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Background: Wetlands are the most threatened ecosystem in South Africa de-
spite the range of ecosystem goods and services they provide. A significant cause
of wetland destruction and degradation is a lack of understanding, by planners,
policymakers and developers, of their ecological and socio-economic importance.

Objectives: This study assessed the floristic composition and diversity of wet-
lands in the former Tlokwe Municipal area along a rural-urban gradient.

Methods: Fourteen wetland sites were surveyed along an urbanisation gradient.
Vegetation surveys were done in quadrats along transects in each wetland re-
cording the cover-abundance of each species. The data were analysed by using
ordinations, similarity percentages, and the adjusted Floristic Quality Assessment
Index.

Results: Overall, the proportional species composition of urban and rural wet-
lands was mainly similar. Trends indicated that the alpha diversity increased with
both habitat size and heterogeneity along a rural-urban gradient. In all wetlands,
indigenous species were the most abundant, with the highest score in the largest
urban wetland. The floristic quality varied widely along the gradient with none of
the sites in pristine condition.

Conclusion: The similarity in species composition and floristic quality of the wet-
lands, as well as the high levels of indigenous species richness, indicated that
urban wetlands are worthy of conservation. However, the signs of disturbances
and the presence of alien species means that restoration strategies need to be
implemented to improve the quality of the wetlands.

Keywords: wetlands, rural-urban gradient, plant diversity, conservation value,
floristic quality.

Introduction

Wetlands play an essential role in biodiversity conservation and in the supply
of ecosystem services to humanity (Ramsar Convention Secretariat 2013). They
fulfil several ecosystem services such as climate regulation, carbon storage, wa-
ter reservoirs, runoff containment and flood risk reduction (e.g. Cimon-Morin
& Poulin 2018; Mclnnes & Everard 2017). Moreover, they filter pollutants,
conserve unique biodiversity, and act as a refuge for species (e.g. Bateganya
et al. 2015; Mclnnes & Everard 2017). Important cultural ecosystem services
include increased well-being of residents, eco-tourism, recreation and envi-
ronmental education (e.g. Pedersen et al. 2019; Ramirez & Santana 2019).

History showed us that since the Iron Age, extensive drainage of the land took
place so that it could be utilised for other purposes such as agriculture and
settlements (Everard 1997; Hoeksema 2007). Land drainage happened due
to an established idea that wetlands were only sources of disease and danger
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with no intrinsic value in themselves (Purseglove 1989).
The Ramsar Convention of 1971 was the primary cata-
lyst for the recognition of the importance of wetlands,
and lobbied for global action towards their protection.
However, Hettiarachchi et al. (2015) argue that this
framework has key weaknesses that contribute to fail-
ures in urban wetland governance. Wetlands in urban
areas are often regarded as wastelands (Panuccio et al.
2017), and subsequently, urbanisation is recognised
as a significant cause of wetland loss (Panuccio et al.
2017). Not only can urban development cause destruc-
tion of wetlands, but it often also alters hydrological cy-
cles, increases pollution that transforms wetlands, and
influences species composition and species diversity
(e.g. Baldwin 2011; Ehrenfeld 2000).

Local perceptions and the direct use of wetlands in ur-
ban areas vary. In an urban study in Canada, where
residents did not visit local wetlands regularly, they still
identified with the aesthetic value of wetlands and its
importance as a habitat for biodiversity (Manuel 2003).
In Cape Town, residents placed a high value on the
provisioning services, mainly grazing for livestock, sup-
plied by a peri-urban wetland and they derived 82% of
their income from this wetland (Lannas & Turpie 2009).
Wetlands were also found to be critical in reducing ur-
ban wastewater pollution in areas with malfunctioning
or inadequate treatment plants (Bateganya et al. 2015).
Moreover, wetland planning is seen as a critical ele-
ment to be included in urban master plans due to its
beneficial functions of flood control, water purification,
microclimate regulation, and aesthetic and cultural val-
ue (Jiaetal. 2011).

Notwithstanding the benefits mentioned above, urban
wetlands are also important in urban biodiversity con-
servation. A study undertaken in Rome, Italy, on the
importance of urban wetlands as a habitat for birds, re-
corded regular observations of species of conservation
concern (Panuccio et al. 2017). Construction of urban
wetlands in Greensboro, North Carolina, increased bat
species richness and diversity (Parker et al. 2018). In
addition, in Canada, some urban stormwater ponds
had the same plant species, dragonfly and damselfly
assemblages as natural ponds, which underlines the
importance of urban wetlands to enhance local biodi-
versity (Perron & Pick 2020). Moreover, Semlitsch and
Bodie (1998) have established that even if small or iso-
lated, wetlands are integral for connectivity and main-
taining biodiversity.

In South Africa, Working for Wetlands (2019) estimates
that between 35% and 60% of the country’s wetlands
have been destroyed through drainage for crops and
pastures, poorly managed burning regimes, overgrazing,
disturbances to wetland soils, vegetation clearing as well
as industrial and urban development (including mining
activities). The latest National Biodiversity Assessment
described wetlands as the country’s most threatened
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ecosystem, stating that 88% of wetland areas are threat-
ened and less than 2% are well protected (Skowno et
al. 2019). Realising the importance of wetlands in South
Africa, recent research efforts include the National Wet-
land Vegetation Database (Sieben et al. 2014) and the
updated National Wetland Map 5 (van Deventer et al.
2020). Urban wetlands in South Africa have also seen
an increase in research efforts and realisation of their
importance, e.g. phytosociological studies of urban
wetlands in Potchefstroom (Cilliers et al. 1998) and the
Durban municipal area (Roberts 1993), the monetary
valuation of provisioning services in a peri-urban wet-
land in Cape Town (Lannas & Turpie 2009), amphibians
in urban wetlands (Kruger et al. 2015), health effects in
fish in wetlands in Soweto (Bengu et al. 2017), wetlands
as a habitat for birds (Calder et al. 2015), and the detri-
mental effects of urban development on wetlands (Gov-
ender-Ragubeer et al. 2014). The current study aimed
to add to the developing body of knowledge on urban
wetlands in South Africa. The primary objective was to
assess the floristic composition, quality and diversity of
wetlands in the former Tlokwe Municipal area along a
rural-urban gradient. The specific research questions
were: (1) do urban and rural wetlands differ based on
their floristic composition and quality? and (2) are the
local urban wetlands worthy of conservation?

Materials and Methods

Study area

The study was carried out in the former Tlokwe Mu-
nicipal area, which now forms a part of the larger, re-
cently amalgamated, JB Marks Local Municipality. The
former Tlokwe Municipal area covers 2 672 km? which
includes the urban area of Potchefstroom and its ru-
ral surroundings (Figure 1) and is located in the North
West Province of South Africa. The population estimate
of the study area was 179 604 in 2018 (JB Marks Local
Municipality 2018). Research on the land-use transfor-
mation in the study area indicated significant changes
in the cover of natural and urban areas over a period of
61 years (Pretorius et al. 2013). This inventory revealed
a 23% increase in urban land coverage and a 68% in-
crease in cultivated land-uses, decreasing the coverage
of natural habitats by 12% and impacting the coverage
of wetlands in the area.

The mean annual rainfall of the study area is 600 mm,
falling mainly in the summer months with average tem-
peratures between 0°C and 30°C, and frequent frost
in winter (www.weathersa.co.za). The Mooi River flows
through Potchefstroom and includes rural upstream and
downstream segments with a city segment influenced
by decades of urban development. There are various
dams situated in the Mooi River system of which the
Potchefstroom Dam and Boskop Dam are located

| Open access
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Figure 1. Study area indicating the urban area of Potchefstroom,
its rural surroundings and the 14 wetland study sites. Inset
map shows the size and location of the urban area and Mooi
River within the former Tlokwe Municipal area.

within the municipal area. The water of the Mooi River
system is contaminated by agricultural and mining pol-
lutants, of which the impact of mining is of particular
concern to the water quality in the system (Barnard et
al. 2013). A recent study on phytoplankton assemblag-
es and the measurement of physico-chemical variables
in the Mooi River and its tributaries, confirmed that the
system was polluted and that the water quality is de-
clining (Koekemoer et al. 2021).

The study area lies within the Grassland Biome on the
high central plateau of South Africa and at the conflu-
ence of three vegetation types: the Carletonville Dolo-
mite Grassland, the Rand Highveld Crassland, and the
Andesite Mountain Bushveld (Mucina et al. 2006). The
wetlands in the study area are classified as grass lawn
wetland vegetation (Sieben et al. 2016) and temperate
grassy wetland vegetation (Sieben et al. 2017).

Site selection

All possible wetland sites along the Mooi River (exclud-
ing its tributaries) within the study area (Figure 1) were
identified using satellite imagery. All sites accessible via
roads and on private property, where owners grant-
ed permission, were visited. Wetlands chosen for this
study were those ecosystems defined by the National
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Water Act (No. 36 of 1998) (South Africa 1998), as
‘land that is transitional between terrestrial and aquat-
ic systems where the water table is usually at or near
the surface, or land which is periodically covered with
shallow water, and land which, under normal circum-
stances, supports or would support vegetation typically
adapted to live in saturated soils’. To delineate physical
wetland boundaries of this study, wetland vegetation
was used as an indicator. Fourteen wetland study sites
were selected from the city and downstream segments
of the Mooi River (Figure 1, Table 1). Approximately
80% of all the downstream wetlands were included in
this study. Table 1 shows the selected wetland sites with
their respective sizes and the number of transects sur-
veyed per wetland.

Quantification of the
rural—urban gradient

The rural-urban gradient was objectively quantified us-
ing four urbanisation measures namely: edge density,
percentage vegetation cover, percentage urban land
cover, and density of dwellings as selected by van der
Walt et al. (2014) using Hawth'’s analysis tools version
3.27 (Beyer 2007) and ArcGIS 10 (ESRI 2010). The ur-
banisation measures were calculated for matrix areas
represented by a 500 m buffer surrounding each se-
lected wetland. Edge density is the sum of the length
(m) of all edge segments divided by the area (in hect-
ares) (McGarigal & Marks 1995). Percentage vegetation
and urban land cover were both calculated as the to-
tal area covered by each land cover type divided by
the total matrix area multiplied by 100 (McGarigal &
Marks 1995). Urban land cover was digitised as all im-
pervious built-up surfaces within the matrix, e.g. roads,
buildings. The density of dwellings was calculated by
digitised point counts of all the buildings in the matrix
divided by the matrix area (McGarigal & Marks 1995).

Hierarchical, agglomerative cluster analysis in PRIMER
6 software (Clarke & Gorley 2006) and a subsequent
Non-metric Multi-Dimensional scaling (NMDS) ordina-
tion indicated two clear groupings in the data (Figure ST
and S2, Supplementary material). Table 1 provides the
specific urbanisation measure values for each selected
wetland study site. A Pearson r correlation matrix was
calculated to see whether one measure could be used
as a proxy to represent the rural-urban gradient. All
the measures correlated highly with each other, so we
chose the percentage urban land cover to represent the
gradient as the most intuitive measure (Table S1, Sup-
plementary material). Based on the NMDS and cluster
analysis, two sites were classified as urban and 12 as
rural. The rural wetlands are all situated in matrix areas
that have less than 3% urban land cover (Table 1), and
the two urban sites had a percentage urban land cover
ranging between 35 and 45%.
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Table 1. The characteristics of each wetland site and the values of the urbanisation measures used to categorise the sites into urban and
rural sites. R, rural sites; RT, furthest away from the city; R12, closest to the city; U, urban sites

Urbanisation measures

Site  Size NR of Landuse Management Percentage  Edge Percentage  Density of

(ha) Transects type urban land  density vegetation dwellings
cover cover
R1 3.79 9 Rural agriculture Grazing 2.43 263.765 87.93 0.256
R2 2.58 5 Rural agriculture Grazing 1.25 293.14 87.59 0.107
R3 3.41 5 Rural agriculture Grazing 2.75 188.98 90.57 0.121
R4 3.21 4 Rural agriculture Grazing 0.04 218.076 99.62 0.018
R5 1.44 3 Rural agriculture Grazing 0.03 130.043 96.72 0
R6 4.24 4 Rural agriculture Grazing 0.51 177.39 94.92 0
R7 1.76 4 Rural agriculture Grazing 2.46 217.995 96.29 0.201
R8 1.14 3 Rural agriculture Grazing 1.51 230.765 93.83 0.05
R9 2.95 6 Rural agriculture Grazing 1.63 218.115 96.22 0.051
R10 4.79 10 Rural agriculture Grazing 0.72 201.93 97.5 0
R11 1.47 3 Rural agriculture Grazing 1.97 205.553 95.5 0.086
R12 2.85 6 Rural agriculture Grazing 1.98 266.72 93.53 0.094
Ul 17.01 30 Urban Grazing and Bird 35.9 397.045 63.79 3.66
Sanctuary

U2  31.58 38 Urban Grazing and 43.77 477.458 55.34 3.661

Recreational

activities

Vegetation surveys

Vegetation surveys were conducted from January to
March 2014, during the flowering season of most plants.
Plant species composition and abundance within the
wetlands were determined by laying 100 m line tran-
sects across each wetland (Ruto et al. 2012). Transects
were aligned along the longest axis of each wetland.
Where sites were wide enough, adjacent transects were
sampled parallel to one another, 20 m apart. The num-
ber of transects per selected wetland was determined
by the size of the wetland under observation. A mini-
mum of three transects were done per wetland (since
the smallest wetlands could only fit three transects with
20 m between each transect). The largest wetland (U2)
had 38 transects (Table 1). The presence and estimat-
ed percentage crown cover of each plant species were
determined in a T m? quadrant placed at 10 m intervals
along the 100 m transects (Ruto et al. 2012) situated
in homogenous areas of each wetland site. A total of
130 transects (1 254 quadrants, not all transects had 10
sample plots due to open water areas) were sampled in
the 14 wetland sites.

The soft traits used in this study included the origin of
each species (indigenous/alien), life history (annual/pe-
rennial), growth form (tree, shrub, forb, graminoid and
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geophyte) and wetland indicator status. The wetland
indicator status divides plants into categories based on
their expected frequency of occurrence in wetlands
namely obligate wetland (>99%), facultative wetland
(67-99%), facultative (34-66%), facultative upland (1-
33%) and upland (<1%) (Tiner 2006).

Data analysis

The floristic composition of each of the wetlands was
compared using NMDS. The ordination was performed
using the Primer 6 software (Clarke & Gorley 2006).
The average percentage cover of species per transect was
used as input for the ordination. The sample data was first
square root transformed to allow a greater contribution
from the rare species, and then sites were compared using
the Bray-Curtis dissimilarity coefficient. To determine
the percentage dissimilarity between urban and rural
sites based on the cover-abundance data, a similarity
percentages (SIMPER) analysis was done in Primer 6.
This analysis compared sites based on respective spe-
cies composition and also indicates which species ac-
count for dissimilarities between sites.

The Wetland Index Value or WIV for each wetland site
surveyed (i.e., community weighted mean) were cal-
culated using the abundance of plant species and their

| Open access
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ecological index value based on their wetland indicator
status (Carter et al. 1988). The WIV provides a useful
way of interpreting the status of wetlands based on their
vegetation composition and is based primarily on the
relevant species’ wetland indicator status (Cowden et
al. 2014). The values represent a wetness gradient with
values less than 2.5 indicating a true wetland and values
above 3.6 a non-wetland area (Carter et al. 1988)

Data on the abundance of plant species and their classi-
fication status were used to determine the adjusted Flo-
ristic Quality Assessment Index (adjFQAI), as defined by
Miller and Wardrop (2006). The adjFQAI addresses the
problem of sensitivity to species richness and the contri-
bution of non-native species (Miller & Wardrop 2006).
The adjFQAI is an evaluation procedure that indicates
the quality of the wetland habitat based on the relative
abundance of indigenous, weedy, pioneer or alien in-
vasive species within each surveyed site. Moreover, the
adjFQAI calculates the percentage of the maximum val-
ue attainable by the site if all the species present were
low tolerance indigenous species indicative of pristine
wetland communities (Miller & Wardrop 2006). Spe-
cies were assigned a ‘coefficient of conservatism’ that
is ‘a subjective rating indicating a species’ preference
for non-degraded natural communities’ (Tiner 1999).
Within the selected wetland sampling sites, each plant
species was allocated a specific coefficient of 0 to 10
based on its conservation value relative to other native
species in the surrounding area. Values ranged between

Original research

alien species (0) and indigenous species with very low
tolerances, to disturbance and high fidelity to habitat
integrity (10) (Miller & Wardrop 2006). The allocation
of the coefficient was based on available literature (Re-
tief & Herman 1997; Van Ginkel et al. 2011).

Results

Plant species composition
and diversity

The total number of species recorded in the wetlands
along the rural-urban gradient was 102 (for the com-
plete species lists and the list of invasive alien species
recorded in the sites refer to Tables S2 and S3 in the
supplementary material). Rural sites had a slightly high-
er gamma diversity than urban sites, but proportionate-
ly their overall species composition, diversity, origin, life
history and wetland indicator status types were mostly
similar (Table 2).

The analysis of the similarity between urban and rural
sites in the current study indicated that the two urban
sites were 67% similar, with the 12 rural sites displaying
only 45% similarity. The average dissimilarity between
urban and rural sites was 62%. Table 3 indicates that
22% of the dissimilarity between urban and rural sites
in this study was due to the difference in abundance

Table 2. Plant species diversity, traits and wetland indicators of urban and rural land-use sites. The species richness (SR) and percentage

contribution (%) of each category are listed

Urban Rural
Category Trait SR % SR %
Gamma diversity Total per land use type 69 - 78 -
Origin Indigenous 47 68.1 56 71.8
Alien 22 31.9 22 28.2
Growth Form Geophyte 1 1.4 2 2.6
Graminoid 15 21.7 21 26.9
Forb 49 71 53 67.9
Shrub 1 1.4 1 1.3
Tree 3 4.3 1 1.3
Life history Annual 18 26.1 23 29.5
Perennial 51 73.9 55 70.5
Wetland indicator species Obligate wetland 29 42 27 34.6
Facultative wetland 16 23.2 19 24.4
Facultative 12 17.4 18 231
Facultative upland 9 13 14 17.9
Upland 3 43 0 0
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of four species. Of the four species, Carex glomerabi-
lis Krecz., Paspalum dilatatum Poir. and Typha capensis
(Rohrb.) N.E.Br. almost exclusively occurred only in the
two urban sites, whereas Cyperus longus L. had higher
abundances in the urban sites than in the rural sites.

Table 3. SIMPER analysis indicating the species which contribut-
ed to 50% of the dissimilarity between urban and rural sites.
Listed are the average abundance, percentage contribution,
and the cumulative percentage contribution of each species.
The asterisk indicates an alien species

Original research

The first three species were also listed as historically oc-
curring in the wetlands of the region (Louw 1951).

Overall, the ordination of average cover-abundance
per transect per site indicated no distinct differences
between urban and rural sites (Figure 2). However,
groupings within the sample sites are visible, indicating
differences in species composition. The closer similarity
of some U1 transects with the rural transects, indicated
the transitional nature of this site along the gradient.
The reason for this pattern might be the location of this
site on the periphery of the urban area.

c
=) )
£ g Due to the small number of wetland sites and the ab-
= § sence of sites representing the full range of the gradi-
g o "g ’&g_ ent (rural sites were limited to 0-3% urban land cover,
So o o v § while urban sites had 35-45% urban land cover), we
e ¢t g €3 did not do any statistical analyses on correlations be-
$ =€ Z€ 5§  EF  tweensites along the gradient. H the infl
g ST =S¢ g 2% ween sites along the gradient. However, the influence
2 €2 53 3] 55 of urbanisation on wetlands was explored by arranging
W 2w &% ‘% a (S . . .
the sites along the rural-urban gradient from the site
Carex glomerabilis 297 017 666  6.66 with the lowest percentage urban land cover to one
Paspalum dilatatum* ~ 3.11  0.65  5.85 12.51 with the highest percentage urban land cover in all the
following graphs.
Cyperus longus 3.95 1.81 517 17.68
Typha capensis 201 012 446 2214 The alpha diversity graph indicates that there was an
: overall trend of increased species richness along the ur-
Cyperus laevigatus 2.11 1.08 418 26.32 banisation gradient (Figure 3a). The difference in sizes
Cyperus fastigiatus 129 205 408 304 of the various sites partially explains this phenomenon,
paspalum distichum 205 203 383 3423 especially with regar.ds to the urbap wetlands (Figure
3c). The same trend is not apparent in the average spe-
Leersia hexandra 3.16 1.88 3.5 37.73 cies richness per transect per site (Figure 3b). Beta di-
Echinochloa holubii 0.11 16 347 412 versit.y was calculated as (i) thg average beta diversity
per site between the 12 rural sites; (i) the average beta
Cynodon dactylon 178 035 341 4462 diversity between the two urban sites and all the rural
Falkia oblonga 2.88 1.82 334 47.95 sites; and (iii) the beta diversity between the two urban
sites (Figure 4a). The graph indicates a visible, increasing
Berula erecta 1.51 0.13  3.24 51.19 . . L
trend of more unique species recorded as urbanisation
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transect per site of all species.
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versity); B, the average species richness per transect for each
site; C, the size of each wetland; arranged along a gradient of
increasing percentage urban landcover.

increases, linked to both an increase in size and habitat
heterogeneity (Kallimanis et al. 2008). The graph also
indicates that the two urban wetlands shared more spe-
cies than having unique species, which was reversed in
the rural wetlands. This observation reflects the results
of the SIMPER analysis reported earlier, which indicated
that urban sites were more similar than rural sites. How-
ever, analysis of the similarity of the transects of each re-
spective site indicated a trend of decreased similarity of
the sites as the percentage urban land cover increased
(Figure 4b). The ordination also shows that the rural sites
were not closely associated with each other (Figure 2).
The high alpha diversity of urban sites is supported by
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between the two urban sites (U)); B, the SIMPER analysis re-
sults of the average similarity of the transects in each wetland
site; arranged along a gradient of increasing percentage urban
landcover.

the low percentage of similarity of its transects within
the sites, indicating heterogeneity (Figure 4b).

Functional diversity

The wetland index values indicated that all the sites are
true wetlands with values well below 2.5 (Cowden et al.
2014) and were, therefore, comparable (Figure 5a). The
overall cover-abundance of vegetation in each site var-
ied with no apparent link to a trend along the gradient
(Figure 5b). The percentage composition of the specific
growth forms, and the wetland indicator types, showed
no marked differences along the gradient (Figure 5c

| Open access



Page 8 of 18

Original research

A
1.6
1.4
S 1.2
s
¢ 1
@
2
E 0.8
| =1
o
= 06
=
0.4
Ulz I I
0
R5 R4 R6 RI0 R2Z R8 RS R11 R1Z R1 R7 U1
Wetland Sites
C
100% | | - .
90%
80%
70%
£ 60%
]
& 50%
k=
3 ao%
o uTree
O 309 Shrub
Geophyte
0,
20% Graminoid
10% m Herb
0%
RS R6 R10 RZ R8 RS RM RiZ2 R1 R3 U1 U2
Wetland Sites

B
100
mVegetation
0 o9 i .
. Organic Material
£ 80 = Bare Ground
§ 70 Surface Water
o
]
o 60
=
'lg 50
8
@ 40
a
& a0
&
20
Z
10
0 i s UL
RS R4 RE RI0 RZ RE RS R11 R1Z R1 R7Y R3I U1 U2
Wetland sites
D
100% = .
90% I I
80% I
T0% I
—
2 0%
@«
g  50%
T
8 aom
o
o

30

&

20%
10

&

RS R4 R6 R1I0 RZ R& R9 R11 R12 R1
Wetland Sites

0%

Figure 5. A, Wetland index values (WIV) of each site; B, the average site cover descriptions; C, the percentage average growth form
distribution at each site; D, the average functional diversity per site (upland (U), facultative upland (FU), facultative (F), facultative
wetland (FW), obligate wetland (OB)); arranged along a gradient of increasing urban landcover.

and d). The higher wetland indicator values of the ur-
ban wetlands indicated the presence of more facultative
upland and upland species in comparison to the other
wetlands (Figure 5d). The trends of the vegetation cover-
abundance graph and the wetland indicator graphs are
very similar, indicating that the higher cover-abundance
of vegetation might signify drier conditions.

Quality

The origin of wetland species indicates the quality of
the habitats. In all sites, the indigenous species domi-
nated proportionately based on the total average cover
of species per site (Figure 6a and c). A visible trend of
higher indigenous and alien species richness with in-
creased urban land cover was also observed. The urban
sites, specifically, had a much higher alien species rich-
ness (Figure 6b). The cover-abundance of alien species
showed no visible trend along the gradient. The greater
the difference between the number of indigenous and
alien species, the higher was the adjusted floristic qual-
ity assessment index (adjFQAI) (Figure 6d). Sites with
the highest proportion of indigenous species (Figure 6a)
had the highest adjFQAI values. There was no visible
trend of any influence of position along the gradient on
the quality of the sites.
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Discussion

The effect of the urbanisation gradient was only visible
in the trends of overall species richness and both indig-
enous and alien species richness. We acknowledge that
the larger size of the urban wetlands affected increased
species richness (Kallimanis et al. 2008). However, the
high species richness of the most urbanised rural site
had no relation to its size. Moreover, this site (R3) had
a higher indigenous species richness than the smaller of
the two urban wetlands (U1). Kallimanis et al. (2008)
showed that higher species richness is also linked to in-
creased habitat diversity. The only other phenomenon
that showed a possible linkage to the amount of urban
land cover was the analysis of the similarity of the tran-
sects within each site, indicating a downward trend with
an increased heterogeneity along the gradient. There
was no link between the wetland indicator values and
the percentage of urban land cover in this study, indicat-
ing that site-specific factors were involved. This observa-
tion was also true for the quality of the wetlands indi-
cated by the adjusted floristic quality assessment index.

Bare ground and high organic material cover seemed
to explain the low species richness of some rural sites.
A dense litter layer is a general constraint to the species
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Figure 6. A, Percentage distribution of alien and indigenous species per site; B, the indigenous (ISR) and alien (ASR) species richness per
site; C, the percentage of the total average cover of all alien species per site; D, the associated adjusted Floristic Quality Assessment
Index values (adjFQAI) of each site; arranged along a gradient of increasing percentage urban landcover.

richness of wetlands (Doherty & Zedler 2014), where
the high cover percentage of organic material in some
rural wetlands could be one of the reasons why they
have a lower number of species. According to Cilliers
et al. (1998), a large number of plant communities
occurred in these urban wetlands suggesting high het-
erogeneity. Moreover, both urban wetlands serve as
urban stormwater discharges with channels dug into
the sites. These channels increase the influx of pollu-
tion and alien plant propagules into the wetlands. The
overabundance of seed sources in urban areas could
also increase species richness in these sites. However,
the overall high similarity analysis of the two urban sites
(67%) in comparison to rural sites might support the
findings of Ding et al. (2019) in research done on 35
cities in China. They found that comparisons of floristic
similarity of aquatic macrophytes were much higher in
the urban communities than in the rural communities,
suggesting biotic homogenisation. Furthermore, they
state the high proportion of shared common species as
a possible reason (Ding et al. 2019).

Although the aim of this study was neither to clas-
sify wetland vegetation nor to compare the species
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composition and abundance of the studied wetlands
with previous studies of urban (Cilliers et al. 1998)
and rural wetlands (Louw 1951), the results do suggest
some changes to these wetlands over the years. First-
ly, the Cynodon dactylon (L.) Pers. invasive community
had probably increased in area as both urban wetlands
still have continuous grazing and trampling pressures
by cattle and horses. Weedy species, such as C. dac-
tylon, are well adapted to these disturbed conditions
as they can replace damaged tissues quickly, and due
to their rhizomatous nature, they are good colonisers
(Cilliers et al. 1998; Sieben et al. 2014). Secondly, the
high abundance of Phragmites australis (Cav.) Steud.
and T. capensis in certain areas of the urban wetlands
could indicate an increase of cover in the two commu-
nities dominated by these species. This dominance was
probably due to the urban stormwater runoff outlets
into the wetlands, favouring these species which are
well adapted to waterlogged conditions. These species
are also well adapted to eutrophication (Sieben et al.
2014). Although urbanisation has influenced wetlands
in Potchefstroom, it is difficult to determine the extent
thereof as no detailed studies were done of reference
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conditions. Louw (1951) has already indicated the ef-
fect of disturbances, such as the artificial drainage of
the wetland areas due to irrigation. A large number
of indigenous wetland species, such as the free-float-
ing hydrophytes and many of the marshland species
described by Louw (1951), were not encountered in
the rural and urban wetlands of the current study. The
reed swamp communities dominated by P, australis and
T. capensis were also quite extensive in the rural wet-
lands described by Louw (1951), but an invasion by
C. dactylon was not mentioned at all.

Wondie (2018) found in a study in Ethiopia, that al-
though the impaired urban and agricultural wetlands
had a higher plant species diversity than the natural
wetlands, the majority of these plant species were alien
weeds and upland species, outcompeting the native
species, which are ecologically and socio-economical-
ly important. They described the main reasons to be
direct and indirect anthropogenic activities, including
waste discharges through streams and ditches in towns.
Wastewater management is a huge challenge in cities
in sub-Saharan Africa, and Bateganya et al. (2015) ex-
plained that urban wetlands are considered as natu-
ral features to aid conventional municipal wastewater
treatment plants that are ineffective due to overloading
and poor maintenance. Other studies have also indicat-
ed that urban wetlands usually have a higher alien spe-
cies richness than rural wetlands (Albert & Minc 2004;
Dallimer et al. 2012; Dolan et al. 2011). The higher
alien species richness was also true for the two urban
wetlands in this study. However, the most urbanised
wetland had the highest indigenous species richness of
any of the sites. The high species richness was certainly
linked to the size of the wetland. The results of the ad-
justed floristic quality assessment index indicated that
none of the wetlands is in a pristine condition (Miller
& Wardrop 2006). However, in all of the sites, indige-
nous species constitute more than 60% of the species
richness and more than 85% of the cover-abundance.
Therefore, if correct remediation and ecological resto-
ration techniques were to be applied, these wetlands
can be restored (Baldwin 2011) to provide a variety
of ecosystem services (Cilliers et al. 2013). Urban wet-
lands are often perceived as of poor quality and high-
ly disturbed (Panuccio et al. 2017), but in the current
study, the largest urban wetland also had the highest
indigenous species richness with the third-highest flo-
ristic quality value. The high indigenous species rich-
ness means that in this study, urban wetlands are vital
for the conservation of local biodiversity and highlights
the value that urban wetlands have in enhancing and
supporting biodiversity (Baldwin 2011). Wetland plants
are adapted to long-distance wind and water dispersal
(Soomers et al. 2013). Therefore, adequately connect-
ed sites can harbour high species richness despite frag-
mentation pressures (Soomers et al. 2013). However,
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Cimon-Morin and Poulin (2018) remind us that it is a
challenge to conserve small urban wetlands as deci-
sion-makers often do not recognise their importance
both in terms of ecosystem services and biodiversity
within the larger wetland system.

The limitations of this study included a lack of access
to all potential sites and sampling only within the for-
mer Tlokwe Municipal area. Increasing sampling to up-
stream and other nearby urban wetlands, and incorpo-
rating the landscape history of the sites, would clarify
identified trends and provide a better understanding of
the local drivers of wetland diversity in the area.

Conclusions

This small, localised study identified possible trends due
to the impact of urbanisation on wetland communities
along a rural-urban gradient. However, the urbanisation
gradient did not correlate with wetland indicator values
or the floristic quality of the sites indicating that other
drivers were responsible for the observed patterns. Nev-
ertheless, our study highlighted the potential importance
of urban wetlands for the conservation of biodiversity. In
our study, the much larger urban wetlands had the high-
est and third-highest indigenous species richness as well
as a higher floristic quality than most of the rural sites.
However, the signs of disturbances and the presence of
alien species means that restoration strategies need to
be implemented to improve the quality of the wetlands.
Notwithstanding their essential role in stormwater dis-
charge already implemented in the municipality, urban
wetlands have multiple other ecosystem service benefits
that in combination with their high biodiversity, make
them essential to conserve.
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Supplementary material
Correlation matrix and species lists

Table S1. Correlation matrix of the urbanisation measures to determine their association with each other

Percent urbanisation  Edge density Percent vegetation ~ Density of dwellings
Percent urbanisation 1
Edge density 0.903076 1
Percent vegetation -0.97182 -0.93049 1
Density of dwellings 0.993281 0.891734 -0.96461 1

Table S2. List of all the species recorded in this study. Indicated are the respective number of transects in which the species were found
and their representative percentage occurrence in urban and rural sites

No. of urban urban % No. of rural

Species name transects occurrence transects rural % occurrence
Agrostis continuata 2 2.9 0 0.0
Albuca setosa 0 0.0 2 3.2
Alternanthera sessilis 0 0.0 27 43.5
Ambrosia psilostachya 11 16.2 0 0.0
Ammi majus 3 4.4 0 0.0
Andropogon appendiculatus 0 0.0 4 6.5
Anthospermum herbaceum 0 0.0 5 8.1
Asparagus laricinus 0 0.0 1 1.6
Aster squamatus 2 2.9 22 355
Berkheya setifera 1 1.5 2 3.2
Berula erecta 27 39.7 6 9.7
Bidens pilosa 0 0.0 1 1.6
Bidens bipinatta 0 0.0 1 1.6
Brachiaria eruciformis 3 4.4 49 79.0
Carex acutiformis 3 4.4 0 0.0
Carex glomerabilis 58 85.3 6 9.7
Cichorium intybus 3 4.4 0 0.0
Cirsium vulgare 4 5.9 6 9.7
Chenopodium album 0 0.0 1 1.6
Conyza bonariensis 0 0.0 6 9.7
Cotula australis 0 0.0 1 1.6
Crinum bulbispermum 7 10.3 13 21.0
Cynodon dactylon 36 52.9 12 19.4
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Table S2. List of all the species recorded in this study. Indicated are the respective number of transects in which the species were found
and their representative percentage occurrence in urban and rural sites (continued)

No. of urban urban % No. of rural

Species name transects occurrence transects rural % occurrence
Cynodon transvaalensis 1 1.5 14 22.6
Cyperus congestus 13 19.1 0 0.0
Cyperus eragrostis 0 0.0 3 4.8
Cyperus esculentus 0 0.0 2 3.2
Cyperus fastigiatus 18 26.5 36 58.1
Cyperus laevigatus 43 63.2 29 46.8
Cyperus longus 67 98.5 52 83.9
Cyperus marginatus 1 1.5 0 0.0
Echinochloa colona 0 0.0 8 12.9
Echinochloa holubii 7 10.3 42 67.7
Echinochloa pyramidalis 3 4.4 4 6.5
Eleocharis dregeana 17 25.0 9 14.5
Eragrostis curvula 0 0.0 4 6.5
Eragrostis heteromera 7 10.3 15 24.2
Eragrostis micrantha 0 0.0 2 3.2
Eragrostis plana 0 0.0 3 4.8
Euphorbia helioscopia 26 38.2 0 0.0
Falckia oblonga 32 47.1 44 71.0
Festuca caprina 4 5.9 3 4.8
Fuirena pachyrrhiza 0 0.0 2 3.2
Fuirena pubescens 0 0.0 1 1.6
Cleditsia triacanthos 6 8.8 0 0.0
Gomphrena celosiodes 1 1.5 0 0.0
Haplocarpha lyrata 0 0.0 1 1.6
Heliochrysum krausii 1 1.5 0 0.0
Hemarthria altissima 54 79.4 45 72.6
Hibuscus trionum 3 4.4 8 12.9
Hydrocotyla verticillata 1 1.5 0 0.0
Juncus punctorius 3 4.4 1 1.6
Juncus rigidus 2 29 1 1.6
Kniphofia ensifolia 6 8.8 3 4.8
Lactuca capensis 23 33.8 0 0.0
Lactuca inermis 16 23.5 0 0.0
Leersia hexandra 61 89.7 43 69.4
Lobelia thermalis 2 2.9 0 0.0
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Table S2. List of all the species recorded in this study. Indicated are the respective number of transects in which the species were found
and their representative percentage occurrence in urban and rural sites (continued)

No. of urban urban % No. of rural

Species name transects occurrence transects rural % occurrence
Marsilea capensis 37 54.4 30 48.4
Medicago sativa 0 0.0 1 1.6
Melilotus alba 10 14.7 1 1.6
Mentha aquatica 5 7.4 0 0.0
Modiola caroliana 2 2.9 0 0.0
Moraea thomsonii 0 0.0 2 3.2
Oenothera rosea 12 17.6 9 14.5
Oxalis corniculata 0 0.0 1 1.6
Panicum coloratum 0 0.0 1 1.6
Paspalum dilatatum 62 91.2 16 25.8
Paspalum distichum 36 52.9 36 58.1
Pennisetum cladestinum 0 0.0 3 4.8
Persicaria decipiens 12 17.6 19 30.6
Persicaria lapathifolia 2 2.9 23 37.1
Persicaria senegalensis 0 0.0 2 3.2
Phragmites australis 26 38.2 4 6.5
Plantago lanceolata 8 11.8 9 14.5
Plantago major 5 7.4 5 8.1
Pycreus macranthus 18 26.5 12 19.4
Pycreus macrostachyos 9 13.2 5 8.1
Pycreus nitidus 2 2.9 0 0.0
Rumex crispus 43 63.2 43 69.4
Rumex lanceolatus 1 1.5 4 6.5
Salix babylonica 1 1.5 0 0.0
Schoenoplectus brachyceras 18 26.5 4 6.5
Schoenoplectus corymbosus 1 1.5 1 1.6
Sesbania bispinosa 3 4.4 3 4.8
Sesbania transvaalensis 0 0.0 11 17.7
Setaria incrassata 0 0.0 5 8.1
Setaria pallide-fusca 2 29 26 41.9
Sisymbrium thellungii 9 13.2 0 0.0
Solanum retroflexum 0 0.0 1 1.6
Sonchus oleraceus 1 1.5 4 6.5
Sonchus wilmsii 0 0.0 1 1.6
Sporobolus fimbriatus 4 5.9 0 0.0
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Table S2. List of all the species recorded in this study. Indicated are the respective number of transects in which the species were found
and their representative percentage occurrence in urban and rural sites (continued)

No. of urban urban % No. of rural

Species name transects occurrence transects rural % occurrence
Taraxacum officinale 0 0.0 1 1.6
Typha capensis 29 42.6 4 6.5
Trifolium africanum 0 0.0 1 1.6
Trifolium repens 16 23.5 0 0.0
Verbena brasiliensis 4 5.9 0 0.0
Verbena bonariensis 1 1.5 2 3.2
Verbena officinalis 0 0.0 36 58.1
Veronica anagalis-aquatica 35 51.5 0 0.0
Xanthium strumarium 17 25.0 12 19.4

Table S3. List of the alien invasive species found in the wetland sites that are listed in the Conservation of Agricultural Resources Act, 1983
(Act No. 43 of 1983) (CARA) and the National Environmental Management: Biodiversity Act (Act No. 10 of 2004) (NEM:BA) and their
presence and cover abundance in the urban and rural transects respectively
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Species name CARA  NEM:BA ® R 5® 2w
Cirsium vulgare 1 1b 5.882353 9.677419  0.027862 0.05027778
Cleditsia triacanthos 2 1b. Sterile cultivars or 8.823529 0 0.0078947 0
hybrids not listed
Pennisetum clandestinum Not 1b in Protected Areas 0 4.83871 0 0.01130268
listed  and wetlands in which it
does not already occur.
Not listed elsewhere.
Salix babylonica 2 Not listed 1.470588 0 0.0921053 0
Verbena bonariensis Not 1b 5.882353 0 0.0058366  0.00277778
listed
Verbena brasiliensis Not 1b 0 58.06452  0.0107004 0
listed
Xanthium strumarium 1 1b 25 19.35484  0.0841977 0.06470085
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Figure S1. Cluster analysis results based on the urbanisation measures indicating clear grouping between the urban sites 1 and 2 and the

rural sites.
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Figure S2. MDS ordination indicating the clear separation of the two land use groups based on the urbanisation measures.
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