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a b s t r a c t

The Knersvlakte in the Succulent Karoo Biome (South Africa) is known for its high plant diversity and
endemism. In the course of establishing a conservation area there, we assessed baseline data for future
management. We investigated the effects of grazing on the vegetation in terms of species diversity
and composition as well as reproduction of selected species. Data were sampled on four adjacent farms,
which were ungrazed, moderately or intensively grazed by sheep and goats. The data were collected in 27
quartz and 24 non-quartz plots, representing two major habitat types of the region. Within each of the
1000-m2 plots, 100 subplots of 400 cm2 size were sampled. ANOVAs revealed that species richness and
abundance of endemic species on quartz fields decreased with grazing. Abundance of annuals did not
increase significantly due to grazing. Fidelity analyses indicated that species composition differed
between grazing intensities and that the ungrazed and moderately grazed plots both contained unique
locally endemic habitat specialists. Reproduction of two endemic dwarf shrubs Drosanthemum schoenlan-
dianum and Argyroderma fissum (both Aizoaceae) increased under moderate grazing, which in the case of
D. schoenlandianum was interpreted as an effect of grazing. We attribute the low number of seedlings and
annuals on the moderately grazed farm to lower seasonal rainfall on these plots. From a conservation per-
spective, no or moderate grazing appear to be necessary to preserve plant diversity and vegetation pat-
terns, and their underlying processes.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Growing awareness in recent decades of the irreplaceable loss
of biodiversity as well as of the ecological and economic value of
ecosystem functions and services has modified the goals of conser-
vation planning. The recently developed concept of systematic
conservation planning aims to sustainably conserve current biodi-
versity. This it does by taking into account patterns and processes
that allow the maintenance of biological assemblages, species and
populations, and ecosystem dynamics and adaptation (Margules
and Pressey, 2000).

Recent conservation planning for the biodiversity hotspots of
South Africa (Myers et al., 2000), such as the Cape Floristic Region
and Succulent Karoo, follow the concept of systematic conserva-
tion planning (Cowling and Pressey, 2003; Desmet, 2004; Desmet
et al., 1999; Pressey et al., 2003). Within the Succulent Karoo, the
Knersvlakte has been recognized as one of the highest conservation
priority areas in South Africa due to its unique flora and its high
diversity and endemism (Desmet et al., 1999; Hilton-Taylor and

Le Roux, 1989). Currently, the prospective Knersvlakte Conserva-
tion Area has a size of 62,000 ha managed by the provincial nature
conservation authority, CapeNature. By incorporating more farms,
CapeNature aims for an ultimate size of 113,500 ha (Elbé Cloete,
pers. comm. 2008).

The high diversity and endemism among plants of the Knersv-
lakte is attributed mainly to pronounced small-scale heterogeneity
in abiotic soil characteristics (Schmiedel and Jürgens, 1999). Fur-
ther, Desmet (2007) gives a short overview on different hypotheses
on the drivers (e.g. habitat discontinuity, longer term climatic fluc-
tuations) possibly involved in the evolution processes that are
responsible for this high rate of endemism and diversity. However,
the role of herbivory in evolutionary adaptation processes should
not be underestimated (Desmet, 2007). The conservation area
has been used for grazing of domestic livestock since about
2000–1600 years before present by Khoikhoi pastoralists practic-
ing transhumant land use (Boonzaier et al., 2000) and more inten-
sively during the last 150–200 years mainly by private farmers.
Besides the presence of domestic animals (mainly sheep and
goats), wild ungulates (e.g. antelopes, elephants and black rhinoc-
eroses) used to roam the country but have been drastically reduced
in numbers since the intensification of livestock farming (Hoffman
and Rohde, 2007). Therefore, complete removal of domestic ani-
mals in the course of establishing a protected area might change
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the unique flora of the Knersvlakte by removing an important dri-
ver for the dynamics and the rejuvenation of the vegetation. How-
ever, heavy grazing has been shown to be one of the main causes
for degradation and loss of biodiversity in arid and semi-arid envi-
ronments (Cowling and Hilton-Taylor, 1994; Fleischner, 1994;
West, 1993). Further, compositional shift, especially from a vegeta-
tion dominated by perennials to one dominated by annuals (Milton
et al., 1994; Milton and Hoffman, 1994; Todd and Hoffman, 1999),
as well as reduced seed numbers and germination rates (Riginos
and Hoffman, 2003) have been reported as responses to
overutilization.

To provide baseline data for decision making for future conser-
vation management, a deeper understanding of the current effects
of livestock on local vegetation composition and dynamics is re-
quired. The aim of this study was to examine the effects of current
livestock grazing on the vegetation of the Knersvlakte in order to
assist in decisions about appropriate future land use management.
By comparing adjacent farms in the Knersvlakte that are subject to
different grazing intensities the following research questions were
addressed:

– Does grazing by domestic livestock affect plant communities of
different habitat types in terms of species composition, life his-
tory and diversity, with particular respect to endemic taxa?

– Does grazing affect the seedling abundance in general or the
reproduction of selected perennial plant species in particular?

2. Methods

2.1. Study area

The Knersvlakte (30�270–32�050S, 17�460–19�060E) is an exten-
sive peneplain in the Western Cape province of South Africa. The
altitude ranges from 50 to 600 m a.s.l. (van Wyk and Smith,
2001). The Knersvlakte comprises an area of 13,500 km2 and forms
the southernmost part of the Namaqualand, which belongs to the
Succulent Karoo Biome (Milton et al., 1997; Rutherford and West-
fall, 1994). According to Myers et al. (2000), the Succulent Karoo is
the only arid region among the 25 internationally recognised bio-
diversity hotspots.

With more than 150 endemic vascular plant species (van Wyk
and Smith, 2001), the Knersvlakte is often referred to as a centre
of endemism and diversity (Jürgens, 1997; van Wyk and Smith,
2001), and is also known as the Vanrhynsdorp Centre (Hartmann,
1991; Hilton-Taylor, 1994; Nordenstam, 1969). The climate is
characterised by a relatively predictable winter rainfall with an
average of 116 mm per year (mainly falling in May–August), occa-
sionally supplemented by fog and dew. Temperatures range from
5–10 �C in winter to 30–35 �C in summer (Mucina et al., 2006).

Also characteristic of the Knersvlakte is the frequent occurrence
of quartz fields in which quartz gravel forms up to 100% ground-
surface cover. The quartz gravel derived from weathered quartz
veins running through parental material of limestone, shale and
phyllites (Schmiedel and Jürgens, 1999). These conditions create
a unique habitat with a distinct flora dominated by succulent com-
pact dwarf chamaephytes, mainly Aizoaceae. The zonal matrix
habitat types consist of sandy to loamy soils without quartz gravel
cover, and are characterised by shrubby chamaephyte vegetation.
These are henceforth referred to as ‘non-quartz’, while the quartz
field habitats are henceforth referred to as ‘quartz’.

2.2. Sampling design

Four farms with three different livestock (sheep, goats) graz-
ing intensities located in the central prospective Knersvlakte

Conservation Area were selected. The selected farms were Rooi-
berg and Hoogstaan as intensively grazed farms (‘high’), Ratelgat
as a moderately grazed (‘moderate’) and Quaggaskop as an un-
grazed farm (‘no’) (Fig. 1, Table 1). They are situated 30–50 km
north of Vanrhynsdorp and about 30 km east of the Atlantic
Ocean.

Data were collected from early August to early November, 2007.
Altogether, 51 plots (for GPS coordinates see El. App. A) were set up
at homogenous sites representative of each farm. Grazing intensity
(no, moderate, high) was represented by eight replicates on non-
quartz and nine replicates on quartz habitats. Each plot was
20 � 50 m (0.1 ha) in size and contained 100 subplots. These mea-
sured 20 � 20 cm and were arranged in a regular grid (compare El.
App. B).

For each subplot, the following parameters were recorded:

Microhabitat: The microhabitat of the subplot was determined
using three categories of quartz cover density (high: >2/3; med-
ium: 1/3–2/3; low: <1/3 cover).
Microtopography: The height difference between the lowest and
highest point was measured and grouped into three categories
(flat: <1 cm, medium: 1–5 cm; hilly: >5 cm).
Species: The identity and abundance of all vascular plant species
rooting in the subplots were determined. Recognized taxo-
nomic units that could not be assigned to described species
were given field names or they were determined at a higher
taxonomic level (see El. App. C). Nomenclature follows Germi-
shuizen and Meyer (2003).
Developmental stage: All vascular plant individuals were classi-
fied into three age classes according to developmental stages of
leaves and habit (seedling: only cotyledons developed; juve-
nile: additional leaves; adult: species-specific habit fully
developed).
Number of reproductive structures: Individual flowers or inflores-
cences and fruits or fruit clusters of all individuals of chamae-
phytes and phanerophytes were counted.

2.3. Soil analysis

One mixed soil sample from 1 to 11 cm soil depth was collected
on each plot (i.e. after removal of the top crust layer) and air dried.
The soil was sieved (mesh wide: 2 mm) to prepare for subsequent
analyses (conducted in the laboratory at the University of Ham-
burg, Germany).

We measured pH, conductivity and carbonate content of the
soil, as previous studies showed that these parameters are the
main drivers for plant species composition and vegetation struc-
ture in the study are (Schmiedel and Jürgens, 1999).

For pH measurement, a sub-sample of 10 g was suspended in
25 ml CaCl2 (0.01 mol l�1) for 1 h and then measured with a pH-
meter (Schott CG837, electrode BlueLine 28 ph-P) for 5 min. The
electrical conductivity was determined with an electrode (LF197,
WTW) in a suspension of 10 g soil and 25 ml bidistilled water
(van Reeuwijk, 1995). Carbonate content was estimated by a
HCl test on a 7-point ordinal scale according to AG Boden
(2005).

2.4. Data analyses

Inferential statistical analyses were conducted with STATISTICA
8.0 (StatSoft Inc., 2007). Normal distribution and homogeneity of
variance were assessed visually as recommended by Quinn and
Keough (2002). Data strongly deviating from normal distribution
or with heterogenic variances were transformed using log transfor-
mation or non-parametric tests were used.
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2.4.1. Community level: diversity measures
For the analyses at community level, we used several parame-

ters for abundance and diversity measurements. Plot data are rep-
resented by cumulative data of the one hundred 400-cm2 subplots
of the respective 0.1 ha plot. Seedlings were excluded from the sta-
tistical analyses of the parameters described in Table 2 due to iden-
tification difficulties.

To analyse differences between quartz and non-quartz habitats
as well as between grazing intensities, we performed analyses of
variance (ANOVAs) for each parameter as well as for pH and con-
ductivity (Table 2). For differences in carbonate content, we per-
formed a non-parametric Mann–Whitney U test since ranked
data were used. Data with more than two categories were further
analysed with the Tukey’s HSD post hoc test (at a = 0.05). To take
into account potentially confounding effects of soil parameters
on differences between grazing intensities, we performed Analyses

of Covariance (ANCOVAs) with soil pH as well as with electrical
conductivity as linear predictors.

2.4.2. Community level: species composition
To test the fidelity of the species to the units investigated (i.e.

habitat type, grazing intensities), we determined / coefficients
(Chytrý et al., 2002) for all species in the different units. The / coef-
ficient is a measure of association between two categories (in this
case species and investigated unit). It takes values from �1 to +1,
with the latter indicating complete reciprocal fidelity of a species
and a unit (Chytrý et al., 2002). /-Values were grouped into four
categories (Chytrý, 2007): / P 0.50: highly diagnostic, 0.25 6 /
< 0.50: diagnostic; 0.00 6 / < 0.25: positively associated non-diag-
nostic; / < 0.00: negatively associated non-diagnostic. Fisher’s ex-
act test was used to test whether the association of a species with a
unit was statistically significant (at a = 0.05).

Table 1
Names and important characteristics of the farms investigated. SSU = small stock unit after Esler et al. (2006).

Farm name Size (ha) Grazing intensity Ownership Comments

Hoogstaan 6000 High (10 ha/SSU) Private Intensive grazing for the past about 50 years, interrupted by a 10 year-period of light
grazing (1982–1992: 26 ha/SSU)
Grazing regime: rotational herding between camps

Rooiberg 11,500 High (12 ha/SSU) State land Past 20 years: use of only about 7000 ha of the farmland by several informal settlers.
1984–1987: use of the farm for military training causing a high level of degradation
Grazing regime: the sheep freely move in between a roughly defined area

Ratelgat 7000 Moderate (17 ha/SSU) Private Moderate grazing since 2000. Before that, only sporadic use for farming
Grazing regime: rotational herding between camps.

Quaggaskop 5000 No Private The studied section (1500 ha) with no grazing for the past 40 years

Fig. 1. Study area. Investigated farms are printed in white and labelled with their names (crossed lines = farm borders). Grazing intensities: Quaggaskop: no grazing; Ratelgat:
moderate grazing; Hoogstaan and Rooiberg: intensive grazing. Shapefiles of farms, rivers and roads were kindly provided by CapeNature.
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2.4.3. Population level: reproduction
We conducted ANOVAs for each selected species to test for dif-

ferences between grazing intensities with the geometric mean of
reproductive structures per plot as the response variable. These
analyses were carried out for perennial species (chamaephytes
and phanerophytes, see El. App. D) that were unambiguously iden-
tified by species name or field name and were present as adults
carrying reproductive structures on at least three plots of each
grazing intensity.

For a combined analysis of all selected species, we standardised
the species values by dividing the log-transformed numbers of the
reproductive structures of each individual by the species’ mean.
We averaged the values for each species and conducted an ANOVA
to test for differences between grazing intensities.

2.4.4. Population level: number of seedlings
For the analyses of the effects of grazing on the germination of

seedlings, we analysed: (i) all seedlings, (ii) seedlings of the Aizoa-
ceae, and (iii) all other seedlings. As the data were Poisson-distrib-
uted and log-transforming was impractical due to high numbers of
zeros, we used the non-parametric Kruskal–Wallis-Test for the
analyses of seedling numbers.

With the mean number of above mentioned seedling groups per
subplot and plot we analysed differences between habitat types,
grazing intensities, microhabitat (expressed as quartz cover) and
microtopography on subplot level. For this we used Kruskal–Wal-
lis-Tests with the mean seedling frequencies per subplot, category
(in the latter two cases) and plot.

3. Results

3.1. General characterisation of the plots

In total, 173 taxonomic entities of vascular plants (further re-
ferred to as ‘species’ or ‘taxa’) were recorded with 16,563 individ-
uals (10,343 adults, 2607 juveniles and 3613 seedlings). While 132
taxa could be clearly identified as described species, 15 were re-
ferred to unambiguously by field name (only two of them with un-
known genus or family) and 20 taxa were determined at the family
or genus level without unambiguous species identification. Six

could not be attributed to specific families (see El. App. C). Taxa
on intensively grazed (n = 17) and on ungrazed plots (n = 17) to-
talled 124 each, while we found 105 taxa on moderately grazed
plots (n = 17). For an illustration of the ten most abundant species
recorded on quartz and non-quartz plots and of the most abundant
families, see El. App. E and F. The three most abundant species of
each grazing intensity class and their percentage contribution are
illustrated in El. App. G.

Of the 132 clearly identified species, 40 were endemic to the
Knersvlakte, including 32 Aizoaceae species (see El. App. C). The
prevailing life forms were chamaephytes and therophytes (see El.
App. D).

3.2. Community level: biodiversity

3.2.1. Habitat types
The two habitat types, quartz and non-quartz, differed signifi-

cantly in most of the tested biodiversity measures as well as in
their soil properties (Table 2). Non-quartz plots had a higher total
number of individuals and species, but lower numbers of endemic
individuals and species. Non-quartz plots contained more annual
but less perennial individuals than quartz plots. The species rich-
ness of annuals was higher in non-quartz plots than in quartz plots,
but perennial species richness did not differ between the habitat
types. Evenness of total species composition did not differ signifi-
cantly, but evenness of endemic as well as of perennial species
composition was higher in non-quartz than in quartz plots. The
quartz plots had lower and more varying soil pH values and higher
conductivity than the non-quartz plots. Carbonate content was
higher in non-quartz soils.

3.2.2. Grazing intensities
As habitat types differed in most of the tested parameters (com-

pare Section 3.2.1), we conducted the following analyses sepa-
rately for quartz and non-quartz plots. See Table 3 for a complete
list of the results.

3.2.2.1. Non-quartz plots. The number of individuals, annual indi-
viduals as well as the mean species richness in non-quartz plots
was significantly lower in moderately grazed than in ungrazed

Table 2
Comparison of parameters 1–13 with description and environmental data for non-quartz and quartz plots (mean ± standard deviation or *median). In the right column the p-value
for differences between the two habitat types is given (ANOVA; df = 49; N = 51 or **Mann–Whitney U-test). p-Values printed in bold indicate significant differences.

Parameter Description Quartz Non-quartz p-Value

1 Total individuals Number of individuals per plot 186 ± 116 330 ± 197 0.002
2 Individuals of endemic species Number of individuals of Knersvlakte endemic species per plot (see

also El. App. C)
75 ± 42 34 ± 12 <0.0011

3 Individuals of perennial species Number of individuals of above-ground perennial species (i.e.
chamaephytes and phanerophytes) per plot

123 ± 73 74 ± 18 0.0051

4 Individuals of annual species Number of individuals of annual species 56 ± 72 237 ± 193 <0.0011

5 Plot species richness Number of species per plot 23 ± 6 31 ± 6 <0.001
6 Mean species richness Average number of species of all subplots per plot 1.14 ± 0.47 1.66 ± 0.62 0.002
7 Plot evenness Shannon-evenness (E) of a plot’s vegetation 0.46 ± 0.12 0.42 ± 0.17 0.335
8 Plot/subplot ratio Ratio of plot species richness (see 5) and average number of species of

all subplots (see 6) per plot. This is used as a measure of b-diversity
(Whittaker, 1960)

22 ± 7 21 ± 6 0.439

9 Endemic species richness Species richness per plot for endemic species described under 2 8 ± 3 6 ± 2 0.013
10 Endemic evenness Shannon evenness E (see 7) per plot for local endemic species

described under 2
0.58 ± 0.15 0.71 ± 0.12 0.001

11 Perennial species richness Species richness of perennial species described under 3 per plot 15 ± 5 15 ± 3 0.874
12 Perennial evenness Shannon evenness (see 7) per plot for species described under 3 0.49 ± 0.14 0.62 ± 0.11 <0.001
13 Annual species richness Number of annual species per plot 6 ± 3 12 ± 3 <0.001

pH 6.33 ± 1.31 7.67 ± 0.47 <0.0011

Conductivity [lS cm�1] 4836 ± 2405 2554 ± 2117 <0.0011

Carbonate content
(ordinal scale with range of 1–7)

1* 3* <0.001**

1 Results for log transformed data.

D.H. Haarmeyer et al. / Biological Conservation 143 (2010) 588–596 591
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and intensively grazed plots. Plot evenness, however, was highest
in moderately grazed plots and lowest in ungrazed plots. Similarly,
the plot/subplot ratio of species richness was highest in moder-
ately grazed plots and significantly lower in ungrazed as well as
in intensively grazed plots. Plot species richness was insignificantly
higher in ungrazed compared to grazed plots. Perennial species
richness was highest in moderately grazed plots and lowest in
intensively grazed plots. Ungrazed plots contained the highest
and moderately grazed plots the lowest number of annual species.
This result became insignificant when including pH or conductivity
as covariates in an ANCOVA.

3.2.2.2. Quartz plots. Only the number of perennial and annual spe-
cies as well as the annual species richness showed significant dif-
ferences in the ANOVA and both ANCOVAs. Ungrazed plots
contained the highest number of annual and perennial individuals
as well as annual species.

The following parameters differed significantly for ANOVAs as
well as ANCOVAs with pH as a covariate but not for ANCOVAs with
conductivity as a covariate. Ungrazed sites contained significantly
more individuals and had higher mean species richness than mod-
erately as well as intensively grazed sites. The number of individ-
uals of endemic taxa was highest on ungrazed plots and lowest
on intensively grazed plots with significant differences between
the ungrazed and intensively grazed plots.

3.3. Community level: species composition

In quartz plots, 17 species (11 endemics among them) were sig-
nificantly associated and 29 (four endemics) in non-quartz plots
(compare El. App. C). According to /-values, only one species (Dro-
santhemum schoenlandianum, an endemic) was highly diagnostic
for non-quartz plots and none for quartz plots. The species highly
diagnostic and significantly associated for the three grazing cate-
gories are illustrated in Table 4 with special reference to endemic
species.

3.4. Population level: reproduction

In total, seven perennial species were present as individuals
carrying reproductive structures in at least three plots per grazing
intensity level and were thus included in the reproduction
assessment.
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Table 4
Species that were significantly associated at one of the three grazing intensities
(quartz and non-quartz separately) according to Fisher’s exact test. C = chamaephyte,
G = geophyte, T = therophyte; endemic species are printed in bold; *highly diagnostic
species according to /-values (see also El. App. C).

Grazing
intensity

Quartz Life
form
type

Non-quartz Life
form
type

No Argyroderma delaetii* C Crotalaria meyeriana C
Cephalophyllum framesii C Gazania lichtensteinii T
Crotalaria meyeriana* C Lachenalia framesii* G
Mesembryanthemum
guerichianum

T Senecio abruptus T

Mesembryanthemum
longistylum*

T Senecio arenarius T

Oophytum nanum C
Senecio arenarius* T

Moderate Antimima watermeyeri* C Antimima solida* C
Tetragonia fruticosa C Crassula expansa ssp.

pyrifolia*
C

Ursinia nana T Othonna protecta C
Ruschia bolusiae C

High Gazania lichtensteinii T Galenia sarcophylla C
Sarcocornia xerophila* C
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Individuals of both Argyroderma fissum and D. schoenlandianum
had the highest number of reproductive structures in moderately
grazed plots D. diversifolium, D. spec. 1 (‘glossy’) and Malephora
purpureo-crocea showed the same trend, though insignificantly
(El. App. H).

The combined analysis over all investigated species confirmed
this trend of highest numbers in moderately grazed plots. The dif-
ference between the grazing intensities was marginally significant
with p = 0.050.

3.5. Population level: number of seedlings

The two habitat types differed with marginal significance in
abundance of Aizoaceae seedlings per subplot (averaged per plot):
in quartz plots more than twice as many Aizoaceae seedlings oc-
curred as in non-quartz plots. The total numbers of seedlings and
the numbers of non-Aizoaceae seedlings did not differ between
habitat types (Table 5).

When quartz and non-quartz plots were combined, the results
for the three grazing intensities differed neither in total number
of seedlings nor when differentiating between Aizoaceae and
non-Aizoaceae seedlings. When only the quartz plots were taken
into account, the numbers of Aizoaceae seedlings differed signifi-
cantly between grazing intensities. The highest number of seed-
lings occurred in ungrazed and the lowest in moderately grazed
plots (Table 5).

The three microhabitat categories of quartz cover densities dif-
fered significantly in their total numbers of seedlings and highly
significantly in their numbers of Aizoaceae seedlings. No differ-
ences in the numbers of non-Aizoaceae seedlings could be detected
between the categories of quartz cover densities (Table 5).

The three microtopography categories differed significantly in
their numbers of Aizoaceae seedlings, with the highest number
of seedlings encountered on flat surfaces (i.e. relief less than
1 cm, see Table 5).

4. Discussion

4.1. Effects of grazing at the community level

4.1.1. Abundance of plant individuals and life history types
The abundance of plant individuals showed different patterns

for quartz and non-quartz plots. However, both habitat types
showed significant variances for total individuals, which was, on

non-quartz plots, mainly driven by the abundance of annual indi-
viduals. Among the non-quartz plots ungrazed and intensively
grazed sites had high numbers of individuals due to high abun-
dance of annuals.

In contrast, the abundance pattern in quartz plots was deter-
mined by perennials and annuals, both of which were most abun-
dant in ungrazed plots. Since the most abundant species in
ungrazed and moderately grazed plots were endemic chamae-
phytes and, additionally, the number of endemic individuals was
lowest in intensively grazed plots, high grazing intensity seems
to have a particularly negative impact on endemic species.

As the abundance of annuals did not significantly increase with
grazing intensity in quartz or in non-quartz plots and was even
lowest on the moderately grazed farm Ratelgat, the shift in species
composition from perennial towards annual species in response to
grazing pressure described for the Succulent Karoo (Desmet, 2007;
Milton and Hoffman, 1994; Todd and Hoffman, 1999) and for other
biomes (Grime, 2001; West, 1993) was not found. However, quartz
fields showed other signs of vegetation change due to grazing: to-
tal abundance of individuals, abundance of individuals of endemic
as well as perennial species decreased significantly compared to no
grazing.

The generally low abundance of annuals under moderate grazing
could be explained by factors other than grazing such as spatially dif-
fering rainfall patterns or soil properties such as water storage
capacity or nutrient availability (Gillson and Hoffman, 2007). Ander-
son and Hoffman (2007) as well as Hendricks et al. (2005) argued
that precipitation was the most likely cause for the abundance of
annuals on heavily grazed sites in the Succulent Karoo. The increased
cover of annuals due to grazing pressure in a fence line contrast
study in the Kamiesberg area of the upland Succulent Karoo de-
scribed by Todd and Hoffman (1999) can also be ascribed to the high
precipitation in the year of data collection. As the moderately grazed
farm showed generally low abundance of individuals of annual spe-
cies as well as low richness of annual species, it can be assumed that
this farm received less rainfall in the year of investigation than the
other farms investigated in this study, although such a spatially het-
erogeneous rainfall pattern would be rather unusual for the winter
rainfall region of southern Africa (Desmet, 2007). However, this sug-
gestion is supported by the comparison of data from a weather sta-
tion on the moderately grazed farm Ratelgat with those from
another one on a farm 25 km south-west (Moedverloren). During
the preceding wet season (April–August) Ratelgat received 41% less
rain than Moedverloren (BIOTA AFRICA, unpublished data).

Table 5
Mean numbers (±SD) of seedlings per subplot for the habitat types, grazing, microhabitat and microtopography categories and results of the Kruskal–Wallis-Test. p-Values printed
in bold indicate significant differences; different letters in superscripts indicate significant differences among levels.

Habitat Quartz (mean ± SD) n = 27 Non-quartz (mean ± SD) n = 24 p-Value

Number of seedlings 0.82 ± 0.79 0.57 ± 0.63 0.390
Number of Aizoaceae seedlings 0.68 ± 0.67 0.29 ± 0.23 0.055
Number of non-Aizoaceae seedlings 0.14 ± 0.32 0.26 ± 0.48 0.264

Grazing intensities No (mean ± SD) n = 17 Moderate (mean ± SD) n = 17 High (mean ± SD) n = 17 p-Value

Number of seedlings 0.84 ± 0.70 0.43 ± 0.42 0.83 ± 0.93 0.193
Number of Aizoaceae seedlings 0.69 ± 0.64 0.31 ± 0.34 0.48 ± 0.56 0.129
Quartz: number of Aizoaceae seedlings 1.08 ± 0.65a 0.31 ± 0.43b 0.64 ± 0.71ab 0.017
Non-quartz: number of Aizoaceae seedlings 0.26 ± 0.24 0.32 ± 0.23 0.30 ± 0.26 0.820
Number of non-Aizoaceae seedlings 0.15 ± 0.27 0.10 ± 0.16 0.34 ± 0.61 0.972

Microhabitat (quartz cover) Low (mean ± SD) n = 46 Medium (mean ± SD) n = 39 High (mean ± SD) n = 30 p-Value

Number of seedlings 0.46 ± 0.57ab 0.34 ± 0.58a 0.87 ± 0.98b 0.013
Number of Aizoaceae seedlings 0.26 ± 0.32a 0.21 ± 0.39a 0.74 ± 0.85b <0.001
Number of non-Aizoaceae seedlings 0.18 ± 0.40 0.13 ± 0.32 0.13 ± 0.31 0.642

Microtopography Flat (mean ± SD) n = 51 Medium (mean ± SD) n = 51 Hilly (mean ± SD) n = 43 p-Value

Number of seedlings 0.77 ± 0.79a 0.53 ± 0.65ab 0.53 ± 0.80b 0.007
Number of Aizoaceae seedlings 0.57 ± 0.61a 0.32 ± 0.38a 0.29 ± 0.53b <0.001
Number of non-Aizoaceae seedlings 0.19 ± 0.39 0.21 ± 0.44 0.24 ± 0.51 0.355
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4.1.2. Plant diversity
On non-quartz fields, the moderately grazed plots contained the

lowest number of species per subplot (400 cm2). This would sug-
gest a negative effect of moderate grazing but not of intensive graz-
ing on species richness, which is contrary to most other studies
(Ayyad and Elkadi, 1982; Eccard et al., 2000; Naveh and Whittaker,
1979; Olsvig-Whittaker et al., 1993) and to the intermediate dis-
turbance hypothesis (Connell, 1978; Grime, 1973). This, as well
as the highest b-diversity and evenness on moderately grazed
plots, can be explained by the very low number of therophytes
on moderately grazed plots in comparison to the other grazing
intensities. The majority of therophyte species in the study area be-
longs to the Asteraceae and are wind-dispersed, opportunistic and
typically occur in high abundances. This has a homogenising effect
on the vegetation. In contrast, the majority of the perennial species
belong to the Aizoaceae which are habitat specific and character-
ised by ombrohydrochorous (dispersed by rain) short-distance dis-
persal (Parolin, 2006). This is an important factor responsible for
the patchy, heterogeneous distribution of the Aizoaceae (compare
also Desmet and Cowling, 1999; Schmiedel and Jürgens, 1999). Dif-
ferences in abundance of annual and perennial species can thus
have an effect on the b-diversity and evenness of the Knersvlakte
vegetation.

In quartz fields, in contrast to non-quartz fields, the ungrazed
plots contained the highest average number of species per subplot
as well as the highest total plant species richness at the plot level
(insignificant trend). Moreover, the number of annual species was
highest on ungrazed plots. No grazing with only low level, localised
disturbance by burrowing small mammals would provide the
intermediate disturbance which may support highest levels of
diversity as predicted by Grime (1973) and Connell (1978). Any in-
crease of disturbance due to grazing of livestock has a negative im-
pact on species diversity. The low negative impact threshold of
disturbance can be explained by the very low productivity of the
quartz fields, which is due to their extreme habitat conditions
(Schmiedel and Jürgens, 1999). In particular, the abundance of
annuals on quartz fields decreases even under moderate grazing.
This can be attributed to the fact that the annuals, mainly Astera-
ceae species, are much more palatable to stock than the perennial
quartz field species, which are mainly Aizoaceae species (Schmi-
edel, unpublished observations). The latter typically remain un-
grazed (except for the flowers during anthesis), but suffer from
trampling of roaming livestock.

4.1.3. Species composition
The results regarding the highly diagnostic and significantly

associated species indicate a much higher floristic variability
among quartz plots than among non-quartz plots. They also indi-
cate strong differences in species composition between the differ-
ent grazing intensities on quartz fields. This is in concordance with
Schmiedel (2002), who identified 67 obligate quartz field species
for the entire Knersvlakte. Only four of them are widespread in
the Knersvlakte whereas the other species were recorded only
from parts of the area.

The ungrazed farm Quaggaskop and the moderately grazed
farm Ratelgat host a number of locally endemic habitat specialists,
in both quartz and non-quartz plots. The few significantly associ-
ated and highly diagnostic species on the intensively grazed farms
were not endemic to the Knersvlakte. This gives both the farms
Quaggaskop (no grazing) and Ratelgat (moderate grazing) and
their grazing regimes a higher conservation significance and sub-
stantiates the hypothesis of a floristic homogenisation of heavily
grazed rangeland (Ludwig and Tongway, 2000).

For a deeper understanding of the processes underlying compo-
sitional shifts in response to grazing as well as for estimating the
extent to which specific plant communities are impacted by graz-

ing, studies about food preferences and palatability of plant species
in this region are essential (like the study by Hendricks et al. (2002)
in the Richtersveld National Park).

4.1.4. Role of environmental parameters
In non-quartz plots, the recorded environmental parameters did

not significantly alter the results regarding the impact of grazing
when used as covariates in the ANCOVAs. This suggests that the ef-
fects found for non-quartz plots were due to grazing alone and not
biased by the measured soil properties. Nevertheless, this does not
exclude possible effects of other parameters, such as small-scale
rainfall patterns (which seemed to have had an effect on some of
the results of this study), spatial distance (Bertram, 2006; Parolin,
2006), micro-climate (Schmiedel and Jürgens, 2004), or other soil
properties, such as soil moisture, texture or stone content (Ellis
and Weis, 2006).

In quartz plots, the measured soil properties showed an effect
on the diversity, abundance and species composition. These results
are in line with Schmiedel and Jürgens (1999) and Schmiedel
(2002). While species abundance and diversity of the quartz plots
were not influenced by soil pH, soil salinity (electrical conductiv-
ity) did affect mean species richness and the abundance of all spe-
cies and the endemic species. This indicates a high importance of
soil salinity for abundance and diversity patterns of species on
quartz plots and might overweigh the effects of grazing pressure.
As salinity amplifies the effects of drought by lowering the osmotic
potential in the soil (Campbell and Reece, 2005), it can be assumed
that the abundance and diversity of plant species on quartz fields is
mainly determined by soil water availability, exacerbated by
salinity.

4.2. Effects of grazing at the population level

4.2.1. Reproduction
The production of flowers and fruits increased under moderate

but not intensive grazing in two of the seven studied species,
namely A. fissum and D. schoenlandianum. A combined analysis
across all seven species showed the same trend. An explanation
for this increase could be that injuries caused by moderate grazing
or trampling stimulate the production of flowers which may over-
compensate for the injuries by producing even more flowers
(McNaughton, 1983). This mechanism has been demonstrated for
other African species, for example the dwarf shrub Indigofera spin-
osa (Oba et al., 2000) and Acacia drepanolobium (Gadd et al., 2001),
and could also apply for D. schoenlandianum which seems to be a
palatable species, as its seeds were very frequently found in dung
(Haarmeyer et al., in press). However, with a further increase of
grazing pressure, the increased production of flowers might be
insufficient to compensate for the trampling injuries and can thus
be a major threat to fruit production as identified for the upland
Succulent Karoo (Pufal et al., 2008). Also, Todd and Hoffman
(1999) as well as Milton (1994) found a significant decrease in
flowering or seed set in response to heavy grazing in two different
palatable plant species, whereas an unpalatable species was not af-
fected in the latter study.

A. fissum, the second species for which an increase in reproduc-
tive structures under moderate grazing has been found, is unpalat-
able to stock except for the flowers (Schmiedel, pers. obs.), and
there was no indication in the field that this plant was grazed at
all. Thus, it is unlikely that the detected increase of flowers of this
species is related to grazing. Considering the likewise higher vol-
ume of A. fissum individuals on the moderately grazed farm Ratel-
gat, a more likely explanation is that the plants grow better on this
farm in response to more suitable habitat conditions and therefore
carry more flowers and fruits. Such small-scale adaptations to
edaphic microenvironment have been shown for Argyroderma
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species by Ellis and Weis (2006). As not all species showed an in-
crease of reproductive structures under moderate grazing pressure,
it is likely that responses to grazing are species-specific.

4.2.2. Number of seedlings
The number of seedlings generally tended to be lowest on the

moderately grazed farm. This is in line with the relatively low
abundance of therophytes on the same sites and underpins the
assumption of spatially differing precipitation patterns as dis-
cussed above. Based on these results it can be assumed that grazing
and trampling may have a weaker effect on seedling numbers than
other environmental drivers like rainfall. Milton (1994) also did
not find an effect of grazing on seedling numbers during a study
in the Great Karoo. In contrast, a study in the upland Succulent Kar-
oo showed that heavy grazing may have a negative impact on
recruitment of Ruschia robusta and Cheridopsis denticulata, two
Aizoaceae species, due to limited seed numbers (Riginos and Hoff-
man, 2003). The findings suggest that only very intensive grazing
affects germination and abundance of seedlings. The grazing inten-
sities investigated in the Knersvlakte, even on the farms with rela-
tively intensive grazing, were apparently not high enough to
impair seedling recruitment.

The presence of quartz cover had a highly significant positive ef-
fect on the total number of seedlings found per subplot, which is
mainly due to the contribution of Aizoaceae seedlings. This is in
concordance with the higher abundance of Aizoaceae seedlings re-
corded in quartz plots than in non-quartz plots at the plot level
(0.1 ha) and suggests a strong influence of quartz cover on recruit-
ment of Aizoaceae seedlings. The soil between the quartz stones is
less exposed to solar radiation and is therefore generally cooler
(Schmiedel and Jürgens, 2004) and moister (Charles Musil, unpub-
lished data) than the soil without quartz cover. As water uptake is
essential for germination, the quartz habitat seems to better fulfil
germination requirements for Aizoaceae seedlings than the non-
quartz habitat.

Small depressions in the surface (generated, for instance, by
sheep footprints) can act as seed and water traps. One could there-
fore expect an accumulation of seedlings on surfaces with more
pronounced microtopography. This expectation was not met, as
the number of seedlings was not higher on rougher surfaces. Aizo-
aceae seedlings were even recorded most frequently on soil sur-
faces classified as smooth. However, the measured effect could
have been biased by other factors such as quartz cover, which also
provides a certain roughness of the surface even though the soil
surface itself appears to be smooth.

4.3. Conclusions and implications for nature conservation

The study revealed that the vegetation of the Knersvlakte is a
complex system affected by multiple factors, where different veg-
etation parameters showed different responses to grazing pres-
sure. The abundance, diversity and composition of species as well
as reproduction and growth of some frequently occurring peren-
nial species were only secondarily affected by grazing. Although
overgrazing is by all means a serious problem by promoting degra-
dation processes and should certainly not be encouraged, the main
drivers of vegetation and population dynamics in the Knersvlakte
seem to be small-scale patterns in soil properties (quartz cover,
salinity). Additionally, variation in rainfall patterns also seems to
contribute to spatial differences which, however, would only have
temporary effects.

Despite its minor role, grazing showed effects on some param-
eters (e.g. species abundance on quartz plots, number of diagnostic
species and production of flowers in D. schoenlandianum). From a
conservation perspective, no or moderate grazing appear to be nec-
essary to preserve plant diversity vegetation patterns, and their

underlying processes as both systems hosted unique locally ende-
mic habitat specialists. Therefore, neither a complete ban nor an
overall homogenous application of grazing is advisable when aim-
ing to conserve the existing vegetation pattern with its unique flora
and high endemism. Conservation-motivated management should
consequently consider implementing both the exclusion of domes-
tic livestock on some and the maintenance of controlled, moderate
grazing intensity on other parts of the conservation area which are
dominated by non-quartz soils. Limited grazing would also serve
the growing interest in farm land by previously disadvantaged
communities. Further studies should aim at evaluating whether
the effects of moderate domestic livestock grazing can also be
achieved by indigenous grazing animals. Additionally, studies on
palatability and food preferences are needed to explore the effects
of grazing on specific species or plant communities.
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Electronic Appendix A: Geographic coordinates (reference system: WGS84), and habitat and soil 
characteristics of the plots. 

Plot Latitude [°] Longitude [°] Farm Habitat 
Grazing 
Intensity 

pH 
Conductivity 

[µS·cm
-1
] 

Carbonate 
content 

         

1 -31.34354764 18.60397741 Ratelgat non-quartz moderate 7.94 950 0.5-2% 

2 -31.33897671 18.47421885 Hoogstaan non-quartz high 7.90 1162 2-4% 

3 -31.33980327 18.47128317 Hoogstaan non-quartz high 7.81 2100 <0.5% 

4 -31.41154164 18.63944694 Quaggaskop quartz no 7.68 3720 0% 

5 -31.34026461 18.57984826 Ratelgat quartz moderate 3.77 981 0% 

6 -31.41011604 18.59105855 Rooiberg quartz high 7.38 3990 0% 

7 -31.40476369 18.63611966 Quaggaskop non-quartz no 7.13 1636 0% 

8 -31.40705296 18.61298427 Rooiberg non-quartz high 8.15 680 0.5-2% 

9 -31.34793037 18.59634385 Ratelgat non-quartz moderate 7.98 2800 <0.5% 

10 -31.41211026 18.65059420 Quaggaskop quartz no 6.88 5500 <0.5% 

11 -31.41328909 18.58494714 Rooiberg quartz high 8.21 5200 >10% 

12 -31.34754413 18.58895436 Ratelgat quartz moderate 5.69 2200 0% 

13 -31.36520245 18.45755428 Hoogstaan non-quartz high 7.74 2320 0.5-2% 

14 -31.40760952 18.63553762 Quaggaskop non-quartz no 8.41 5650 >10% 

15 -31.34020829 18.60162243 Ratelgat non-quartz moderate 6.67 647 0% 

16 -31.39437684 18.65254819 Quaggaskop non-quartz no 7.98 380 2-4% 

17 -31.40614503 18.63715097 Quaggaskop non-quartz no 7.85 3270 4-7% 

18 -31.35424026 18.56685966 Ratelgat non-quartz moderate 6.74 3000 2-4% 

19 -31.34544664 18.46935600 Hoogstaan quartz high 7.98 2580 >10% 

20 -31.41489306 18.64904791 Quaggaskop quartz no 6.84 9100 0% 

21 -31.35923185 18.55784878 Ratelgat quartz moderate 7.11 6690 <0.5% 

22 -31.44555473 18.57581958 Rooiberg quartz high 7.50 5640 0% 

23 -31.40750223 18.61887708 Rooiberg non-quartz high 7.64 638 0% 

24 -31.41531148 18.64524320 Quaggaskop quartz no 5.45 5940 0% 

25 -31.39294988 18.65466043 Quaggaskop non-quartz no 8.26 9320 0.5-2% 

26 -31.34645917 18.58503699 Ratelgat quartz moderate 4.83 3350 0% 

27 -31.36246660 18.55245754 Ratelgat non-quartz moderate 8.17 1761 7-10% 

28 -31.41477638 18.64906803 Quaggaskop quartz no 7.58 8580 0% 

29 -31.34735771 18.46669927 Hoogstaan quartz high 7.71 2660 0% 

30 -31.33887389 18.57646868 Ratelgat quartz moderate 4.32 1063 0% 

31 -31.33875989 18.57551113 Ratelgat quartz moderate 6.44 5390 0% 

32 -31.41066589 18.64068478 Quaggaskop quartz no 7.69 9410 0.5-2% 

33 -31.34780430 18.47022504 Hoogstaan quartz high 7.32 3980 0% 

34 -31.34417527 18.57638419 Ratelgat quartz moderate 4.07 3070 0% 

35 -31.39595130 18.65124330 Quaggaskop non-quartz no 7.29 2980 <0.5% 

36 -31.39723741 18.65421653 Quaggaskop quartz no 6.78 7970 0% 

37 -31.36453324 18.54917720 Ratelgat non-quartz moderate 7.93 3460 2-4% 

38 -31.42199957 18.59401837 Rooiberg non-quartz high 7.75 3310 4-7% 

39 -31.44858560 18.56587663 Rooiberg quartz high 4.26 4290 0% 

40 -31.37212702 18.53326678 Ratelgat non-quartz moderate 7.98 958 2-4% 

41 -31.44597449 18.58670801 Rooiberg non-quartz high 7.28 6730 <0.5% 

42 -31.42430493 18.64058688 Quaggaskop non-quartz no 7.53 797 >10% 

43 -31.34784722 18.59823078 Ratelgat quartz moderate 5.46 742 0% 

44 -31.44900271 18.57142478 Rooiberg quartz high 5.25 4650 0% 

45 -31.41718232 18.64799649 Quaggaskop quartz no 6.37 7120 0% 

46 -31.42325618 18.63952875 Quaggaskop non-quartz no 7.55 2580 <0.5% 

47 -31.41538792 18.64274740 Quaggaskop quartz no 5.46 6010 0% 

48 -31.35610842 18.57204974 Ratelgat quartz moderate 6.64 6610 0% 

49 -31.36216083 18.54150206 Ratelgat non-quartz moderate 7.32 2200 <0.5% 

50 -31.36787795 18.45611796 Hoogstaan non-quartz high 6.98 1967 4-7% 

51 -31.37080424 18.45639825 Hoogstaan quartz high 6.12 4130 0% 
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Electronic Appendix B: Schematic design of a plot, containing 100 subplots. For the subplots, 
recorded parameters were microhabitat, microtopography, vascular plant species identity and 
abundance, developmental stage of each individual as well as size and number of reproductive 
organs of the adult individuals of perennial species. 
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Electronic Appendix C: Species list, arranged according to families, with life forms after Raunkiaer 
(1934). The numbers indicate the absolute number of presences (adults and juveniles), with taxa only 
occurring as seedlings being indicated by subscript 

a
 in front of the species name. C = chamaephyte, 

G = geophyte, H = hemicryptophyte, P = phanerophyte, T = therophyte. References for distribution of 
endemic species: (1) Hammer (1993), (2) Hartmann (1977), (3) Hartmann (1988), (4) Hartmann 
(2002), (5) Ihlenfeldt and Jörgensen (1973), (6) Klak and Linder (1998), (7) le Roux (2005), (8) 
Schmiedel (2002), (9) Schmiedel, unpublished data, (10) van Wyk and Smith (2001). The colours in 
the columns indicate the diagnostic value of species among the respective columns according to phi 
values (red: highly diagnostic; orange: diagnostic; yellow: positively associated, but not diagnostic); 
significant concentrations are marked with asterisks (Fisher’s exact test at α = 0.05). 
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Aizoaceae                     

 
Amphibolia saginata  (L.Bolus) 
H.E.K. Hartmann C   1 1 2    0 0 1 1    0 0 1 1 

 Antimima excedens (L.Bolus) Klak C 4 4 8 12    1 3 0 4    4 2 2 8 

 
Antimima intervallaris (L.Bolus) 
H.E.K. Hartmann C 4,10 1 1 2    1 0 0 1    0 0 1 1 

 
Antimima solida (L.Bolus) H.E.K. 
Hartmann C 4 7 4 11    4 3 0 7    0 4* 0 4 

 
Antimima watermeyeri (L.Bolus) 
H.E.K. Hartmann C 4 10* 0 10    2 7* 1 10    0 0 0 0 

 
Argyroderma crateriforme (L.Bolus) 
N.E.Br. C 2 5* 0 5    3 1 1 5    0 0 0 0 

 Argyroderma deleatii C.A. Maass C 2 15* 0 15    9* 4 2 15    0 0 0 0 

 Argyroderma fissum (Haw.) L.Bolus C 2 22* 9 31    9 7 6 22    4 4 1 9 

 
Argyroderma framesii L.Bolus ssp. 
framesii  C 2 2 0 2    0 0 2 2    0 0 0 0 

 
Argyroderma pearsonii (N.E.Br.) 
Schwantes C 2 10* 0 10    5 1 4 10    0 0 0 0 

 
Aridaria noctiflora (L.) Schwantes 
ssp. noctiflora  P   2 5 7    0 2 0 2    1 2 2 5 

 Aridaria serotina L.Bolus P   2 1 3    1 1 0 2    0 1 0 1 

 
Brownanthus corallinus (Thunb.) 
Ihlenf. & Bittrich C   2 1 3    0 0 2 2    0 0 1 1 

 Caulipsolon rapaceum (Jacq.) Klak G 6,10 3 4 7    1 1 1 3    1 1 2 4 

 
Cephalophyllum caespitosum H.E.K. 
Hartmann C 3 1 1 2    1 0 0 1    1 0 0 1 

 Cephalophyllum framesii L. Bolus C 3,10 14 13 27    8* 4 2 14    6 4 3 13 

 
Cephalophyllum parvibracteatum 
(L.Bolus) H.E.K. Hartmann C 3 8* 1 9    3 3 2 8    0 1 0 1 

 
Cephalophyllum spissum H.E.K. 
Hartmann C 3 18* 6 24    8 8 2 18    2 4 0 6 

 
Cephalophyllum staminodiosum 
L.Bolus C 3,10 3 0 3    1 2 0 3    0 0 0 0 

 Cephalophyllum spec. 1 ('small') C   0 1 1    0 0 0 0    0 1 0 1 

 
Conophytum calculus (A.Berger) 
N.E.Br. ssp. calculus  C 1,8 4 0 4    1 3 0 4    0 0 0 0 

 
Conophytum minutum var. minutum 
(Haw.) N.E.Br. C 1 6* 0 6    1 4 1 6    0 0 0 0 

 
Conophytum subfenestratum 
Schwantes C 1 4 0 4    0 3 1 4    0 0 0 0 

 Dactylopsis digitata (Aiton) N.E.Br. C 4 3 0 3    2 1 0 3    0 0 0 0 

 Delosperma crassum L.Bolus C   1 0 1    1 0 0 1    0 0 0 0 
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 Dicrocaulon brevifolium N.E.Br. C 4,8 1 0 1    0 0 1 1    0 0 0 0 

 Dicrocaulon humile N.E.Br. C 4,8 1 0 1    1 0 0 1    0 0 0 0 

 
Dicrocaulon longifolium spec. Nov. 
Ihlenfeldt C   2 0 2    0 0 2 2    0 0 0 0 

 
Drosanthemum deciduum H.E.K. 
Hartmann & Bruckmann C 4 2 9* 11    1 1 0 2    3 4 2 9 

 Drosanthemum diversifolium L. Bolus C 9 23* 14 37    9 6 8 23    5 4 5 14 

 Drosanthemum globosum L. Bolus C   3 14* 17    1 1 1 3    3 5 6 14 

 
Drosanthemum pulverulentum (Haw.) 
Schwantes C 4 14 18 32    3 5 6 14    7 6 5 18 

 
Drosanthemum ramosissimum 
(Haw.) Schwantes C   1 8* 9    0 0 1 1    3 1 4 8 

 
Drosanthemum schoenlandianum 
(Schltr.) L. Bolus C 4 4 23* 27    1 1 2 4    7 8 8 23 

 Drosanthemum spec. 1 (‘glossy’) C   5 14* 19    2 0 3 5    4 5 5 14 

 Drosanthemum spec. 2 ('ggv') C   0 1 1    0 0 0 0    0 0 1 1 

 Galenia sarcophylla Fenzl C   2 8* 10    0 1 1 2    2 1 5* 8 

 
Lampranthus otzenianus (Dinter) 
Friedrich P   1 14* 15    0 1 0 1    6 5 3 14 

 
Leipoldtia schultzei (Schltr. & Diels) 
Friedrich C   1 5 6    1 0 0 1    1 3 1 5 

 
Malephora purpureo-crocea (Haw.) 
Schwantes C 7 6 18* 24    1 1 4 6    5 7 6 18 

 
Mesembryanthemum fastigiatum 
Thunb. T   0 1 1    0 0 0 0    0 0 1 1 

 
Mesembryanthemum guerichianum 
Pax T   3 9* 12    3* 0 0 3    3 4 2 9 

 
Mesembryanthemum longistylum 
DC. T   10* 0 10    7* 1 2 10    0 0 0 0 

 Mesembryanthemum nodiflorum L. T   11* 1 12    6 1 4 11    0 1 0 1 

 
Monilaria chrysoleuca (Schltr.) 
Schwantes C 5 1 0 1    0 1 0 1    0 0 0 0 

 
Monilaria moniliformis (Thunb.) 
Ihlenf. & Jörg C 5 5* 0 5    1 3 1 5    0 0 0 0 

 
Monilaria pisiformis (Haw.) 
Schwantes C 5 3 0 3    2 1 0 3    0 0 0 0 

 Oophytum nanum (Schltr.) L.Bolus C 4,8 3 0 3    3* 0 0 3    0 0 0 0 

 Phyllobolus nitidus (Haw.) Gerbaulet C   1 12* 13    0 0 1 1    6 3 3 12 

 
Phyllobolus spinuliferus (Haw.) 
Gerbaulet C   0 1 1    0 0 0 0    0 0 1 1 

 Psilocaulon dinteri (Engl.) Schwantes C   3 10* 13    1 0 2 3    2 3 5 10 

 
Psilocaulon leptarthron (A.Berger) 
N.E.Br. C 6 2 8* 10    1 0 1 2    4 1 3 8 

 Ruschia bolusiae C 9 10 5 15    3 5 2 10    0 4* 1 5 

 Ruschia burtoniae L.Bolus C   10* 0 10    2 5 3 10    0 0 0 0 

 Ruschia spec. 1 (‘green cushion’) C   1 0 1    0 1 0 1    0 0 0 0 

 
Ruschia spec. 2 (‘round leaves 
transparent edges’’) C   2 2 4    1 1 0 2    0 2 0 2 

 Ruschia spinosa (L.) Dehn C   0 2 2    0 0 0 0    0 2 0 2 

 Ruschia subsphaerica L.Bolus C   0 7* 7    0 0 0 0    4 3 0 7 

 Tetragonia fruticosa L. C   10 8 18    1 6* 3 10    2 4 2 8 
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 Tetragonia microptera Fenzl T   0 6* 6    0 0 0 0    3 2 1 6 

 Tetragonia verrucosa Fenzl C   4 0 4    1 1 2 4    0 0 0 0 

 Aizoaceae spec. (‚Cono branched‘) C   0 1 1    0 0 0 0    0 1 0 1 

 Aizoaceae spp. ('Mesembs unident.’) C   7 8 15    3 2 2 7    4 1 3 8 

Apiaceae                     

 Apiaceae spec.    0 1 1    0 0 0 0    0 0 1 1 

Apocynaceae                     

 Apocynaceae spec. C   1 0 1    0 0 1 1    0 0 0 0 

Asparagaceae                     

 Asparagus capensis L. C   1 1 2    0 1 0 1    1 0 0 1 

 
a
Asparagus rubicundus P.J.Bergius C   0 0 0    0 0 0 0    0 0 0 0 

 Asparagus spec. C   1 0 1    0 1 0 1    0 0 0 0 

Asphodelaceae                     

 Bulbine spec. G   1 2 3    0 0 1 1    1 0 1 2 

 
Trachyandra bulbinifolia (Dinter) 
Oberm. G   0 1 1    0 0 0 0    0 0 1 1 

 Trachyandra filiformis (Aiton) Oberm. G   0 1 1    0 0 0 0    0 0 1 1 

 Trachyandra tortilis (Baker) Oberm. G   2 1 3    1 1 0 2    0 1 0 1 

 Trachyandra spec. G   1 1 2    0 0 1 1    0 0 1 1 

Asteraceae                     

 Amellus microglossus DC. T   14 20* 34    5 4 5 14    7 6 7 20 

 Asteraceae spec. T   1 2 3    1 0 0 1    2 0 0 2 

 
Didelta carnosa (L.f.) Aiton var. 
carnosa  C   15 18 33    7 5 3 15    8 6 4 18 

 Felicia australis (Alston) E.Phillips T   0 3 3    0 0 0 0    2 0 1 3 

 
Foveolina dichotoma (Thell.) 
Källersjö T   21 24* 45    9 5 7 21    8 8 8 24 

 Gazania lichtensteinii Less. T   8 17* 25    2 1 5* 8    8* 4 5 17 

 Gazania tenuifolia Less. T   1 2 3    0 0 1 1    1 0 1 2 

 Gorteria diffusa Thunb. ssp. diffusa  T   1 2 3    0 1 0 1    1 0 1 2 

 Helichrysum alsinoides DC. T   1 6* 7    0 0 1 1    4 1 1 6 

 
Helichrysum tinctum (Thunb.) Hilliard 
& B.L.Burtt T   10 18* 28    5 2 3 10    7 7 4 18 

 Helichrysum spec. 1 (‘lllb’) T   0 1 1    0 0 0 0    0 0 1 1 

 Helichrysum  spec. 2 (‚succulent’) T   4 6 10    2 1 1 4    1 3 2 6 

 Helichrysum spec. T   0 1 1    0 0 0 0    0 0 1 1 

 Hirpicium alienatum (Thunb.) Druce C   1 0 1    0 1 0 1    0 0 0 0 

 Hoplophyllum spinosum DC. P   1 0 1    0 0 1 1    0 0 0 0 

 Leysera tenella DC. T   0 2 2    0 0 0 0    1 0 1 2 

 
Oncosiphon grandiflorum (Thunb.) 
Källersjö T   0 2 2    0 0 0 0    1 0 1 2 

 
Oncosiphon suffruticosum (L.) 
Källersjö T   2 6 8    0 0 2 2    1 2 3 6 

 
Osteospermum pinnatum (Thunb.) 
Norl. T   4 20* 24    3 1 0 4    8 6 6 20 

 Othonna arbuscula (Thunb.)Sch.Bip. C   0 2 2    0 0 0 0    1 0 1 2 

 Othonna intermedia Compton G 4,8 0 1 1    0 0 0 0    1 0 0 1 

 Othonna protecta Dinter C   7 12 19    0 4 3 7    4 7* 1 12 

 Pteronia ciliata Thunb. C   3 0 3    1 2 0 3    0 0 0 0 
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 Pteronia glabrata L.f. C   1 0 1    0 0 1 1    0 0 0 0 

 Pteronia heterocarpa DC. C 10 1 0 1    0 0 1 1    0 0 0 0 

 Rhynchopsidium pumilum (L.f.) DC. T   5 20* 25    3 0 2 5    5 7 8 20 

 Senecio abruptus Thunb. T   1 10* 11    1 0 0 1    6* 3 1 10 

 Senecio arenarius Thunb. T   4 16* 20    4* 0 0 4    8* 4 4 16 

 Senecio elegans L. T   1 0 1    1 0 0 1    0 0 0 0 

 Tripteris clandestina Less. T   5 9 14    3 0 2 5    4 2 3 9 

 Tripteris sinuata DC. var. sinuata C   8* 0 8    1 5 2 8    0 0 0 0 

 Ursinia nana DC. T   10 11 21    1 6* 3 10    3 3 5 11 

Brassicaceae                     

 Heliophila variabilis Burch ex. DC. T   10 16* 26    4 5 1 10    6 6 4 16 

Caryophyllaceae                     

 
Spergularia media (L.) C. Presl. ex 
Griseb. C   2 0 2    0 0 2 2    0 0 0 0 

Chenopodiaceae                     

 Atriplex spec. C   2 1 3    0 0 2 2    0 0 1 1 

 Chenopodium album L. T   0 1 1    0 0 0 0    0 0 1 1 

 Chenopodium murale L. T   1 1 2    1 0 0 1    1 0 0 1 

 Salsola spec. C   21 17 38    9 7 5 21    5 5 7 17 

 
Sarcocornia xerophila (Tölken) 
A.J.Scott  C 7 4 0 4    0 0 4* 4    0 0 0 0 

Crassulaceae                     

 Crassula barklyi N.E.Br. C   17* 0 17    5 7 5 17    0 0 0 0 

 
Crassula columnaris  ssp. prolifera 
Friedrich C   7* 0 7    4 1 2 7    0 0 0 0 

 
Crassula deceptor Schönland & 
Baker f. C   3 0 3    0 1 2 3    0 0 0 0 

 
Crassula expansa Dryand ssp. 
expansa C   0 1 1    0 0 0 0    1 0 0 1 

 
Crassula expansa ssp. pyrifolia 
(Compton) Tölken C   3 8 11    2 0 1 3    0 6* 2 8 

 
Crassula muscosa  var. obtusifolia 
(Harv.) G.D. Rowley C   1 2 3    0 1 0 1    0 2 0 2 

 Crassula muscosa L. var. muscosa C   0 1 1    0 0 0 0    1 0 0 1 

 
Crassula subaphylla  var. virgata 
(Harv.) Tölken C   0 2 2    0 0 0 0    1 1 0 2 

 
Tylecodon pearsonii (Schönland) 
Tölken C   2 0 2    1 1 0 2    0 0 0 0 

 
Tylecodon pygmaeus (W.F.Barker) 
Tölken C 7,8 7* 0 7    4 1 2 7    0 0 0 0 

Euphorbiaceae                     

 
Euphorbia decussata E.Mey. Ex. 
Boiss. C 10 0 2 2    0 0 0 0    2 0 0 2 

 Euphorbia exilis L.C. Leach C   0 1 1    0 0 0 0    1 0 0 1 

 Euphorbia hamata (Haw.) Sweet C   2 0 2    0 0 2 2    0 0 0 0 

 Euphorbia muricata Thunb. C   2 3 5    1 0 1 2    2 0 1 3 

 Euphorbia spec. C   1 1 2    1 0 0 1    0 0 1 1 

                     

Fabaceae                     

 Crotalaria humilis Eckl. & Zeyh. T   3 11* 14    2 0 1 3    5 2 4 11 

 Crotalaria meyeriana Steud. C   4 16* 20    4* 0 0 4    8* 4 4 16 
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 Indigofera spec. C   1 0 1    0 0 1 1    0 0 0 0 

 Lessertia diffusa R.Br. H   0 2 2    0 0 0 0    2 0 0 2 

 Lessertia spec. (‚long twisted fruits’) H   1 0 1    1 0 0 1    0 0 0 0 

 Lotononis falcata (E.Mey) Benth. H   1 0 1    0 0 1 1    0 0 0 0 

 Fabaceae spec. T   0 1 1    0 0 0 0    1 0 0 1 

Geraniaceae                     

 Sarcocaulon crassicaule Rehm C   2 0 2    0 0 2 2    0 0 0 0 

Hyacinthaceae                     

 Lachenalia framesii W.F.Barker G   1 8* 9    0 1 0 1    6* 2 0 8 

 Lachenalia mutabilis Sweet G   1 0 1    0 0 1 1    0 0 0 0 

 Lachenalia spec. G   0 3 3    0 0 0 0    1 0 2 3 

 Ornithogalum spec. G   1 1 2    1 0 0 1    0 1 0 1 

Iridaceae                     

 Ferraria spec. G   0 3 3    0 0 0 0    2 0 1 3 

 
Lapeirousia spec. (Goldblatt) 
Goldblatt & J.C.Manning G   1 0 1    0 0 1 1    0 0 0 0 

Lobeliaceae                     

 Cyphia oligotricha Schltr. H 7 2 0 2    0 0 2 2    0 0 0 0 

Molluginaceae                     

 
Hypertelis salsoloides (Burch.) 
Adamson C   2 3 5    0 1 1 2    1 1 1 3 

Oxalidaceae                     

 Oxalis ambigua Jacq. G   4 7 11    1 0 3 4    3 2 2 7 

 Oxalis blastorrhiza T.M.Salter G 7 0 1 1    0 0 0 0    1 0 0 1 

 Oxalis pes-caprae L. G   3 8 11    1 0 2 3    4 2 2 8 

 Oxalis spec. 1 (‘comosa KV’) G   2 2 4    0 0 2 2    1 0 1 2 

 Oxalis spec. 2 (‘erecti’) G   1 3 4    1 0 0 1    1 0 2 3 

 Oxalis spec. 3 (‘small leaves’) G   4 8 12    1 1 2 4    2 2 4 8 

 Oxalis spec. G   1 2 3    0 0 1 1    1 1 0 2 

Plantaginaceae                     

 Plantago cafra Decne. T   0 2 2    0 0 0 0    0 1 1 2 

Poaceae                     

 
Chaetobromus involucratus (Schrad) 
Nees ssp. involucratus H   0 1 1    0 0 0 0    1 0 0 1 

 
Karroochloa schismoides (Stapf ex 
Conert) Conert & Türpe T   6 17* 23    3 1 2 6    6 5 6 17 

 
Schismus barbatus (Loefl. ex L.) 
Thell. T   0 4* 4    0 0 0 0    3 0 1 4 

 Schmidtia kalaharensis Stent T   4 4 8    1 2 1 4    1 0 3 4 

 
Tribolium utriculosum (Nees) 
Renvoize T   0 1 1    0 0 0 0    0 1 0 1 

 Poaceae spec. T   1 1 2    0 0 1 1    0 0 1 1 

Portulacaceae                     

 Anacampseros spec. C   2 1 3    1 1 0 2    1 0 0 1 

Scrophulariaceae                     

 Zaluzianskya affinis Hilliard T   0 1 1    0 0 0 0    1 0 0 1 

Sterculiaceae                     

 Hermannia cuneifolia Jacq. C   2 0 2    0 1 1 2    0 0 0 0 

Zygophyllaceae                     

 Zygophyllum cordifolium L.f. C   14 7 21    4 7 3 14    3 2 2 7 
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 Zygophyllum retrofractum Thunb. C   1 3 4    0 1 0 1    1 2 0 3 

 Zygophyllum spinosum L. C   0 1 1    0 0 0 0    0 1 0 1 

 Zygophyllum teretifolium Schltr. C   1 0 1    0 0 1 1    0 0 0 0 

Unknown family                     

 ‘Hannabush’    1 0 1    0 0 1 1    0 0 0 0 

 ‘Tiny red flower’ T   1 0 1    1 0 0 1    0 0 0 0 

 
a 
’Little green’ T                    

 
a
Succulent                     

 Annual T   6 13 19    3 1 2 6    6 4 3 13 

 Dicot    4 3 7    1 0 3 4    0 1 2 3 

 Geophyte spec. G   11 19 30    4 3 4 11    7 6 6 19 

  Monocot     0 1 1     0 0 0 0     1 0 0 1 
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Electronic Appendix D: Number of species and abundances (seedlings excluded) of life forms. 

Life form Number of species  Number of individuals 

 Quartz Non-quartz Total  Quartz Non-quartz Total 

Chamaephytes 83 57 98  3325 1710 5035 

Therophytes 29 38 42  1515 5679 7194 

Geophytes 15 19 21  135 428 563 

Hemicryptophytes 3 2 5  23 12 35 

Phanerophytes <1 m 4 3 4  6 77 83 

Unknown 4 4 5  27 13 40 

Σ 138 123 175  5031 7919 12,950 
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Electronic Appendix E: The ten most abundant species on quartz and non-quartz plots, with their 
number of occurrences in the subplots. 
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Electronic Appendix F: Family abundances (for abundances > 10 individuals) on quartz and non-
quartz plots. 
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Electronic Appendix G: The three most abundant species of the different vegetation units and their 
percentage contribution to the total abundance of plant individual for the respective unit. Life forms 
after Raunkiaer (1934): C = chamaephyte, T = therophyte; *endemic species. 
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Non-quartz no 

Foveolina dichotoma Asteraceae T 1396 41%  

Didelta carnosa var. carnosa Asteraceae C 153 5%  

Osteospermum pinnatum Asteraceae T 126 4%  

  Sum   1675 49% 3400 

        

Non-quartz moderate 

Foveolina dichotoma Asteraceae T 258 19%  

Rhynchopsidium pumilum Asteraceae T 104 8%  

Drosanthemum schoenlandianum* Aizoaceae C 88 6%  

  Sum   450 33% 1368 

        

Non-quartz high 

Rhynchopsidium pumilum Asteraceae T 655 21%  

Foveolina dichotoma Asteraceae T 542 17%  

Helichrysum  spec. 2 (‘succulent’) Asteraceae T 396 13%  

  Sum   1593 51% 3151 

        

Quartz no 

Argyroderma delaetii* Aizoaceae C 660 26%  

Mesembryanthemum longistylum Aizoaceae T 262 10%  

Foveolina dichotoma Asteraceae T 228 9%  

  Sum   1150 46% 2515 

        

Quartz moderate 

Cephalophyllum spissum* Aizoaceae C 228 22%  

Antimima watermeyeri* Aizoaceae C 82 8%  

Cephalophyllum parvibracteatum* Aizoaceae C 75 7%  

  Sum   385 36% 1059 

        

Quartz high 

Foveolina dichotoma Asteraceae T 359 25%  

Drosanthemum diversifolium* Aizoaceae C 196 13%  

Oncosiphon suffruticosum Asteraceae T 82 6%  

  Sum   637 44% 1457 
        

 

 

Reference: 

Raunkiaer, C., 1934. Plant life forms. Oxford University Press, Oxford. 
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Electronic Appendix H: Summary of the ANOVA results for numbers of reproductive organs 
(geometric means of plot data) for differences between grazing intensities and their arithmetic means 
± SD; Np. Number of plots (replicates); ni: number of individuals; p-values printed in bold indicate 
significant differences. Different superscript letters indicate significant differences according to Tukey’s 
test. 

Species 
No 

(mean ± SD) 
 

Moderate 
(mean ± SD) 

 
High 

(mean ± SD) 
Np ni 

p-value 
ANOVA 

            

Argyroderma fissum 6.56 ± 4.75
A 

 13.07 ± 8.71
B
  4.70 ± 2.26

AB 
25 104 0.030 

Drosanthemum diversifolium 15.35 ± 4.80  36.17 ± 38.56  29.81 ± 26.00 31 143 0.525 

Drosanthemum spec. 1 (‘glossy’) 148.20 ± 148.12  454.70 ± 461.01  205.10 ± 215.08 13 37 0.667 

Drosanthemum pulverulentum 38.56 ± 26.51  41.94 ± 33.22  52.95 ± 40.55 27 89 0.893 

Drosanthemum 
schoenlandianum 

14.60 ± 12.30
AB 

 31.62 ± 25.30
A 

 15.36 ± 13.60
B 

26 138 0.048 

Lampranthus otzenianus 125.93 ± 109.73  98.58 ± 91.30  90.48 ± 149.78 13 40 0.488 

Malephora purpureo-crocea 16.28 ± 18.80  22.63 ± 27.12  7.92 ± 5.90 20 49 0.837 

            

 


