected based on its good current condition and former 
management for conservation: the reserve was proclaimed 
in 1983 and has been block-burnt biennially since 1985 
(Heyns 1985). All of the sites (except communally grazed 
lands where fire has not been used as a management tool for 

more than 50 years) are burnt in early spring after the first 
rains. Both the annually burnt and biennially burnt farms 
have been managed this way for at least three generations 
(> 100 years). The commercially farmed areas (AF and BF) 
were rotationally grazed by cattle on a four-day cycle by 
the same herd. In all cases the rotation was between two 
large camps. The stocking rate on communal lands (mixed 
grazing by cattle, sheep, horses, goats and pigs), where there 
is no stock rotation, is thus the number of animals in the 
area of both camps combined. Offspring of both livestock 
and indigenous grazers born in early summer were treated 
as 0.5 LAUs.

Within each study site, four 25-ha replicates were marked 
out with at least 500 m between replicates. Sampling plots 
and transects were randomly selected within each 500 m 
× 500 m replicate. Thus, plots and transects were nested 
within each of the four replicates, which, in turn, were 
nested within each of the eight study sites. As far as possible, 
these replicates were sufficiently far apart to avoid pseudo-
replication but sufficiently close together to standardise 
for extrinsic factors such as geology, rainfall, aspect, slope 
and temperature within and between land-use treatments 
(Hurlbert 1984). The climatic aspects were comparable 
primarily owing to the limited altitudinal variation between 
sites (Burgoyne et al. 2000).

Fieldwork was conducted in the summer (October – March) 
for 2 years (2007–2009). Grazing data were collected by 
interviewing farmers or managers of chosen sites and were 
validated with animal counts. Relative grazing intensity  
was recorded as the area of grazing land available per LAU 
(ha LAU-1).

Vegetation structure
To assess the response of vegetation structure to 
management, it was important to understand which of 
the measured structural indices were most sensitive to the 
disturbance effects and which one could act as a surrogate 
for overall vegetation structure. When all 10 of the structural 
indices were included in the analysis (Table 2), any of the 
indices could have been used to differentiate between 
management practices but some were more effective than 
others. For this reason, a stepwise analysis was required to 
identify the most effective indices for sampling grassland 
structure.

TABLE 1: Grazing, stocking regime and burning frequency of the study sites.

Study site Type of site Grazing intensity (ha LAU-1) Burning regime Grazing stock

NRLu† Nature reserve; low-intensity grazing 63.671 Unburnt reserve Indigenous ungulates
NRL Nature reserve; low-intensity grazing 46.714 Burnt reserve Indigenous ungulates
NRHu Nature reserve; high-intensity grazing 13.613 Unburnt reserve Indigenous ungulates
NRH Nature reserve; high-intensity grazing 14.408 Burnt reserve Indigenous ungulates
BFu Commerical farm 2.092 Unburnt biennially Cattle
BF Commerical farm 1.963 Burnt biennially Cattle
AF Commerical farm 1.251 Annual Cattle
Com Communally grazed land 1.071 Irregular Mixed (domestic livestock)
ha LAU-1, hectares per large-animal unit.
†, The identifier ‘u’ indicates a site that was unburnt in the study year.
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A backward stepwise discriminant functions analysis  
(Table 2) identified four of the original 10 structural indices 
as performing best at discriminating between management 
types. These were subsequently used in the multidimensional 
scaling plot analyses.

Vegetation structure was sampled monthly throughout the 
sampling season using two techniques. The first, modified 
from Wiens and Rotenberry (1981), involved establishing 
three 500-m transects within each of the four replicates per 
study site. Along each of these, at 50-m intervals, a 10-m 
long tape was laid out perpendicular to the transect line. 
Vegetation was sampled at 1-m intervals along the tape, 
yielding 100 point samples per transect (in total, 1200 samples 
per site per month). At each sampling point, a rod of 6-mm 
diameter was positioned vertically through the vegetation to 
the ground. This rod was marked at eight height intervals  
(0 mm – 50 mm, 50 mm – 100 mm, 100 mm – 200 mm, 200 mm 
– 300 mm, 300 mm – 400 mm, 400 mm – 500 mm, 500 mm – 
600 mm and 600 mm – 1000 mm). At each sampling point 
the number of vegetation contacts with the rod per height 
interval was recorded, as well as whether the contact was 
with a grass or a forb. Open ground (in the case of no contact 
with vegetation) and overall maximum height of vegetation 
were also recorded. From these data we calculated three sets 
of vegetation structure indices (Table 2):

•	 Cover: Percentage grass cover (%grass), forb cover 
(%forb) and total plant cover in the form of grass and 
forbs combined (%veg), calculated as the percentage of 
point records with each of these parameters present.

•	 Structural measures: Average maximum height 
of vegetation (AveMaxHt) and horizontal density 
(AvHorDen), derived from the mean number of contacts 
with the rod in the 0 mm – 100 mm interval, and vertical 

density (AvVerDen), derived from the mean number of 
contacts over the entire length of the rod.

•	 Heterogeneity measures: Canopy heterogeneity 
(HorHetHt), given by the coefficient of variation of 
the maximum height contacts, overall heterogeneity 
(HorHetTo), given by the coefficient of variation of the 
mean total number of contacts over the entire rod, and 
a patchiness index (Patchine), in which the 10 samples 
per 50 m are grouped and then used to calculate the 
landscape patchiness according to the equation of Wiens 
and Rotenberry (1981):

Patchiness =
−( )∑

∑
Max Min

x
� [Eqn 1]

where Max represents the maximum number of contacts 
recorded in each sample group, Min represents the 
minimum number of contacts recorded in each sample 
group, and x represents the mean number of contacts 
recorded in each sample group.

The second technique quantifies vegetation density, which 
is a proxy for forage availability. Measurement of forage 
availability is essential for determining stocking rates for the 
management of herbivores (Ganguli et al. 2000; Smith 2006). 
A relative measure of forage availability was developed to 
assess how stocking density affected vegetation density 
through the season in a particular area. Vegetation density 
(kg ha-1) was combined with grazing intensity (ha LAU-1) to 
produce an index of available vegetation per LAU (kg LAU-1), 
which gives a clear indication of both the available above-
ground biomass for grazing and the seasonal effect of grazing 
on vegetation biomass.

Vegetation density was sampled using a disc pasture meter 
(DPM), following Bransby and Tainton (1977), Danckwerts 
and Trollope (1980) and Trollope and Potgieter (1986). The 
DPM consists of a disc (1.5 kg, 457 mm in diameter) mounted 
onto a central rod, with a measuring scale set in 5-mm 
increments. The disc is dropped vertically from 0.6 m above 
the ground onto the grass sward and the settling height of the 
disc is recorded. Vegetation was sampled every 5 m along the 
three 500-m transects, yielding 100 DPM samples per transect 
and a total of 1200 samples per site per month.

The DPM is calibrated for a specific vegetation type to convert 
the reading into biomass estimates (kg ha-1). DPM calibrations 
are available for a number of vegetation types both within and 
outside of South Africa (Bransby & Tainton 1977; Danckwerts 
& Trollope 1980; Trollope & Potgieter 1986) for comparative 
purposes, but a callibration for moist highland grassland has 
not yet been done. To calibrate the DPM for moist highland 
grassland, monthly data were collected throughout the season 
from all the management types. The data were analysed using 
a regression analysis, with the standing crop of plant material 
harvested (removed and weighed) from below each disc 
measurement (converted to kg ha-1) as the dependent variable 
and the mean settling height of the disc as the independent 
variable. The regression analyses were repeated with the 
standing crop of grass subjected to logarithmic, square, 

TABLE 2: Discriminant functions analysis illustrating the differences in vegetation 
structure indices that have the most important roles in predicting structural 
differences across management types.

Vegetation Wilks’s λ Partial λ F P r2

Discriminant functions analysis†
%Grass 0.014 0.807 4.351 0 0.961
%Forb 0.016 0.697 7.875 0 0.464
%Veg 0.013 0.819 4.008 0.001 0.961
AveMaxHt 0.012 0.895 2.133 0.045 0.882
AvHorDen 0.013 0.823 3.898 0.001 0.876
AvVerDen 0.012 0.887 2.321 0.029 0.942
HorHetHt 0.016 0.669 8.984 0 0.286
HorHetTo 0.016 0.700 7.777 0 0.807
Patchine 0.018 0.610 11.613 0 0.845
DPM 0.014 0.767 5.514 0 0.687
Backward stepwise discriminant functions analysis‡
AvHorDen 0.186 0.268 51.968 0 0.234
HorHetHt 0.080 0.626 11.354 0 0.080
Patchine 0.083 0.603 12.497 0 0.392
DPM 0.091 0.548 15.642 0 0.266
Note: Table 2-A1 reflects detailed structural data.
%Grass, average percentage grass cover; %Forb, average percentage forb cover; %Veg, 
average percentage vegetation cover; AvHorDen, average horizontal vegetation density; 
AveMaxHt, average maximum vegetation height; AvVerDen, average vertical vegetation 
density; DPM, disc pasture meter; HorHetHt, average horizontal heterogeneity of vegetation 
canopy; HorHetTo, overall average horizontal heterogeneity of vegetation structure; 
Patchine, average vegetation patchiness.
†, Overall Wilks’s λ = 0.011, F = 12.453, P < 0.001; ‡, Overall Wilks’s λ = 0.050, F = 22.29,  
P < 0.001.
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square-root and reciprocal transformations to obtain the 
best linear fit between disc height and the standing crop of 
herbaceous plant material. The best fit was then compared 
with previous calibrations of the DPM.

Plant species diversity
Plant species diversity in the five management types was 
assessed only in the years that sites were not burnt. Sampling 
was conducted in late January (when the majority of species 
were in flower), which allowed for species identification 
(Table 1-A1). Plants that could not be identified in the 
field were pressed and sent to the herbarium of the South 
African National Biodiversity Institute, Pretoria, for expert 
identification. Modified Whittaker nested vegetation sampling 
plots (O’Connor 2005; Figure 1-A1) were used to sample floral 
species diversity based on the methods of Stohlgren, Falkner 
and Schell (1995). Overall relative floral diversity assessments 
were based on one modified Whittaker plot per replicate 
(four per site). All species were recorded and abundance 
(percentage cover) of each species was estimated from each 
of the 10-m2 and 1-m2 subplots. Estimated abundances per 
subplot were summed and the overall estimated abundance 
per species was calculated as a percentage. Plant species 
names were based on Germishuizen and Meyer (2003).

Statistical analyses
The software packages PC-ORD 5.10 (McCune & Mefford 
2006) and STATISTICA 9.0 (StatSoft) were used for data 
analysis.

To assess the relative impacts of management practices on 
vegetation structure variables, analysis of variance (ANOVA) 
with post hoc Tukey tests were performed. A discriminant 
function analysis was subsequently undertaken, followed by 
a backward stepwise discriminant function analysis, which 
incorporated only the significant parameters, to extract the 
parameters that best revealed the effects of management on 
vegetation structure.

To assess sampling efficiency, species–area curves were 
fitted to the plant species richness data. First- and second-
order jackknife estimates of species richness were derived 
separately for grasses, forbs and all species.

Plant community compositions were contrasted amongst 
management types using a one-way pairwise permutation-
based non-parametric multivariate analysis of variance 
(PerManova; Anderson 2001; McCune & Mefford 2006). We 
used the Sørenson (Bray–Curtis) distance measure because it 
is appropriate for abundance data and gives robust outputs 
with zero-dominated datasets (McCune & Grace 2002). To 
assess the contribution of each species’ abundance to the 
community and how much their response to disturbance has 
influenced each of these communities, we ran an indicator 
species analysis (McCune & Mefford 2006) using a Monte 
Carlo test of significance with 5000 permutations (Dufrêne & 
Legendre 1997); this method combines species’ abundance 

and occurrence. A ‘perfect indicator’ should be present in all 
replicates within a site and not present in any other sites. To 
test whether grasses and forbs respond in a similar manner 
to site management, we performed a Mantel test (Douglas 
& Endler 1982), which tests the null hypothesis of no 
relationship between matrices and uses a t-distribution with 
infinite degrees of freedom. To test whether grass species 
experienced shifts from high to low palatability (based on 
Tainton [1999]) and from decreaser to increaser grasses with 
increasing disturbance, we ran Mann–Whitney U tests and 
ANOVA by ranks.

Multidimensional scaling (MDS) ordination was used in 
the analysis of vegetation structure between study sites as 
it is the statistical method of choice in community ecology 
when data are discontinuous or not normally distributed 
(McCune & Grace 2002). MDS was run (in PC-ORD) using 
a Euclidean distance measure with Bray–Curtis original 
endpoint selection for vegetation structure space and a 
Sørenson distance measure, which is recommended for 
community analyses, with Bray–Curtis original endpoint 
selection for plant species space. These ordinations fit matrix 
data into a two-dimensional space: in this case, the two data 
matrices analysed were vegetation structure diversity and 
species diversity (Bray & Curtis 1957; McCune & Grace 2002). 
DPM data were overlaid on the ordination and vegetation 
structure indices were included as a biplot.

Finally, to assess the shift in plant species assemblages as 
a result of land use, we ran a two-way cluster dendrogram 
(McCune & Mefford 2006) with a Sørenson distance measure 
and group-average linking method without relativisation.

Ethical considerations
This study was approved by the Scientific and Ethics 
Committee, University of Cape Town, and a plant collecting 
permit (MPB 1161) was obtained from the Mpumalanga 
Tourism and Parks Agency for the study period.

Results
Disc pasture meter calibration
The best calibration for moist highland grassland (locally 
known as ‘sourveld’) was linear (y = 358.7x – 746.4, with  
r = 0.95, r2 = 0.91; P < 0.0001) and had a higher r2 value than 
calibrations derived from the other grassland systems, which 
rendered it a better fit. Nonetheless, existing calibrations 
(Bransby & Tainton 1977; Danckwerts & Trollope 1980; 
Trollope & Potgieter 1986) exhibit very similar trends to the 
moist highland grassland calibration.

Impact of management on vegetation structure
High densities of indigenous herbivores depleted grass and 
vegetation to the point that the NRH site (13.61 ha LAU-1) had 
both less grass cover (P < 0.01, df = 136) and less vegetation 
cover (P < 0.0005, df = 136) than any other site. This site also 
had the greatest vegetation patchiness (P < 0.01).
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Biennial burning, coupled with heavy grazing by domestic 
stock, resulted in the BF site (2.09 ha LAU-1) having less forb 
cover than any other site (P < 0.05). Extremely heavy grazing, 
regardless of burning as occurs in the AF (1.25 ha LAU-1) and 
Com (1.07 ha LAU-1) sites, resulted in both higher horizontal 
vegetation density (P < 0.001 and P < 0.05, respectively) and 
lower vegetation biomass (P < 0.05 in both cases) than in any 
of the other sites.

The reserve site NRL (63.67 ha LAU-1), which is managed for 
conservation, had greater vegetation biomass (P < 0.05) and 
lower average horizontal vegetation density than any other 
site (P < 0.05).

An ordination analysis was performed to gain a better 
understanding of how management type differentially affects 
vegetation structure (Figure 1). This allowed differentiation 
between management effects, including separating out the 
relative importance of fire frequency and stocking rate in 
influencing vegetation structure. Axes 1 and 2 accounted for 
49.49% and 20.35% of the variance, respectively. (The two 
axes are graphical representations of how the management 
sites group in ordination space based on their respective 
vegetation parameters.)

Grazing and burning directly influenced phytomass, which 
was highest in the site experiencing the lowest grazing pressure 
(NRL); this was true towards the end of the season even in the 
year that this site was burnt (Figure 2a).The BF site had the 
second-highest standing stocks and again, even in the year it 
was burnt, recovered to support a higher vegetation biomass 

than other commercially farmed sites. The AF and Com sites 
consistently had the lowest standing stocks of vegetation. 
However, intensive grazing by indigenous ungulates in the 
conservation area (NRH) resulted in lower phytomass by the 
end of the year than was present in the communally grazed 
lands. The results were similar for vegetation available per 
LAU (Figure 2b) for NRL, with low stocking rates.

Impact of management on plant species diversity
Species–area curves and jackknife estimates showed a small 
difference between observed and expected species richness 
(Table 3).

Between-site species diversity was assessed using PerManova 
(Table 4). A randomisation test of significance of pseudo 
F-values between all sites showed a significant overall 
difference between sites (F = 2.9022, P < 0.0005, df = 35).
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are graphical representations of how the management sites group in ordination space based 
on their respective vegetation parameters.
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FIGURE 1: Multidimensional scaling plot (based on Euclidean distance and Bray–
Curtis measures) showing how treatments clustered with regard to vegetation 
characteristics.
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Site abbreviations are as defined in Table 1. The identifier ‘u’ indicates a site that was 
unburnt in the study year.
Burning takes place in early September in all management types except Com.
AF and Com curves register only barely in late summer.

FIGURE 2: (a) Standing stock of vegetation (kg ha-1) in each of the eight 
management treatments during the growing season and (b) standing stock  
(kg LAU-1; measured using a disc pasture meter) as a function of grazing pressure 
(livestock density) across all eight management treatments.
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In support of the findings from the pairwise PerManova 
(Table 4), 37.7% of species occurred in only one management 
type (NRL). Only 3.51% and 7.89% of species were unique 
to NRH and BF, respectively. Two species found in the 
study area (Eucomis autumnalis Chit. 1951 and Hypoxis 
hemerocallidea Fisch 1842, both in AF and NRL) are currently 
threatened (Raimondo et al. 2009). One species, Plantago 
myosuros Lam. 1972 (in AF and Com), is an exotic weed 
from South America.

A large number of increaser and pioneer species are present 
in the system (Table 5), as illustrated by the species that are 
confined to high disturbance areas, including the AF and 
Com sites. Two species were restricted to the conservation 
area and one of these was most abundant in the area that was 
heavily grazed by indigenous herbivores (NRH).

Grasses and forbs responded in a similar manner to 
management according to Mantel’s asymptotic approximation 
(Mantel test, r = 0.26, P < 0.0005). The heavily grazed 
conservation area (NRH) showed significantly reduced 
abundance of decreaser grasses relative to increaser grasses 
(Z = -1.59, P < 0.05; Figure 3a) and had a high proportion 

TABLE 3: Jackknife estimates of species richness derived for grasses, forbs and 
all plant species combined for all modified Whittaker plots combined.

Vegetation class Number of species 
observed

First-order 
jackknife estimate

Second-order 
jackknife estimate

Grasses 20 21 28
Forbs 94 117 123
All species 114 138 142

TABLE 4: PerManova analysis used to evaluate differences in botanical 
composition between sites. Asterisks denote significant differences.

Site comparison† PerManova

t P
NRL vs NRH 2.309 0.025*
NRL vs BF 2.313 0.031*
NRL vs AF 2.218 0.029*
NRL vs Com 1.827 0.026*
NRH vs BF 1.425 0.028*
NRH vs AF 1.382 0.083
NRH vs Com 1.361 0.057
BF vs AF 1.314 0.152
BF vs Com 1.371 0.056
AF vs Com 1.453 0.060
†, Study site abbreviations are as defined in Table 1.
*, Significant at P < 0.05

TABLE 5: Indicator plant species for the different management types based on 
indicator species analysis.

Species Site† Observed 
indicator values 

(IV)

IV from randomised 
groups

Mean s.d. P
Watsonia pulchra NRL 60.7 24.9 12.4 0.022
Eriospermum flagelliforme NRH 75.0 20.9 13.9 0.019
Dierama insigne BF 72.7 24.4 12.1 0.006
Trachypogon spicatus BF 100.0 23.3 12.8 0.001
Acalypha punctata AF 57.6 32.0 8.9 0.008
Asclepias albens AF 97.3 24.5 12.0 0.002
Crassula lanceolata AF 60.0 26.6 10.6 0.035
Helichrysum pilosellum AF 56.9 28.2 10.5 0.022
Plantago myosuros AF 95.0 29.6 14.7 0.002
Schoenoxiphium sparteum AF 75.0 26.5 13.1 0.018
Setaria sphacelata AF 100.0 23.5 12.9 0.002
Sporobolus pectinatus AF 47.2 30.2 8.4 0.043
Vernonia monocephala AF 72.7 25.3 13.4 0.017
Indigofera hilaris Com 69.6 25.5 13.6 0.034
Panicum natalensis Com 7.5 26.4 13.9 0.048
Digitaria monodactyla Com 60.7 27.0 12.1 0.017
Anthospenum pumilum Com 83.9 27.5 11.9 0.001
Vernonia natalensis Com 66.3 28.4 9.8 0.002
IV, indicator values; s.d., standard deviation. 
†, Study site abbreviations are as defined in Table 1.
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Site abbreviations are as defined in Table 1.
Kruskal–Wallis H denote differences in palatability scores, which estimates nutrient 
availability for grazers (Tainton 1999), and vegetation species status (increaser vs decreaser) 
of grasses in different management types. NRH and BF have significantly more unpalatable 
than palatable plants as well as more increaser than decreaser species.

FIGURE 3: (a) Proportion of increaser versus decreaser grasses based on 
species abundances across the five management treatments and (b) relative 
proportions of palatable and unpalatable grasses based on species abundances 
across the five management treatments.
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of increaser III grasses. There was also a significantly lower 
overall abundance of palatable versus unpalatable grasses  
(Z = 1.76, P < 0.05; Figure 3b). The part of the nature reserve 
experiencing low grazing pressure supported the highest 
proportion of palatable grass species (Figure 4).

Fire frequency had an overriding effect on plant species 
diversity, with grazing intensity having a secondary role in 
distinguishing the effect of different management practices 
(Figure 4). Axis 1 separates sites according to burn frequency, 
whereas axis 2 indicates a response to grazing pressure. Sites 
in group B are defined primarily by the vegetation density as 
measured by DPM, average maximum vegetation height and 
stocking density. Sites in group A were mostly characterised 
by their average horizontal vegetation density (AvHorDen). 
Sites in group C were different from the rest but did not 
differ based on any specific parameter. Similarly, sites in 
group D were not found to be different from other sites based 
on any specific parameters, but shared aspects of each of the 
other groupings with regard to their vegetation parameters. 

Communal lands were defoliated to such an extent that it 
was difficult to distinguish the two responses. DPM data 
were overlaid to illustrate the importance of phytomass in 
separating out sites. Axis 1 extracted 29.8% of the original 
distance matrix and axis 2 extracted 19.9% (total 49.7%).

Plant species diversity responded strongly to disturbance 
(Figure 5). AF separates out first, followed by the sites Com, 
BF and NRL, which cluster very closely. These, in turn, cluster 
with NRH. Six distinct assemblages separate out according 
to land use. One of these is specific to the conserved area 
whereas the other five are associated with disturbed areas.

Discussion
Fire and grazing combined act as the primary disturbance 
mechanisms in grassland systems, shaping the structure and 
composition of the vegetation (Van Wilgen & Scholes 1997; 
Veen et al. 2008). An understanding of the interplay between 
these disturbance effects in driving the system facilitates 
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AvMaxHt, average maximum vegetation height; AvHorDen, average horizontal vegetation density; DPM, disc pasture meter; Ha/LAU, hectares per large-animal unit.
Study site abbreviations are as defined in Table 1.
Sites are separated out according to species diversity (assemblage structure).
The sizes of symbols reflect standing stock of vegetation (kg ha-1).
Filled triangles (▲) represent burning; filled squares (■) represent biennial burning; filled diamonds (♦) represent no planned burning.

FIGURE 4: Multidimensional scaling ordination of plant species diversity using Bray–Curtis measures to illustrate the relative influences of fire and grazing according to 
management type. The two axes are graphical representations of how the management sites group in ordination space based on their respective vegetation diversity as 
a result of management activities at each site.
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their being managed to influence ecosystem stability and 
biological intactness (Ferwerda et al. 2006). Fuhlendorf et al. 
(2012) accordingly suggested that fire and grazing should 
be viewed as essential ecosystem processes rather than tools 
for production goals. Annual burning (irrespective of litter 
accumulation), together with high grazing pressure (Everson 
1999; Van Wilgen & Scholes 1997), has a detrimental effect on 
plant diversity in South Africa’s moist highland grasslands 
(Joubert, Pryke & Samways 2014) and the high proportion of 
grasslands that are burnt annually is of concern for grassland 
conservation (Everson 1999).

Impact of management on vegetation structure
The current dominant management system in these 
grasslands combines high stocking rates (exceeding the 
ecological carrying capacity) with frequent (annual) fires.

To understand the effects of burning and grazing on 
vegetation structure, and to allow farmers to assess pasture 
condition rapidly, an easy-to-implement and efficient 
technique is required. The DPM has been recommended 
for these purposes (Bransby & Tainton 1977; Danckwerts & 
Trollope 1980; Trollope & Potgieter 1986). However, for 
this technique to be useful, the DPM must be calibrated for 
the vegetation type in question. The calibration for moist 
highland grasslands was both strong and linear and has a 
similar trend to previous calibrations in other grassland 
types.

Of the ten vegetation structure measures calculated in this 
study, four proved useful for illustrating the effects of different 
management practices (Table 2). Of these, three differentiated 
the impacts of management practices on vegetation structure. 
Patchiness was highest and vegetation cover (auto-correlated 
with grass cover because grass accounts for > 90% of vegetation 
cover) was lowest in the nature reserve stocked with ungu
lates (NHR). Although historically indigenous game species 
would not have grazed the high-altitude grasslands during 
the dry winter months (Mucina & Rutherford 2006:357), 
current management on a portion of the conservation area 
has indigenous ungulates fenced at relatively high density  
(13.5 ha LAU-1 – 14.5 ha LAU-1) throughout the year. Resultant 
selective grazing, predominantly by blesbok, leads to a high 
proportion of bare ground and unpalatable vegetation. 
Grazing herbivores modify the structural heterogeneity of 
vegetation within a particular successional sere (Milchunas 
et al. 1988; Owen-Smith & Danckwerts 1997), but vegetation 
biomass alone does not reflect this because biomass of the 
unpalatable component remains relatively high (Figures 2a 
and 3b). The data presented here suggest that indigenous 
game species, stocked at a high density, have a greater 
impact on both plant diversity and structure than domestic 
livestock. Even at fairly low stocking rates, selective grazing 
by indigenous game species clears all decreaser species and 
creates a mosaic of patchy, unpalatable vegetation (Figure 3). 
Few studies focusing on the potential impact of indigenous 
game species on moist highland grasslands have been carried 
out. Modern fencing practices for conservation, wildlife 
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FIGURE 5: Two-way cluster dendrogram of vegetation diversity illustrating the 
relative diversity of species in each management type and how species and 
sites group based on these abundances. The axes illustrate the strength of the 
groupings, with group splits closer to 100% having higher similarity.
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ranching or agriculture have restricted free movement 
of indigenous game species and, in some cases, resulted 
in overabundance and overgrazing in wildlife preserves 
(Coughenour 1991). Thus far, ecological studies in grassland 
systems have stressed the importance of fire more than native 
ungulate grazing (Wilsey & Martin 2015), which may be 
equally important when examining the ecological integrity 
of grassland systems.

By contrast, moderate to heavy bulk grazing by domestic 
livestock has no significant impacts on vegetation structure 
or diversity, provided that the burning interval is at least  
2 years. However, the similarity of the AF and Com sites, which 
are burnt annually or have never been burnt intentionally, 
respectively, suggests that when grazing pressure is intense, 
the relative importance of fire in controlling vegetation 
structure diminishes. Few grassland specialist plant species 
require low disturbance levels and few pioneer species 
require high disturbance levels to thrive (Fox 1979).

In the study area, farmers introduce livestock immediately 
following a spring burn. As plant growth is limited to the 
summer period (Tainton, Groves & Nash 1977), this inevitably 
influences the phenological stages of grasses and eventually 
the vegetation structure. Excessive bulk grazing does not 
necessarily lead to loss of grass species (Figure 3b), because 
the basal meristem of grass leaves enables regrowth after 
defoliation. However, frequent and excessive defoliation 
can shift species assemblages towards grasslands being 
dominated by increaser II species (Milchunas et al. 1988; 
Figure 3a). As a result, horizontal vegetation density can be 
used as a surrogate for the presence of a ‘carpet-like’ layer 
of thick, low vegetation close to the ground. This habitat 
homogenisation is expected when grazing pressure is high 
and largely unselective (Swengel 2001). Not surprisingly, 
these conditions result in low vegetation biomass (Figure 1) 
and a correspondingly low carrying capacity for grazers 
(Figure 2a). Limb et al. (2011) illustrated that management 
that involves infrequent fire and moderate stocking rates 
results in improved livestock production.

Conservative management (e.g. biennial burning as seen 
in BF) resulted in high vegetation biomass, along with a 
greater proportion of decreaser grass species and an increase 
in overall palatability of the vegetation (Figures 2b and 3a, 
Table 5). When heavy grazing and frequent burning are 
combined, high horizontal vegetation density results. The 
nature reserve with low grazing levels (NRL) had the lowest 
horizontal vegetation density and thus current management 
practices in this part of the conserved area appear to be 
ecologically sound.

We recommend that a DPM method is used in future 
assessments of vegetation structure integrity and forage 
availability, without the need for any other form of sampling. 
The DPM (Figure 1) has proved an effective surrogate for all 
structural indices. By combining these data with grazing 
intensity (expressed as ha LAU-1), an estimate of forage 
availability can be obtained per LAU (referred to as a ‘fodder 

capacity index’) (Figure 2a). This new approach encompasses 
both the current standing stock of vegetation (which has 
already been affected by grazing and fire) and the future 
potential grazing impact based on current stocking rate. The 
approach recommended here is user friendly, time efficient 
and accurate, and allows for adaptive management.

The available stocks of forage on communal lands and 
the annually burnt farm are, on average, less than 1100 kg 
LAU-1 throughout the summer season. According to the 
recommended minimum of 3 ha LAU-1 (Tainton 1999), 
and assuming that the stocking rate on BF is sufficient for 
sustainability of current phytomass, the recommended 
minimum sustainable threshold of forage per LAU for 
domestic livestock should be 5000 kg LAU-1 (see Figure 2a, 
where BF standing stocks resemble those of NRL).

Impact of management on plant species 
diversity
The use of plant species as indicators of disturbance has 
been shown to be ineffective (Lindenmayer et al. 2002; Öster, 
Persson & Eriksson 2008); however, assemblages of grassland 
species reflect different disturbance pressures (McIntyre & 
Lavorel 1994; Milchunas et al. 1988). In our analysis, grasses 
and forbs responded in a similar manner to management, 
suggesting that either group on its own would be sufficient 
for assessment of plant ecological integrity. The presence of  
P. myosuros at AF is a strong signal of habitat degradation, 
as this species is a known weed and is often spread through 
livestock dung. Land degradation is characterised more by 
the gain of pioneer-type species than by the loss of specialist 
grassland species. The combination of heavy grazing and 
annual burning leads to a distinct plant community (group A 
in Figure 4), with nine species characterising this group. The 
large number of ‘disturbance specialists’ (species found only 
in the heavily disturbed AF, Com and NRH sites) illustrates 
the sensitivity of this system to assemblage shifts favouring 
increaser or pioneer species. High-intensity selective grazing by 
indigenous herbivores promotes a community of unpalatable 
species (Figure 3), which are largely generalist taxa (Figure 5). 
Of particular interest is the significantly reduced abundance 
of decreaser grasses relative to increaser grasses in the heavily 
grazed conservation area (Figure 3a). This is supported by the 
high proportion of increaser III grasses.

In Figure 4, group B (biennially burnt nature reserve with 
low grazing pressure) and group A (annually burnt farm) 
differ most markedly, as they are furthest apart in ordination 
space. This illustrates the differing effects of high-frequency 
burning (A) and low-intensity grazing (B). The low-intensity 
grazing within the nature reserve shows a floral community 
that is significantly different from all other sites (Table 4). The 
(rarely burnt) communal grazing lands (group D) and the 
biennially burnt lands are intermediate in plant community 
structure and do not separate out as clear groups. Grazing 
intensity and fire frequency are therefore considered 
complementary disturbance factors. The separation of sites 
is driven primarily by high phytomass associated with, in 
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this case, low grazing intensity on the low disturbance/
defoliation extreme and by high horizontal vegetation 
density and forb cover on the high disturbance/defoliation 
extreme.

The 114 plant species identified fall into six distinct 
management-specific communities and four generalist 
groupings (Figure 5), which implies that plants show strong 
responses to both grazing and burning. Two of the 114 
species – E. autumnalis and H. hemerocallidea – are classified 
as threatened and both are listed as decreasing (Raimondo  
et al.  2009). Eucomis autumnalis, a popular plant for use in  
traditional medicine, is confined to the conserved area, suggest
ing that it is sensitive to disturbance. Hypoxis hemerocallidea, 
also used in traditional medicine, is confined to unconserved, 
communal lands that burn infrequently. The only detectable 
effect in areas grazed by domestic livestock and that are burnt 
biennially was the low representation of forbs (Scott-Shaw & 
Morris 2014). This suggests that grazing may have an 
important role in determining forb diversity; indeed, Uys  
et al. (2004) found that annual versus biennial burning 
made little difference to forb diversity in grassland systems. 
This may also be attributed to an intermediate disturbance 
effect, causing species to be lost both as a result of intensive 
management and in response to a lack of fire management 
when grasses become moribund, thereby stifling forbs; 
however, this would need to be illustrated more robustly.

Conclusion
The data presented here suggest that indigenous game 
species, stocked at high density, have a greater impact on 
both plant diversity and vegetation structure than domestic 
livestock. Even at fairly low stocking rates, selective grazing 
by indigenous game species clears all decreaser species and 
creates a mosaic of patchy, unpalatable vegetation. However, 
burning biennially (even with commercially viable stocking 
rates) resulted in high vegetation biomass along with a 
greater proportion of decreaser grass species and an increase 
in overall palatability of the vegetation.

Based on the results of this study, we recommend that future 
assessments of vegetation structure integrity and forage 
availability use a DPM method. Based on the novel ‘fodder 
capacity index’ presented here, the recommended minimum 
sustainable threshold of forage per LAU for high domestic 
livestock production and for sustaining biological diversity 
(and ecosystem services) should be 5000 kg LAU-1.
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Appendix 1
TABLE 1-A1: Plant species presence/absence records per management type.

Plant speciesa AF BF NRL NRH Com

Acalypha punctate Krauss 1845 X X X X X
Agrostis eriantha Hack 1904 X X
Alloteropsis semialata Hitch 1909 X
Andropogon appendiculatus Nees 1841 X X
Andropogon schirensis Hochst 1851 X X X
Anthospermum pumilum Sond. 1865 X X X
Aristida junciformis Trin. & Rupr. 1842 X X X X X
Asclepias albens Schlechter 1896 X X
Aster bakerianus Burtt Davy ex C.A. Sm X X
Aster harveyanus Kuntze 1891 X
Aster perfoliatus Oliv. 1887 X X
Berkheya setifera DC. 1838 X
Bulbostylis collina Clarke 1894 X X X X
Bulbostylis humilis Clarke 1894 X X
Chamaecrista absus Irwin & Barneby 1982 X X
Chlorophytum fasciculatum Kativu 1993 X X
Chlorophytum transvaalense Baker 1993 X X X
Chortolirion angolense Berger 1908 X X X
Cliffortia strobilifera Murray 1774 X X
Commelina africana L. 1753 X X X X
Conyza bonariensis (L.) Cronquist 1943 X
Crassula lanceolata Endl. 1843 X X X
Crassula obovata Haw. 1819 X X X
Crassula vaginata Eckl. & Zeyh. 1837 X X
Craterocapsa tarsodes Hilliard & Burtt 1973 X X X
Crocosmia paniculata Goldblatt 1971 X X
Cyanotis lapidosa Phillips 1928 X
Cyanotis speciosa (L.f.) Hassk 1870 X X X X
Cyperus flavissimum Schrad. 1821 X
Cyperus longus A. Rich. 1850 X
Dicoma anomala Sond. 1850 X X X X
Dierama insigne N.E.Br. 1929 X X
Digitaria monodactyla Stapf 1898 X X
Dipcadi gracillimum Baker 1897 X
Elionurus muticus Kuntze 1898 X
Eragrostis capensis Trin. 1831 X X X X X
Eragrostis curvula (Schrad.) Nees 1841 X X X X X
Eragrostis racemosa Steud 1854 X X X X
Eriosema ellipticifolium Schinz 1921 X
Eriosema simulans C.H.Stirton X X X
Eriospermum flagelliforme Baker 2000 X
Eucomis autumnalis Chit. 1951 X X
Euphorbia striata Boiss. 1846 X X X
Euryops transvaalensis Klatt X X
Gerbera piloselloides Less 1830 X X
Gnidia canoargentea C.H.Wright 1921 X
Gnidia gymnostachya Gilg 1894 X X X X
Gnidia kraussiana Meisn. 1843 X X
Gnidia splendens Meisn. 1841 X
Haplocarpha scaposa Harv. 1865 X
Harpochloa falx Kuntze 1891 X X
Helichrysum acutatum DC. 1838 X X X X X
Helichrysum aureonitens Sch.Bip. X X X
Helichrysum candolleanum H.Buek 1840 X X
Helichrysum cephaloideum DC. 1838 X
Helichrysum nudifolium Less. 1832 X X X X X
Helichrysum pilosellum Less. 1832 X X X X X

Table 1-A1 continues on next page →

AF, annually burnt farm; BF, biennially burnt farm that was burnt in the study year; Com, communally grazed lands (no planned burns); NRH, nature reserve site, with a high density of indigenous 
grazing ungulates, which was biennially burnt; NRL, nature reserve site, with a low density of indigenous grazing ungulates, which was biennially burnt.
a, Species names according to Germishuizen and Meyer (2003).
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Plant speciesa AF BF NRL NRH Com

Helichrysum rugulosum Less. 1832 X X
Helictotrichon turgidulum Stapf 1937 X
Hibiscus aethiopicus L. 1771 X
Hypoxis hemerocallidea Fisch. 1842 X X
Hypoxis rigidula Baker 1878 X X X X
Indigofera hedyantha Eckl. & Zeyh. 1836 X X X
Indigofera hilaris Eckl. & Zeyh. 1836 X X
Indigofera sp. X X
Koeleria capensis Nees 1832 X X X X
Kohautia amatymbica Eckl. & Zeyh. 1837 X X X
Lapeirousia masukuensis Vaupel & Schltr. 1912 X X X
Lobelia erinus L. 1753 X X
Lotononis foliosa Bolus 1887 X
Loudetia simplex C.E.Hubb. 1934 X X X X
Monsonia attenuate Harv. & Sond. 1860 X X X
Moraea stricta Baker 1904 X
Myrica brevifolia Meyer 1864 X
Nolletia rarifolia Steetz 1864 X
Panicum natalense Hochst. 1846 X X
Pelargonium luridum R.Sweet X
Pelargonium rehmannii Szyszyl 1888 X
Peucedanum magalismontanum Sond. 1862 X
Plantago lanceolata L. 1753 X
Plantago myosuros Lam. 1792 X X
Polygala ohlendorfiana Eckl. & Zeyh. 1835 X
Protea parvula Beard 1958 X
Psammotropha breviscapa Burtt Davy 1926 X
Pygmaeothamnus chamaedendrum Robyns 1928 X
Rhynchosia monophylla Schltr. 1897 X X X
Richardia humistrata Steud.1841 X
Rumex acetosella L. 1753 X X X X
Schistostephium crataegifolium Harv. & Sond. 1865 X
Schoenoxiphium sparteum Clarke 1908 X
Scleria dieterlenii Turrill 1914 X X
Scleria woodii Clarke 1895 X X
Selago acutibractea Hilliard 1995 X
Selago witbergensis E.Mey. 1836 X X
Senecio anomalochrous Hilliard 1975 X X
Senecio conrathii N.E.Br. 1914 X X X
Senecio serratuloides DC. 1838 X
Senecio serratus Sond. 1865 X X
Seteria sphacelata Stapf. & Hubb. 1929 X
Silene burchellii Otth 1824 X
Solanum lichtensteinii Willd.1809 X
Sporobolus pectinatus Hack.1903 X X X X X
Stachys natalensis Hochst.1845 X
Stoebe vulgaris Levyns 1937 X
Sutera neglecta Harvey 1904 X X X
Talinum caffrum Eckl.& Zeyh.1836 X X X X
Themeda triandra Forssk 1775 X X X X
Tolpis capensis Sch.Bip. 1861 X X X X X
Trachypogon spicatus Kuntze 1891 X
Tristachya leucothrix Trin. 1829 X X X X X
Vernonia monocephala Gardner 1847 X X
Vernonia natalensis Sch.Bip.1847 X X X
Wahlenbergia squamifolia Brehmer 1915 X X
Watsonia pulchra N.E.Br.ex Goldblatt 1989 X X
AF, annually burnt farm; BF, biennially burnt farm that was burnt in the study year; Com, communally grazed lands (no planned burns); NRH, nature reserve site, with a high density of indigenous 
grazing ungulates, which was biennially burnt; NRL, nature reserve site, with a low density of indigenous grazing ungulates, which was biennially burnt.
a, Species names according to Germishuizen and Meyer (2003).

TABLE 1-A1 (Continues...): Plant species presence/absence records per management type.
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TABLE 2-A1: Summary of vegetation structure data per study site.

Study site† Percentage 
grass cover

Percentage forb 
cover

Percentage 
vegetation cover

Average maximum 
vegetation height (mm)

Average horizontal 
density

Average vertical 
density

Overall horizontal 
heterogeneity

Patchiness

NRLu 78.05 6.83 82.18 172.30 0.15 0.47 1.85 2.03
NRL 88.73 16.02 91.02 145.03 0.60 0.92 1.27 1.82
NRHu 66.80 7.38 71.13 144.54 0.23 0.46 1.63 2.31
NRH 80.40 14.50 83.73 122.00 0.51 0.73 2.50 2.27
BFu 78.87 2.95 80.88 138.90 0.24 0.48 2.16 1.95
BF 88.69 21.17 91.48 131.27 0.57 0.83 1.94 1.83
AF 76.10 10.90 81.31 101.10 1.49 2.02 2.15 2.00
Com 82.68 7.67 86.68 119.43 0.4 0.55 1.95 1.85

†, Site abbreviations are as defined in Table A1. The identifier ‘u’ indicates a site that was unburnt in the study year.
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FIGURE 1-A1: Modified Whittaker plot design.
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