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Abstract 

Question: Renosterveld – a vegetation complex within the Fynbos Biome of 

South Africa – occurs in multiple structural states, including shrublands and var- 

ious types of grasslands, lawns and herb-lands. Uncertainty exists over whether 

the present unpalatable shrubland state might have replaced a historical grass- 

land state. Settled agriculture characterized by fixed burning cycles and over- 

grazing by livestock has been blamed for this putative change. However, the 

disappearance of native large herbivores has also been implicated. Understand- 

ing the drivers responsible for putative state changes is of importance for conser- 

vation of this critically endangered vegetation type. 

Location: Renosterveld shrublands and grasslands of the De Hoop Nature 

Reserve, Western Cape Province, South Africa. 

Methods: Three structural states of renosterveld (grazing lawn, tussock grass- 

land and shrubland) were subjected to an experiment involving fire (burned/ 

unburned) and herbivory (grazed/ungrazed by native mesoherbivores). Using 

animal exclosures and experimental burning, we measured the responses of the 

biomass of major plant functional types over 6 yrs to test whether switches 

between states occur in order to discern the drivers of these changes. The data 

were analysed using permutational MANOVA, Fisher’s exact contingency tests and 

NMDS. 

Results: Herbivory (but not fire) had significant effects on lawn and tussock 

grassland biomass. Palatable shrubs proliferated in tussock grassland protected 

from herbivory. Unpalatable shrubs invaded burned lawn habitats exposed to 

herbivory. The vegetation composition of the shrubland state was affected by 

fire, herbivory and by the interaction between the two. Burned and grazed 

shrubland reverted to a dense canopy unpalatable state, while shrubland plots 

protected from grazing became palatable shrubland with a grass understorey. 

Palatable shrub species increased in the unburned and ungrazed shrubland 

plots, while the biomass of unpalatable shrubs declined in both the unburned 

grazed and exclosure plots. 

Conclusion: We found no evidence supporting the hypothesis that the disap- 

pearance of native large herbivores led to the conversion of tussock grassland 

into unpalatable shrubland. Instead, the removal of native browsers caused pal- 

atable shrubs to dominate tussock grassland areas. Unpalatable shrubland is 

retained through a combination of fire and herbivory, but how this state estab- 

lished and persisted historically remains undetermined. Temporary relief from 

large herbivore grazing after unpalatable shrubland has been burned is recom- 

mended if a more open grassland state is the desired target. 
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Introduction 

The nature of community assembly and the underlying 

dynamics involved in the co-occurrence of grass and 

woody plants in ecosystems across the world have received 

much attention (see Scholes & Archer 1997; Sankaran 

et al. 2004; Van Auken 2009 and references therein). The 

competitive relationship between grass and woody plants 

is not merely of academic interest, but also of economic 

importance in areas where increase in the cover of woody 

plants is deemed undesirable due to the resulting decrease 

in availability of grassy fodder for grazing animals (e.g. 

Skarpe 1990; Van Auken 2000; Roques et al. 2001). Rea- 

sons for increased cover of woody plants in grassland have 

been sought in elevated CO2 levels and climate change in 

general (Bond & Midgley 2000; D’Odorico et al. 2010), in 

the interactions between nutrient and water availability 

(Kraaij & Ward 2006), chronic high levels of livestock graz- 

ing, and in change in fire frequency (Van Auken 2000, 

2009; Roques et al. 2001; Heisler et al. 2003; Van Lange- 

velde et al. 2003). 

The shrublands of the southwestern Cape (Western Cape 

Province, South Africa) are part of a mediterranean- type 

ecosystem, classified as the Fynbos Biome (sensu Reb- elo 

et al. 2006). In this biome, invading shrubs are pre- 

sumed to have replaced more extensive grasslands of the 

renosterveld vegetation complex in the past. Whether this 

really happened has been a subject of debate for decades 

(Joubert & Stindt 1979; Cowling et al. 1986; Stock et al. 

1992; Rebelo 1995; Krug et al. 2004), as the suggested 

change from grassland to shrubland coincided with the 

onset and expansion of European farming on the southern 

tip of Africa during the late 17th and 18th century (Sparr- 

man 1786; Rebelo 1995). Only casual reports on vegeta- 

tion from historical documents (see Skead et al. 2011 for a 

summary of historic vegetation dynamics) can thus be 

used to substantiate this putative grassland/shrubland 

transition. 

Renosterveld is a critically endangered vegetation type, 

of which more than 80% has been transformed to agricul- 

ture in the Cape lowlands (Von Hase et al. 2003; Rouget 

et al. 2006). It can be described as an evergreen, fire-prone 

shrubland dominated by small, cupressoid-leaf evergreen 

shrubs, mostly of the family Asteraceae, with the unpalat- 

able renoster bush Elytropappus rhinocerotis (L. f.) Less. (As- 

teraceae) often predominating. It usually has an 

understorey of grasses and contains many geophytic herbs. 

Besides the shrubland state, tussock grasslands, grazing 

lawns, and herb-lands dominated by geophytes (‘bulb- 

lands’) have also been distinguished as physiognomic faces 

of renosterveld (sensu Rebelo et al. 2006). The question of 

whether  renosterveld  was  historically  more  grassy  or 

 

shrubby at the landscape scale will most likely never be 

answered conclusively. However, shrubland and grassland 

states can be recognized in renosterveld today, and it is 

widely accepted that the mechanisms governing the 

dynamics of these states need to be understood before 

proper conservation measures can be developed and 

implemented (Cowling et al. 1986; Rebelo 1995; Kemper 

et al. 1999). 

The putative conversion of grasslands to shrublands in 

the Cape has been blamed on severe and continuous graz- 

ing of freshly burned areas by domestic stock (Sparrman 

1786; Joubert & Stindt 1979; Cowling et al. 1986), leading 

to an unwanted overgrazed state. With settled agriculture 

in the Cape, the disturbance regime has changed from a 

system with variable fire frequency and intense – but local- 

ized – pulsed nomadic grazing by domestic livestock and 

presumably indigenous herbivores, to a system of continu- 

ous overgrazing and a fixed burning cycle (Cowling et al. 

1986). However, more recently Rebelo (1995) and Krug 

et al. (2004) have suggested that the loss of native large 

herbivores might also have contributed to the presumed 

structural change in renosterveld. The removal of the 

native large browsers such as African elephant (Loxodonta 

africana Blumenbach), black rhino (Diceros bicornis Linna- 

eus) and eland (Tragelaphus oryx Pallas) – all of which 

occurred across the lowlands of the Western Cape prior to 

European settlement (Skead et al. 2011) – could have 

been instrumental in keeping the overstorey canopy open 

in the same way as browsers in East African savannas do 

(Dublin et al. 1990; Augustine & McNaughton 1998). 

In this experimental study, we subject three renoster- 

veld structural states (grazing lawn, tussock grassland and 

shrubland) to fire (burned/unburned) and release from 

grazing and browsing (grazed/ungrazed) – the major fac- 

tors in the centre of debates on putative grassland/shrub- 

land transitions in renosterveld. We assume that, by using 

native large herbivores still surviving in renosterveld 

today, we may gain better insights into their present as 

well as their historical role in shaping the vegetation 

dynamics of renosterveld. 

The essence of the early debates on renosterveld state 

dynamics can be approximated by a state-and-transition 

model (sensu Laycock 1991), which postulates that a com- 

munity can have alternative stable compositions after pass- 

ing through a threshold triggered by grazing management 

or episodic disturbance events (Bestelmeyer et al. 2003; 

Suding et al. 2004; Cingolani et al. 2005). Herbivores 

should be attracted to recently burned renosterveld due to 

the higher quality of forage appearing in the more nutri- 

ent-rich, post-fire areas (Beukes 1987; Hobbs 1996; Archi- 

bald et al. 2005; Kraaij & Novellie 2010). If the burned 
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area in this generally nutrient-poor environment (Joubert 

& Stindt 1979) is small, both browsers and grazers will 

gather in the post-fire recovering habitats in such numbers 

that only the most grazing- and trampling-resistant plant 

species would survive the intense disturbance, conse- 

quently leading to the formation of grazing lawns (Hobbs 

1996; Archibald et al. 2005). It is possible that even unpal- 

atable shrubs – such as the common Elytropappus rhinocero- 

tis – will be removed just after they have germinated as a 

consequence of intensive and indiscriminate  trampling 

and grazing by grazers (Hester et al. 2000) or through 

deliberate selection by browsers (Scholes & Archer 1997; 

Augustine & McNaughton 1998). However, it may be that 

E. rhinocerotis shrubs can re-sprout from old epicormic 

buds or roots (Cowling et al. 1986), which will result in 

the restoration of the shrubland vegetation state. If large 

herbivores are absent after fire, the respective vegetation 

states should return to their initial states. Competition by 

grasses is able to limit the recruitment of woody plants in 

the absence of herbivory, but this effect may not be large 

enough to cause high mortality or bring about the exclu- 

sion of shrubs (Cowling et al. 1986; Scholes & Archer 

1997; Brown & Archer 1999; Jurena & Archer 2003). If – 

in the absence of herbivory – shrub seedlings do manage to 

establish in the grasslands, this would most likely happen 

directly after fire, when competition for light and moisture 

would decrease. Shrubs should also have a better chance 

to establish in tussock grasslands than in the grazing lawn 

areas. We suggest that this might be on account of the 

effective space pre-emption by the mat-forming grass Cyn- 

odon dactylon (L.) Pers. (Guglielmini & Satorre 2004) that 

dominates the grazing lawn areas of our study, with close 

to 100% ground cover. 

 

Methods 

Study area 

The study area was a patch of Eastern Rûens Shale Reno- 

sterveld (Rebelo et al. 2006) in the De Hoop Nature 

Reserve (DHNR; 34°26′S, 20°30′E; total area: 323 km2), 

Western Cape Province, South Africa. It is situated on a 

gentle slope (<6°) facing a shallow valley, at an altitude of 

120 m a.s.l. The mean annual precipitation (1979–2011) is 

466 mm (CV = 19%). It rains at least 30 mm every 

month, but most rain falls between April and October 

(65%) when evapotranspiration is also at its lowest. The 

mean annual precipitation for the 6 yrs of this study was 

466 mm, with a maximum precipitation of 677 mm in 

2007 and a minimum of 353 mm in 2011. The coldest 

month is  July (Tmax = 18.4 °C,  Tmin = 6.3 °C) and the 

warmest February (Tmax = 27.2 °C, Tmin = 16.7 °C). (All 

climate data relate to station Driefontein Farm 8.5 km west 

of the study site at 91 m a.s.l.; courtesy of the Agricultural 

Research Council.) The deep clayey soils of the study area 

are derived from shale of the Bokkeveld Group (Malan 

et al. 1994). 

A large part of the ca. 200 ha of renosterveld area had 

been cultivated (ploughed) for a number of years until 

1980, at which time it became incorporated into the 

DHNR. Since then, the area has not been subjected to fire 

or any significant human disturbance for 25 yrs, and has 

turned into a mosaic of three structural states, namely Cyn- 

odon dactylon grazing lawn, Cymbopogon pospischilii tussock 

grassland and E. rhinocerotis shrubland. 

The area has been continuously grazed by a number of 

large herbivore species (>20 kg). The most common spe- 

cies is the bontebok (Damaliscus pygargus pygargus Pallas; 

adult ♀ ca. 55 kg, adult ♂ ca. 61 kg; Owen-Smith 1988), 

which restrict their movements to this small patch of reno- 

sterveld. Bontebok avoid unpalatable and nutrient- 

deprived sandstone and limestone fynbos shrublands that 

surround the area (Radloff 2008). The bontebok is a grazer 

preferring short grass (Beukes 1984; Skinner & Chimimba 

2005). Eland (Tragelaphus oryx Pallas; adult ♂ ca. 650 kg, 

adult ♀ ca. 460 kg; Skinner & Chimimba 2005) are also 

present in the area, but are not restricted to the renoster- 

veld patch as they are able to utilize limestone fynbos 

(Radloff 2008). Eland can be classified as a mixed feeder 

with a preference for browsing  (Skinner & Chimimba 

2005). Ostrich (Struthio camelus Linnaeus; adult ca. 68 kg; 

Maclean 1984) also frequent the renosterveld patch. 

Ostriches seldom browse leaves from shrubs when forbs 

and green grass are available (Milton et al. 1994); they 

often pluck entire small plants (including roots) from the 

ground (Williams et al. 1993). 

The highest number (128) of bontebok were tallied at 

the onset of the experiment. The population size declined 

steadily thereafter and stabilized at around 60 individuals 

3 yrs later, with the minimum number recorded being 53 

at the very end of the study. Eland numbers varied from 

zero to a 100 as they moved in and out of the area, and this 

pattern persisted throughout the 6 yrs of study. Ostrich 

numbers varied between 18 and 44, showing no distin- 

guishable movement pattern. 

 

Study design 

Within the studied patch of renosterveld, three sites (each 

representing one of the three structural vegetation states) 

were selected. Each of the sites had a homogenous appear- 

ance (unbroken canopy cover) and uniform physiognomy 

(see Supporting Information: Fig. S1 for images of the 

respective states). The sites were also selected to be as close 

as possible to each other to assure habitat homogeneity 

(identical soil types, no obvious signs of soil surface dam- 

age and similar drainage conditions). 
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The selected 3.0-ha patch of C. dactylon grazing lawn 

and 6.2-ha patch of E. rhinocerotis shrubland bordered on 

each other, while the C. pospischilii tussock  grassland 

(2.5 ha) patch was 700 m east of the former two sites. 

Within each of the three sites, 12 plots (4 9 4 m) were 

selected and permanently marked. These plots were 

selected to be no closer than 20 m to each other and as 

similar as possible with regard to the biomass of the domi- 

nant species representing each structural state. The three 

sites were each subdivided into two experimental blocks 

with six of the plots per block. One of the blocks in each 

state was randomly selected for the controlled burning 

treatment. 

Three subplots (0.5 9 0.5 m) were permanently 

marked within each of the 36 plots (108 subplots in total) 

for monitoring purposes, and located 1 m from the border 

tillers to form dense mats), tussock grasses (grasses propagat- 

ing by intravaginal tillering to form tussocks), nanophyllous 

shrubs (tall shrubs with leaves <5 mm2), microphyllous 

shrubs (tall shrubs with leaves >5 mm2) and creeping shrubs 

(creeping/trailing  dwarf  shrubs). 

We calculated the regression equations needed for con- 

version of the height measurements of the respective 

growth forms into biomass values by measuring the height 

and harvesting  the biomass of representative perennial 

species of each of the five growth forms in the immediate 

vicinity – but outside – of the experimental plots. Radloff & 

Mucina (2007) present more detail on the calibration pro- 

cedure. See Table S1 for the slope and r2-values of the 

regression equations. 

The estimated biomass values of the three subplots in 

each plot were summed to give a representative total bio- 
 2 

of the plot and 1 m from each other. Three of the six plots mass value (g 0.75 m ) for a particular growth form in a 

within each experimental block were randomly chosen to 

serve as exclosure – i.e. ungrazed/unbrowsed – replicate 

plots, while the remaining three replicate plots were left 

exposed to herbivory by large herbivores (further referred 

to as grazing). A graphical presentation of the study design 

is summarized in Fig. S2. 

Controlled burning was performed on the morning of 1 

Dec 2005 to one experimental block of each vegetation 

state. A tussock grassland patch of 1.4 ha was burned 

between 08:20 and 10:00 h (average air temperature dur- 

ing    the    burning    period:    24.2 °C,    wind    speed: 
 1 

particular plot. The total estimated biomass values for each 

of the five growth forms in each of the 36 plots were used 

to calculate response values for data analysis by subtracting 

the initial biomass estimates from the final biomass esti- 

mates (see Data analysis). We also kept track of individual 

species biomass and abundance as data were collected 

according to species, but these were pooled according to 

growth form for statistical analyses. See Table S2 for a list 

of perennial species found in the plots and their respective 

contribution to the biomass of each growth form. 

12.8 km h ), while 5.0 ha of shrubland and 1.8 ha of Data analysis 
grazing lawn were burned between 10:15 and 11:40 h 

(average  air  temperature  during  the  burning  period: 
 1 

 

The response of the growth forms to the experimental 

27.5 °C, wind speed: 13.8 km h ). In the week following treatment was calculated by subtracting the pre-treatment 

the burn, the three exclosure camps were constructed in 

each of the  six  experimental  blocks.  The  exclosures 

(4 9 4 m) were surrounded with a 2-m high game-proof 

fence; they were deliberately kept small to discourage 

eland from entering, as this large antelope is able to clear 

even 2-m high fences with ease. 

 

Vegetation sampling 

The biomass of all perennial plants present in the 108 sub- 

plots was estimated at the start of the experiment (Nov 

2005) just before the fire and exclosure treatments were 

applied, and again 73 mo after experimental treatment in 

Jan 2012. We used the Multipoint Minidisk Meter method 

(with  a  sampling  intensity  of  25  height  readings  per 

0.25 m2  subplot) developed for this purpose (Radloff & 

Mucina 2007). 

All perennial plant species were identified, measured 

and classified into the following five growth forms (plant 

functional types): stoloniferous grasses (low-growing, creep- 

ing grasses rooting from internodes of the above-ground 

(i.e. prior to the application of fire and grazing exclusion) 

biomass measurements from the post-treatment (i.e. after 

a period of 73 mo) biomass measurements. Significance 

testing was performed on these response values in order to 

determine treatment effects. 

Permutational multivariate analysis of variance (PERMA- 

NOVA) was used to establish whether the biomass of five 

dominant growth forms within the three states showed 

any significant responses to the experimental treatments. 

This method is considered well suited to ecological data, 

particularly when dealing with a small sample size (Ander- 

son 2001). As a non-parametric analogue to the traditional 

MANOVA, it allowed testing for the effects of fire and grazing 

individually, as well as any interaction effects. 

Significance testing for differences between the 

responses of the growth forms to the experimental treat- 

ment was performed using Fisher’s exact contingency tests 

(Fisher 1935). This test provides the exact significance lev- 

els by permutation of all possible rearrangements (20 in 

this case) of the data (two groups; six data points) and sup- 

ports significance testing without assumptions about the 



  

 

 

 

 

 
 2 

distribution of the data (Fortin & Jacquez 2000). The P- decrease of 12.8 and 15.6 g 0.75 m , respectively). The 

value is the proportion of possible data rearrangements 

(between the two groups) that are equal to – or more 

difference   in   the   responses   of   stoloniferous   biomass 

between the burned exclosure and grazed plots is signifi 
 2 

extreme than – the one observed in our sample (Quinn & (difference between means 210.4 g 0.75 m ; P = 0.05). 

Keough 2002). Within each state, contingencies were 

drawn up for each growth form in order to test response 

values for grazing effects in the burned and unburned 

blocks, as well as for fire effects within the grazed and ex- 

closure plots. We considered the responses of the replicates 

significantly different from each other at P = 0.05. This 

After 73 mo there was  an increase in nanophyllous 

shrub biomass across three of the treatments within the 

grazing lawn state (Fig. 1g). The response of nanophyllous 

shrubs in the plots that were burned and grazed differed 

significantly from those plots that were burned but from 

which grazing was excluded (difference between means 
 2 

implies that there was only a single chance out of 20 possi- 118 g 0.75 m ; P = 0.05). The response of nanophyllous 

bilities that the difference between the responses could 

have been as extreme as was observed. Such a case is only 

shrub biomass in the burned vs unburned grazed grazing 

lawn  plots  was  also  significantly  different  (difference 
 2 

possible if the response values of all three replicate plots of between means 135.3 g 0.75 m ; P = 0.05). This suggests 

a treatment are either more or less than the response val- 

ues of all three replicate plots of the corresponding control. 

Non-metric multidimensional scaling (NMDS) was per- 

formed on both the pre-treatment and post-treatment bio- 

mass values for all 36 plots. This was done in order to 

provide a visualization of the responses of the plant growth 

forms to the treatments. NMDS makes no assumptions 

that E. rhinocerotis shrubs can encroach into grazing lawn 

areas, a process which is facilitated by the grazing of these 

areas following a fire. 

The significant grazing effect detected with the PERMANO- 

VA within the tussock grassland state is due to an increase 

in tussock grass biomass in both the unburned and burned 

exclosure    plots     (mean     increase     of     54.0     and 
 2 

concerning data distribution or type of species response 86.7 g 0.75 m , respectively; Fig. 1e) after 73 mo. The 

along presumed environmental gradients, focusing instead 

on resemblance relations between the data, and is conse- 

corresponding grazed plots experienced a decline in tus- 

sock   grass   biomass   (mean   decrease   of   166.1   and 
 2 

quently a robust method of ordination suitable for ecologi- 48.3 g 0.75 m , respectively). The response of tussock 

cal   studies   (Kruskal   1964;   Minchin   1987;   James   & 

McCulloch 1990). The results of the PERMANOVA and Fisher’s 

grass biomass differs significantly between the unburned 

exclosure  and  grazed  plots  (difference  between  means 
 2 

exact contingency tests were used to interpret the patterns 220.1 g 0.75 m ; P = 0.05). In addition, the response of 

revealed by the NMDS ordination. 

All analyses were performed using the vegan and labdvs 

tussock grass biomass in the grazed and unburned plots dif- 

fered significantly from those in grazed and burned plots 
 2 

packages in the R software programme (v 3.0.2; R Founda- (difference between means 117.8 g 0.75 m ; P = 0.05). 

tion for Statistical Computing, Vienna, AT). 

 

Results 

The PERMANOVA  analysis of the response values indicated 

The tussock grassland state experienced an increase in 

microphyllous shrub biomass in response to all treatments 

after 73 mo (Fig. 1k). This increase was significantly 

higher in the unburned exclosure plots as compared to the 

unburned  plots  that  were  grazed  (difference  between 
 2 

that grazing, but not fire, had significant effects on both means 285.3 g 0.75 m ; P = 0.05). This suggests that her- 

the grazing lawn (F1,8 = 11.41, P = 0.003) and tussock 

grassland (F1,8 = 10.14, P = 0.003) states. The results for 

the  shrubland   state   indicated   that   fire   (F1,8  = 14.89, 

P = 0.002), grazing (F1,8 = 13.44, P = 0.003) and their 

interaction (F1,8 = 30.82, P = 0.001) had signifi ant effects 

on this vegetation state. 

The Fisher’s exact contingency tests performed on the 

response values  confirms  the  results  of  the  PERMANOVA 

bivores restricted the growth of palatable microphyllous 

shrubs outside the exclosures. 

Within the shrubland state the grazing, fire and inter- 

action effects detected with the PERMANOVA are confirmed by 

the responses of the nanophyllous shrub biomass to the 

treatments (Fig. 1i). In the shrubland plots that were grazed 

after burning, nanophyllous shrub biomass almost reached 

pre-fi e      biomass      levels      (mean      decrease      of 
 2 

analysis (Fig. 1, Tables 1 and 2; for a comparison of the 352.2 g 0.75 m ). This is in stark contrast to the burned 

start and end biomass values see Table S3, Fig. S3). The 

grazing effect detected within the grazing lawn state can 

plots  from  which  herbivores  were  excluded.  Here,  the 

nanophyllous   shrubs   struggle   to   re-establish   (mean 
 2 

be explained by the increase in stoloniferous grass biomass decrease of 1162 g 0.75 m ). The difference in response of 

after 73 mo in both the unburned and burned exclosure 

plots  (mean  increase  of  178.5  and  194.7 g 0.75 2, 

m 

nanophyllous shrub biomass between the burned grazed 

and ungrazed plots is significant (difference between means 
 2 

respectively; Fig. 1a) while the unburned and burned 809.8 g 0.75 m ;  P = 0.05).  This  suggests  that  grazing 

grazed plots experienced a small decline in biomass (mean after fire creates favourable conditions for the re-establish- 
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Fig. 1. Mean responses in plant biomass (g 0.75 m ) calculated 73 mo after experimental treatment (fire and exclusion of herbivory) for the five growth 

forms in each of the three structural vegetation states. Dark bars represent exclosure plots while white bars represent the plots that remained grazed. Bars 

on the grey background represent the plots that experienced fire treatment. Matched lower case letters above bars within each graph indicate significant 

differences in response values (P = 0.05) as determined by Fisher’s Exact Contingency Tests. While error bars reflecting standard error have been included 

to provide an indication of variation between replicates, the non-parametric Fisher’s Exact Contingency Tests do not use measures of variance to test for 

differences between means (L – Grazing lawn, T – Tussock grassland, S – Shrubland, F – Fire, G – Grazed, E – Exclosure). 

ment and dominance of E. rhinocerotis shrubs. Protection 

from grazing after fire appears to delay or might even 

prevent these shrubs from reaching pre-fi    biomass levels. 

The grazed and ungrazed shrubland plots that were not 

burned experienced an unexpectedly sharp decline in 

nanophyllous shrub biomass in response to the experi- 
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Table 1. Results of Fisher exact contingency tests featuring the response of plant biomass to grazing effects. Response values of five growth forms were 

calculated for three grazed and three exclosure replicate plots that were not burned and three grazed and three exclosure replicate plots that were burned, 

within each of the three vegetation states. Response values were calculated 73 mo after the application of fire and the erection of exclosure plots. P-values 
 2 

denote the exact probability (one-tailed) to obtain the observed or a more extreme difference between the means (measured in g 0.75 m 

denote significant differences at P = 0.05. 

). Shaded blocks 

Growth form type Unburned    Burned  

 Mean grazed Mean exclosure Difference in means P Mean grazed Mean exclosure Difference in means P 

 Lawn grassland       

Stoloniferous grass  12.8 178.5 191.2 0.15  15.6 194.7 210.4 0.05 

Tussock grass 0.0  1.2 1.2 0.50 0.0  1.1 1.1 0.50 

Nanophyllous shrub 14.6 2.9 11.7 0.50 149.8 31.4 118.4 0.05 

Microphyllous shrub 0.0 0.0 0.0 1.00 0.0 19.8 19.8 0.50 

Creeping shrub 1.7 20.5 18.8 0.20 2.7 1.4 1.4 0.35 

 Tussock grassland       

Stoloniferous grass 3.9 4.3 0.4 0.50 19.4  4.1 23.5 0.15 

Tussock grass        166.1 54.0 220.1 0.05    48.3 86.7 135.0 0.15 

Nanophyllous shrub 4.7 0.00 4.7 0.50 11.8 13.1 1.3 0.50 

Microphyllous shrub   7.7 292.9 285.3 0.05   3.2 125.2 122.1 0.15 

Creeping shrub 0.0 1.70 1.7 0.50  1.3 29.9 31.3 0.30 

 Shrubland         

Stoloniferous grass 12.6 2.2 10.4 0.35  2.0 49.6 47.5 0.20 

Tussock grass 70.0 14.7 55.3 0.15  16.6 58.2 41.6 0.10 

Nanophyllous shrub  1156.0  917.2 238.9 0.10      

 
 
 

mental   treatments   (mean   decreases   of   1156.0   and 
 2 

accumulated in the burned exclosure plots than in the 
 2 

917.2 g 0.75 m , respectively, for the grazed and exclo- grazed plots (difference between means 48.9 g 0.75 m   ; 

sure plots). The response of nanophyllous shrub biomass 

within the unburned but grazed plots differs significantly 

from that observed in the burned and grazed plots (differ- 
 2 

P = 0.05; Fig. 1o), while there was a significantly larger 

increase in tussock grass biomass within the unburned 

grazed plots than in the burned plots that remained grazed 
 2 

ence between means 803.9 g 0.75 m ;  P = 0.05).  This (difference  between  means  53.4 g 0.75 m ;  P = 0.05; 

suggest that the long-term absence of fire from a grazed 

shrubland might be beneficial if the aim is to reduce E. rhi- 

nocerotis shrub biomass. 

Microphyllous shrub biomass increased in most shrub- 

land plots in response to treatments (Fig 1l). This increase 

was higher in the plots protected from herbivory. Within 

both the burned and unburned shrubland plots, the 

increase of microphyllous biomass in the exclosure plots is 

significantly higher than that in the plots that remained 

exposed to herbivory (difference between means 402.3 
 2 

Fig. 1f). 

The NMDS analysis of the pre-treatment data revealed 

clear separation between the plots of each of the three 

respective states (Fig. 2a). The responses of the various 

plant growth forms to the experimental treatments are also 

clearly visible in the NMDS analysis of the post-treatment 

biomass values (Fig. 2b). After 73 mo, the burned and 

unburned plots that remained grazed separated from the 

burned and unburned plots from which grazing was 

excluded for both the grazing lawn (groups A and B) and 

and 54.4 g 0.75 m for the unburned and burned plots, tussock grassland states (groups C and D), with the excep- 

respectively; P = 0.05). The response of microphyllous bio- 

mass was also significantly higher in the unburned grazed 

and exclosure plots when compared to the burned grazed 

and exclosure plots (difference between means 91.0 and 
 2 

tion of one grazed and unburned grazing lawn plot. This 

verifies the grazing effect detected for both states by the 

PERMANOVA results. The shrubland plots formed three 

distinct groups. The grazed and unburned shrubland plots 

438.9 g 0.75 m ,  respectively,  for  the  grazed  and un- group together with the burned exclosure plots to form 

grazed plots; P = 0.05). 

Other significant responses were detected within the 

shrubland state. Significantly more creeping shrub biomass 

one group (group E). Another  group  is  made  up  of 

the three burned and grazed shrubland plots (group F), 

while the third group comprises the unburned exclosure 

  352.2  1162.0 809.8 0.05 

Microphyllous shrub 92.7 494.9 402.3 0.05 1.6 56.1 54.4 0.05 

Creeping shrub 4.9 8.7 3.9 0.40 6.2 55.1 48.9 0.05 

 



Herbivory and fire effects on shrubland F.G.T. Radloff et al. 

 

 

 

 

 
Table 2. Results of Fisher exact contingency tests featuring response of plant biomass to fire effects. Response values of five growth forms were calcu- 

lated for three burned and three unburned replicate plots from which grazing was excluded, and three burned and three unburned replicate plots sub- 

jected to continued grazing, within each of the three vegetation states. Response values were calculated 73 mo after the application of fire and the 

erection of exclosure plots. P-values denote the exact probability (one-tailed) to obtain the observed or a more extreme difference between the means 
 2 

(measured in g 0.75 m ). Shaded blocks denote significant differences at P = 0.05. 
 

Growth form type Exclosure     Grazed 

 Mean Unburned Mean Burned Difference in means P  Mean Unburned Mean Burned Difference in means P 

 Lawn grassland         

Stoloniferous grass 178.5 194.7 16.3 0.45   12.8  15.6 2.9 0.50 

Tussock grass  1.2  1.1 0.1 0.50  0.0 0.0 0.0 1.00 

Nanophyllous  shrub 2.9 31.4 28.6 0.50 14.6 149.8 135.3 0.05  

Microphyllous shrub 0.0 19.8 19.8 0.50  0.0 0.0 0.0 1.00 

Creeping shrub 20.5 1.4 19.1 0.20  1.7 2.7 1.0 0.35 

 Tussock grassland         

Stoloniferous grass 4.3  4.1 8.4 0.30 3.9 19.4 15.5 0.20 

Tussock grass 54.0 86.7 32.7 0.40        166.1 48.3 117.8 0.05  

Nanophyllous shrub 0.0 13.1 13.1 0.50  4.7 11.8 7.1 0.50  
Microphyllous shrub 292.9 125.2 167.7 0.10  7.7 3.2 4.5 0.30 

Creeping shrub 1.7 29.9 28.2 0.50  0.0  1.3 1.3 0.50 

 Shrubland         

Stoloniferous grass 2.2 49.6 47.4 0.20  12.6 2.0 10.5 0.35 

Tussock grass 14.7 58.2 43.5 0.15  70.0 16.6 53.4 0.05 

Nanophyllous shrub  917.2  1162.0 244.8 0.15   1156.0  352.2 803.9 0.05 

Microphyllous shrub 494.9 56.1 438.9 0.05  92.7 1.6 91.0 0.05 

Creeping shrub 8.7 55.1 46.4 0.10  4.9 6.2 1.4 0.40 

 

 
plots (group G). This separation can be ascribed to the com- 

plex grazing, fire and interaction effects indicated by the 

PERMANOVA. 

 

Discussion 

The studied vegetation states showed definite but unex- 

pected changes in response to the experimental treat- 

ments. In general, we found that release from herbivory 

had the most profound effect on the tussock grassland 

state, while fire in combination with herbivory strongly 

influenced the vegetation structure of the shrubland state. 

 

Cynodon dactylon grazing lawn 

The burned and unburned grazing lawn plots protected 

from grazing showed high resilience to invasion by other 

growth forms, and remained dominated by C. dactylon even 

after 6 yrs (Fig. 2b, cluster A). This contradicts beliefs that 

in African savannas taller and faster-growing grass species 

will replace grazing lawn species that can supposedly only 

persist under continued heavy grazing (O’Connor 1994; 

Archibald 2008). Perhaps the relatively low rainfall and 

 
wet season temperatures of our study site compared to 

African savanna areas can explain the observed resistance 

to such changes. However, our results also contrast with 

the findings of Bazely & Jefferies (1986) where – 4 yrs after 

the removal of snow geese – herbs invaded grazing lawns 

in a saltmarsh area of Canada. 

A significant grazing effect was revealed by PERMANOVA 

within the grazing lawn state. However, the Fisher’s tests 

indicate that fire in combination with grazing might have a 

significant influence on the establishment of unpalatable 

E. rhinocerotis shrubs (Fig. 1g and the three plots on the 

right within cluster B of Fig. 2b). E. rhinocerotis seed germi- 

nation is highly stimulated by fire but inhibited by shade 

and low soil moisture content (Cowling et al. 1986). We 

found it odd that the C. dactylon lawn grasses could not pre- 

vent the establishment of the shrub, as the grass is an 

aggressive and fast-colonizing species (Guglielmini & Sa- 

torre 2004). However, the grazing lawns do not burn read- 

ily (Archibald et al. 2005) and it might thus be that the 

deliberate burning of the area, followed by grazing imme- 

diately thereafter, weakened the  competitive  ability  of 

the C. dactylon grass, making it possible for the shrubs to 

establish. 
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Fig. 2. Non-metric multidimensional scaling of 36 sampling plots showing changes in biomass of five growth forms in response to experimental treatment. 

(a) Ordination of plots before the application of treatments (fire and exclusion from grazing), (b) Ordination of plots sampled 73 mo after the experimental 

treatments were applied. Codes refer to the three initial structural states where the plots had been placed as well as to the treatments applied (L – Grazing 

lawn, T – Tussock grassland, S – Shrubland, F –Fire, G – Grazed, E – Exclosure). A–G denotes specific groupings referred to in the text. 

 

 
Cymbopogon pospischilii tussock grassland 

The exclusion of grazers from the tussock grassland led not 

only to a significant increase in tussock grass biomass, but 

also to the proliferation of palatable shrubs – especially He- 

lichrysum crispum (L.) D. Don (Asteraceae) – in both the 

burned and unburned areas (Fig. 1e,k, as well as cluster D 

of Fig. 2b). H. crispum was already present within some of 

the plots prior to the exclosure treatment as low-growing 

and inconspicuous shrubs. These shrubs benefitted from 

the protection from browsing and trampling to become the 

 

dominant growth form. Some individuals might also have 

germinated from seed. 

The tussock  grassland plots that remained grazed had 

formed a homogenous tussock grassland state by the end 

of the 6 yrs (cluster C of Fig. 2b). Experimental treatment 

did not convert them to grazing lawns as expected, nor did 

they experience encroachment by E. rhinocerotis shrubs as 

in the case of the burned grazing lawn plots. Work pub- 

lished by Cromsigt & Olff (2008)after the initiation of our 

experiment suggests that the formation of grazing lawns is 

a  complex  phenomenon  influenced  by  scale-dependent 

A 
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feedbacks between consumers and resources. Further, 

these authors reported that disturbances other than graz- 

ing and fire that cause increased soil fertility might also be 

important (but see Stock et al. 2010). Archibald (2008) 

used a simulation model to indicate that grazing lawn for- 

mation in African summer rainfall savannas is governed 

by a combination of low rainfall, high grazing densities 

and infrequent fires. What exactly governs the establish- 

ment of grazing lawns within the winter rainfall mediter- 

ranean-type climate remains to be determined. 

The lack of E. rhinocerotis shrub establishment in the 

burned tussock grassland area might appear to contra- 

dict the suggestion of Cowling et al. (1986) and others 

that the grazing of tussock grasslands following fire can 

facilitate shrub invasion in renosterveld. However, these 

authors also advocated that repeated fire followed by 

heavy grazing by domestic stock might be necessary for 

a state change to occur. This  notion  is  supported  by 

Van Auken (2009), who indicated that high levels of 

long-term herbivory were necessary to sufficiently 

weaken both above- and below-ground grass biomass 

before woody plant encroachment finally took place in 

western North American grasslands. 

 

Elytropappus rhinocerotis shrubland 

Grazing, fire and the interaction between these two exper- 

imental treatments had an influence on the shrubland 

vegetation state. Burned and grazed E. rhinocerotis shrub- 

land plots returned to their former dense, unpalatable state 

(cluster F in Fig. 2b). This is in contrast to the burned ex- 

closure plots that converted to palatable microphyllous 

shrubland with a grassy and/or creeping shrub (predomi- 

nantly Galenia affinis) understorey (cluster E in Fig. 2b). E. 

rhinocerotis shrub seedlings are clearly unpalatable and sen- 

sitive to competition, as they were not removed by the 

mix-feeding eland or ostrich in the grazed plots, and failed 

to establish in high numbers in the presence of competing 

shrubs and grasses within the exclosures. Competition 

between germinating shrub seedlings and regrowing grass 

layers have been well documented (Skarpe 1990; Bullock 

et al. 1994; Van Auken 2000; Gillespie & Allen 2004). The 

burned shrubland plots did not convert to grazing lawn in 

the presence of herbivory, but returned to a nanophyllous 

shrubland state. This was not due to the resprouting of 

E. rhinocerotis from epicormic buds of roots (we did not 

observe a single case of such resprouting in the burned 

area), but from the successful germination of seedlings. 

Failure to regenerate from epicormic buds may be due to 

the severity of the fire that could have killed all the original 

shrubs (C. Boucher, pers. com., Dec 2011). 

The grouping of the burned exclosure shrubland plots 

together with the grazed and unburned shrubland in the 

NMDS ordination diagram was unexpected (cluster E in 

Fig. 2b). The only explanation for the decline in E. rhinoce- 

rotis biomass in the grazed but unburned plots is that of 

natural senescence. Cowling et al. (1986) suggested that 

the life expectancy of E. rhinocerotis is generally between 

10–15 yrs, with some individuals reaching an age of up to 

50 yrs. It is uncertain exactly when the E. rhinocerotis 

shrubs established in the study area after ploughing ceased 

in 1980. However, it is reasonable to assume that these 

shrubs were well over 6 yrs old at the start of this experi- 

ment (based on comparisons with the shrubs that had 

established 6 yrs after our fire treatment) and had thus 

neared the end of their natural lives by the end of this 

study. E. rhinocerotis biomass declined in both the 

unburned exclosure and grazed plots, which thus excludes 

the possibility that large herbivore browsing was causing 

the demise of the unburned E. rhinocerotis shrubs. 

As in the tussock grassland plots protected from grazing, 

palatable microphyllous shrubs proliferated in the 

unburned exclosure plots of the shrubland state (Fig. 1l), 

and this caused these plots to separate from the other 

shrubland plots in the NMDS (cluster G in Fig. 2b). 

 

Renosterveld management 

The results from this experiment provide valuable back- 

ground for the development of a state-and-transition 

model (see Fig. 3) for renosterveld. The model suggests 

that persistence or removal  of  herbivores  from  an 

unburned renosterveld area exposed to grazing for many 

years does not facilitate a state change in either grazing 

lawn or nanophyllous shrubland. In unburned tussock 

grassland, grazing causes no state change, but the removal 

of herbivores allows palatable microphyllous shrubs to 

flourish and become dominant. Grazing after fire in graz- 

ing lawn areas supports the establishment of nanophyllous 

shrubs, while the removal of grazers causes no state 

change. Burned tussock grassland that is grazed remains 

tussock grassland, while the removal of herbivores pro- 

motes palatable microphyllous shrubs. Burned nanophyl- 

lous shrubland that is grazed reverts to its former state, 

while the areas protected from grazing change to palatable 

microphyllous shrubland with grassy and/or creeping 

shrub understorey. 

However, our model needs further testing in other reno- 

sterveld areas, especially those which have not had any 

previous history of ploughing, to substantiate these sug- 

gested dynamics and mechanisms. 

We suggest that renosterveld patches still supporting 

shrubs and grasses sensitive to grazing and browsing 

should only be exposed to herbivory at densities low 

enough to prevent their complete removal. If the prolifera- 

tion of palatable shrubs is to be promoted, browsers should 



  

 

 

 

 

 
 

 
 

Fig. 3. A state-and-transition model for renosterveld in response to the presence/absence of fire and herbivory. 
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be removed or kept at low densities such that they cannot prevent these species from producing seeds. Renosterveld in an 

unpalatable shrubland state can only be converted to a palatable grassland and/or shrubland by complete removal of 

herbivores after fire. This will provide the palat- able shrubs and grasses with the opportunity to re-estab- lish if there are 

viable seed banks present. In the presence of an E. rhinocerotis shrub seed bank, herbivory in C. dacty- lon grazing lawn 

areas after fire might cause the establish- ment of this unpalatable shrub species. The removal of herbivores from C. 

dactylon grazing lawn areas does not induce a state change, even after 6 yrs. 

 

Conclusions 

The study provides support for the idea that the effects of fire cannot be understood without also considering the 

effects of grazing (e.g. Noy-Meir 1995; Weisberg & Bug- mann 2003). Within the grazing lawn and shrubland states, 

fire in combination with grazing is needed to increase E. rhinocerotis biomass, as these shrubs do not pro- liferate without 

grazing. In the tussock grassland state, we found that a single fire event does not create any signifi- cant change. 

Instead, it is the removal of grazing that causes palatable microphyllous shrubs to flourish. These processes 

observed in this study involve the direct and indirect effects of herbivory (Weisberg & Bugmann 2003) on seedling 

and shrub survival. The physical removal or heavy exploitation of highly palatable and sensitive plants constitute the 

direct effect, while the indirect effect is the reduction of the biomass of grazing- and fire-resistant grass species that then 

indirectly affect unpalatable shrub seed- ling establishment. Within the tussock grassland and unpalatable shrubland 

state, palatable shrubs are sup- pressed by herbivory from eland and ostrich – a direct her- bivory effect. Unpalatable 

shrubs establish in the grazing lawn state and return to the burned shrubland area if com- petition from palatable plants is 

reduced through grazing – an indirect herbivory effect. 

We found no evidence that the removal of native large herbivores could have converted the original renosterveld 

grasslands into unpalatable shrublands. Native large herbi- vores of both the grazing (bontebok) and mixed feeding 

guilds (ostrich or eland) did not remove unpalatable shrub seedlings before or after fire. Instead, we found evidence that 

their absence could cause an increase in palatable shrub species. We are, however, still uncertain as to what impact 

black rhino and elephant might have had before they went extinct in the lowland landscapes of the Cape. Whether 

black rhino and elephant ever occurred on the Cape lowlands in densities that could have caused massive vegetation 

state changes seems doubtful in light of historic accounts regarding their abundance (Skead et al. 2011). 
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