
Water SA 51(3) 215–227 / Jul 2025
https://doi.org/10.17159/wsa/2025.v51.i3.4114

Research paper

ISSN (online) 1816-7950 
Available on website https://www.watersa.net

215

CORRESPONDENCE
PN Mashaba

EMAIL
peternyeko@gmail.com

DATES
Received: 14 December 2023
Accepted: 13 June 2025

KEYWORDS
macro-channel
riparian vegetation
Olifants River
disturbances
plant communities

COPYRIGHT
© The Author(s)
Published under a Creative 
Commons Attribution 4.0 
International Licence 
(CC BY 4.0)

The spatio-temporal changes over a 25-year period in the plant communities associated with the macro-
channel of the Olifants River in the Mesic Highveld Grassland in the Mpumalanga Province, South Africa, 
were investigated. An area-based variable belt transect was used to resurvey selected sites which were 
previously surveyed roughly 25 years ago. Species richness increased from upstream to downstream driven 
by high influxes from specifically herbaceous species. Trends in vegetation cover varied from an increase in 
canopy cover in the upstream plant communities to a decrease in mid-to-downstream plant communities. 
The woody component increased in upstream communities, altering the riparian vegetation structure within 
the Grassland Biome section and resulting in spatial changes. The observed human-induced disturbances, 
such as livestock grazing, fire and river regulation, in conjunction with natural disturbances such as floods, 
contributed to the observed spatio-temporal changes. This study establishes a foundation for examining 
various disturbances, ranging from local to landscape levels, to develop research-based management 
guidelines tailored to different land uses.
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INTRODUCTION

Macro-channels of river systems are often associated with relatively narrow strips of vegetation on 
either side of the edge of the active channel. This vegetation is referred to as riparian vegetation and 
is defined by Kemper (2001) as vegetation which is found adjacent to rivers and perennial streams 
in a defined riparian zone which is functionally dependent on the watercourse. It exhibits structural, 
compositional and functional traits which are distinct from the adjacent terrestrial vegetation and it 
is distributed according to the lateral inundation gradient (Gregory et al., 1991; Kemper, 2001). The 
distinction between terrestrial and riparian vegetation is not always clearly defined. Myburgh and 
Bredenkamp (2004) found that the riparian vegetation in the Grassland Biome section of the Olifants 
River is not distinguishable from the surrounding vegetation as in many cases it presents terrestrial 
plant species. The type of vegetation found within the riparian zone is determined by multiple factors, 
such as climate, species composition and most importantly, the hydrogeomorphology of the area in 
question (Tabacchi et al., 1998; Richardson et al., 2007). This vegetation is also influenced by natural 
disturbances such as floods and variable river flows as well as human-induced disturbances such as 
land use, river regulation, pollution and climate change (Bendix, 1998; Naiman et al., 2010; Stromberg 
et al., 2010). In terrestrial ecosystems where climate is complementary to woody plants, such as in 
the Savanna Biome, riparian vegetation is structurally dominated by woody plants (Van Coller, 
1997; Myburgh and Bredenkamp, 2004) and is classified and described based on dominant floristic 
parameters with reference to the structural organization of the vegetation (see Edwards, 1983). The 
herbaceous layer dominates in areas where climate, hydrogeomorphology and disturbances are non-
complementary for woody species (Richardson et al., 2007). This herbaceous dominance is typically 
true for the stretch of the Olifants River system transecting the higher altitude Highveld Grasslands 
of Mpumalanga in South Africa (Myburgh and Bredenkamp, 2004).

Physical processes are the ultimate external control basins through rivers that control the structure 
and function of riparian vegetation (Charlton, 2008; Naiman et al., 2010). Although physical 
processes, through hydrological and geomorphological processes, are the primary drivers of change 
in riparian vegetation (Bendix, 1998; Stromberg et al., 2010), anthropogenic influence on riparian 
areas is well documented and dates back from the Gallo-Roman periods to the present time, where 
more pervasive anthropogenic-induced changes are prevalent (Naiman and Decamps, 1997; Naiman 
et al., 2010).

Multiple human-induced disturbances resulting from different land uses have been studied by 
various researchers in the Olifants River system (Balance et al., 2001; Myburgh, 2001; De Villiers 
and Mkwelo, 2009; Dabrowski and De Klerk, 2013). Myburgh (2001) found that different land-use 
activities such as mining, agriculture and land development, together with natural disturbances such 
as floods, have impacted the species composition and structure of the plant communities of the 
Olifants River.

A total of 8 plant communities were identified and described in the Grassland Biome section of 
the Olifants River (Myburgh and Bredenkamp, 2004). Recognizing that macro-channels and their 
associated riparian vegetation are exposed to multiple disturbance regimes and to obtain an insight 
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into the possible changes in plant communities over temporal and 
spatial scales, this study aimed to (i) investigate changes in plant 
community structure, canopy cover and species composition 
over 25 years, and (ii) identify the disturbance regimes mostly 
associated with changes in plant communities.

STUDY AREA

This study specifically focuses on the stretch of river between the 
towns of Breyten and Emalahleni in the Mpumalanga Province, 
South Africa (Fig. 1). The geology within this stretch of the river 
consists of granite rock types and intrusions of dolerite dykes 
and sills associated with the Post-African Planation Surfaces 
(McCartney et al., 2004). The vegetation is broadly described as 
belonging to the Grassland Biome within the Mesic Highveld 
Grassland bioregion (Mucina and Rutherford, 2006). The macro-
channel width varies from < 5 m wide, with no clear riparian zone, 
to as wide as 32 m with a clearly defined riparian zone towards the 
Savanna Biome (Myburgh and Bredenkamp, 2004).

METHODS

Seven out of eight originally described plant communities by 
Myburgh (2001) were resurveyed during this study. The initial 
floristic data were originally collected in 1995 (Myburgh, 2001), 
while the data for this study were collected at a selected number 
of the exact same original sites in 2020. Plant community floristic 
data were collected in an opportunistic manner, i.e., those 
sampling sites that could be accessed or for which landowners, 
tenants or residents had granted permission. At each of the  
13 sampling sites, both river banks were sampled, accounting for 
a total of 26 sampling plots. Sampling plots per plant community 
ranged from a minimum of 2 to a total of 6 plots (Myburgh and 
Bredenkamp, 2004).

An area-based vegetation sampling method was employed to survey 
the macro-channel of the Olifants River. A variable belt transect 
with a minimum size of 200 m2 was placed on a GPS-referenced  

sampling site on the macro-channel bank of the Olifants River 
(Myburgh and Bredenkamp, 2004).

A Garmin Etrex 30 GPS was used to locate the sampling sites, 
which were surveyed in 1995. The original sampling sites were 
located and the same sampling strategy and methodology were 
applied as in the previous study (Myburgh 2001; Myburgh and 
Bredenkamp, 2004). This enabled direct comparisons of floristic 
data per sampling plot and plant community.

The length and width of the variable belt transect, placed parallel 
and perpendicular to the river, respectively, varied on different 
sampling plots based on the width of the macro-channel bank 
and floristic parameters of the riparian vegetation (Myburgh and 
Bredenkamp, 2004). In each GPS-located sampling plot across 
the Grassland Biome section of the Olifants River, all rooted 
plants were recorded and canopy cover was assigned using the 
‘plant number scale’ (Westfall and Panagos, 1988). Each recorded 
plant species was assigned a growth form following Westfall et al. 
(1996). Nomenclature followed Germishuizen and Meyer (2003).

A phytosociological classification approach, as described in 
Myburgh and Bredenkamp (2004), was used. However, in 
this study a variation in the form of a forced phytosociological 
classification (Panagos, 2019) was employed with the use of 
the PHYTOTAB-PC program (Westfall et al., 1997), to allow 
for comparison between sampling periods. A constancy value, 
an output of PHYTOTAB-PC program, was assigned per plant 
species, which refers to the proportional presence of the plant 
species in the plant community as a function of the number of 
sampling plots in which a specific plant species was recorded 
in relation to the total number of sampling plots in that plant 
community. Floristic parameter results from the PHYTOTAB-
PC program were tested statistically using the IBM SPSS statistics 
software. Pearson’s chi-squared test of association with the p-value 
set at 0.05 was used. The use of Pearson’s chi-squared test was due 
to the asymmetrical distribution of the count data collected using 
the Plant Number Scale (Westfall and Panagos, 1988).

Figure 1. The Olifants River system in the Grassland Biome with the associated plant communities (adapted from Myburgh and Bredenkamp, 2004)
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RESULTS

A total of 203 plant species were recorded during the 2020 
sampling period, in comparison to 150 plant species recorded 
in 1995. The total species richness per plant community was 
higher in 2020 relative to 1995 (Table 1). However, only Plant 
Community 4 had a statistically significant (p < 0.05) increase in 
species richness between 1995 (71) and 2020 (104).

Plant Community 1: Eragrostis plana–Monopsis decipiens 
grassland

The Eragrostis plana–Monopsis decipiens grassland is located 
at the source of the Olifants River within the Soweto Highveld 
Grassland (Mucina and Rutherford, 2006) (Fig 1). The macro-
channel is characterised by a single active channel and a flat 
herbaceous riparian bank. The total species number increased 

from 13 (1995) to 37 (2020) over 25 years. However, the increase 
was statistically insignificant (p > 0.05) (Table 1).

There was an increasing trend in canopy cover between 1995 and 
2020. The forb layer increased from 3% to 18% cover while the 
graminoid layer increased from 30% to 36% between 1995 and 
2020, respectively. All increases were statistically significant, 
resulting in a total canopy cover of 54% in 2020 in comparison to 
33% in 1995 (p < 0.05) (Fig. 2).

Three plant species were dominant during 1995, namely, Eragrostis 
plana, Eragrostis curvula and Cynodon dactylon (Table 2). Only 
Cynodon dactylon increased in canopy cover between 1995 (5%) 
and 2020 (13%). Additional dominant species recorded in 2020 
include grasses Hyparrhenia hirta, Eragrostis chloromelas and the 
invasive alien forbs Verbena bonariensis and Verbena rigida, all 
exhibiting 100% constancies.

Table 1. Plant species richness of the Grassland Biome section of the Olifants River system (*represents statistical significance at p = 0.05)

1995

Plant community number 1 2 3 4 5 6 7.1 7.2

Mean no. of species 11 22 27 27 35 32 38 42

Forbs 6 17 16 22* 13 26 28 28

Graminoids 7 19 15 44* 19 33 24 27

Dwarf shrubs 0 1 3 4 2 5 3 7

Shrubs 0 0 0 1 1 0 1 9

Trees 0 0 1 0 0 3 0 1

2020

Plant community number 1 2 3 4 5 6 7.1 7.2

Mean no. of species 29 41 48 44 41 39 46 47

Forbs 23 43 32 47* 18 50 28 20

Graminoids 13 28 23 42* 18 34 26 37

Dwarf shrubs 1 4 7 10 2 9 7 7

Shrubs 0 0 4 5 2 1 7 8

Trees 0 0 1 0 1 2 1 2

Total no. of species (1995) 13 37 35 71* 35 67 56 72

Total no. of species (2020) 37 75 67 104* 41 96 69 74

Figure 2. Comparison of growth forms and canopy cover between sampling periods (*represents statistical significance at p = 0.05); total CC = 
total average canopy cover
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Plant Community 2: Themeda triandra–Fingerhuthia 
sesleriiformis grassland

Plant Community 2 occurs in the Soweto Highveld Grassland 
and is associated with steep macro-channel banks and random 
occurrences of exposed bedrock at the edges of the active channel. 
The total species richness increased from 37 in 1995 to 75 in 2020 
(p > 0.05) (Table 1).

The graminoid and forb layers characterised the plant community 
and displayed statistically significant (p < 0.05) increases in canopy 
cover ratios from 32%:10% to 41%:31% between the sampling 

periods, respectively. This resulted in an overall statistically 
significant increase in total canopy cover between 1995 (42) and 
2020 (72) (p < 0.05) (Fig. 2).

Only three graminoid species out of seven species maintained 
their dominance over 25 years, namely, Themeda triandra, 
Cynodon dactylon and Fingerhuthia sesleriiformis (Table 3). The 
newly established graminoid species such as Hyparrhenia hirta 
and Hemarthria altissima were amongst the most dominant 
species in 2020. The forb species Haplocarpha scaposa was the 
most dominant plant species in the plant community (Table 3).

Table 2. Dominant species of the Eragrostis plana–Monopsis decipiens grassland between 1995 and 2020 

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Graminoids:

Eragrostis plana 100 20 100 3

Cynodon dactylon 50 5 100 13

Eragrostis curvula 100 3 100 2

Eragrostis chloromelas - - 100 6

Hyparrhenia hirta - - 100 6

Sporobolus africanus - - 100 3

Brachiaria brizantha - - 100 3

Forbs:

Verbena bonariensis - - 100 6

Berkheya pinnatifida subsp. pinnatifida - - 100 4

Verbena rigida - - 100 3

Helichrysum rugulosum - - 100 1

C = constancy; AC = average canopy cover

Table 3. Dominant species of the Themeda triandra–Fingerhuthia sesleriiformis grassland between 1995 and 2020

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Graminoids:

Themeda triandra 100 10 100 5

Cynodon dactylon  75 3 100 5

Fingerhuthia sesleriiformis 100 3 100 1

Eragrostis plana 100 5 - -

Aristida bipartite 50 2 - -

Cynodon dactylon 75 3 - -

Setaria sphacelata var. sphacelata 75 2 - -

Hyparrhenia hirta - - 75 6

Hemarthria altissima - - 100 4

Imperata cylindrica - - 75 3

Paspalum dilatatum - - 75 3

Eragrostis plana - - 100 2

Forbs:

Haplocarpha scapose 75 3 100 8

Berkheya pinnatifida subsp. pinnatifida 100 2 100 5

Bidens pilosa - - 75 3

Conyza podocephala  - - 50 2

Solanum campylacanthum subsp. panduriforme - - 100 2

C = constancy; AC = average canopy cover
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Plant Community 3: Clutia natalensis–Panicum 
dregeanum grassland

The Clutia natalensis–Panicum dregeanum grassland is found 
within the Eastern Highveld Grassland (Mucina and Rutherford, 
2006). The macro-channel is characterised by the woody layer as 
well as alien and invasive species growing on steep riparian banks 
associated with alluvium deposits. The total species richness 
increased from 37 to 75 species, although this change was not 
statistically significant (p > 0.05) (Table 1).

The plant community was represented by three growth forms 
in 1995, namely, forbs, graminoids and dwarf shrubs. However, 
over 25 years, the shrub layer became established in the plant 
community with an average canopy cover of 5%, whereas the tree 
layer had a canopy cover of < 0.5%. The graminoid and forb layers 
showed statistically significant (p < 0.05) increases in canopy 
cover between the sampling periods (Fig. 2).

The shrubs Diospyros lycioides subsp. sericea and the invasive 
Sesbania punicea were established in the plant community 
between 1995 and 2020, with average canopy covers of 3% and 
2%, respectively, in 2020. In the graminoid layer, only the grass 
Eragrostis curvula maintained its dominance over 25 years  
(Table 4). The recently established grass Imperata cylindrica  
(6% cover) and the largely absent Brachiaria brizantha (4% cover) 
dominated the graminoid layer in 2020. The naturalized Bidens 
bipinnata and the invasive Verbena bonariensis were the dominant 
forb species in 2020 (Table 4).

Plant Community 4: Heteropogon contortus–Cyperus 
longus var. tenuiflorus grassland

Similarly, the Heteropogon contortus–Cyperus longus var. tenuiflorus 
grassland is associated with the Eastern Highveld Grassland and 
occurs on steep macro-channel banks with isolated rocky areas. 
In some sections, the active channel is split into two channels as a 
result of alluvial deposits on the channel bed. This plant community 
recorded the highest species richness (104 species) in 2020, 
attributed to herbaceous species and to a lesser extent the dwarf 
shrubs (Table 1).

Contrasting trends in plant community structure were observed 
in this community. Graminoid average canopy cover declined 
between 1995 (52%) and 2020 (33%) while the dwarf shrub layer 
increased from 1% to 10% over the same period. As a result, the 
total average canopy cover declined between 1995 (57%) and 
2020 (53%). All trends were statistically significant (p < 0.05)  
(Fig. 2).

No woody plant dominated the plant community in 1995, whereas 
the dwarf shrubs Clutia natalensis (5% cover), Gomphostigma 
virgatum (2% cover) and the invasive alien shrub Sesbania punicea 
(2% cover) dominated the community in 2020 (Table 5). The 
dominant grasses in 1995, namely, Themeda triandra, Cynodon 
dactylon and Hyparrhenia hirta, were replaced by the sedge 
associated with the edge of the active channel, Cyperus longus 
var. tenuiflorus, and the grass Imperata cylindrica as the dominant 
graminoid species (Table 5).

Table 4. Dominant species of the Clutia natalensis–Panicum dregeanum grassland between 1995 and 2020

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Shrubs:

Diospyros lycioides subsp. sericea - - 50 3

Sesbania punicea - - 50 2

Dwarf shrubs:

Artemisia afra var. afra - - 100 5

Clutia natalensis - - 100 3

Graminoids:

Themeda triandra 100 6 - -

Setaria sphacelata var. sphacelata 100 4 - -

Eragrostis curvula 100 3 100 3

Andropogon appendiculatus 100 3 - -

Hyparrhenia tamba 100 3 - -

Panicum dregeanum 100 2 - -

Imperata cylindrica - - 100 6

Brachiaria brizantha - - 100 4

Cynodon dactylon - - 100 3

Aristida junciformis subsp. junciformis - - 100 3

Themeda triandra - - 100 3

Forbs:

Bidens bipinnata - - 100 5

Commelina africana var. lancispatha - - 50 2

Oxalis depressa - - 50 2

Verbena bonariensis - - 100 3

C = constancy; AC = average canopy cover
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Plant Community 5: Eragrostis plana–Cyperus fastigiatus 
grassland

The Eragrostis plana–Cyperus fastigiatus grassland lies at an 
elevation of 1 600 m amsl within the Eastern Highveld Grassland 
(Mucina and Rutherford, 2006). The macro-channel has a single 
deep pool active channel and a well vegetated riparian bank with 
no visible signs of bank erosion.

The total species richness increased by 6 species between 1995 
(35) and 2020 (41), but the increase was statiscally not significant 
(p > 0.05) (Table 1). The total average canopy cover declined from 

32% (1995) to 21% (2020), but was also statistically not significant 
(p > 0.05). The decline was attributed to the graminoid layer, 
which declined from 26% to 14% cover over 25 years (Fig. 3). The 
woody component was largely absent in this community in 1995 
and remained so, as seen from the 2020 results (Table 6). Only 
the grasses Miscanthus junceus and Cynodon dactylon remained 
dominant in the plant community between the sampling periods, 
each obtaining 100% constancy, whereas the graminoid species 
such as the sedge Cyperus fastigiatus and the grasses Eragrostis 
plana, Eragrostis curvula and Setaria incrassata were largely 
absent in 2020 (Table 6).

Table 5. Dominant species of the Heteropogon contortus–Cyperus longus var. tenuiflorus grassland between 1995 and 2020

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Shrubs:

Sesbania punicea - - 40 2

Dwarf shrubs:

Clutia natalensis - - 80 5

Gomphostigma virgatum - - 60 2

Artemisia afra var. afra - - 40 1

Graminoids:

Cynodon dactylon 100 6 80 4

Hyparrhenia tamba 60 4 80 2

Themeda triandra 100 11 - -

Phragmites australis 40 5 - -

Cyperus longus var. tenuiflorus 100 5 - -

Heteropogon contortus 80 3 - -

Cyperus longus var. tenuiflorus - - 80 5

Imperata cylindrica - - 80 4

Aristida junciformis subsp. junciformis - - 80 3

Themeda triandra - - 100 2

Forbs:

Plantago lanceolata - - 40 1

C = constancy; AC = average canopy cover

Table 6. Dominant species of the Eragrostis plana–Cyperus fastigiatus grassland between 1995 and 2020

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Dwarf shrubs:

Gomphocarpus physocarpus 100 2 - -

Graminoids:

Miscanthus junceus 100 5 100 3

Cynodon dactylon 100 5 100 6

Cyperus fastigiatus 100 4 - -

Eragrostis plana 100 3 - -

Eragrostis curvula 100 3 - -

Setaria incrassate 100 2 - -

Forbs:

Galium capense subsp. garipense 100 2 100 2

Berkheya radula - - 100 2

C = constancy; AC = average canopy cover
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Plant Community 6: Searsia gerrardii–Hemarthria 
altissima grassland

The Searsia gerrardii–Hemarthria altissima grassland occurs 
within the Eastern Highveld Grassland at an elevation range of 
1 630 m to 1 550 m amsl. The macro-channel is associated with 
rock cover of varying sizes, from small stones to boulders, resulting 
in rapids and pools. This plant community has the highest species 
richness of the forb layer across the Grassland Biome section of 
the Olifants River, with a total of 50 plant species in 2020. The 
overall species richness increased from 67 to 96 species between 
1995 and 2020, respectively, but this change was not statistically 
significant (p > 0.05) (Table 1).

In terms of plant community structure, the herbaceous growth 
forms showed contrasting yet comparable trends over 25 years. 
The graminoid layer’s average canopy cover declined from 23% 
(1995) to 19% (2020), whereas the forb layer only increased by 
1% (Fig. 3). Similarly, the shrub layer declined from 4% (1995) 
to 2% cover in 2020. As a result of mixed trends, the total average 
canopy cover decreased between sampling periods, although this 
change was not statistically significant (p > 0.05) (Fig. 3).

There were no changes in terms of species dominance in the 
woody component. The shrub Searsia gerrardii maintained 
dominance with 100% constancy, while the previously largely 
absent dwarf shrub Gomphostigma virgatum was recorded with 
an average canopy cover of 2% in 2020 (Table 7). The herbaceous 
layer exhibited changes in plant species dominance. The grasses 
Cynodon dactylon and Eragrostis chloromelas replaced Miscanthus 
junceus and Hemarthria altissima as the most dominant 
graminoid species between 1995 and 2020. The invasive alien forb 
Verbena bonariensis characterised the forb layer in 2020 with 68% 
constancy (Table 7).

Plant Community 7: Salix mucronata subsp. woodii–
Eragrostis curvula grassland

The Salix mucronata subsp. woodii–Eragrostis curvula grassland 
is located downstream of the Doornpoort Dam along the Olifants 
River. The plant community occurs through a narrow to wide 
macro-channel bank within the Rand Highveld Grassland 
underlain by diabase intrusions (Myburgh and Bredenkamp, 
2004; Mucina and Rutherford, 2006).

Myburgh and Bredenkamp (2004) identified and described 
two sub-communities in this plant community, the Paspalum 
scrobiculatum–Miscanthus junceus sub-community (7.1) and 
the Acacia dealbata–Eragrostis curvula sub-community (7.2). 
The plant community’s total average canopy cover between 1995 
(61%) and 2020 (64%) was comparable at p = 0.05.

Plant Sub-Community 7.1: Paspalum scrobiculatum–
Miscanthus junceus sub-community

The Paspalum scrobiculatum–Miscanthus junceus sub-community 
is located downstream of the Doornpoort Dam. The sub-
community’s macro-channel bank is characterised by dense stands 
of the grass Miscanthus junceus and the sedge Cyperus marginatus 
on the alluvium-dominated edge of the active channel.

The shrubs Diospyros lycioides subsp. sericea and Searsia gerrardii 
were associated with the hilly sections of the macro-channel. The 
total species richness increased from 56 to 69 species over 25 years, 
largely attributed to the herbaceous layer (Table 1). However, the 
increase was statistically insignificant (p > 0.05).

Forbs, graminoids and shrubs exhibited statistically insignificant 
(p > 0.05) increases in average canopy cover over 25 years. The 
notable upward trend was for the shrub layer, which increased 

Figure 3. Comparison of growth forms and canopy cover between sampling periods (*represents statistical significance at p = 0.05); total CC = 
total average canopy cover
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from 2% (1995) to 10% (2020) cover. However, the overall total 
canopy cover increase was not statistically significant (p > 0.05) 
(Fig. 3).

There was a complete change in terms of species dominance in 
the woody component. The shrub Diospyros lycioides subsp. 
sericea (5% cover) and Searsia gerrardii (3% cover) replaced Salix 
mucronata subsp. woodii as the dominant woody plants in the 
sub-community in 2020 (Table 8). In contrast, within graminoids, 
the grass Miscanthus junceus increased from 14% (1995) to 21% 
(2020) cover to remain as the most dominant plant species in the 
sub-community (Table 8). However, there were changes in species 
composition, as the previously largely absent graminoid species, 
such as the sedge Cyperus marginatus and the grasses Themeda 
triandra, Hyperthelia dissoluta and Eragrostis chloromelas, were 
recorded in the sub-community in 2020 (Table 8).

Plant Sub-Community 7.2: Acacia dealbata–Eragrostis 
curvula sub-community

The Acacia dealbata–Eragrostis curvula sub-community is located 
on the farm Mooifontein 285 JS, north of the Emalahleni–
Middelburg Road (R555). The active channel changes from a single 
channel to multiple channels of variable widths aided by islands 
colonized by woody species. The sub-community occurs just 
before the ecotone of the Grassland and Savanna Biomes, hence 
the presence of the conspicuous woody component as compared 
to the preceding sub-community and plant communities. The 
total species richness between 1995 (72) and 2020 (74) was 
comparable (p > 0.05) (Table 1).

The herbaceous layer exhibited mixed trends in average canopy 
cover. The graminoid layer showed a statistically significant 
increase from 24% to 48% cover between 1995 and 2020, 
respectively, whereas the forb layer declined from 20% to 5% over 
the same period (p < 0.05) (Fig. 3). In the woody component, the 
tree layer declined from 12% (1995) to 5% (2020) cover; however, 

the decrease was not statistically significant at p = 0.05. The 
difference in the total average canopy cover of this sub-community 
was comparable between 1995 (68%) and 2020 (67%) (Fig. 3).

The invasive alien tree Acacia dealbata dominated the sub-
community, notwithstanding the decline in average canopy cover 
between 1995 (12%) and 2020 (5%). Within the shrub layer, 
the invasive alien shrub Sesbania punicea displayed a decline in 
average canopy cover over 25 years while the previously largely 
absent Vachellia karroo was among the dominant species in 2020 
(Table 9). In the graminoid layer, the sedge Cyperus marginatus, 
the naturalized alien grass Paspalum distichum and the grass 
Eragrostis curvula retained their dominance over 25 years. 
However, these species were surpassed by the rush Juncus effusus 
(7% cover) and the grass Cynodon dactylon (6% cover) as the most 
dominant graminoids in 2020 (Table 9).

DISCUSSION

The Olifants River system is associated with different land uses 
(Myburgh, 2001; Balance et al., 2001) which coexist with natural 
disturbances such as floods (Myburgh, 2001; Parsons et al., 2006) 
and human-induced disturbances (Patten, 1998; Shafroth et al., 
2016). Myburgh and Bredenkamp (2004) identified and described 
a total of 8 plant communities in the Grassland Biome section of 
the macro-channel of the Olifants River. During Myburgh’s 2001 
study, a 1:100-year flood occurred in the Olifants River system 
which impacted the macro-channel riparian vegetation and the 
geomorphic template of the river system (Myburgh, 2001).

The flood impacts have been shown to have an influence on 
riparian vegetation dynamics (Bendix, 1998; Parsons et al., 
2006). The plant communities of the Grassland Biome section 
of the Olifants River were dominated by the herbaceous layer 
during 1995. The woody component increased along the 
downstream longitudinal gradient from Plant Communities 3 to 7  
(Myburgh and Bredenkamp, 2004).

Table 7. Dominant species of the Searsia gerrardii–Hemarthria altissima grassland between 1995 and 2020

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Shrubs:

Searsia gerrardii 100 3 100 2

Dwarf shrubs:

Gomphostigma virgatum - - 100 2

Graminoids:

Miscanthus junceus 83 2 50 1

Hemarthria altissima 100 3 - -

Eragrostis plana 83 2 - -

Digitaria eriantha 50 2 - -

Cynodon dactylon - - 83 4

Cyperus marginatus - - 67 1

Cyperus fastigiatus - - 67 1

Eragrostis chloromelas - - 100 2

Forbs:

Galium capense subsp. garipense 50 2 - -

Persicaria lapathifolia 100 2 - -

Lessertia stricta - - 50 2

Verbena bonariensis - - 66 2

C = constancy; AC = average canopy cover



223Water SA 51(3) 215–227 / Jul 2025
https://doi.org/10.17159/wsa/2025.v51.i3.4114

Table 8. Dominant species of the Paspalum scrobiculatum–Miscanthus junceus sub-community between 1995 and 2020

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Shrubs:

Salix mucronata subsp. woodii 100 2 - -

Diospyros lycioides subsp. sericea - - 100 5

Searsia gerrardii - - 100 3

Graminoids:

Miscanthus junceus 100 14 100 21

Imperata cylindrica 50 7 - -

Ischaemum fasciculatum 100 4 - -

Setaria sphacelata var. sphacelata 100 2 - -

Paspalum scrobiculatum 100 2 - -

Cyperus marginatus - - 100 4

Themeda triandra - - 100 3

Eragrostis chloromelas - - 50 2

Hyperthelia dissoluta - - 50 2

Forbs:

Persicaria lapathifolia - - 100 1

Sonchus sp. - - 100 1

C = constancy; AC = average canopy cover

Table 9. Dominant species of the Acacia dealbata–Eragrostis curvula sub-community between 1995 and 2020

Plant species Sampling period

1995 2020

C (%) AC (%) C (%) AC (%)

Trees:

Acacia dealbata 75 12 100 5

Shrubs:

Searsia gerrardii 100 3 75 2

Diospyros lycioides subsp. sericea 100 2 100 4

Sesbania punicea 100 2 100 <1

Vachellia karroo - - 100 2

Graminoids:

Cyperus marginatus 100 6 100 4

Paspalum distichum 50 2 100 4

Eragrostis curvula 100 2 50 3

Cyperus latifolius 100 2 - -

Miscanthus junceus 100 2 - -

Hemarthria altissima 100 2 - -

Juncus effusus - - 100 7

Cynodon dactylon - - 100 6

Urochloa mosambicensis - - 75 4

Cyperus marginatus - - 100 4

Panicum maximum - - 100 3

Forbs:

Commelina africana var. lancispatha 100 2 100 1

C = constancy; AC = average canopy cover

The total species richness increased across all plant communities 
between 1995 and 2020. In Plant Communities 1, 2, 4 and 6, 
the forb layer replaced graminoids as the growth form with the 
highest species richness over 25 years. Increases in the shrub and 

dwarf shrub layers were also observed in Plant Communities 2, 3, 
4, 6 and Sub-Community 7.1. Dwarf shrubs have been reported 
to show upstream species richness increases in river systems 
(Jansson et al., 2000), as was the case in Plant Community 2.
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The increases in species richness were predominantly driven by 
the high number of forb plant species phasing into the macro-
channel. This could be a result of integrated disturbance regimes 
such as livestock grazing and fire (Patten, 1998), evidence of 
which was observed during this study, as well as other factors 
such as variable river flows providing ideal conditions for the 
establishment of new plant species and thus increasing the 
species richness over 25 years. Variable river flows provide ideal 
conditions and substrate for the establishment of early plant 
colonizers (Gregory et al., 1991).

Plant Community 1 had an increase in total canopy cover over 
25 years. The increase was driven by grasses Cynodon dactylon 
and Eragrostis chloromelas. Commercial livestock farming is the 
primary land use in the plant community which can be linked 
to the increase of the above Increaser 2 grass species as a result 
of heavy grazing. Livestock grazing has been shown to cause 
species compositional changes in riparian plant communities 
of the ephemeral rivers of South Africa (Allsopp et al., 2007), in 
Tanzania (Mligo et al., 2016) as well as in the USA (Kauffman  
et al., 1983). However, from a riparian-zone ecological perspective, 
the lawn-forming character of Cynodon dactylon can be viewed as 
beneficial in terms of riparian bank stabilization (Rowntree, 1991; 
Chen et al., 2015).

In Plant Community 2, the forb Haplocarpha scaposa and the 
grass Hyparrhenia hirta contributed largely to the overall increase 
in the total canopy cover. The macro-channel of this community 
has cut into the landscape making it prone to flash floods which 
caused bare patches open to colonization by the forb Haplocarpha 
scaposa. The changes in species dominance within the graminoid 
layer can be attributed to the decline in the canopy cover of the 
grass Themeda triandra.

There was a higher grass biomass visually observed in higher-
lying riparian banks. Themeda triandra is a Decreaser species; 
lack of defoliation, fire and grazing, leads to a decrease in the 
abundance this grass. This provided ideal conditions for the 
unpalatable Increaser 1 grass Hyparrhenia hirta to establish and 
increase canopy cover and dominate the graminoid layer’s species 
composition. Various researchers have found a lack of defoliation 
to reduce the abundance, cover and productivity of Themeda 
triandra in various habitats across South Africa (Fynn et al., 2005; 
Raitt et al., 2005; Snyman et al., 2013).

The Clutia natalensis–Panicum dregeanum grassland’s (Plant 
Community 3) canopy cover nearly doubled in 25 years. The macro-
channel of this community is characterised by alluvium deposits; 
this constitutes a disturbance providing a suitable substrate for 
pioneer species such as forbs, which had the greatest increase in 
canopy cover over 25 years, in contrast to other growth forms. 
Highly disturbed riparian substrates provide suitable conditions 
for early colonizer plant species (Gregory et al., 1991). The 
deposited alluvium could further be linked to the establishment of 
the grasses Imperata cylindrica and Brachiaria brizantha through 
seed dispersal, which dominated the graminoid layer in 2020.

Similarly to Plant Community 2, the Decreaser grasses Themeda 
triandra and Setaria sphacelata var. sphacelata declined in canopy 
cover post-1995. This could be attributed to the land use of 
livestock farming, where cattle were observed grazing within 
the macro-channel. Several studies have reported the negative 
impacts of livestock grazing within riparian systems (Allsopp et 
al., 2007; Hoffman and Rohde, 2010; Jones et al., 2022).

The species composition of Plant Community 3 was largely 
altered by the establishment and increase of the shrub Diospyros 
lycioides subsp. sericea and the invasive alien shrub Sesbania 
punicea, both of which were absent in 1995. This shows evidence 
of spatial changes in the upstream section of the Olifants River 

in the Grassland Biome section. Russell and Ward (2014) 
reported a consistent increase in the woody component in the 
Sub-Escarpment Grasslands of KwaZulu-Natal. This signifies the 
overall increasing trend of the woody component across different 
habitats in the Grassland Biome.

The total average canopy cover of Plant Community 4 significantly 
declined over 25 years. The declines were largely attributed to the 
grasses Themeda triandra, Heteropogon contortus and the reed 
Phragmites australis, which were largely phased-out post-1995. 
This plant community is associated with both commercial and 
communal livestock farming which might explain the decrease 
of relatively palatable grasses such as Themeda triandra and 
Heteropogon contortus. The stability of macro-channel banks were 
variable between these land uses with evidence of eroded bare 
riparian banks. This might be linked to the decline of Phragmites 
australis as a result of intermediate disturbances such as flash 
floods, enhanced by the trampling effect of livestock. Floods have 
been shown to reset riparian plant communities (Bendix, 1998; 
Parsons et al., 2006) while trampling has been shown to impact 
the macro-channels and their associated riparian vegetation 
(Green and Kauffman, 1995; Ruto et al., 2023).

The woody component modified the species composition and 
structure of Plant Community 4. The dwarf shrub Clutia natalensis, 
Gomphostigma virgatum and the invasive alien shrub Sesbania 
punicea dominated the community post-1995. The increase of 
dwarf shrub species can be attributed to patches opened up by 
heavy grazing and flood disturbances. Disturbances from heavy 
grazing have been related to the increase in the woody component 
in Grassland Biome habitats (O’Connor et al., 2014), whereas the 
post-flood disturbance period provides substrate for the recovery 
of the woody layer (Gregory et al., 1991; Parsons et al., 2006).

The decline in the total canopy cover continued from Plant 
Community 4 through Plant Community 5. The decrease was 
attributed to the dwarf shrub Gomphocarpus physocarpus, grasses 
Eragrostis plana, Eragrostis curvula, Setaria incrassata and the 
sedge Cyperus fastigiatus, all of which were predominantly phased-
out in 2020. Disturbances associated with livestock farming, such 
as fire, grazing and trampling within riparian vegetation, together 
with increased intensity of variable river flows, have been shown 
to cause a decline in the cover of the herbaceous layer of riparian 
vegetation (Bendix, 1999; Pettit and Naiman, 2007; Douglas et al., 
2015). Evidence of these factors was observed in this community 
and these could therefore be linked to the decrease in canopy 
cover of these species.

The Searsia gerrardii–Hemarthria altissima grassland followed the 
downward trend in total canopy cover between 1995 and 2020. 
Changes in species composition and dominance in the graminoid 
layer can be linked to the overall decline in canopy cover. The 
palatable Decreaser grasses, Hemarthria altissima, Themeda 
triandra and the Increaser 1 grass Brachiaria brizantha were 
largely absent in the community post-1995. This led to an increase 
of the Increaser 2 grass Cynodon dactylon on the macro-channel 
banks. The indiscriminate use of fire, follow-up grazing, as well as 
natural disturbances such as floods, have been found to cause a 
decline in cover and changes in species composition (Dwire and 
Kauffman, 2003; Parsons et al., 2006; Jones et al., 2022). This could 
explain the changes observed as livestock grazing and associated 
activities (fire) are a common practice in this community, while 
floods are a common occurrence.

Plant Community 7, at the downstream portion of the Grassland 
Biome section of the Olifants River, had a comparable total canopy 
cover. However, increases were observed in Sub-Communities 
7.1 and 7.2, largely attributed to the shrub layer in 7.1 and the 
graminoid layer in Sub-Community 7.2.
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In the Paspalum scrobiculatum–Miscanthus junceus sub-
community (7.1), the shrubs Diospyros lycioides subsp. sericea and 
Searsia gerrardii were responsible for the increase in canopy cover 
and replaced the previously dominant shrub Salix mucronata 
subsp. woodii. Salix mucronata subsp. woodii is associated with the 
edge of the active channel and alluvial deposits. Sub-community 
7.1 is below both the Witbank and Doornpoort Dams and 
sediment deposition may indicate increased flooding following 
long periods of base flow caused by river regulation (Jansson  
et al., 2000; Mallik and Richardson, 2009; Shafroth, et al., 2016), 
which might explain the decline of Salix mucronata subsp. woodii. 
Hoffman and Rohde (2010) have attributed the increase in the 
cover of terrestrial woody species in riparian areas in the semi-
arid winter rainfall region of South Africa to river regulation.

The Acacia dealbata–Eragrostis curvula sub-community (7.2) 
occurs just before the river transitions from the Grassland Biome 
to the Savanna Biome. The invasive alien tree Acacia dealbata was 
found to dominate the woody component of this sub-community 
(Myburgh and Bredenkamp, 2004). However, over 25 years there 
was a noticeable decline in the canopy cover of the tree layer. The 
decline can be linked to the intensive mechanical and chemical 
control of the invasive alien tree Acacia dealbata observed within 
the macro-channel banks of this sub-community.

The decline of the invasive alien tree Acacia dealbata favoured 
the establishment of the previously absent shrub Vachellia karroo. 
Furthermore, the shade effect imposed by Acacia dealbata on the 
graminoid layer, as noted by Myburgh and Bredenkamp (2004), 
was reduced, as the graminoid layer significantly increased in 
canopy cover and dominated the herbaceous layer. However, the 
constancy of Acacia dealbata increased to 100% over 25 years. 
Beater (2006) found that clearing alien plants does not always 
decrease alien plant species abundance in favour of indigenous 
riparian plant species along the Sabie River. Clearing does, 
however, reduce the canopy cover of large invasive alien plants 
(Beater, 2006), as was the case in this sub-community.

Climate is one of the major external basin controls that influences 
that development of fluvial systems and associated riparian areas 
(Charlton, 2008). However, climate change, not attributed thus far 
as one of the factors causing the observed spatio-temporal changes 
in the plant communities, is worth consideration in the broader 
context. Naiman et al. (2010) recognises climate change as one of 
the four broad types of human-induced disturbance occurring in 
riparian systems, alongside river regulation, pollution and land 
use, some which have been discussed.

The accelerated increase of greenhouse gas emissions is one of 
the factors contributing to climate change. With cognisance of 
spatial changes observed in this study as a result of an increase 
in the woody layer, the increase in the woody component in the 
Grassland Biome section of the Olifants River could be linked to the 
accelerated increase in atmospheric CO2 and warmer temperatures. 
O’Connor et al. (2014) reviewed the causes of bush encroachment 
in southern Africa and concluded that increased atmospheric CO2 
and climate change to be important drivers in recent history.

CONCLUSION

The macro-channel riparian vegetation of the Grassland Biome 
section of the Olifants River is exposed to multiple human-induced 
and natural disturbances. The plant communities exhibited 
temporal and spatial changes along the longitudinal gradient of the 
macro-channel. Upstream plant communities increased in canopy 
cover. The herbaceous layer was responsible for the increases 
bringing about temporal changes. As the river flows downstream, 
the midstream to downstream plant communities showed a decline 
in canopy cover. Overall changes in canopy cover were spatially 
variable across the Grassland Biome section of the Olifants River.

The high influx of new plant species across the longitudinal extent 
of the macro-channel, especially the establishment and increase 
of the woody component and alien and invasive species in the 
upstream plant communities, largely contributed to both temporal 
and spatial changes in the upstream section of the Olifants River 
macro-channel. The invasive alien woody plants Acacia dealbata 
and Sesbania punicea, which were already noted as species of 
concern in the macro-channel (Myburgh and Bredenkamp, 2004), 
as well as the invasive alien forbs Verbena bonariensis and Verbena 
rigida, increased spatially across the Grassland Biome extent of 
the Olifants River system.

The changes observed in the plant communities of the Olifant River 
within the Grassland Biome section are a manifestation of different 
disturbance regimes, such as cumulative effects of increased and 
variable river flow downstream, flood frequency and intensity, and 
land use activities (developments, grazing, trampling effect and 
fire) all acting synergistically across the system.

Such a wide array of factors, including climate change, will 
interact with each other, thus increasing the uncertainty of 
vegetation response and difficulty in quantifying the main 
disturbance factors. This poses major implications for the 
management of riparian vegetation in South Africa, amplified 
by the lack of empirical research on the impacts that different 
disturbance regimes have on the country’s riparian systems. This 
study provides a basis upon which different disturbances can be 
further investigated at a local to landscape scale to formulate local 
research-based management guidelines across different land uses.
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