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It is well known that fire is a common driver in many biomes and it plays a vital role in
maintaining ecosystem functioning in many South African biomes. This ecosystem process is
an important determinant of plant community composition and diversity, and can result in
changes in structural composition and ecosystem functioning. The main objectives of this
study are to determine the influence of fire on grass species richness, diversity and composition
in Mountain Zebra National Park. Using satellite imagery, the park’s fire history was
determined between 2000 and 2020. Eighty plots (approximately 20 m x 20 m; >100 m apart)
were laid out purposively across different fire regimes. There was no significant difference in
both species richness and diversity in burned and unburned sites. However, there was a
difference in species composition between burned and unburned sites and between different
fire frequencies. The unburned site had higher moribund material and unpalatable grasses
compared to the burned area.

Conservation implications: The results of this study will help in the completion of the fire
management plan for the park which will enable conservation managers to make better
decisions with regard to fire management in mountainous grassland at Mountain Zebra
National Park. Consequently, this will lead to improved veld condition and vegetation
structure.

Keywords: fire; grassland; species richness; species; diversity species; composition-palatability;
ecosystem functioning; grass percentage cover.

Introduction

Fire plays a fundamental role in maintaining ecosystem functioning in many South African
vegetation types (Bond & Keeley 2005). It is a common and regular driver of change in many
ecosystems and biomes across the globe, from boreal forests to tropical grasslands. Fire influences
species composition, vegetation structure and dynamics (Bond & Van Wilgen 1996), particularly
in grassland and savanna systems. In grassland and savanna biomes, fire frequency, extent and
intensity can be a major determinant factor in the abundance of woody and herbaceous species
(Bond, Woodward & Midgley 2005; Cavender-Bares & Reich 2012). Fire can be used as a
management tool in order to promote ecosystem benefits.

Grasslands are the most primitive evolving systems of diverse plant communities (Little, Hockey
& Jansen 2015). South African grasslands are being increasingly degraded through the increasing
influence of overgrazing (Neke & Du Plessis 2004; O’Connor 1985), extensive and frequent
burning (Uys, Bond & Everson 2004), plantation forestry (Lipsey & Hockey 2010) and invasion by
alien plant species (Le Maitre et al. 1996). It is estimated that 60% of the grassland biome has been
permanently transformed, while as little as 15% remains as natural grassland with only 2%
formally conserved in South Africa (Carbutt et al. 2011; Macdonald 1989). What is alarming is that
the majority of the natural grassland is vastly fragmented and most are ill-managed (Mucina &
Rutherford 2006).

Mountain Zebra National Park (MZNP) is a unique conservation area occurring at the interface
of three biomes, that is, grassland, Nama Karoo and thicket. Fire has recently become more
common in the Nama Karoo and other arid ecosystems, potentially threatening the persistence
of native species (Du Toit, O’Connor & Van den Berg 2015; Syphard, Keeley & Abatzoglou
2017). Climate change may be the reason why there is an increase in fire-conducive weather
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conditions (Kraaij, Cowling & Van Wilgen 2012; Wilson
et al. 2010), changes in the structural composition of
vegetation affecting fuel attributes of ecosystems (D’ Antonio
& Vitousek 1992; Syphard et al. 2017). Just like other
grassland vegetation types, MZNP mountainous grassland
is prone to occasional lightning-caused fires (Bezuidenhou
& Brown 2016). Studies from the eastern Karoo suggest that
fire can significantly modify vegetation structure and
composition, to a similar degree as grazing and herbivory
(Du Toit et al. 2015). The complexity of the interaction
between grazing, herbivory and climate in the region has
been broadly acknowledged (Kraaij & Milton 2006). Fire
plays a huge role in shaping the structure and composition
of the vegetation (Veen et al. 2008). It provides a green flush
of nutrient-rich grass by removing moribund grass materials
(Bond & Van Wilgen 1996). Although South African
grassland systems are naturally maintained by winter and
spring fires (Mucina & Rutherford 2006), there is concern
over the possible detrimental effect of unnaturally frequent
fires on plant diversity (Collins & Calabrese 2012). It has
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).
Some of the palatable grass species require frequent
burning, for example, Themeda triandra, and in the absence
of fire, species such as Merxmuellera disticha and Merxmuellera
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stricta increase (Owen-Smith & Danckwerts 1997). Although
there are studies carried out on grassland ecology in South
Africa, limited studies exist in MZNP mountainous
grassland which to some extent hinder the development of
a suitable fire management plan for the park. Hence, this
study aims to determine the influence of fire on: (1) grass
species richness and diversity and (2) grass relative
abundance cover. We hypothesise that: (1) burned sites will
have high species richness and species diversity because of
fire reducing moribund and making it easier for plants to
get sunlight and other nutrients, and (2) burned sites will
have more palatable grass compared to unburned sites
because fire encourages the growth of palatable grasses.

Research methods and design
Setting

The study was conducted in MZNP (Figure 1) which is
approximately 28412 ha and located in the Eastern Cape
Province, South Africa (32° 22 47”S; 25° 47° 88"E)
(Bezuidenhout & Brown 2008). Mountain Zebra National
Park was proclaimed in 1937 protecting a remnant
population of the Cape mountain zebra (Equus zebra zebra)
and has since played a principal role in the conservation of
the biodiversity of the area (Grobler 1983). The park is
characterised by elements of three biomes of South Africa,

Mountain Zebra national park
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FIGURE 1: Location of the study sites within Mountain Zebra National Park.
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which are Eastern Cape Escarpment Thicket, Eastern Upper
Karoo and Karoo Escarpment Grassland (53%) (Gaylard
et al. 2006). The park is one of the few protected areas that
protect and preserve this vegetation (Bezuidenhout & Brown
2008). It is classified as Nama Karoo but falls in in-between
arid Nama Karoo bushveld in the west and the drier
grassland in the east (Gebeyehu & Samways 2002). The
biome is characterised by grasses and dwarf shrubs (Mucina
et al. 2006). The park is located on the northern slopes of the
Bankberg mountain range in the Cape Midlands, Eastern
Cape, which is described as having a cool and arid climate
(Bezuidenhout & Brown 2008). It is dominated by
sedimentary rock types such as sandstones, siltstones and
mudstones of the Beaufort Series. Post-Karoo dolerite
intrusions are also prevailing in certain areas. The soil
throughout the park is generally shallow with vast parts of
the park rocky with very little to no soil topsoil (Brown &
Bezuidenhout 2000). The average monthly temperatures in
summer (September to March) vary between a minimum of
6°C and a maximum of 28°C, whereas in winter (April to
August) the temperature often drops below 0°C and reaches
a maximum of 20°C (Novellie & Gaylard 2013). Rain falls
mostly in late summer and autumn (December to April)
(Novellie & Gaylard 2013) and the average annual rainfall is
400 mm (Pond et al. 2002). The sites were actively grazed by
the ungulates in MZNP, for example, Cape mountain zebra,
red hartebeest, wildebeest, etc.
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Field data collection

Eighty plots were laid out across the sites using purposive
sampling (20 per fire regime) with 20 plots in a site which
burned in 2002 and 2010 and 20 in the unburned (control) site
which is Site A. Another 20 plots were done in a site which
burned in 2010 and 2019 with 20 plots on an unburned (control)
site which is site B (Figure 2). Each plot was approximately
20 m x 20 m (~0.04 ha) and spaced at least 100 m apart. In each
plot, all grasses were counted and identified to species level.
The study was done during the growing season, which is from
December to April, in the area for easy identification of the
grass. Field identification of the grass was done during
December and January. Each species was assigned with a
cover percentage value using the Daubenmire cover class
method while overall grass and shrub percentages were also
estimated in each plot (Daubenmire 1959).

Fire frequency data

Historical fire data for the period 2000 until 2020 were obtained
from the Moderate Resolution Imaging Spectroradiometer
(MODIS) MCD45 burned area product and Sentinel-1. The
2019 fire scar was obtained by physically mapping the fire scar
on the ground. The fire data were then processed using
quantum geographic information system (QGIS) to generate
fire scar maps for the study sites. All the fires that occurred
from 2000 to 2020 were in one vegetation type, that is,

Mountain Zebra national park fire scars Legend
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FIGURE 2: Fire scar maps showing the location of fires in Mountain Zebra National Park between 2000 and 2020.
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mountain grassland. A total of four fires have occurred in the
park, that is, in 2002, 2010, 2016 and 2019. The fire that had
occurred in 2016 was not used in the data because it was too
small (<10 ha). There are two fire scars that will be used in this
study, that is, Site A (2002 and 2010) and Site B (2010 and 2019)
fire scars.

Statistical analysis

The statistical analyses were performed using R where two
response variables were investigated (R Development Core
Team 2011). These include species richness and normalised
Shannon diversity index (NSDI). Species richness is
calculated as absolute counts of the number of unique
species at the corresponding vegetation units. On the other
hand, NSDI is implemented as an extension of the original
proposal by Shannon (1948). It is a fractional value that
varies between 0 and 1. Indices closer to 1 imply a high
degree of unevenness. The p-values reported in this study
are adjusted for multiple testing using the Benjamini-
Hochberg technique (Benjamini & Hochberg 1995). This
helps minimise the risk of incorrectly rejecting the null
hypotheses verified with the statistical tests.

Ethical considerations

This article does not contain any studies involving animals
and/or human participants performed by any of the authors.

Results
Species richness and species diversity

Overall species richness was high in burned compared to
unburned areas, but not significant (p > 0.05, Figure 3). There
is no significant difference in grass species richness between
burned and unburned sites for both Site A and Site B (p > 0.05,
Figure 4).
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There were differences in species diversity between burned
and unburned sites with high species diversity in burned
sites compared to unburned sites (Figure 5). However, the
difference was not statistically significant (p > 0.05). There
was no difference in species diversity in both Site A and Site
B burned and unburned sites (Figure 6).

Percentage cover

Grass covers were different in burned and unburned sites for
both Site A and Site B (Figure 7). While not statistically
significant (p > 0.05), there was greater grass percentage
cover in burned areas in Site A, while in Site B, grass
percentage cover was high in unburned sites versus the
burned sites. However, there was no significant difference
between the different fire frequencies in terms of grass and
shrubs species composition (p > 0.05). Grass percentage
composition was not statistically different when comparing
Site A (2002 and 2010) and Site B (2010 and 2019) (» > 0.05).

Species composition

Overall species composition of the burned and unburned
areas was significantly different (p < 0.05). Species composition
varied in both fire frequencies (Site A and Site B) burned sites
compared to unburned sites and the difference is statistically
significant (p = 0.00). The results suggest that the absence
of fire reduces or encourages certain species over others.
For example, in Site A (2002 and 2010), there is a greater
prevalence of T. triandra in the burned sites followed by
Cymbopogon pospischili, which is similar in burned and
unburned sites, and M. disticha and M. stricta in unburned
sites (Figure 8). Site B also had a high percentage of T. triandra
in burned sites compared to unburned sites followed by
Heteropogon contortus, which are both highly palatable
species, and M. disticha and M. stricta species composition
was higher in unburned sites (Figure 9). The results from
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FIGURE 3: Mean differences in grass species richness between the burned and
unburned sites.
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FIGURE 5: Mean differences in grass species diversity between the burned and
unburned sites.
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FIGURE 6: Mean differences in grass species diversity between burned and
unburned areas in Site A and Site B.

both fire frequencies show the highly palatable grass species,
T. triandra, to be high in burned sites compared to unburned
sites while unburned sites were dominated by M. disticha and
M. stricta which is an unpalatable wiry grass that forms
moribund in the absence of fire.

Discussion

Even though fire is known to cause replacement or addition
in a habitat which results in both species richness and species
diversity, there was no significant difference in terms of

http://www.koedoe.co.za . Open Access

Burned
Unburned
20
154
S
o
[
>
]
S 10-
w
o
(U]
5 -

Site A Site B

Fire

FIGURE 7: Grass percentage cover for both fire frequencies in burned and
unburned sites.
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FIGURE 8: Species composition of the grass in burned and unburned sites.

species richness and species diversity. There was no
significant difference in species richness and diversity in
burned and unburned areas in this study. This is similar to a
study done by Nepolo and Mapaure (2012) where there was
no significant difference in burned and unburned sites
species richness in semi-arid savanna woodlands in Namibia.

The results have shown the importance of fire in grassland
ecosystems as an ecological factor that determines the plant
species composition (Bond & Van Wilgen 1996). The grass
with high moribund such as M. disticha and M. stricta were
dominant in unburned (control) sites for both Site A (2002 and
2010) and Site B (2010 and 2019). The presence of M. disticha
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FIGURE 9: Species composition of the grass in burned and unburned sites.

and M. stricta is a strong signal of habitat degradation or
disturbance, as these two species are associated with
moribund material which inhibits the growth of other species
(Owen-Smith & Danckwerts 1997). These are big tussock,
wiry grasses that easily outcompete other grasses under
conditions of selective grazing and the absence of fire. With
fire suppression, these grasses create a huge amount of
moribund which limits sunlight and other resources for other
plant species. One of the highly palatable grasses, that is, T.
triandra, was high in burned sites compared to unburned sites
in both fire frequencies. The absence of fire seems to suppress
the palatable grass and promotes grass that does well under
shady conditions. Themeda triandra is one of the most
significant grasses in MZNP as it is the most palatable grass
available for grazing animals (Zacharias 1990). Consequently,
the grasslands dominated by T. triandra are of significant
ecological importance at MZNP. Themeda triandra is considered
to be a climax or subclimax species (Smit, Bredenkamp & Van
Rooyen 1992) and an indicator of grassland in good condition
and it declines in abundance when overgrazed, underutilised
or in the absence of fire (also commonly referred to as a
‘Decreaser’ species) (Van der Westhuizen et al. 2001; Wiegand
et al. 2004). In South Africa, Australia and Southeast Asia, T.
triandra dominate mainly in frequently burnt grasslands and
their populations may decline to local extinction if fires are
excluded for longer than a decade (Snyman, Ingram &
Kirkman 2013). This is similar to this study as T. triandra was
low in terms of composition in unburned areas. Manipulation
of the fire interval is a key tool for influencing the biodiversity
of vegetation stands (Bond & Keeley 2005). Grass and shrubs
species composition was found to differ significantly between
burned and unburned areas.

The overall grass cover differed between burned and
unburned sites; however, the difference was not statistically

Page 6 of 7 . Original Research

http://www.koedoe.co.za . Open Access

significant. Grass cover was noted to be higher in the burned
area in comparison to an unburned area in the 2002 and 2010
fires (Site A). Fire occurrence removes the moribund and the
litter build up on the soil surface and this changes the
microclimate and nutrient levels in the surface soil (Lavorel,
McIntyre & Grigulis 1999). Therefore, the removal of these
growth inhibitors by fire in the burned area has resulted in
higher grass cover observed for this site. According to a
study carried out by Snyman (2003), it was conveyed that
fire increases plant nutrient availability in the soil and acts as
a natural selective force in the development of grass species.
Fires play an important role in driving species composition
in MZNP.

Conclusion

Although there was no significant difference in grass species
richness and species diversity in burned and unburned sites,
there was a significant difference in grass species composition
in burned and unburned sites species composition. One of
the limitations of this study is the absence of prior data
collected on the sites before the 2002 fire which was going to
bring a good comparison. Fire plays an important role in
species composition; hence, there was a significant difference
in Site B where the fire burned less than 3 years ago and no
significant difference in Site A where the fire has burned
more than 10 years ago. This does show that the fire return
interval should not be more than 10 years as it affects grass
species composition and a site that burned more than
10 years ago is almost similar to a site that has not burned in
20 years or more. One of the highly palatable grass T. triandra
was low in unburned sites compared to burned sites, and a
decline in abundance of T. triandra in grassland is usually
coupled with a decline in grazing value, species richness
and cover. Consequently, we recommend intermittent fire
application lesser than 10 years as it could increase the
abundance of palatable species. This is done to maintain
healthy functional grassland composition. If any natural fire
occurs in a veld that has not burned in more than 8 years,
then they must not suppress it, unless there is a threat to
property or lives.
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