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Background: Low altitude Mopaneveld savanna in the northeastern parts of 
South Africa is generally well conserved. However, extensive copper mining, ag-
ricultural practices and urbanisation in the Phalaborwa region prompted research 
on the possible effects of land-use change on plant community diversity and 
function. Species diversity measures are usually considered adequate to assess 
disturbance effects to inform conservation efforts and management practices. 
However, diversity measures based on species level accounts often limit the out-
comes of these studies as this approach fails to quantify how disturbances af-
fect ecosystem functioning when community assembly, and not species diversity 
alone, is altered by land-use change. 

Objectives: The aim of this study was to apply both species and functional diver-
sity measures to a data set derived from various land-use types (i.e. areas exposed 
to strip mining activities, communal farming practices and conservation) in the 
Phalaborwa region to examine the effects of land-use change on the community 
ecology of the herbaceous layer. 

Results: Land-use change, particularly severe top-soil disturbances through strip 
mining activities, had a significant filtering effect on all measures of species diver-
sity, though functional evenness was maintained across land-use types. 

Conclusion: These results suggest that, despite initial species loss, this particular 
savanna ecosystem is buffered against anthropogenic disturbances through func-
tional stability. Indicator species analyses, as well as relationships between plant 
functional types and land-use change, revealed that forb species are largely re-
sponsible for ecosystem stability in areas exposed to anthropogenic disturbances.

Keywords: forb, plant functional type, anthropogenic disturbances, ecosystem 
stability

Introduction
Global land-use intensification and non-sustainable land-use practices are 
pushing terrestrial biomes beyond their environmental boundaries (Newbold 
et al. 2015), resulting in biodiversity losses. Increasing land-use pressure in 
African savannas has led to significant species loss (e.g. Shackleton 2000; Ruth-
erford, Powrie & Thompson 2012; Zerbo et al. 2016). Since savannas provide 
essential ecosystem goods and services to indigenous livelihoods (Shackle-
ton 2000), decreasing species richness and abundances that approach global 
thresholds (Newbold et al. 2015) should be of great concern in Africa.

Reducing biodiversity loss requires larger protected areas, land-use diversi-
fication or active restoration of degraded landscapes (Newbold et al. 2015; 
Dudley et al. 2018). Protected areas function to counter species loss as they 
are designed to maintain habitat integrity and species diversity. However, high-
er species richness is often reported in landscapes outside protected areas 
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(Shackleton 2000), often in areas perceived as degrad-
ed due to habitat transformation associated with severe 
anthropogenic pressure. For instance, communal range-
lands are generally associated with lower plant cover 
(Shackleton 2000; Rutherford, Powrie & Thompson 
2012), but species richness, diversity and evenness can 
either be maintained (Rutherford, Powrie & Thompson 
2012) or enhanced (Shackleton 2000) under high inten-
sity communal grazing. Other studies on grazing effects 
on plant communities state that species richness and di-
versity alone seem to have weak responses to increasing 
grazing pressure (Hanke et al. 2014; Herrero-Jáuregui & 
Oesterheld 2018). Further weaknesses in studying dis-
turbance effects on vegetation include a limited under-
standing of the relationship between diversity patterns 
and plant functional attributes, especially in African sa-
vannas. Linking plant species diversity and abundance 
patterns to functional trait groups and trait diversity 
should elucidate the potential vulnerability of African 
savannas to anthropogenic drivers of ecosystem change 
and improve our understanding of African savanna eco-
system resilience (Hanke et al. 2014; Osborne et al.  
2018).

Relating biodiversity and functional losses to current 
land-use practices (Botha et al. 2017) should consider 
the intensity, and more specifically the duration of land-
use disturbances, since past effects strongly affect biodi-
versity patterns and resilience (Shackleton 2000). This 
study therefore aimed to test land-use change effects 
on the community ecology of herbaceous vegetation 
in a semi-arid Mopaneveld savanna, with the specific 
objectives to (i) consider context-specific disturbance 
effects, and (ii) compare species- and functional trait 
responses across land-use types, in this case strip mines, 
communal land and protected area. Context-specific 
disturbance effects consider the species pool, and how 
long and intense the area has been exposed to a partic-
ular disturbance. 

Land-use practices can be classified into land-use class-
es (Scholes & Biggs 2005). Mining sites are included un-
der the urban land-use class, whereas communal areas 
of varying land-use intensity are considered to represent 
a degraded land-use class. Protected areas, without any 
clear, direct anthropogenic disturbances, fall under the 
protected land-use class. We expected that the herba-
ceous vegetation in the protected land-use class, which 
is adapted to natural disturbances such as herbivory, 
fire and climate variability, will host highest species and 
functional diversity (Gray et al. 2016). Increased herba-
ceous species richness in communal rangelands (Shack-
leton 2000; Rutherford, Powrie & Thompson 2012) led 
us to predict highest richness, diversity and evenness (at 
both species and functional trait levels) in the degraded 
land-use class. In contrast, we expected lowest species 
richness, diversity and evenness in the mining sites (i.e. 
urban land-use class) due to extensive soil disturbanc-
es at these sites (Yan, Zhao & Sun 2013). Herbaceous 

plant functional types were predicted to represent ad-
aptations to competition (e.g. in the protected, untrans-
formed area), abiotic limitation (e.g. in transformed, 
mining areas) or periodic biomass destruction (e.g. in 
the degraded communal areas) (Shackleton 2000; Hill-
ebrand, Bennet & Cadotte 2008). An improved under-
standing of the community ecology of herbaceous veg-
etation across land-use types will indicate how species 
and their respective functions are affected by land-use 
changes, and how they can be maintained under in-
creasing land-use pressure and drought (Siebert & Dre-
ber 2019; Siebert, Klem & Van Coller 2020; Kellner et 
al. 2021).

Methods
Site description

The study was conducted in the Phalaborwa region 
(23°56’45.47’’S; 31°08’46.23’’E) of Limpopo, South 
Africa (Figure 1). The Phalaborwa–Timbavati Mo-
paneveld is characterised by an undulating, open tree 
savanna landscape dominated by the leguminous tree 
Colophospermum mopane (J.Kirk ex Benth.) J.Kirk ex 
J.Léonard (Mucina & Rutherford 2006). Semi-arid Mo-
paneveld vegetation is characterised by a homogenous 
woody plant structure interspersed with a dynamic her-
baceous layer (Siebert, Eckhardt & Siebert 2010).

The Phalaborwa region is considered a multi-functional 
landscape with land-uses varying from subsistence and 
commercial farming, large mining operations and land 
managed for conservation. Considering the increases in 
human-induced transformation of Phalaborwa–Timba-
vati Mopaneveld vegetation through mining operations 
and human settlements (Mucina & Rutherford 2006), 
study sites related to these practices were selected to 
investigate vegetation responses. Based on the clas-
sification of Scholes and Biggs (2005), three land-use 
classes were sampled, which included urban (i.e. strip 
mining practices at Pompeye), protected (i.e. untrans-
formed Mopaneveld) and degraded (i.e. communal 
rangelands and crop fields of Lulekani) (Table 1). 

Strip mining is described as surface mining where vege-
tation, topsoil and rock material located above the tar-
geted seam layer (i.e. quartz-feldspar) is removed (Hus-
trulid 2013). Two surface mined areas (land-use types) 
were included for this study and consisted of strips that 
were mined between 1970 and 1980 (>30 years since 
impact) and an area mined between 1995 until 2005 
(i.e. more recent strips; <15 years since impact). After 
mining was completed, the overburden was redistrib-
uted across the mined landscape, and then shaped. 
Human intervention was limited and managed as part 
of a game reserve, which hosts several roaming game 
species. Vegetation was left to regenerate naturally, 



| Original research

| Open accesshttp://abcjournal.org |

Page 3 of 26  

with the mined area supporting a dense grass sward 
and bush clumps along drainage lines. Vegetation with-
out considerable soil disturbance or heavy grazing were 
selected from undisturbed parts of the reserve to serve 
as a benchmark system, i.e. the untransformed Mo-
paneveld land-use type (Table 1).

Communal areas were selected in and around the rural 
communal village of Lulekani, approximately 5 km west 

of strip-mined and untransformed sites at Pompeye. 
This degraded land-use class (Scholes & Biggs 2005) 
has a long history of subsistence farming, including 
small-scale crop fields and communal rangelands. Sub-
sistence croplands were exposed to topsoil disturbance 
through ploughing, although fields were not cultivated 
annually. Surveys were conducted in abandoned fields 
that have lain bare for one or more seasons. These sites 
were characterised by a dense herbaceous layer of 

Figure 1. Study area and locality of sampled sites. Strip mines and untransformed Mopaneveld is located at Pompeye (top) and commu-
nal areas at Lulekani (bottom).
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forbs and grasses, which were heavily grazed upon by 
cattle and goats that maintained the herbaceous com-
munity in a grazing lawn state (Fox et al. 2015). Shallow 
erosion gullies were observed. Rangelands were used 
as grazing areas for livestock and heavily utilised for 
the harvesting of natural resources, such as firewood, 
fruit, thatch grass and construction wood (Shackleton 
2000). Resprouting trees were a common phenome-
non in rangelands, whereas the abandoned fields were 
characterised by large, solitary specimens of large sa-
vanna trees, mostly marula (Sclerocarya birrea (A.Rich.) 
Hochst. subsp. caffra (Sond.) Kokwaro).

Data collection

Floristic data were collected from February to March 
2013 during the peak growing season and the ideal 
time during which the majority of species will be ob-
servable for diversity studies. Surveys were conducted 
in randomly placed sites containing pairs of 1 m2 plots 
situated 50 m apart. A minimum of 20 plots per land-
use were sampled to meet the optimum number for 
statistical analyses. All herbaceous individuals rooted 
within each plot were counted and identified to species 
level, and percentage cover of grasses and forbs (i.e. 
non-graminoid, dicotyledonous and monocotyledon-
ous herbaceous plants) was visually estimated. 

To elucidate potential indirect effects of woody density 
(in addition to land-use type) on herbaceous composi-
tion, woody vegetation was sampled along ten transects 
of 50 × 5 m per land-use type, following the strip tran-
sect method (Hill 2005). All trees and shrubs of >1.5 m 
in height within the transect were measured, namely 
the canopy height, stem diameter at breast height (i.e. 
DBH at ~1.4 m) and crown diameter. Stem diameter 
was converted to basal area in m²/ha. 

Species names follow Germishuizen and Meyer (2003). 
Unknown specimens were identified by the Pretoria 

National Herbarium (PRE) and voucher specimens 
were deposited in the A.P. Goossens Herbarium (PUC) 
and Skukuza Herbarium (KNP).

Data analysis

Herbaceous species composition

To assess land-use effects on herbaceous species com-
position, the Bray-Curtis similarity measure was se-
lected in a Non-parametric Permutational Multivariate 
Analysis of Variance (PERMANOVA; permutations = 
999; type III sum of squares) design (Anderson & Walsh 
2013). Since rare species may add noise to community 
assemblage data analyses, species with an abundance 
value of ten or less individuals were omitted to reduce 
the number of statistical outliers (Lepš & Šmilauer 
2003). Abundance data were fourth root transformed 
to furthermore reduce the weighting of abundant spe-
cies. To assess the significance of clustering among land-
use sites, posteriori pairwise comparison of levels of a 
single factor (i.e. land-use) were conducted (Anderson 
& Walsh 2013). Homogeneity of dispersion was tested 
with PERMDISP (Anderson, Ellingsen & Clark 2006). 
PERMDISP tests were conducted using deviations 
from the centroid with 9999 restricted permutations 
selected. Land-use type effects on herbaceous species 
composition were depicted by Non-metric Multidi-
mensional Scaling (NMDS) based on the Bray-Curtis 
Similarity Index for ordination. PERMANOVA and PER-
MDISP (using the PERMANOVA PLUS routine) as well 
as NMDS analyses were performed in PRIMER 6 (2012) 
with land-use type as fixed effects.

Herbaceous species diversity

Species richness (S) and diversity index values were 
calculated in PRIMER 6 (2012) using total species rich-
ness per plot. Indices selected for further analyses were 

Table 1. Summary of study sites, land-use types and the respective land-use classes

Study site Land-use types Description of natural and anthropogenic 
disturbance types

Land-use class

Pompeye Naturally restored strip mines (i.e. strip 
mining activity >30 years ago)

Mined between 1970 and 1980  
Grazing area for game

Urban

  Recent strip mine activity area (i.e. strip 
mining activity <15 years ago)

Mined between 1995 and 2005 
Grazing area for game

Urban

  Untransformed Mopaneveld Managed as a game reserve 
Grazing area for game

Protected

Lulekani Communal rangelands Grazing area for livestock 
Heavily utilised for natural resources

Degraded

  Communal abandoned fields Disturbed by ploughing 
Fields not cultivated annually 
Grazing area for livestock

Degraded
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Margalef’s species richness (d), Pielou’s evenness (J’) and 
Simpson Diversity (1-ʎ). Effects of land-use on richness 
and diversity were tested by using a hierarchical Linear 
Mixed Model (LMM) with plots nested within land-use 
types. Data not normally distributed, were transformed 
with the natural logarithm (Ln(x+1)). Land-use was set 
as a fixed factor and plots as the random factor. Type III 
Sum of Squares was performed to test whether land-
use had a significant effect on diversity index values. 
Significant differences between land-use types were 
tested through the application of linearly independent 
pairwise comparisons among estimated marginal means 
using the Sidak multiple comparisons test. SPSS version 
25 (IBM Corp, 2016) was used for LMM analyses. 

Pearson’s correlations (r coefficient) were applied to all 
herbaceous species diversity measures to test for indi-
rect effects of woody density on herbaceous plant di-
versity and biomass. 

Herbaceous indicator species 
and plant functional analyses

Indicator species analysis combines the relative abun-
dance and frequency of species among sites (Dufrêne & 
Legendre 1997). Species with a high indicator value are 
therefore considered to be abundant and diagnostic of 
a specific treatment and/or habitat (Roberts 2019). The 
Indicator Value index (IndVal) was used to identify her-
baceous indicator species per land-use class to improve 
our understanding of species-specific responses of her-
baceous communities to environmental perturbations 
(Linstädter et al. 2014). Indicator values were calculated 
using the labdsv package (Dufrêne & Legendre 1997) in 
RStudio. Significance levels were set at p < 0.05.

Plant traits were assigned to each recorded species ac-
cording to field guides and taxonomic literature (e.g. 
Germishuizen 1997; Germishuizen & Meyer 2003; 
Van Oudtshoorn 2009; JSTOR 2015). Traits were se-
lected to represent tolerance or adaptability of species 
to anthropogenic and/or natural disturbances (Mori, 
Farukawa & Sasaki 2013). A complete species-trait list 
is provided in the supplementary material (Table S1). 

All herbaceous plant species represented by more than 
ten individuals in at least one of the land-use classes 
(communal, protected and urban) were considered for 
functional analyses (Peco et al. 2012). The complete 
functional trait data matrix consisted of 202 species and 
seven traits. The trait–species matrix was multiplied with 
the species–abundance matrix using the MMult function 
in Microsoft Excel 2007 to produce a matrix from which 
trait diversity index calculations (richness, evenness and 
diversity) could be conducted in PRIMER 6 (Hanke et 
al. 2014). Similar to species diversity analyses, the effect 
of land-use on trait diversity index values was examined 
using LMM analysis in SPSS (IBM Corp 2016). 

Since life history remains the strongest indicator of dis-
turbance (Pérez-Harguindeguy et al. 2013), effects of 
underlying important disturbance traits may be weak-
ened when all functional plant groups are analysed col-
lectively (Lavorel et al. 1997). For this reason, we ap-
plied Principal Co-ordinate Analysis in PRIMER 6 (2012) 
of the complete species–trait matrix to test for cluster-
ing based on life history, which was confirmed by the 
separation of annuals and perennials in ordinal space 
(Figure S1). Furthermore, disturbance responses are 
often irregular among different herbaceous life forms 
(Van Coller et al. 2018). To disentangle all the plant 
functional types (PFTs) from the herbaceous communi-
ties in the study area, trait datasets were therefore an-
alysed separately for annuals and perennials, of which 
each were further subdivided into grasses and forbs to 
reveal four overall functional groups. The use of binary 
and categorical data motivated the selection of a mod-
ified Gower dissimilarity metric (Botta-Dukát 2005) for 
hierarchical cluster analysis (PRIMER 6 2012). We ap-
plied UPGMA-cluster analyses (Unweighted Pair Group 
Method with Arithmic Mean) together with a Similarity 
Profile (SIMPROF) test to identify clusters. SIMPROF is 
described as an objective method for the identification 
of significant groupings compared to subjective cut-off 
levels (Clarke, Somerfield & Gorley 2008). Groupings 
of plant functional groups were therefore identified by 
the cut-off point, indicated by SIMPROF where dashed 
lines within the dendrogram denoted no significant 
groupings. Each life history group was analysed sepa-
rately to identify, describe and discuss the PFTs across 
land-use types. Plant functional trait (PFT) clusters were 
identified according to the grouping of plant species 
based on their trait scores, which revealed PFTs at dif-
ferent hierarchical levels, following the approach of Lin-
städter et al. (2014). A Principal Component Analysis, 
using CANOCO 5 software (Šmilauer & Lepš 2014), was 
applied to the data to provide a summary of community 
trait variation and to investigate to what extent the PFTs 
that were correlated with land-use types. 

Results
Herbaceous species composition

PERMANOVA results revealed a significant effect of 
land-use on herbaceous species composition (Pseudo-F 
= 5.703; p < 0.001), although the two-dimensional 
visual representation of the ordination (NMDS) showed 
rather weak clustering of plots according to land-use 
types (Figure 2). Homogeneity of multivariate disper-
sion was not significant among the communal land-use 
types and the protected area (F = 0.662; p = 0.52), 
which support the significance of clustering of these 
land-use types. Therefore, herbaceous species compo-
sition of the communal land-use types in our study area 
differed significantly from the untransformed protected 
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area (p < 0.001; t > 2). Species composition of the two 
communal land-use types (i.e. communal rangeland 
and communal abandoned fields) was not significantly 
distinct (p = 0.099; t < 2). 

Multivariate data dispersion of the strip mining and pro-
tected area land-use types was, however significant (F 
= 18.86; p < 0.001). Significant differences in species 
composition among the two strip mining types (p < 
0.001; t = 4.23) and the untransformed protected area 
site (p < 0.001; t < 2), should therefore be interpreted 
with caution. However, since the recently active strip 
mining site was exposed to the most recent soil distur-
bance, it can be expected that species composition in 
this site may be dominated by a suite of species and 
traits that are quite distinct from more heterogeneous 
sites, such as the untransformed protected area site and 
the naturally restored strip mining site.

Woody density

The mean woody density, dominated by C. mopane, 
was highest in the untransformed site (22 378 m2 ha-1 
±  14  595), and higher than the recently active strip 
mine area (2  726  m2  ha-1 ±  3  590) and communal 
rangeland (4 572 m2 ha-1 ± 9 893). Dichrostachys ci-
nerea (L.) Wight & Arn., and not C. mopane, dominat-
ed the woody layer in the transformed land-use types. 
Since woody density did not correlate with increases or 
decreases in herbaceous species diversity or biomass 
(Pearson’s correlation coefficient (-0.5 < r < 0.5) for 
both variables), herbaceous vegetation changes are 
assumed to more strongly reflect effects of land-use 
changes than of local-scale woody density. 

Indicator species

The protected area and the communal abandoned fields 
hosted the highest richness in indicator species (16 and 
18 species respectively). Communal rangelands and re-
cently active strip mines hosted only six indicator species 
(IndVal >0.12; p < 0.05) of which the majority were 
annual forbs (rangelands) or annual grasses (strip mine) 
(Table 2). Forbs represented 50% of all indicator species 
in the protected area and increased to over 80% in the 
naturally restored strip mine, communal rangelands and 
abandoned fields (Table 2). The abandoned fields in the 
communal area hosted the most alien indicator species, 
which included Acanthospermum hispidum DC., Boer-
havia cordobensis Kuntze, Gomphrena celosioides Mart. 
and Schkuhria pinnata (Lam.) Cabrera., although none 
of these are considered to be alien invasive species. The 
only two indicator grass species on the abandoned fields 
were the palatable Sporobolus ioclados (Trin.) Nees and 
Urochloa panicoides P.Beauv., whereas the communal 
rangeland indicator grass, Tragus berteronianus Schult. 
(Table 2), is an annual, disturbance-tolerant species. The 
recently active strip mine was dominated by the perennial 
grass Urochloa mosambicensis (Hack.) Dandy. This indi-
cator germinates rapidly from seed in areas prone to soils 
disturbance. Considering life history, perennial indicator 
species were favoured by protected and naturally restored 
land-use types, which also hosted the highest richness in 
plant families among indicator species (Table 2).

Species and trait diversity

Land-use type had a significant effect on all measures 
of herbaceous species richness and diversity (Table 3). 

Figure 2. Multidimensional Scaling (NMDS) ordination of sampling plots representing herbaceous species assemblages across land-use 
types. Broad groupings are encircled.
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Family Species Grass/forb Life history IndVal p-value

Protected Mopaneveld 

Malvaceae Hibiscus micranthus L.f. Forb Perennial 0.46 0.001

Fabaceae Rhynchosia minima (L.) DC. Forb Perennial 0.35 0.001

Poaceae Panicum maximum Jacq. Grass Perennial 0.31 0.002

Acanthaceae Ruellia cordata Thunb. Forb Perennial 0.3 0.002

Poaceae Chloris roxburghiana Schult. Grass Perennial 0.25 0.002

Poaceae Bothriochloa radicans (Lehm.) A.Camus Grass Perennial 0.23 0.002

Fabaceae Indigofera nebrowniana J.B.Gillett Forb Perennial 0.22 0.003

Fabaceae Chamaecrista absus (L.) Irwin & Barneby Forb Annual 0.2 0.012

Poaceae Aristida scabrivalvis Hack. Grass Annual 0.19 0.017

Euphorbiaceae Tragia rupestris Sond. Forb Perennial 0.17 0.014

Sterculiaceae Melhania acuminata Mast. Forb Perennial 0.17 0.006

Euphorbiaceae Acalypha indica L. Forb Annual 0.16 0.04

Verbenaceae Lantana rugosa Thunb. Forb Perennial 0.16 0.013

Boraginaceae Heliotropium ciliatum Kaplan Forb Perennial 0.13 0.028

Convolvulaceae Ipomoea sinensis (Desr.) Choisy Forb Annual 0.13 0.05

Poaceae Themeda triandra Forssk. Grass Perennial 0.13 0.035

Naturally restored strip mines (>30 years)        

Amaranthaceae Kyphocarpa angustifolia (Moq.) Lopr. Forb Annual 0.45 0.001

Fabaceae Indigofera vicioides Jaub. & Spach Forb Perennial 0.38 0.001

Euphorbiaceae Phyllanthus parvulus Sond. Forb Perennial 0.28 0.006

Poaceae Melinis repens (Willd.) Zizka Grass Annual 0.24 0.002

Malvaceae Hibiscus sidiformis Baill. Forb Annual 0.24 0.007

Poaceae Heteropogon contortus (L.) Roem. & Schult. Grass Perennial 0.22 0.007

Violaceae †Hybanthus enneaspermus (L.) F.Muell. Forb Perennial 0.2 0.002

Amaranthaceae †Achyranthes aspera L. Forb Perennial 0.2 0.009

Convolvulaceae Seddera suffruticosa (Schinz) Hallier f. Forb Perennial 0.16 0.045

Euphorbiaceae Euphorbia neopolycnemoides Pax & K.Hoffm. Forb Annual 0.12 0.047

Recently active strip mines (<15 years)        

Poaceae Urochloa mosambicensis (Hack.) Dandy Grass Perennial 0.59 0.001

Euphorbiaceae Phyllanthus incurvus Thunb. Forb Perennial 0.47 0.001

Poaceae Aristida adscensionis L. Grass Annual 0.32 0.026

Poaceae Chloris virgata Sw. Grass Annual 0.28 0.007

Poaceae Aristida bipartita (Nees) Trin. & Rupr. Grass Annual 0.25 0.014

Asteraceae Dicoma tomentosa Cass. Forb Annual 0.19 0.031

Communal abandoned fields 

Portulacaceae Portulaca hereroensis Schinz Forb Annual 0.46 0.001

Amaranthaceae †Gomphrena celosioides Mart. Forb Perennial 0.39 0.001

Acanthaceae Blepharis integrifolia (L.f.) E.Mey. ex Schinz Forb Perennial 0.39 0.001

Table 2. Results of indicator species analysis based on mean herbaceous species counts at the four land-use types in a semi-arid Mo-
paneveld savanna. Indicator values (IndVal) are accompanied by a p-value based on permutation tests. Only species with a significant 
indicator value (p<0.05) are presented
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The land-use type with recent (<15 years) strip mining 
activities was the only to reveal significant deviations 
from the benchmark (i.e. untransformed protected 
area) mean values for all diversity measures (Figure 3; p 
< 0.05). Species evenness was also significantly lower 
in the abandoned fields (p = 0.018) compared to the 
protected area (Figure 3). 

Significant land-use type effects on trait diversity mea-
sures were revealed for total trait richness, Margalef trait 
richness and Simpson trait diversity (Table 3). Functional 
trait measures of diversity across transformed land-use 
types revealed weak deviations from the benchmark 
means (i.e. untransformed/protected area), with the 
exception of significantly lower Simpson trait diversity 
recorded for the recently active strip mining area (Fig-
ure 3; p<0.05). Margalef trait richness deviated signifi-
cantly from the benchmark means for the abandoned 
fields (p < 0.001) and both the recently active (p < 

0.001) and naturally restored (p = 0.037) strip mining 
sites (Figure 3). Functional trait evenness index values 
were almost equal to the benchmark means across all 
land-use types (Figure 3).

Plant functional types 

Cluster analyses assisted in the identification of 21 plant 
functional types (PFT’s). Shade tolerance initiated the 
highest hierarchical separation in annual grasses (PFT 
1–3; Figure S2), followed by growth form, although pe-
rennial grasses (PFT 7–10; Figure S3) were strongly sep-
arated according to their ability to resprout at, or below 
the soil surface. Lower hierarchical clustering of peren-
nial grasses was initiated by shade tolerance. In annu-
al forbs (PFT 4–6; Figure S4), the first level clustering 
was initiated by their ability to fix nitrogen, followed by 
seed dispersal mode. Perennial forbs were rich in PFT’s 

Family Species Grass/forb Life history IndVal p-value

Communal abandoned fields (continued)

Tiliaceae Corchorus confusus Wild Forb Perennial 0.34 0.036

Molluginaceae Hypertelis bowkeriana Sond. Forb Perennial 0.26 0.002

Portulacaceae Portulaca trianthemoides Bremek. Forb Annual 0.26 0.005

Polygonaceae Oxygonum sinuatum (Hochst. & Steud. ex 
Meisn.) Dammer

Forb Annual 0.23 0.014

Nyctaginaceae †Boerhavia cordobensis Kuntze. Forb Annual 0.21 0.005

Poaceae Sporobolus ioclados (Trin.) Nees Grass Perennial 0.2 0.005

Gisekiaceae Gisekia africana (Lour.) Kuntze Forb Annual 0.17 0.013

Molluginaceae Limeum dinteri G.Schellenb. Forb Perennial 0.16 0.021

Pedaliaceae Ceratotheca triloba (Bernh.) Hook.f. Forb Annual 0.16 0.015

Poaceae Urochloa panicoides P.Beauv. Grass Annual 0.15 0.042

Asteraceae †Acanthospermum hispidum DC. Forb Annual 0.15 0.016

Asteraceae †Schkuhria pinnata (Lam.) Cabrera Forb Annual 0.15 0.025

Sterculiaceae Hermannia boraginiflora Hook. Forb Perennial 0.15 0.028

Fabaceae Crotalaria distans Benth. Forb Annual 0.13 0.023

Fabaceae Crotalaria steudneri Schweinf. Forb Annual 0.13 0.023

Communal rangeland

Fabaceae Zornia glochidiata DC. Forb Annual 0.3 0.009

Poaceae Tragus berteronianus Schult. Grass Annual 0.24 0.028

Molluginaceae †Mollugo nudicaulis Lam. Forb Annual 0.22 0.009

Molluginaceae Limeum viscosum (J.Gay) Fenzl Forb Annual 0.19 0.002

Portulacaceae Portulaca quadrifida L. Forb Annual 0.19 0.02

Acanthaceae Barleria senensis Klotzsch Forb Perennial 0.15 0.024
† Alien plant species

Table 2. Results of indicator species analysis based on mean herbaceous species counts at the four land-use types in a semi-arid Mo-
paneveld savanna. Indicator values (IndVal) are accompanied by a p-value based on permutation tests. Only species with a significant 
indicator value (p<0.05) are presented (continued)



| Original research

| Open accesshttp://abcjournal.org |

Page 9 of 26  

(PFT 11–21; Figure S5) that were clustered according 
to their ability to resprout at or below the soil surface, 
ability to fix nitrogen, growth form and shade tolerance 
(in descending order of hierarchical levels) (Figure S4). 
Plant trait descriptions are presented in Table 4.

The first two axes (Principal Components) of the PCA 
explained 36.96% of variance observed in PFT data 
(Axis 1= 21.65%; Axis 2= 15.32%; Figure 4). The larg-
est contribution of the variance within PFTs (21.65%) 
was explained by the first principal component (Axis 1; 

Figure 4), which was mainly correlated with soil distur-
bance, including ploughing (i.e. abandoned crop fields) 
and ripping (recently active strip mining area). Nitro-
gen-fixing annual forbs (PFT 4) and perennial forbs, 
with a prostrate growth form and the ability to resprout 
at or near the soil surface (PFT 18), were strongly cor-
related with abandoned crop fields of communal areas, 
whereas annual forbs without nitrogen-fixing abilities 
(PFT’s 5 and 6) were associated with both types of com-
munal land-uses (abandoned fields and rangelands). 
Perennial grasses growing in full sun, with a prostrate, 

Table 3. Linear mixed model fixed effects of land-use type on measures of diversity. Significance (p < 0.05) are indicated with an asterisk 
(*). df, degrees of freedom; Num., numerator; Den., denominator; SE, standard error

df Residual F Sig

Num. Den. Estimates SE

Species Traits Species Traits Species Traits Species Traits

Total richness 4 46 22.41 1.480 4.44 0.293 5.523 3.561 0.001* 0.013*

Margalef richness 4 46 0.966 0.062 0.191 0.012 7.561 13.119 <0.001* <0.001*

Simpson diversity 4 46 0.030 <0.001 0.006 <0.001 4.366 4.879 0.004* 0.002*

Pielou evenness 4 46 0.025 0.002 0.005 <0.001 4.759 1.908 0.003* 0.125

Table 4. Descriptive summary of plant functional groups and their respective plant functional types (PFT’s)

Plant functional group Plant functional type Description of PFT

Annual grasses PFT1 Annual, shade-tolerant tussock grasses

PFT2 Annual prostrate grasses

PFT3 Annual tussock grasses

Annual forbs PFT4 Annual, nitrogen-fixing forbs

PFT5 Annual, auto- or anemochorous forbs

PFT6 Annual zoochorous forbs

Perennial grasses PFT7 Perennial, shade-tolerant, non-resprouting grasses

PFT8 Perennial non-resprouting grasses

PFT9 Perennial resprouting grasses

PFT10 Perennial, shade-tolerant, resprouting grasses

Perennial forbs PFT11 Perennial, shade-tolerant climbers

PFT12 Perennial, erect, shade-tolerant forbs

PFT13 Perennial, erect forbs

PFT14 Perennial, resprouting climbers

PFT15 Perennial, Nitrogen-fixing, resprouting climbers

PFT16 Perennial, Nitrogen-fixing, erect, resprouting forbs

PFT17 Perennial, resprouting creeping forbs

PFT18 Perennial, prostrate resprouting forbs

PFT19 Perennial, erect, shade-tolerant, resprouting forbs

PFT20 Perennial, erect, resprouting forbs

PFT21 Perennial goephytes and sedges
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Figure 3. Herbaceous species (left) and trait (right) diversity measures benchmarked against the mean value calculated for the un-
transformed (protected) area (----) across transformed land-use types. Vertical bars denote 0.95 confidence intervals. Significant 
deviations from the protected area (Sidak posthoc pairwise comparison; p< 0.05) are denoted by (*).
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stoloniferous growth form (PFT 9) were favoured by all 
land-use types, except for the naturally restored strip 
mine, with which shade-tolerant grass and forb PFT’s 
were correlated (PFT’s 7,10,11,12–19). Perennial forbs 
with an erect growth form and the ability to resprout 
below or near the soil surface (i.e. forbs of which the 
stems may become lignified, but of which the woody 
stems are consumed by fire and/or herbivory) (PFT 20) 
were associated with naturally restored strip mined ar-
eas (Figure 4). There is no clear relationship between 
any PFT’s and untransformed Mopaneveld, indicating 
that no PFT defines this land-use.

Discussion
Degraded land-use effects 

Land-use contrasts are commonly used to analyse cor-
responding effects on spatiotemporal vegetation and 
biodiversity patterns in African savanna ecosystems. 
The majority of such studies have focused on the 
contrast between high intensity grazing in communal 
rangelands (perceived as degraded landscapes) op-
posed to protected areas (e.g. Shackleton 2000; Ruth-
erford, Powrie & Thompson 2012; Hanke et al. 2014; 

Zerbo et al. 2016). Communal land-use practices with 
dissimilar soil disturbance histories (e.g. rangelands ver-
sus abandoned, bush-cleared croplands) were expect-
ed to display disparate herbaceous species assemblages 
(Hiernaux et al. 2009; Kellner et al. 2021), but this was 
not supported by our results. Weak negative effects of 
different communal land-use practices on species com-
position in this study suggest that long-term exposure 
to regular disturbances may induce tolerance to such 
events (Rutherford, Powrie & Thompson 2012).

The maintenance of species richness, diversity and 
evenness in the communal rangeland supported pre-
vious findings of Rutherford, Powrie and Thomp-
son (2012) and Shackleton (2000). Large herbivores 
are known to maintain species richness and diversity 
through their suppressive effects on standing herba-
ceous biomass, albeit through grazing and browsing 
by wild game in protected areas (Van Coller & Siebert 
2015), or by livestock in communal rangelands (Zerbo 
et al. 2016). 

Conservation management is generally directed towards 
protecting species numbers as diversity may enhance 
temporal stability, a mechanism referred to as the in-
surance hypothesis (Yachi & Loreau 1999). In contrast, 
the effects of disrupted evenness on ecosystem stability 

Figure 4. Principal Component 
Analysis (PCA) ordination of 
land-use type sampling plots 
correlated with plant functional 
types (PFT’s). CAF (Communal 
abandoned fields); CR (Commu-
nal rangelands); NRSM (Naturally 
restored strip mine); RASM (Re-
cently active strip mine); UMV 
(Untransformed Mopaneveld).
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are less explored (Crowder et al. 2010; Mori, Farukawa 
& Sasaki 2013). Low species evenness displayed by the 
abandoned fields implies dominance of a few distur-
bance-tolerant species, a common result of human-in-
duced environmental degradation (Hillebrand, Bennet 
& Cadotte 2008; Wittebolle et al. 2009). Such com-
munities are often more susceptible to invasion (Mason 
et al. 2005; Crowder et al. 2010) and are expected to 
be less resilient to disturbances. Indicator species anal-
yses partially supported this hypothesis, as over 50% 
of the indicator species on the abandoned fields were 
annuals, of which the majority were alien species. Link-
ing PFT’s with land-uses supported these results as the 
PFT’s that correlated strongly with the abandoned fields 
were ruderal, disturbance-adapted species, which in-
cluded annual forbs, some with the ability to fix nitro-
gen, and perennial, prostrate forbs with the ability to 
resprout after disturbances such as fire, herbivory or 
drought stress. These results can be interpreted as yet 
another example of a typical trait syndrome of herba-
ceous plants subjected to defoliation, such as grazing 
(Moreno Garcia et al. 2014), although our results high-
light the significance of forbs as useful indicators of po-
tential regime shifts (Siebert & Dreber 2019). 

Evidence of negative effects of communal land-use 
types on ecosystem stability could not be provided. Al-
though both communal land-use types hosted a lower 
trait richness than the protected area, trait evenness 
and diversity were maintained at both sites, suggest-
ing trait-based redundancy. Trait-based redundancy is 
provided through dominant stress-tolerant species with 
similar trait sets that contribute to functional compensa-
tion for the species that were lost from the community 
(Lavorel et al. 2011), a mechanism that provides eco-
system stability (Mori, Farukawa & Sasaki 2013). These 
findings support previous findings that functional trait 
diversity patterns, including evenness, better explain 
disturbance effects than biodiversity loss only (Vande-
walle et al. 2010; Hanke et al. 2014).

Urban land-use effects

Mining activities are known to have direct and indirect 
effects on biodiversity through habitat destruction and 
soil disturbances (Yan, Zhao & Sun 2013), which may 
ultimately lead to diversity loss and homogenisation of 
plant communities if alien species colonise this land-use 
type (Dassonville et al. 2008). Strip mining practices did 
not lead to homogenisation of herbaceous plant com-
munities since species composition among the two strip 
mining land-use types was quite distinct. Species com-
position in the recently active strip mining site differed 
from both the naturally restored strip mining site and the 
untransformed protected area. These results support the 
expected negative effects of topsoil disturbance on plant 
species composition (Lubke, Avis & Moll 1996). Howev-
er, such vegetation states may be temporal, explaining 

heterogeneity among the strip mining land-use types, 
which was driven by native annual grasses as the only 
indicator species for the recently active mining site. 
Herbaceous communities on the naturally restored sites 
(i.e. soil disturbance which occurred over 30 years ago) 
hosted species assemblages comparable to the protect-
ed area. This is in accordance with results from coastal 
dune rehabilitation studies, where sites with a longer 
history of limited rehabilitation interferences revealed 
vegetation states comparable to unmined communities 
(Van Aarde et al. 1996). Moreover, as the strip mine sites 
were left to rejuvenate without human interference, the 
presence of biodiversity islands comprising patches of 
untransformed areas (nearby species pool) could have 
enhanced the recovery of species assemblages in the 
naturally restored strip mine site.

Contrary to the weak communal land-use effects on 
herbaceous community diversity, the significant effects 
of strip mining practices suggest strong filtering effects 
imposed by this land-use type. Strip mining practices 
are associated with topsoil disturbances, which include 
removal of the seed- and belowground bud banks, soil 
compaction, decreased soil fertility, exposure to soil 
erosion and increased soil temperature (Shrestha & Lal 
2011). Few plant species possess all the necessary traits 
to tolerate such disturbances, which explains the low 
species and functional richness within these communi-
ties. Conservation biology literature often relates such 
species richness declines with similar losses in ecosys-
tem function (e.g. Cardinale et al. 2006). However, this 
relationship was only evident for the strip mined areas 
where both species and trait losses were evident. Plant 
communities of communal areas were less affected 
by land-use intensification whereas natural recovery 
of mining sites was largely context-specific (i.e. distur-
bance type, duration and the size of the surrounding 
species pool) (Mayfield et al. 2010). For instance, the 
older strip mined areas without any re-vegetation prac-
tices since the 1980s, were able to retain their function 
(in terms of PFTs) in this particular ecosystem, despite 
their exposure to a perceived destructive event. This 
maintenance of ecosystem function could be explained 
by the presumed influx of species from the species pool 
in the surrounding untransformed, protected area. This 
implies that community processes in transformed Mo-
paneveld have the ability to tolerate disturbance events 
without direct human intervention, provided that the 
affected area is surrounded by natural vegetation seed 
sources as the soil seed bank is lost during mining.

Mining land-uses had pronounced habitat filtering ef-
fects. This was especially evident through the significant 
loss of functional richness and diversity in the recently 
active strip mined area, which is in accordance with 
the land-use intensification hypotheses (e.g. Pakeman 
2011). Contrariwise, functional trait evenness was 
maintained, suggesting the lack of dominance of one 
or more plant traits over others in these transformed 
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landscapes. When resource availability is assumed to 
be even across niche space, functional evenness re-
flects the optimal utilisation of resources, which suggest 
that higher functional evenness will decrease the op-
portunity for undesirable plant groups, such as invader 
species to fill the niche space (Mason et al. 2005). High 
functional evenness in urban land-use types therefore 
infers the maintenance of ecosystem function despite 
species richness declines (Mason et al. 2005), although 
land-use intensification will reduce functional redun-
dancy in the long-term (Lalibarté et al. 2010).

Conclusions
Herbaceous plant communities in a South African 
semi-arid Mopaneveld savanna are more stress-toler-
ant than expected, although some non-invasive alien 
weeds took over the function of lost species on aban-
doned fields. Although species and their respective 
functional traits were indeed affected by land-use types, 
the severity of the effects varied across disturbance in-
tensity and among response variables. Despite these 
varying effects on herbaceous species and functional 
diversity, our results suggest that ecosystem function-
ing in this semi-arid Mopaneveld could be maintained. 
Predictions on increasing frequencies and intensities of 
land-use and climate change may push the function-
ing of Mopaneveld ecosystems beyond their ecologi-
cal boundaries. However, our study suggests that the 
current state of herbaceous communities can be main-
tained through continued appropriate management of 
multi-functional landscapes in the Phalaborwa region. 
These results, however, do not reflect the potential neg-
ative effects imposed by large-scale commercial agri-
cultural practices and active mining operations in the 
area. For subsistence-based land-use transformation, 
our study supported the value of protected areas sur-
rounding transformed land-use types, as these areas aid 
with natural rehabilitation of plant communities. Diver-
sity measures that include evenness are important to 
detect dominance shifts in semi-arid terrestrial savanna 
ecosystems as it better explains ecosystem resilience 
than richness and diversity alone. Furthermore, our re-
sults confirmed that the assessment of land-use effects 
on biodiversity at species level only, may be deceptive. 
Results from this study reflected contrasting effects of 

land-use change when species-based diversity index 
values are compared to functional trait-based changes. 
Complementary biodiversity measures (i.e. species and 
functional measures) should be included to achieve a 
comprehensive assessment of land-use effects on bio-
diversity patterns in semi-arid ecosystems.
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Supplementary material

Figure S1. Principal Co-ordinate Analysis (PCoA) scatter diagram of the species-trait matrix revealing a strong clustering based on life 
history.

Figure S2. Unweighted Pair Group Method with Arithmetic Mean (UPGMA) based on Gower distance measure indicating annual grass 
plant functional types (PFTs).
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Figure S4. Unweighted Pair Group Method with Arithmetic Mean (UPGMA) based on Gower distance measure indicating annual forb 
plant functional types (PFTs).

Figure S3. Unweighted Pair Group Method with Arithmetic Mean (UPGMA) based on Gower distance measure indicating perennial grass 
plant functional types (PFTs).
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Figure S5. Unweighted Pair Group Method with Arithmetic Mean (UPGMA) based on Gower distance measure indicating perennial forb 
plant functional types (PFTs).
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