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Abstract A common perception, particularly in

South Africa, is that heavily and continuously grazed

communal land leads to degradation and loss of plant

diversity when compared to commercial rangeland

farming or conservation areas. We focus on whether

this applies to the Grassland Biome of South Africa and

whether the opposite can occur, namely, an increase in

plant species richness under heavy grazing. A study of a

contrast between a communal area of the former Ciskei

and a neighbouring nature reserve showed that intense

utilization under communal use led to a significant

increase in plant species richness. However, this

increase was scale-dependent with the greatest signif-

icant difference occurring at sample plot scale (50 m2)

but converging at the broader scale of the whole study

site. Species that increased with heavy grazing included

those from arid Karroid areas as well as some from

more mesic grassland and savanna areas. The contri-

bution of beta diversity to gamma diversity across the

grazing contrast was relatively low which reflects the

relatively high proportion of species shared between

treatments. Total plant canopy cover declined sharply

with heavy grazing. In terms of plant canopy cover,

grazing favoured annual over perennial plants, pros-

trate over erect plants, and stoloniferous over tussock

plant architecture. This pattern was not supported when

expressed in terms of number of species belonging to

these grazing response groups or traits.

Keywords Cover � Degradation � Disturbance �
Diversity � Scale

Introduction

There is a global perception that heavy livestock

grazing reduces biodiversity and that biodiversity

is maximized in ‘pristine or primary vegetation’

(Alkemade et al. 2009). Land degradation, defined as

land-uses that lead to a persistent loss in ecosystem

productivity (Scholes and Biggs 2005), is often

assumed to result in a decline in biodiversity (e.g.

Gisladottir and Stocking 2005). A well-known con-

temporary grazing-diversity model indicates a decline

in diversity with heavy grazing intensity, at least

outside areas of high resources (Cingolani et al. 2005).

In southern Africa, ‘excessively heavy grazing’ has

frequently been given as one of the causes of a decline

in biodiversity (for example, Biggs et al. 2008).

There are few studies of the effect of grazing on

plant species richness in the Grassland Biome and
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this paucity of information is not unique to South

Africa. Results in North American grassland vary

from finding no relationship between grazing and

species richness (Bai et al. 2001) to finding a

significant increase in species richness with heavy

grazing (Hickman et al. 2004). The latter paradigm is

overall poorly tested (O’Connor et al. 2010). In

temperate Australian grassland, native species rich-

ness declined across a range of spatial scales in

response to increasing grazing intensity which is in

keeping with results of previous studies in that region

(Dorrough et al. 2007).

Rangeland and biodiversity research in South

Africa has been biased towards areas of commercial

livestock ranching, and extrapolating findings to

communal rangeland is particularly problematic

(O’Connor et al. 2010). Communal land in South

Africa is characterized by continuous grazing usually

with higher stocking densities than with commercial,

commodity-based ranching. In many communal

lands, there is a strong disincentive for the individual

to destock, and stock are often kept as assets rather

than production units (Scholes 2009).

The common expectation in the South African

Grassland Biome is that, based on grazing pressure,

plant species richness is highest on conservation

areas, lowest on communal rangeland and intermedi-

ate on commercial rangeland (O’Connor 2005).

Grassland not rested from grazing will experience a

greater reduction of plant diversity (O’Connor et al.

2010). A national degradation audit in South Africa

in the late 1990s found that communal land tenure

was the strongest predictor of vegetation and soil

degradation (Vetter et al. 2006). This audit was based

on the perceptions of agricultural extension officers

and resource conservation technicians from the

Department of Agriculture (Hoffman and Todd

2000). However, the relative impact of communal

and commercial forms of land tenure in grasslands of

South Africa is contentious and requires resolution

(O’Connor et al. 2003).

In the southern KwaZulu-Natal Province (KZN)

communal, commercial and conservation manage-

ment systems had a minimal effect on species

richness (O’Connor 2005). This was confirmed for

other areas of the Grassland Biome in KZN. Thus, in

southern KZN, stocking rates that varied from low to

high had no significant effect on plant species

richness (Martindale 2007). Similarly, no significant

difference in plant species richness was found

between grassland wetlands on the Coleford Nature

Reserve and on two nearby communal areas which

had stocking densities several times higher than that

on the Reserve (Walters et al. 2006). No significant

differences in plant species richness were found

between the Cathedral Peak protected area and

adjacent communal (lease) land, but differences in

stocking densities between the two land-use types

were uncertain (Peden 2004). By contrast, in grass-

land of the Eastern Cape Province (Hoare 2003), a

decline in species richness was found on communal

ground which was also considered to be in a

significantly worse condition for livestock production

than grassland under commercial farming systems

(Kiguli et al. 1999). Although communal areas in a

few parts of the Savanna Biome has been found to

have significantly higher species richness than adja-

cent conservation areas, (Shackleton 2000) it appears

that this has not yet been shown for the Grassland

Biome.

The Grassland Biome of South Africa is an

important rangeland production area and is rich in

plant species diversity (O’Connor and Bredenkamp

1997). However, it is also one of the most heavily

impacted, least protected (Rouget et al. 2004) and

severely threatened (Neke and Du Plessis 2003)

biomes in South Africa. The Biome is limited to

summer rainfall areas with frequent frost in winter

(Rutherford and Westfall 1994) as a result of the

relatively high elevation and inland continentality

(Mucina and Rutherford 2006).

This article aims to quantify and understand the

impact of apparently severe land degradation on plant

diversity in part of the Grassland Biome in the

Eastern Cape. The study contributes to a pilot

research programme of the South African National

Biodiversity Institute (SANBI) on the relationships

between plant diversity and land degradation in

different biomes of South Africa. This arose follow-

ing the South African National Spatial Biodiversity

Assessment (Rouget at al 2004) that highlighted the

inadequate understanding of the impact of habitat

degradation on biodiversity. Although biodiversity

can be viewed at various hierarchical levels of

organization and complexity (such as ‘biodiversity

integrity’—O’Connor and Kuyler 2009), this article

addresses biodiversity at the plant species level since

it appears from the foregoing that even at this simple
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and practical level, conclusions on the effect of

grazing on plant diversity and richness in the South

African Grassland Biome remain unclear. Many

indices that are used to express biodiversity change

remain species-based (Lamb et al. 2009). We do not

prejudge the issue of potential functional redundancy

of species in ecosystems.

Study area

Protected areas are often used as a reference state for

degradation (Scholes 2009). High contrast boundaries

between communal areas and nature reserves were

systematically scanned for the Eastern Cape Province,

mainly using SPOT5 satellite imagery. One of the

most striking contrasts was along the northern edge of

the Tsolwana Nature Reserve and the adjacent com-

munal area which is part of the former Ciskei. Field

inspection confirmed that the contrast was due to

different grazing intensities and possible wood

removal on the communal side. There was no indica-

tion of any pre-existing environmental gradients

across the fence. The communal area of the former

Ciskei has been regarded as excessively overstocked

resulting in severe degradation of the vegetation

(Forbes and Trollope 1991). More recently, domi-

nance of income sources from state grants has resulted

in less commitment to management of these commu-

nal rangelands (Moyo et al. 2008).

The study site was situated in Queenstown Thorn-

veld, southeast of Tarkastad on the Queenstown plains

north of the Winterberge (Fig. 1) in the Tsolwana

Local Municipality. Slope was gentle. Acacia karroo

was the sole constituent of the emergent, low, sparse

tree layer. Queenstown Thornveld thus does not have

the typical multi-species tree composition of most

savanna vegetation types and is clearly part of the

Grassland Biome (Rutherford et al. 2006).

Rainfall is mainly in summer with an annual mean

of 480 mm. Geology of the site is sedimentary rocks

of the Tarkastad Subgroup (Beaufort Group, Karoo

Supergroup) overlain with loamy sand or sandy loam

soil. Although the reserve has some erosion gullies,

these were confined to alluvial fans and viewed as

part of a natural cycle (Cobban and Weaver 1993).

Sampling was carried out away from these features or

any degraded areas on the reserve (Fatunbi and Dube

2008).

The 8,500 ha reserve was created 30 years prior to

the study and the fence line used in the study was

established at that time. The transfer to the former

Ciskei of the adjacent commercial land and its

transformation to communal use also occurred about

then (Wotshela 2004). The official 2008 animal

census of the reserve indicated a stocking density of

0.13 large stock unit (LSU) equivalents per hectare

(D. Peinke, personal communication). About 70% of

this stocking density comprised six species. These

were: black wildebeest (Connochaetes gnou, 20%),

eland (Taurotragus oryx, 18%), mountain reedbuck

(Redunca fulvorufula, 11%), springbok (Antidorcas

marsupialis, 8%), red hartebeest (Alcelaphus busela-

phus, 7%) and cape mountain zebra (Equus zebra,

7%). The communal areas are typically available to

all livestock species at all times of the year (Bennett

and Barrett 2007). The veterinary inspection census

of 2010 for the Amaqwathi Tribal Authority indicated

a stocking density of 0.67 LSU equivalents per

hectare (information provided by the Nthabathemba

Agricultural Office, Eastern Cape Department of

Agriculture, and corrected for missing animals by

adding 10%). The last-mentioned office also indi-

cated that fluctuations in animal numbers from year

to year in the communal area had been small and the

results for the 2010 census would be expected to

differ by less than 10% from the animal numbers in

2008. A separate census in 2010 using repeated road

strip counts for that part of the Amaqwati Tribal

Authority within a 5 km radius of the study area

revealed a slightly lower stocking density of

0.62 LSU equivalents per hectare. This comprised

sheep (Ovis aries, 78%), goats (Capra aegagrus,

12%) and cattle (Bos taurus, 10%). Stocking density

was thus four to five times greater on the communal

land than that on the nature reserve.

We realize that with this sampling approach

diversity maxima may lie between extremes accord-

ing to the Intermediate Disturbance Hypothesis

(Roxburgh et al. 2004).

Methods

In this study, the nature reserve side of the fence is

referred to as LU (Low Utilization) and the commu-

nal side is termed HU (High Utilization). This

terminology is intended to fit with the broader pilot
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study where both grazing and firewood extraction

co-occur.

Sampling was done in early March 2008 towards

the end of the rainy season. Twelve sample plots of

50 m2 (10 9 5 m) were randomly placed on each

side of the fence at distances varying between 25 and

35 m from the fence to avoid possible disturbance

effects near the fence. The canopy cover of each plant

species was recorded as well as the total canopy

cover of each plot. Every effort was made to record

all species in plots including inspections within and

under all shrub canopies and within tussocks to avoid

problems of overlooking (Archaux et al. 2009). The

same observer estimated cover in all plots to reduce

possible variation in the estimates between different

observers (Kercher et al. 2003). Plots were recorded

alternately on each side of the fence to minimize bias

and any observer exhaustion effect (Bergstedt et al.

2009). Species were classed according to plant traits,

namely by life form (annual, perennial), growth form

(forb, geophyte, graminoid, shrub, tree), habit (erect,

prostrate) and architecture (leafy stem, rosette,

stoloniferous, tussock). Plant specimens were identi-

fied by the National Herbarium of SANBI. The

Gulliver form (Bond and van Wilgen 1996) and

mature or emergent form of A. karroo were recorded

separately. Our sampling took advantage of a natural

field experiment in which the consequential logistic

problems in avoiding pseudo-replication (Hurlbert

2004) were insurmountable (Hargrove and Pickering

1992). See Rutherford and Powrie (2010) for discus-

sion on issues of pseudo-replication in fence-line

contrast studies.

Soil degradation may negatively influence biodi-

versity (Bohensky et al. 2004). To investigate this, six

soil samples were taken to a depth of 50 mm from

each side and analysed for pH, conductivity, resis-

tance, carbon and textural classes by the Provincial

Department of Agriculture of the Western Cape

(Elsenberg) according to methods as given by The

Non-affiliated Soil Analysis Work Committee (1990).

Surface coarse fragment cover was estimated. Water

absorption was determined using a pipette and timing

(in s) for moist, undisturbed soil to absorb a drop of

water (Land Type Survey Staff 1991). Ten drops at

six stations on each side of the fence were used.

Plant canopy cover and soil parameter values were

analysed using two-tailed t tests after square root

transformation [(x ? 1)1/2] of the data (Krebs 1989).

Where appropriate we applied the step-up false

discovery rate correction which is less restrictive and

statistically more powerful than using the family-wise

error rate which includes the Bonferroni correction

(Garcı́a 2004). Results for plant cover were compared

with those of the independent Indicator Species

Analysis of Dufrêne and Legendre (1997) according

to McCune and Grace (2002). Ordination of plots used

the non-metric multidimensional scaling (NMS) (PC-

Fig. 1 Location of the

study site. Shaded areas

indicate the part of the

Grassland Biome within the

view
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Ord) after a number of runs from different starting

configurations to avoid the dangers of local minima.

The Shannon-Wiener index of diversity (H’) was

calculated as in (Krebs 1989) but using ln base e. The

values of this index were also converted to their

number equivalents which expresses a species-neutral

diversity (Jost 2009). Alpha diversity (a) was calcu-

lated for LU and HU and gamma diversity (c) was

calculated for the whole study site by pooling the

observations. Independent beta diversity (b) across the

contrast was calculated assuming the additive parti-

tioning of diversity where c = l(a) ? b and l(a) is

mean alpha diversity (Legendre et al. 2005; Jost 2007).

Species accumulation curves were derived using

sample-based rarefaction (Mao Tau expected richness

function in EstimateS 8.0) as described by Colwell

et al. (2004). Evenness was calculated as the ratio of

diversity index to maximum possible diversity index

for the given number of species (Krebs 1989).

Results

Total numbers of species on LU and on HU were

similar and no significant difference in diversity

indices nor in species evenness was found between

the treatments (Table 1). However, mean species

richness expressed as mean number of species per

sample plot (or species density sensu Gotelli and

Colwell 2001) was significantly higher on HU. With

increasing spatial scale, mean species richness

remained greater on HU than on LU with the

difference becoming increasingly narrower (Fig. 2).

The ordination of the 24 plots in species space

(Fig. 3) showed a clear separation of LU and HU

plots. The final stress was 13.4 with the proportion of

the variance given by the first two axes corresponding

to an r2 of 0.79 (8.2 and 0.90 respectively for three

axes). Plots were more tightly clustered on HU than

on LU. The number of species shared between LU

and HU was well above 50% (60 out of 104). Mean

alpha species diversity of 11.18 was the major

contributor to the total gamma diversity of 13.27

with beta species diversity contributing only 2.09.

Mean total canopy cover declined significantly

from LU to HU (Table 1). Species number did not

always follow canopy cover according to plant trait.

Thus, whereas cover of perennials and erect plants

declined significantly on HU, their respective species

complement increased significantly on HU. Con-

versely, both cover and species number increased

significantly on HU for prostrate plants. Cover of

stoloniferous and annual plants increased markedly

on HU. Although there was no increase in cover of

forbs on HU, there was a significant increase in

number of forb species with heavy grazing. Cover of

the strongly correlated graminoid and tussock groups

declined significantly on HU.

Cover of Cymbopogon pospischilii and Digitaria

eriantha declined from a relatively high base by at

least an order of magnitude on HU (Table 2). There

were far more species that were indicated to increase

significantly in cover on HU. Species with the most

substantial and significant increases in cover on HU

were Tragus koelerioides, Aristida congesta subsp.

congesta and Pentzia globosa. Cover of other species

that increased significantly on HU and that had a

large increase in frequency of occurrence in the

sample plots included Lotononis calycina, Blepharis

integrifolia var. integrifolia and Nenax microphylla.

There were no apparent local extinctions indicated on

HU of any of the more frequent species. Cover of

Gazania krebsiana subsp. serrulata, Lithospermum

cinereum and Portulaca quadrifida was significantly

greater on HU and were all apparently absent on LU.

The Indicator Analysis of the 50 most frequent

species confirmed most of the seventeen significant

species differences given in Table 2. Only A. karroo

and Lepidium pinnatum were rejected whereas the

differences for Helichrysum rosum var. rosum and

Melica decumbens were indicated as significant at

P \ 0.05

Eight species in Table 2 appeared to be relatively

tolerant of both treatments with each experiencing

less than a 25% change in both cover and frequency

from LU to HU. Of these, those with a frequency of

more than 50% on both LU and HU were Asparagus

burchellii, Galenia sp., Hibiscus pusillus, Lessertia

cf. brachystachya and Trichodiadema pomeridianum.

Those with lower frequency were Sutera halimifolia,

Euphorbia inaequilatera and Gladiolus permeabilis

subsp. edulis.

Frequency of A. karroo in sample plots did not

track its decline in cover on HU (Table 1). The

frequency of the low Gulliver form to the mature or

emergent form of A. karroo was eight to six on LU

but ten to zero on HU, respectively. These Gullivers

were heavily grazed down on HU.
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Table 1 Species diversity and abundance of plants and plant guilds under low and high utilization grazing intensities

Parameters LU HU P D

Total number of species 81 83

Mean Shannon-Wiener index 1.74 ± 0.13 1.81 ± 0.04 0.58

Mean species-neutral diversity index 6.21 ± 0.80 6.18 ± 0.22 0.97

Mean evenness index 0.50 ± 0.04 0.49 ± 0.01 0.89

Mean number of species ± SE 33.17 ± 1.42 39.92 ± 1.00 9.2 9 10-4* \
Life form

Annual 4.17 ± 0.56 6.08 ± 0.74 0.053

Perennials 29.00 ± 1.13 33.83 ± 0.82 0.0025* \
Growth form

Forb 9.08 ± 0.73 12.92 ± 0.97 0.0050* \
Geophyte 3.17 ± 0.60 3.25 ± 0.25 0.68

Graminoid 9.67 ± 0.48 9.33 ± 0.33 0.58

Shrub 10.50 ± 0.56 13.58 ± 0.47 3.6 9 10-4* \
Tree 0.75 ± 0.13 0.83 ± 0.11 0.63

Habit

Erect 29.33 ± 1.54 33.75 ± 0.95 0.025* \
Prostrate 3.83 ± 0.24 6.17 ± 0.34 2.1 9 10-5* \

Architecture

Leafy stem 20.33 ± 0.93 26.75 ± 0.86 4.7 9 10-5* \
Rosette 3.17 ± 0.60 3.83 ± 0.32 0.25

Stoloniferous 1.58 ± 0.15 1.83 ± 0.11 0.19

Tussock 8.08 ± 0.43 7.50 ± 0.34 0.30

Mean total canopy cover (%) ± SE 94.92 ± 1.03 75.58 ± 2.12 4.3 9 10-7* [
Life form

Annual 2.85 ± 1.26 28.40 ± 2.76 3.8 9 10-7* \
Perennials 92.07 ± 1.33 47.19 ± 2.82 1.9 9 10-10* [

Growth form

Forb 1.51 ± 0.29 0.92 ± 0.10 0.078

Geophyte 0.40 ± 0.11 0.19 ± 0.02 0.074

Graminoid 82.36 ± 1.95 61.30 ± 2.33 6.9 9 10-7* [
Shrub 8.97 ± 1.65 13.13 ± 0.94 0.043

Treea 1.67 ± 0.62 0.05 ± 0.01 0.014* [
Habit

Erect 84.99 ± 3.07 53.45 ± 3.71 1.6 9 10-6* [
Prostrate 9.92 ± 2.77 22.13 ± 3.41 0.011* \

Architecture

Leafy stem 12.16 ± 1.65 14.06 ± 0.91 0.33

Rosette 0.40 ± 0.11 0.23 ± 0.03 0.16

Stoloniferous 9.67 ± 2.77 21.77 ± 3.43 0.012* \
Tussock 72.69 ± 3.55 39.53 ± 3.87 2.4 9 10-6* [

LU low utilization grazing intensity, HU high utilization grazing intensity, P probability level using 2-tailed t test, SE Standard error,

D direction of significant difference where [ indicates LU [ HU and \ indicates LU \ HU

* Significantly different at P \ 0.025
a Acacia karroo was classed here as a tree
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Soil texture was mainly sandy loam with some

loamy sand on LU and mostly loamy sand on HU.

The fraction of fine sand declined significantly on HU

(Table 3). Cyanobacterial soil crusts were common

on LU whereas the crusts on HU were physical and

uncommon. Absorption of water drops on the

biological soil crusts on LU was slow, ranging from

4 to 150 s. Absorption was virtually instantaneous off

the crusts on LU and on and off crusts on HU. Cover

of coarse fragments averaged about 1% on LU and

3% on HU.

Discussion and conclusions

The greater species richness found with grazing on

HU was significant at sample plot scale but at broader

study-site scale this difference tended to disappear as

evidenced by the near-equal total species numbers for

the site and the converging rarefaction curves. This

implies a greater degree of sharing of species

between HU and LU which is supported by the

tighter clustering in the ordination of plots on HU. If

variability is a reliable metric of response to distur-

bance (Fraterrigo and Rusak 2008), the reduced

compositional variation coupled with the significantly

higher mean species richness per plot with heavy

grazing may be interpreted as reflecting greater

habitat differentiation (Jackson and Sax 2010) not

between sample plots but rather within the scale of

the plot. It is also possible that presumed reduced

competition between plants on HU may allow greater

species richness. Competition is of minor impor-

tance in consumer-controlled ecosystems (Bond and

Keeley 2005). The lack of adequate fuel load and

hence absence of fire on HU may also allow fire-

sensitive species to enter the system. Whether a ‘fire

threshold’ has been surpassed (Briske et al. 2005)

with sustained high grazing pressure on HU will

depend on the reversibility of the system after

removal of the level of grazing pressure.

The relatively large number of species shared

between LU and HU contrasts with the less than 50%

shared across a major grazing pressure contrast in

Succulent Karoo (Rutherford and Powrie 2010). This

together with the low contribution of beta diversity to

gamma diversity in grassland may indicate a prob-

ability of lower levels of local species extinction in

grassland according to grazing treatment.

The increaser-decreaser pattern of response to

grazing is an entrenched paradigm for range man-

agement in South Africa (for example, Foran et al.

1978; Tainton et al. 1980; Heard et al. 1986; Hardy

et al. 1999) but is in need of review in the light of

accumulating contradictory evidence (O’Connor

et al. 2003). Classification of increaser and decreaser

species was found in a continent-wide review in
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Table 2 Frequency and canopy cover of species with a frequency greater than 40% on low or high utilization grazing intensities

Species Frequencya Canopy cover (%)

Mean ± SE

LU HU LU HU P D

Acacia karroo 9 10 2.18 ± 0.90 0.08 ± 0.01 0.023* [
Albuca fastigiata 1 6 0.01 ± 0.01 0.09 ± 0.05 0.10

Amphiglossa triflora 1 8 0.01 ± 0.01 0.08 ± 0.02 0.0043* \
Aptosimum procumbens 1 7 0.01 ± 0.01 0.08 ± 0.02 0.012* \
Aristida congesta subsp. congesta 9 12 2.41 ± 1.11 53.58 ± 5.17 1.6 9 10-9* \
Asparagus burchellii 12 10 2.10 ± 0.56 2.60 ± 0.71 0.67

Blepharis integrifolia var. integrifolia 2 11 0.02 ± 0.01 0.16 ± 0.03 1.3 9 10-4* \
Chenopodium album 7 5 0.10 ± 0.04 0.04 ± 0.01 0.20

Commelina africana var. africana 4 6 0.05 ± 0.03 0.16 ± 0.07 0.15

Cymbopogon pospischilii 9 1 30.57 ± 10.88 0.01 ± 0.01 0.011* [
Cynodon incompletus 7 10 7.01 ± 3.86 3.09 ± 1.47 0.46

Cyperus usitatus 12 12 6.28 ± 2.92 3.88 ± 1.59 0.56

Dicotyledon sp. 1 2 5 0.02 ± 0.01 0.06 ± 0.02 0.12

Digitaria eriantha 10 8 14.11 ± 5.22 0.69 ± 0.35 0.010* [
Eragrostis curvula 12 12 18.63 ± 6.41 9.85 ± 2.17 0.24

Eragrostis lehmanniana var. lehmanniana 12 12 5.60 ± 1.60 3.21 ± 1.57 0.18

Eragrostis obtusa 8 7 1.13 ± 0.51 0.62 ± 0.28 0.45

Euphorbia inaequilatera 5 4 0.04 ± 0.01 0.04 ± 0.02 0.99

Felicia muricata subsp. muricata 12 11 1.72 ± 0.54 2.76 ± 1.20 0.62

Galenia sp. 7 7 0.07 ± 0.02 0.06 ± 0.01 0.74

Gazania krebsiana subsp. serrulata 0 6 0.00 ± 0.00 0.07 ± 0.02 0.012* \
Gladiolus permeabilis subsp. edulis 5 5 0.05 ± 0.02 0.04 ± 0.01 0.75

Helichrysum rosum var. rosum 11 12 0.23 ± 0.12 1.19 ± 0.48 0.064

Helichrysum rugulosum 10 8 0.21 ± 0.07 0.08 ± 0.02 0.077

Hermannia erodioides 12 12 0.51 ± 0.28 0.15 ± 0.03 0.24

Hibiscus pusillus 11 12 0.21 ± 0.04 0.24 ± 0.12 0.88

Hypoxis argentea var. sericea 5 7 0.04 ± 0.01 0.07 ± 0.02 0.31

Indigofera cf. pungens 4 6 0.04 ± 0.02 0.57 ± 0.49 0.29

Lepidium pinnatum 6 11 0.05 ± 0.02 0.09 ± 0.01 0.027* \
Lessertia cf. brachystachya 9 11 0.08 ± 0.02 0.09 ± 0.01 0.64

Lithospermum cinereum 0 5 0.00 ± 0.00 0.05 ± 0.02 0.025* \
Lotononis calycina 1 11 0.01 ± 0.01 0.10 ± 0.01 4.8 9 10-6* \
Lycium cinereum 4 6 0.13 ± 0.07 0.47 ± 0.28 0.29

Melica decumbens 7 2 1.07 ± 0.47 0.09 ± 0.08 0.055

Monsonia angustifolia 8 11 0.08 ± 0.02 0.14 ± 0.04 0.17

Nenax microphylla 3 11 0.11 ± 0.08 3.73 ± 0.82 4.7 9 10-4* \
Oxalis depressa 11 12 0.20 ± 0.08 0.10 ± 0.00 0.24

Panicum coloratum var. coloratum 6 3 0.13 ± 0.05 0.13 ± 0.09 0.93

Pentzia globosa 11 12 3.79 ± 2.06 11.45 ± 2.06 0.0051* \
Pollichia campestris 7 6 0.09 ± 0.04 0.06 ± 0.02 0.47

Portulaca quadrifida 0 5 0.00 ± 0.00 0.04 ± 0.01 0.017* \
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Australia to be inconsistent and often required

context (Vesk and Westoby 2001). However, in the

current study, the response to grazing of a number of

species in Table 2 generally confirms that typically

published elsewhere although several increaser–

decreaser species classification schemes were found

to be difficult to interpret especially with only two

points of reference along the grazing gradient.

One apparent anomalous response to grazing was

the highly significant increase in cover and frequency

of the shrub, N. microphylla, on HU given its high

palatability or grazing index rating (Le Roux et al.

1994; du Toit 2000). However, it is also regarded as

highly resistant to grazing (Le Roux et al. 1994) and

might decline on LU due to greater competition from

perennial grass species. N. microphylla has been

recorded to respond positively to protection from

grazing in less grassy areas (O’Connor and Roux

1995).

Although some of the significantly increasing

species on HU had a predominantly drier karroid

distribution (e.g. Amphiglossa triflora and Aptosimum

procumbens), other increasers were typically from

the more mesic northeast grasslands and savannas

(e.g. G. krebsiana subsp. serrulata and Lotononis

calycina). Therefore, despite the study site’s position

in a more arid part of the Grassland Biome, less than

100 km from the main body of the Nama-Karoo

Biome, heavy grazing did not promote only karroid

elements. However, species such as P. globosa which

is widespread in the Nama-Karoo and the more arid

Table 3 Soil properties under low and high utilization grazing

intensities

Parameters LU HU P D

pH 4.88 ± 0.07 5.15 ± 0.09 0.037

Conductivity

(mS/m)

13.45 ± 1.57 15.15 ± 1.44 0.44

Resistance

(ohm)

2035.0 ± 315 1725.0 ± 161 0.41

Carbon (%) 1.02 ± 0.14 1.20 ± 0.12 0.34

Coarse sand (%) 6.0 ± 0.6 9.2 ± 1.9 0.17

Medium sand

(%)

13.8 ± 1.7 17.5 ± 1.4 0.13

Fine sand (%) 66.5 ± 1.8 55.7 ± 2.1 0.0029* [
Total sand (%) 86.3 ± 1.1 82.3 ± 2.2 0.14

Silt (%) 8.3 ± 0.6 11.3 ± 1.4 0.097

Clay (%) 5.3 ± 0.7 6.3 ± 0.8 0.36

Surface gravel

(%)

1.2 ± 0.8 3.3 ± 1.7 0.29

LU low utilization grazing intensity, HU high utilization

grazing intensity, P probability level using 2-tailed t test, SE
Standard error, mS/m millisiemen/metre, D direction of

significant difference where [ indicates LU [ HU

* Significantly different at P \ 0.025

Table 2 continued

Species Frequencya Canopy cover (%)

Mean ± SE

LU HU LU HU P D

Selago geniculata 11 12 0.60 ± 0.25 1.13 ± 0.43 0.30

Selago saxatilis 3 5 0.03 ± 0.02 0.04 ± 0.01 0.72

Solanum supinum var. supinum 12 11 0.16 ± 0.02 0.24 ± 0.07 0.30

Sporobolus fimbriatus 8 11 6.96 ± 3.32 2.37 ± 0.67 0.24

Sutera halimifolia 4 5 0.07 ± 0.03 0.06 ± 0.02 0.85

Talinum caffrum 12 9 0.13 ± 0.01 0.08 ± 0.02 0.032* [
Tragus koelerioides 12 12 4.31 ± 0.87 38.17 ± 6.48 2.2 9 10-5* \
Tribulus terrestris 1 8 0.01 ± 0.01 0.07 ± 0.01 0.0024* \
Trichodiadema pomeridianum 9 10 0.18 ± 0.08 0.17 ± 0.04 0.99

LU low utilization grazing intensity, HU high utilization grazing intensity, P probability level using 2-tailed t test, SE Standard error,

D direction of significant difference where [ indicates LU [ HU and \ indicates LU \ HU

* Significantly different at P \ 0.05
a Frequency refers to number of plots out of the twelve
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parts of the Grassland Biome, increased significantly

and by a much greater magnitude on HU.

The heavy impact of goat grazing on A. karroo

agrees with earlier observations in the Eastern Cape

(Hester et al. 2006). A. karroo is particularly resilient

to browsing by goats. Even basal ring-barking, while

killing the canopy, results in vigorous coppicing from

the base of the stem (Scogings and Macanda 2005).

The high ratio of Gullivers to emergent/mature forms

of this species found with heavy grazing in the current

study confirms its resilience and possibly also reflects a

degree of wood removal on the communal side.

The responses of plant traits to grazing conform to

the expectations from a world synthesis (Dı́az et al.

2007) at least as reflected by their canopy cover

changes. Thus, grazing favoured annual over peren-

nial plants, prostrate over erect plants, and stolonif-

erous over tussock architecture. It is interesting that

in terms of species numbers none of these conclu-

sions is supported.

It is instructive to note that although the communal

Sterkspruit District has since the 1920 s been rated

repeatedly as one of the most severely degraded

districts in South Africa, it appears resilient with no

decline in livestock numbers (Vetter 2009). Other

communal rangeland systems have shown similar

persistence despite predictions of imminent collapse

(Mace 1991; Harrison and Shackleton 1999; Sullivan

and Rohde 2002; Vetter 2009) and many regard

communal tenure as a viable system (Scogings et al.

1999). This study confirms some other studies in the

Grassland Biome that show that plant species rich-

ness need not decline under heavy communal graz-

ing, and can even increase significantly at plot scale,

the latter as shown by this study. The retention of a

relatively large pool of rarer species on the communal

ground may lend support to the proposition that

minor species may increase resilience in ecosystem

functioning under perturbations that favour them over

the past dominants (Walker et al. 1999; Lyons et al.

2005).
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