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Background: Urbanisation has significantly transformed natural landscapes, pos-
ing substantial challenges to biodiversity, especially in protected areas managed 
by municipalities. In South Africa, limited data exist on the diversity and distribu-
tion of alien plant species within urban protected areas.

Objectives: This study assesses alien plant species’ distribution, abundance and 
invasion dynamics in protected areas managed by the Johannesburg City Parks 
and Zoo, Gauteng. 

Methods: We systematically surveyed alien plants across 10 protected areas and 
documented their abundance, life form, pathways of invasion, legal status, de-
grees of establishment and origins.

Results: The alien flora in the surveyed protected areas comprised 175 species 
from 125 genera and 56 families. Of these species, 82 were herbs, 43 trees and 
27 shrubs, with most species forming established populations (48.2%) and few 
are invasive (10%). Species richness was highest at Albert Farm (n = 72) and 
Beaulieu (n = 69), with the former also having the highest species abundance. 
Most alien plant species originate from South (36%) and North America (34%) 
and were likely introduced to these protected areas as ornamental and horti-
culture plant escapes. Most species (n = 103) are not listed in the South African 
Alien and Invasive Species Regulations, while those listed were predominantly 
Category 1b species (n = 51).

Conclusion: The study highlights that protected areas in urban areas often have 
alien plant species, likely because most of the species are introduced by humans 
as ornamentals and through horticulture. These areas can act as foci for new inva-
sions, and it is therefore important to compile lists of alien species in these areas 
that can be used to develop appropriate management interventions.

Keywords: urbanisation, biodiversity threats, alien plant distribution, invasion 
dynamics, ecological risks, management strategies.

Introduction 
Urban protected areas are increasingly valued for their conservation potential 
for biodiversity in the wake of increasing pressure from human activities such 
as urbanisation and biological invasions (Potgieter et al. 2020; Le et al. 2023; 
Nelufule et al. 2024a). Globally, rapid urban expansion has led to the transfor-
mation of natural landscapes through the construction of housing, roads and 
recreational spaces, leading to habitat fragmentation and the displacement of 
native species (Lambin et al. 2001; Piano et al. 2020; Milton & Dean 2021; 
Gao & Song 2022). The rapid rate of urban expansion is particularly high in 
densely populated cities such as Johannesburg (City of Johannesburg), Pretoria 
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(City of Tshwane) and Durban (eThekwini Metropoli-
tan Municipality), where remnant patches of vegetation 
are conserved within protected areas such as nature re-
serves. These protected areas provide refuge for threat-
ened species and perform essential ecosystem services 
such as carbon sequestration and water regulation (Tal-
lis et al. 2008; Nelufule et al. 2024a; Nxele et al. 2024).

However, these protected areas in urban areas are in-
creasingly invaded by alien plant species that are in-
troduced through ornamental horticulture, garden es-
capes and accidental dispersal (Foxcroft et al. 2013; 
Gaertner et al. 2016). For example, Table Mountain Na-
tional Park, located within Cape Town, Western Cape, 
has experienced extensive plant invasions, prompting 
control efforts exceeding ZAR3.2 billion nationally be-
tween 1995 and 2008 (Van Wilgen et al. 2008). While 
Cape Town’s urban protected areas have been studied 
extensively, the degree of invasion in protected areas in 
municipal areas of Gauteng, including those managed 
by Johannesburg City Parks and Zoo (hereafter JCPZ), 
remains poorly quantified (Irlich et al. 2017; Potgieter 
et al. 2020; Nelufule et al. 2024a, 2024b).

Urban protected areas often act as foci for new inva-
sions due to their proximity to gardens, nurseries and 
residential zones (Hui et al. 2017; Padayachee et al. 
2017). Many alien species establish self-sustaining pop-
ulations after escaping cultivation (e.g., Bowman Cut-
way & Ehrenfeld 2010; Nelufule et al. 2024b). South 
Africa is a hot spot for plant invasions, with invasions 
recorded across the country, including protected areas 
such as national parks (Zengeya & Wilson 2023; Van 
Wilgen et al. 2026). However, inventories of alien spe-
cies are often lacking in most municipal nature reserves, 
hindering effective monitoring and control (Irlich et 
al. 2017). Without baseline data on which alien spe-
cies occur in protected areas under their jurisdiction, 
municipalities cannot assess invasion dynamics or pri-
oritise high-risk species for intervention (Jarošik et al. 
2011; Irlich et al. 2020). Checklists of alien species in 
protected areas also underpin national NEM:BA Alien 
and Invasive Species Regulations (DFFE 2020) and fa-
cilitate reporting to international conventions such as 
the Kunming-Montreal Global Biodiversity Framework 
(Egoh et al. 2020; CBD 2022; IPBES 2024). Developing 
a checklist for urban protected areas is therefore crucial 
to inform management and evaluations of current and 
future threats.

To address this gap, this study provides a preliminary 
inventory of invasive alien plant species across 10 pro-
tected areas managed by JCPZ. Specifically, we doc-
umented species richness, abundance, life forms, in-
vasion pathways, legal status, degree of establishment 
and continent of origin. These data will support the 
development of invasive species control plans that are 
essential for the management of the protected areas.

Materials and methods 
Study area 

The City of Johannesburg Metropolitan Municipality 
(CoJ) is located in the south-central of Gauteng (Figure 
1). The city is nestled and surrounded by two metropol-
itans, namely, the City of Tshwane to the north and the 
City of Ekurhuleni to the east. The total area of Gauteng 
is 18 178 km² and it is the smallest of the nine prov-
inces in South Africa, but it is the most densely popu-
lated with approximately 15 million people (Stats SA 
2022), of which 4.8 million people reside in the City of 
Johannesburg.

Vegetation types 

The JCPZ manages 25 natural protected areas, includ-
ing nature reserves and conservancy areas, which cover 
5 862 ha, equating to 26% of the total (22 278 ha) green 
land area of the CoJ (JCPZ; Environmental Conserva-
tion Department (ECD) 2025, unpublished report). 
These protected areas lie in two terrestrial biomes, the 
grassland and savanna biomes. The reserves’ vegeta-
tion consists of critical biodiversity areas such as the 
Gauteng Shale Mountain Bushveld, Gold Reef Moun-
tain Bushveld and Egoli Granite grassland (Mucina & 
Rutherford 2006). These critical biodiversity areas are 
under increasing pressure from human activities such 
as urban expansion, mining, pollution and biological 
invasions (Gauteng C-Plan 2014; DEA 2016).

Rainfall/Climate 

Johannesburg experiences cold winters with average 
lows of 6.1°C and maximum of 16.4°C in winter between 
June and July and warm to hot summers (from Novem-
ber to March) with mean annual temperatures peaking 
at 27°C in January reflecting the province’s subtropical 
highland climate (Mucina & Rutherford 2006). The mean 
annual rainfall is 700 mm, but it varies between 600 and 
750  mm depending on altitude (Mucina & Rutherford 
2006; Van Rooyen & Van Rooyen 2014).

Sampling techniques

A survey was conducted across 10 protected areas 
managed by the CoJ between 8 January 2024 and 10 
March 2025, spending one day in smaller reserves and 
two and a half days in bigger reserves (Figure 1). In each 
protected area, the area was demarcated into manage-
ment units, depending on the size of the nature reserve 
(DEA 2014). Management units refer to the size of the 
area big enough for the management of invasive alien 
plant species. For example, for small reserves like Lone-
hill, the area was divided into two units (A and B), while 
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Figure 1. Map of the study area showing protected areas managed by Johannesburg City Parks and Zoo, under the jurisdiction of the 
City of Johannesburg Metropolitan Municipality. The green-shaded regions represent formally protected areas, including proclaimed 
nature reserves. Black dots indicate individual sampling units where data were collected. The purple lines represent major national 
roads traversing the landscape, highlighting the influence of anthropogenic activity and potential pathways for the introduction and 
spread of invasive alien plant species.

A B

C
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for larger reserves such as Kloofendal Nature Reserve, it 
was divided into up to four management units. To iden-
tify alien plant species, we walked in a transect 10 m 
apart from each other in each unit, identifying and re-
cording different alien plant species occurring within 
one up to 10 m until the next observation zone, taking a 
GPS waypoint using Garmin GPS (McLean et al. 2018). 
To avoid double-counting, species recorded at a given 
waypoint were excluded from subsequent waypoints. 
In certain locations, dense and impenetrable thickets 
formed by a mixture of native and alien plant species 
limited access. In these cases, only species visible and 
identifiable from the outer edge of the vegetation were 
recorded, and abundance was estimated without en-
tering the interior of the population. We measured 
climbing or spreading plants using a square-metre cov-
er estimate, taking 1 m2 of groundcover as equal to one 
plant for the purpose of the analyses. Species identifi-
cation in the field was conducted using standard field 
guidebooks by Bromilow (2018), Henderson (2020) 
and Spottiswoode (2024, https://kloofendalfriends.org.
za/karin-spottiswoode/). 

In cases where immediate identification was not possi-
ble, photographs were taken alongside voucher spec-
imens to facilitate accurate identification at a later 
stage. This method was repeated in other management 
compartment units until the whole area was covered. 
Species that could not be identified in the field were 
submitted to the Johannesburg Botanical Garden for 
identification. We also recorded South African native 
plant species that have formed native-alien populations 
in Gauteng (Nelufule et al. 2022, 2023) and treated 
them as alien plants within these protected areas. Na-
tive-alien populations are species that are native to a 
country but have been moved by humans outside of 
their natural historical range, where they have estab-
lished self-sustaining populations (Nelufule et al. 2022). 
Two experienced observers carried out the surveys at 
each protected area, assisted by six assistants.

We verified species names using the Global Biodiversity 
Information Facility Backbone Taxonomy (GBIF: https://
doi.org/10.15468/39omei, viewed on 10 January 
2024). To ensure consistency and accuracy, all species 
names were cross-checked against an authoritative tax-
onomic backbone, with only accepted names included 
(Spear et al. 2013; Costello & Wieczorek 2014). We 
obtained written permission to conduct surveys from 
JCPZ, and ethics approval was obtained from the Uni-
versity of South Africa Health Research Ethics Commit-
tee (2025/CAES_HREC/6772). 

Abundance and density

For each plant species recorded, the number of individ-
uals was counted, but populations of more than 1 000 
individual plants were estimated. This estimation was 

done by counting the number of target alien plant spe-
cies in a 1 × 1 m quadrat, which was overlaid on the 
infested area. The total infested area (m²) was calculat-
ed by multiplying the number of occupied quadrats by 
the quadrat size. For irregularly shaped infestations, an 
iPhone GPS application was used to trace the perim-
eter and calculate the polygon area in square metres. 
The total number of individual plants was then summed 
for each protected area. To standardise invasion levels 
across protected areas of varying sizes, invasion density 
was calculated as the number of individual alien plant 
records per hectare.

For further analysis, each plant species was categorised 
according to family, life form, degree of establishment, 
likely pathways of invasion, regulatory status under NEM: 
BA A&IS regulation categories and region of origin.

Life forms: For life forms, we classified each species 
as climber, graminoid, herb, shrub, succulent or tree 
following the criteria set out by Baard & Kraaij (2014). 
This information is important for predicting potential 
negative impacts of invasive alien species (Pyšek et al. 
2012). 

Degree of establishment: In each nature reserve, the 
degree of establishment was classified as casual, col-
onising, established, invasive and widespread invasive 
according to Blackburn et al. (2011) using the wording 
and description from Groom et al. (2019). Casual popu-
lation refers to species whose individuals were surviving 
outside of captivity in a location with no reproduction; 
Colonising are for ‘self-sustaining population outside of 
captivity or cultivation, with individuals surviving a sig-
nificant distance from the original point of introduction 
(the first individual to be recorded was regarded as orig-
inal point of introduction)’; Established are ‘individuals 
surviving outside of captivity or cultivation in a loca-
tion, reproduction occurring, and population self-sus-
taining’; Invasive refers to ‘self-sustaining population 
outside of captivity or cultivation, with individuals sur-
viving and reproducing a significant distance from the 
original point of introduction’; and widespread invasive 
was for ‘fully invasive species, with individuals dispers-
ing, surviving and reproducing at multiple sites across 
a greater or lesser spectrum of habitats and extent of 
occurrence’. This was done for the nature reserves/con-
servancies and not the country as a whole. 

Continent of origin: The native range of each species 
was noted at a continental level and cross referenced 
with Global Invasive Species Database (https://www.
iucngisd.org/gisd/) and CABI’s invasive species com-
pendium (https://www.cabidigitallibrary.org/journal/
cabicompendium). A chi-square test was used to test 
whether the number of species records differs signifi-
cantly by continent of origin. The statistical analyses 
were conducted in R Software Version 4.4.3 (R Studio 
2020).

https://kloofendalfriends.org.za/karin-spottiswoode/
https://kloofendalfriends.org.za/karin-spottiswoode/
https://doi.org/10.15468/39omei
https://doi.org/10.15468/39omei
https://www.iucngisd.org/gisd
https://www.iucngisd.org/gisd
https://www.cabidigitallibrary.org/journal/cabicompendium
https://www.cabidigitallibrary.org/journal/cabicompendium
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Likely pathways of invasion: Information on the use of 
each species was obtained from online databases such as 
CABI, Plants of the World Online (https://powo.science.
kew.org/, viewed on 10 January 2025) and published liter-
ature. This information was then used to classify the pos-
sible pathways of invasion following the criteria by Baard 
and Kraaij (2014) and using the scheme of the Conven-
tion on Biological Diversity (CBD 2014) guided by infor-
mation provided in Harrower et al. (2018). The classifica-
tions included: escape:ornamental, escape:horticulture, 
escape:agriculture, escape:forestry and escape:other. 
When a single species had multiple uses, each use was 
categorised separately and separated by a pipe-delimiter.

NEMBA listed species: We also classified each species 
following the National Environmental Management: 
Biodiversity Act (NEM:BA, Act 10 of 2004), Alien and 
Invasive Species Regulations (NEM:BA A&IS Regula-
tions of 2021 as amended; DEA 2021), and assigned 
them different categories, namely: Category 1a, 1b, 2 
or 3 invasive species for Gauteng. 

Storage of the dataset

Online repository (figshare.com): https://doi.org/10. 
6084/m9.figshare.30759383.

License: CC BY 4.0. 

Format of dataset: Digital comma-delimited file (.csv).

Data structure: This dataset includes two files: a csv file 
with a list of alien and invasive plant species of the City 
of Johannesburg Metropolitan protected areas and the 
metadata in an MS Word document, which contains a 
full description of each column in the dataset. For this 
study, we aligned some of the column names with those 
of the species list of South Africa’s national status report 
on biological invasions (http://dx.doi.org/10.5281/zeno-
do.3947659), with those that are marked by an asterisk 
under the description representing Darwin Core terms. 
This was done to ensure the data will be FAIR (Findable, 
Accessible, Interoperable, and Reusable). Each row be-
low the header of Supplementary material 1 represents a 
record for a single alien species (see Appendix A). If a cell 
includes multiple values in the inventory (e.g., taxa native 
to multiple continents will have multiple values for Nati-
veRangeBroadAdmin). A pipe-delimiter separated these 
values and the categories. 

Results 
A total of 175 alien plant species were identified, rep-
resenting 56 plant families and 125 genera (Supple-
mentary material 1). Six of these species have formed 
native-alien populations in these reserves. Asteraceae 

was the most represented with 73 species, followed by 
Solanaceae (n = 52), Fabaceae (n = 28) and Verbena-
ceae (n = 20) (Table 1). Several families had low repre-
sentation, with 33 families contributing only one or two 
records each (Supplementary material 1).

The most frequently recorded species was Heliotropium 
amplexicaule that occurred in all the 10 surveyed pro-
tected areas, followed by several species that occurred 
in at least seven protected areas. These included Bidens 
pilosa, Lantana camara, Melia azedarach, Solanum 
mauritianum, Tagetes minuta, Campuloclinium macro-
cephalum, Datura stramonium, Morus alba and Physalis 
peruviana (Supplementary material 1). Many species, 
however, were rare and occurred in less than two pro-
tected areas (e.g., Arundo donax, see Supplementary 
material 1; A. donax was, however, the most abundant 
species, with a total of ~48 500 individuals, despite oc-
curring in only one protected area). Other species that 
were abundant included B. pilosa, L. camara, T. minuta, 
Salvia tiliifolia and Verbena brasiliensis (Figure 2).

In total, ~356  775 individual plant species were re-
corded across 10 protected areas, representing 6 786 
records or sampling steps (Table 2). Albert Farm had the 
highest number of recorded species (n = 72), close-
ly followed by Beaulieu (69 species), Linksfield Ridge 
(47 species), Rietfontein (39 species) and The Wilds (39 
species) nature reserves (Table 2). In contrast, Lonehill 
Koppies and Fourways Garden nature reserves record-
ed the least number (n < 15) of alien plant species 
(Table 2). Invasion density was highest in three nature 
reserves, Rietfontein (3 436.59 plants/ha), Albert Farm 
(3 369.14 plants/ha) and Beaulieu (1 761.06 plants/ha) 
(Table 2). The other nature reserves had low to medium 
plant invasion densities (320–1 168 plants/ha). 

Herbs and trees had a significantly higher number 
of species than other life forms (χ² = 9.0267, df = 1, 

Table 1. Top 10 most represented plant families, showing the 
number of species and their relative percentage contribution

Family Number of species Percentage (%)

Asteraceae 73 41

Solanaceae 52 29

Fabaceae 28 18

Verbenaceae 20 11

Amaranthaceae 17 10

Boraginaceae 11 6

Cactaceae 11 6

Convolvulaceae 11 6

Lamiaceae 11 6

Asparagaceae 9 6

https://powo.science.kew.org/
https://powo.science.kew.org/
figshare.com
https://doi.org/10.%0A6084/m9.figshare.30759383
https://doi.org/10.%0A6084/m9.figshare.30759383
http://dx.doi.org/10.5281/zenodo.3947659
http://dx.doi.org/10.5281/zenodo.3947659
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p = 0.002661) (Figure 3A). A significantly higher num-
ber of species were introduced through ornamental (χ² 
= 225.69, df = 4, p-value = 2.2e-16) and horticultural 

(χ² = 49.568, df = 1, p = 1.916e-12) pathways than 
through agriculture, forestry and other pathways of inva-
sion. (Figure 3B). 

Figure 2. The number of individuals counted for the five most abundant species in each protected area. ‘Amaranthus spi’ = Amaranthus 
spinosus; ‘Alternanthera car’ = Alternanthera caracasana; ‘Bidens hil’ = Bidens hildebrandtii; ‘Bidens sub’ = Bidens subalternans; ‘Cam-
puloclinium mac’ = Campuloclinium macrocephalum; ‘Eucalyptus cla’ = Eucalyptus cladocalyx; ‘Heliotropium amp’ = Heliotropium 
amplexicaule; ‘Solanum ela’ = Solanum elaeagnifolium; ‘Solanum mau’ = Solanum mauritianum; ‘Verbena bip’ = Verbena bipinnatifida.

Table 2. Number of alien plants recorded in 10 protected areas in Johannesburg, Gauteng, South Africa. Reserve size in hectares, inva-
sion density is the number of plants per hectare, and NR denotes a Nature Reserve

Protected area Number of 
species

Size 
(ha)

Invasion density 
(plants/ha)

Vegetation type

Albert Farm Conservancy 72 34 3 369 Egoli Granite Grassland

Beaulieu Bird Sanctuary NR 69 16 1 761 Egoli Granite Grassland

Fourways Garden NR 13 43 910 Egoli Granite Grassland

Kloofendal NR 37 126 320 Egoli Granite Grassland

Linksfield Ridge NR 47 51 476 Egoli Granite Grassland

Little Falls NR 36 55 675 Egoli Granite Grassland

Lonehill Koppies NR 12 6 607 Egoli Granite Grassland

Rietfontein Ridge NR 39 22 3 436 Gold Reef mountain bushveld

Ruimsig Butterfly NR 25 13 1 168 Egoli Granite Grassland

The Wilds NR 39 18 761 Gold Reef Mountain Bushveld
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There were significant differences in the degree of es-
tablishment of alien plant species across the 10 nature 
reserves (χ² = 198.28, df = 4, p < 0.0001). The major-
ity of alien plants species were established (48%), while 
few were categorised as casual (16%), colonising (12%), 
invasive (10%) and widespread invasive (13%) (Figure 4).

There was significant difference in the continent of ori-
gin of alien plant species for the 10 nature reserves (χ² 
= 77.74, df = 5, p < 0.001). The majority of species 
were introduced from Asia, North and South America, 
while comparatively fewer were from Australia and Eu-
rope (Figure 5A). Most alien plant species recorded in this 
study (103 out of 177 species) were not listed under the 

Figure 3: The number of alien plant species recorded in Johannesburg, Gauteng, South Africa, based on A, life form; and B, likely path-
ways of invasion.

Figure 5. The number of alien plant species recorded in 10 City of Johannesburg protected areas categorised according to A, their con-
tinent of origin; and B, NEMBA IAS regulations. NL = not listed. 

A B

Figure 4. The number of alien plant species recorded in 10 City 
of Johannesburg protected areas categorised according to the 
degree of establishment.

A B
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A&IS Regulations (Figure 5B). Of the 73 species that are 
listed on the A&IS Regulations, 74% are listed as Catego-
ry 1b and a few are in the other categories (Figure 5B). 

Discussion 
This study provides a preliminary checklist of alien plant 
species that occur in several protected areas managed by 
the CoJ. Species richness and density varied across the 
protected areas largely as a result of legacies of histor-
ical land use and plant traits. These findings are in line 
with those reported for the City of Tshwane in Nelufule 
et al. (2024a) and for the South African National Parks 
(Van Wilgen & Herbst 2017). Our results suggest that in-
vasion densities are highest in disturbed reserves such as 
Albert Farm, which was previously used as a farm. This 
supports the notion that human activities and legacies of 
historical land-use create favourable conditions for alien 
species spread. The overlap in dominant species such as 
L. camara across protected areas in the cities of Tshwane 
and Johannesburg further suggests that these alien plant 
species pose a regional threat that requires coordinat-
ed responses. High-density invasions, such as those by 
A. donax, L. camara, B. pilosa, Robinia pseudoacacia and 
V. brasiliensis, highlight their aggressive colonisation capa-
bilities, even when present in limited locations, are like-
ly to outcompete indigenous plants, threaten ecosystem 
services provided by these areas, discredit the ability of 
these areas to resist climate change and alter microhabi-
tats essential for native fauna.

Notably, six species have formed native-alien populations 
within some of these protected areas. These results add 
to the increasing observation of native-alien populations 
in protected areas in South Africa (Baard & Kraaij 2014; 
Van Wilgen & Herbst 2017; Nelufule 2023; Nelufule et 
al. 2024a, 2024b). Like in Nelufule et al. (2024a), the 
present study reported that alien plant species from the 
families Asteraceae, Fabaceae and Solanaceae were the 
most dominant. These families are often overrepresent-
ed in the alien plant list globally due to their ability to 
disperse fast, their ability to adapt to different habitats 
and their popularity in the ornamental horticulture trade 
(Singh et al. 2010; Foxcroft et al. 2013; Appalasamy & 
Ramdhani 2020). This pattern is also consistent with 
other studies, where the ornamental plant trade is rec-
ognised as one of the most significant vectors for alien 
plant invasions and dispersal into protected areas both 
in urban areas and natural systems (Foxcroft et al. 2008, 
2017; Van Wilgen & Herbst 2017; Nelufule et al. 2024a).

Of concern is that most of the alien plants had estab-
lished a self-sustaining population in the surveyed pro-
tected areas. The domination of these established alien 
species indicates a potential for further spread into adja-
cent habitats and broader ecological impacts, including 
competition with native species, alteration of ecosystem 
processes, and disruption of native community structures. 

This is of concern as 24% of the sampled species are al-
ready invasive and indicates a high invasion debt in these 
areas. Furthermore, we observed a high number of un-
listed species. Because it is not mandatory to develop 
control programmes for unlisted species in South Africa, 
they may go untreated for long periods. As a result, the 
number of species that could spread further and cause 
additional impacts is likely to increase. 

Most of the listed species are classified under Catego-
ry 1b, meaning that they require active management. 
However, many urban municipality-managed protect-
ed areas (Nelufule et al. 2024a), including those sur-
veyed here, lack an invasive species monitoring, control 
and eradication plan, which hinders effective control of 
these species. As a result, citizen science groups have 
taken on the task of controlling invasive plants in some 
of the CoJ’s nature reserves in an effort to restore the 
natural integrity of these areas (Nelufule et al. 2026). 

Limitations 

Sampling in a single season limits the ability to record 
all species occurring in these reserves, as flowering of 
different alien plant species occur at different times of 
the year. We could not survey the other 15 protected 
areas due to various reasons, including budgetary con-
straints and safety concerns, such as the presence of 
homeless individuals and unauthorised access in some 
areas. As a result, other parts of the Kloofendal Nature 
Reserve were not surveyed, leading to an underrep-
resentation of the total number of species recorded 
for this reserve. Furthermore, ecological management 
plans in most of these urban protected areas are out-
dated (Nelufule et al. 2024a), which hinders progress 
in updating and implementing effective alien species 
checklists and control. 

To overcome these limitations, future surveys should be 
conducted across different seasons to capture species 
that flower or are detectable at different times of the year. 
Expanding temporal coverage would greatly improve the 
completeness and accuracy of alien species checklists. 
Additionally, securing adequate funding and logistical 
support would enable surveys of all protected areas, in-
cluding those that were excluded previously. To facilitate 
more comprehensive sampling, there is a need to col-
laborate with local authorities to address safety concerns 
such as regulated access, guided entry or partnering with 
reserve staff. Improved coordination with municipal envi-
ronmental departments could further support the revision 
and implementation of updated ecological management 
plans, ensuring that invasive species monitoring, control 
and eradication plans are systematically integrated into 
protected area ecological management plans. Protected 
areas in urban areas of Gauteng often have many invasive 
species. This is likely due to proximity to human dwell-
ings where alien plants are used as ornaments and for 
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horticulture. These areas can act as foci for new invasions 
and there is therefore a need to develop lists of alien spe-
cies present in these areas so that appropriate manage-
ment interventions can be developed.
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Appendix A 

A summary of the information fields (column names) in the inventory of alien and invasive plant species in the city 
of Johannesburg protected areas, adopted from Zengeya and Wilson (2020) and Nelufule et al. (2023). We also 
included column names of the inventory, and for each column, a description and details about the possible values 
for the data in each column.

Column name Description Value

ScientificName The binomial name of the species or taxon, including the 
authority as per Global Biodiversity Information Facility 
(GBIF) https://www.gbif.org/species/1339850, viewed 10 
January 2025.

Character

vernacularName The English name of a species known to the general 
public in South Africa.

Character

family The full scientific name of the family in which the taxon 
is classified.

Character

kingdom The full scientific name of the kingdom in which the 
taxon is classified. 

Character

phylum The full scientific name of the phylum or division in 
which the taxon is classified. 

Character

Class The full scientific name of the class in which the taxon is 
classified. 

Character

RegulatoryListing This listing is based on the Alien and Invasive Species 
Regulations under the National Environmental: 
Biodiversity Act (NEMBA:BA), 2024 (Act No. 10 of 
2024), as published in the 2020 Government Gazette by 
the Department of Environment, Forestry and Fisheries 
(pp. 31–77). 

Character

isNative This includes the nativity of a species for specification of 
whether it is native to South Africa.

Factor with three levels:  
cryptogenic, true, false

occurrenceStatus This includes alien ranges only to specify whether it is 
present as an alien species in South Africa.

Factor with four levels: 
absent, present, doubtful, 
notEvaluated 

degreeOfEstablishment The coding as taken from the Unified Framework for 
Biological Invasions (Blackburn et al. 2011), with the 
wording and description per Groom et al. (2019).

Factor with 12 levels:  
A0, A1, B1, B2, B3, C0, C1, C2, C3, 
D1, D2, E

IntroductionStatus A less refined measure of the degree of establishment 
that consolidates several categories in degree of 
establishment.

Factor with five levels:  
casual, established, colonising, 
invasive, widespreadInvasive 

Pathway The process by which an organism came to be in each 
place at a given time.

Factor with 6 major categories, and 
44 subcategories

AlienRangeBroadAdmin Province where the species has established population(s) 
outside its native range and is in captivity or cultivation 
in South Africa. This lists the occupancy of specific 
administrative regions in South Africa (the nine provinces 
for terrestrial systems).

Factor with 38 levels

AlienRangeBroadEcol Biomes where the species occurs as an alien in South 
Africa.

Factor with 8 levels 

AlienRangeFreeText Sites (e.g., name of nature reserve or locality) where the 
species has established population(s) outside its native 
range and outside of captivity or cultivation. 

Structured text field 

https://www.gbif.org/species/1339850
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Supplementary material 

Available online: http://dx.doi.org/10.38201/abc.v56.2.a11.

Supplementary material 1: 	 MS Excel spreadsheet listing the 175 alien plant species identified, representing 56 
plant families and 125 genera.

DISCLAIMER: 	 Please note that supplementary materials are not edited, proofread or designed by SANBI 
Graphics and Editing and is the sole work and responsibility of the author(s).

http://dx.doi.org/10.38201/abc.v56.2.a11
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