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Background: In South Africa, the management of invasive alien plants (IAPs) is
typically undertaken in large, protected areas at a national level. However, most
urban protected areas managed by municipalities lack the capacity and funds to
record and manage IAPs.

Objectives: This study assesses the control of IAPs undertaken by volunteer
citizen scientists and estimates the associated monetary value using the stan-
dards of the Working for Water (WfW) programme in Kloofendal Nature Re-
serve (KNR), Johannesburg.

Methods: Alien plants were first identified through surveys by volunteer citizen
scientists, with the species names, dates, abundance and locations recorded
using the GPS Essentials application (app). IAPs were then controlled using me-
chanical and chemical methods in collaboration with the Johannesburg City
Parks and Zoo.

Results: A total of 58 alien plant species from 28 plant families were recorded in
KNR. The most controlled life forms were shrubs, herbs and trees. Approximate-
ly 150 798 individual plants belonging to 57 alien plants were removed, with
many species removed in the year 2024 (n = 58 318) and 2023 (n = 41 205), at
a total cost of R257 110.40, following the WfW Programme. The most removed
life forms were shrubs (n = 77 452), herbaceous plants (n = 11 769) and trees
(n = 10 883). Most alien plant species (68%) were listed as Category 1b in the
South African National Environmental Management: Biodiversity Act 2004 (Act
No. 10 of 2004): Alien and Invasive Species Regulations, with the most removed
individual alien plants (n = 90 806) belonging to this category.

Conclusion: This study highlights the importance of stakeholder engagement in
managing IAPs in urban protected areas, as shown in the KNR. This research of-
fers a scalable model for African countries to enhance biodiversity conservation
through citizen—-municipality partnerships.

Keywords: citizens, environmental regulations, non-native species, mechanical
and chemical control, stakeholder engagement.

Introduction

v56.2.a10 The global rise in the introduction of invasive alien plant species (IAPs) has
become an increasingly urgent challenge (Gentili et al. 2021), largely driven
by rapid human population growth and increased mobility, which have facil-
itated the spread of these species into natural and protected areas (Skocaji¢
& Nesi¢ 2021). This spread often results in habitat invasion and overexploita-
tion, exacerbated by insufficient control measures and inadequate monitor-
ing. The introduction of alien plant species (Capinha et al. 2023) has resulted
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in significant socio-ecological consequences, particu-
larly in economically constrained regions of the global
south and sensitive protected areas such as UNESCO
World Heritage Sites, biosphere reserves, Ramsar wet-
lands and national parks (Braun et al. 2016; Shackleton
et al. 2020; Cadotte et al. 2024). In many cases, the
severity and scope of these impacts have not been ad-
equately addressed.

Key biodiversity areas and protected sites remain vul-
nerable to the adverse effects of 1APs, which hinder
accessibility and degrade ecosystem services, there-
fore affecting human well-being (Ruland & Jeschke
2020; Shackleton et al. 2020; Cadotte et al. 2024). In
response, local citizens have actively participated in
combating IAPs, particularly in heavily affected areas
where government management strategies have been
ineffective or absent (Dolan et al. 2015; Luigi Nimis
et al. 2019; Jubase et al. 2021). While citizen-led ef-
forts can significantly reduce the spread of 1APs, effec-
tive management requires collaboration between the
public and local biodiversity authorities (Dolan et al.
2015; Irlich et al. 2017; Jubase et al. 2021; Potgieter
et al. 2024a). Such cooperation can enhance the ef-
fectiveness of control programmes and ease financial
and logistical pressure on municipalities by integrating
citizen participation into ongoing management efforts,
although not all volunteer contributions are entirely
cost-free (Novoa et al. 2018; Potgieter et al. 2024a).

Volunteer citizens play a crucial role in detecting and
reporting invasive alien species (IAS) across different
taxa worldwide (Crall et al. 2015; Encarnagao et al.
2021; Jubase et al. 2021; Potgieter et al. 2024a). For
example, citizen science programmes have proven ef-
fective for monitoring plant invasions by enabling early
detection and mapping of invasive species, as demon-
strated by the successful identification of invasive aca-
cia species in Portugal (César de Sd et al. 2019), and
alien plant distributions in Italy (Luigi Nimis et al. 2019)
and South Africa, through volunteer-driven and low-
cost approaches (Jubase et al. 2021; Potgieter et al.
2024a). However, challenges persist in integrating these
efforts into formal conservation programmes, due to a
lack of standardised methods, insufficient training and
limited communication between stakeholders (Crall et
al. 2013; Irlich et al. 2017). Addressing these barriers
through structured training, improved coordination
and policy integration could enhance the role of volun-
teer citizens in managing IAPs in protected areas (Gallo
& Waitt 2011; Crall et al. 2013). Additionally, long-term
engagement with volunteer citizens has led to sustained
ecological benefits, as seen in Indianapolis, Indiana,
USA, weed control programmes, where volunteers
played a key role in the ongoing removal of invasive
Amur bush honeysuckle (Lonicera maackii) (Dolan et al.
2015). Implementing similar strategies could strengthen
efforts to combat the ecological and economic impacts
of IAPs in South Africa.
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South Africa is heavily infested by IAS, with 1APs occu-
pying extensive areas and outcompeting native species
across various ecosystems, particularly in terms of spe-
cies richness and spatial coverage (Henderson 2007;
Henderson & Wilson 2017; Nsikani et al. 2020; Pysek
et al. 2020). Currently, over 300 IAS have been recorded
in South Africa, impacting natural landscapes, protected
wetlands and human-inhabited areas (Henderson & Wil-
son 2017; Zengeya & Wilson 2023). Despite these wide-
spread invasions, mapping efforts remain limited, mak-
ing it difficult to quantify and track the full extent of the
problem. While the government has implemented man-
agement and eradication plans, the financial burden of
controlling these species remains substantial (Van Wilgen
et al. 2022). For instance, over R310 million has been
allocated to IAPs" eradication programmes, with a signif-
icant portion directed toward the WfW initiative, a key
programme facilitating IAPs” control in the country (Van
Wilgen & Wannenburgh 2016). Despite these efforts,
resource constraints mean that eradication programmes
are often selective, focusing on specific regions and target
species, leaving many invaded areas unmanaged and fur-
ther exacerbating the spread of IAS (Nel et al. 2004; Van
Wilgen & Wannenburgh 2016).

Recent studies emphasise the importance of citizen sci-
ence in managing biological invasions in South Africa
(Gildenhuys et al. 2024; Potgieter et al. 2024b; Richard-
son & Potgieter 2024). However, volunteer participation
outside formal structures is underutilised, although their
involvement holds significant potential to support early
detection, ongoing monitoring and control efforts while
reducing government costs (Pages et al. 2019; Pocock et
al. 2024). Unlike other countries with successful com-
munity-driven eradication initiatives (Dolan et al. 2015;
César de Sa et al. 2019; Luigi Nimis et al. 2019), South
Africa lacks structured volunteer involvement. This ab-
sence leads to inefficiencies and disputes, as seen with
residents near KNR in Johannesburg, Gauteng, South
Africa, who criticise the municipality for inadequate-
ly managing IAPs within the reserve (pers. comm.). Al-
though Irlich et al. (2017) provided recommendations
for municipalities to comply with national legislation on
biological invasions, many municipalities struggle due to
limited resources. To address such gaps, community in-
volvement is promoted worldwide, and in South Africa,
communities are engaged in decision-making processes
related to the management of IAPs (Novoa et al. 2018;
Shackleton et al. 2019). Additionally, volunteer citizen
initiatives make significant contributions to research and
policy (Crall et al. 2010; Hulbert et al. 2023; Potgieter et
al. 2024a, 2024b); however, gaps remain in the literature
on urban protected areas, particularly where municipal
funding is limited. Involving volunteers in these areas can
improve conservation outcomes and public participation
(Latombe et al. 2017).

The aim of this study was to assess management and
occurrence of IAPs in KNR, with particular emphasis
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on the efforts of volunteer citizens in their control and
socio-economic value of their contributions. Specifi-
cally, the study sought to document the IAPs targeted
for removal and classify them by life forms, invasion
pathway and National Environmental Management:
Biodiversity Act No. 10 of 2004 (NEMBA) AIS catego-
ries. In addition, the study aimed to quantify the types
and numbers of IAPs removed across multiple years,
disaggregated by life form and NEMBA AIS category,
and to estimate the economic value of control efforts
by applying the WfW programme framework to calcu-
late the equivalent cost of volunteer labour. Through
this approach, the study provides information on both
the ecological outcomes of volunteer citizen-led IAPs’
management and the broader significance of com-
munity participation in supporting urban biodiversity
conservation.

Methods

Study area

The KNR was selected as a case study site because the
Friends of Kloofendal (FroK) have been actively work-
ing to control IAPs for more than eight years. The FroK
is a non-profit organisation (NPO 92239), founded in
August 2002, comprising community members who
came together to conserve their local environment. The
KNR is a 118 ha nature reserve located in Roodepoort,
Gauteng, South Africa (Figure 1), managed by the Jo-
hannesburg City Parks and Zoo (JCPZ). According to the
National List of Threatened Ecosystems under NEMBA,
the vegetation in the reserve is classified as Roodepoort
Reef Mountain Bushveld, which is critically endangered
vegetation. Bushveld is generally maintained by period-
ic natural fires, which have not occurred for decades,
resulting in heavy bush encroachment over approxi-
mately one-third of the reserve.

Identifying IAPs

To identify IAPs, we adopted a study conducted by Van
Rooyen (2018), who developed a monitoring system
for IAPs. The system involved documenting the number
and location of five IAP species within 100 m? quadrats
distributed throughout the reserve (Van Rooyen 2018).
These square quadrants were then followed up by Kar-
in Spottiswoode to identify IAPs occurring in KNR. The
identified IAPs found within the reserve and nearby
areas were then documented in a field guide titled In-
vasive alien and problem plants on the Witwatersrand
and Magaliesberg (Spottiswoode 2024). This guide was
developed to enable the correct identification of these
invasive plants and to provide recommended removal
methods. The location of different IAPs recorded was
captured using the GPS Essentials application (https://
www.gpsessentials.com), which runs on Android
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(non-Apple) smartphones. Individual plants that were
removed were recorded in the GPS Essentials app by
creating waypoints with accurate GPS coordinates
of less than 10 m, entering the species name under
‘Name’, and noting the number of removed individ-
uals, with plant size often noted under ‘Description’.

Controlling IAPs

The control of IAPs in KNR was conducted by FroK in
partnership with the JCPZ and occasionally by Expanded
Public Works Programme (EPWP) employees (Figure 2).
Other unpaid volunteer groups, such as members of
organisations, school groups, scouts, Voortrekkers and
corporate businesses, joined in the control of IAPs.
These members were first trained to identify and con-
trol IAPs occurring in the area (e.g., including smelling
and touching the plants). This was done to avoid mis-
identifying congeneric IAPs that look similar to indige-
nous plants within the reserve.

A total of 21 trained volunteers contributed to IAPs’
control. Fieldwork took place three times per week on
Mondays, Wednesdays and Fridays, often in groups
of two volunteers. Control techniques included hand-
pulling, cutting and herbicide treatment, depending
on plant size and life form. Larger woody species, such
as Acacia mearnsii De Wild. and Acacia melanoxylon
R.Br. were treated with appropriate herbicides (e.g.,
Kaput™). The operational details regarding clothing,
equipment and removal procedures are provided in
Supplementary material 1.

IAPs” removal records were collected using the GPS
Essentials app. For each removal event, volunteers re-
corded the species names, coordinates, the date and
time when the number of individual plants were re-
moved and notes (e.g., large trees, seedlings, or ma-
tured for non-woody plants). Data were uploaded after
each session as Keyhole Markup Language (KML) files
and compiled into a central dataset managed by the
FroK. Control activities occurred from January 2020 to
December 2024. A data gap exists between September
2021 and July 2022, during which removals were re-
corded in handwritten logbooks not accessible during
data extraction. This information on volunteer effort,
such as the number of visits and hours worked for this
period, was unavailable. As a result, effort-standardised
metrics such as removals per hour or per visit could not
be calculated. To assess the extent and scale of 1APs’
control activities, the KML data were downloaded in
December 2024.

Spatial coverage and sampling effort

Volunteer surveys and removals were conducted across
all accessible areas of the reserve, including mapped
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Figure 1. A map of the study area showing South Africa, Gauteng and Kloofendal Nature Reserve where the study was conducted. Sites
where different IAPs were recorded are indicated by dots.
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Figure 2. Community members and friends of the Kloofendal Nature Reserve controlling IAPs: A, Solanum mauritianum Scop.; B, Ces-
trum parqui 'Her.; C, Solanum pseudocapsicum L. and D, Acacia mearnsii De Wild.

IAP clusters, designated walking paths, riparian zones
and adjacent grassland and savanna patches. Although
not strictly systematic, field activities covered most of
the known invasion hotspots identified in previous
mapping exercises. Sampling effort was calculated from
the CSV database and consisted of approximately 826.5
hours of work, equivalent to 103.3 volunteer field days,

http://abcjournal.org

with multiple volunteers participating per session. The
supervisor worked a total of 427 days up to December
2024, equivalent to approximately 21 months of full-
time work. This included supervisor costs associated
with the work conducted by both EPWP workers and
FroK volunteers, as well as one month of programme
development to convert KML files into a system capable

| Open access



Page 6 of 14

of writing to and updating the CSV database, while en-
suring accurate and consistent plant name verification.
Effort varied seasonally depending on volunteer avail-
ability and vegetation growth.

Data processing and quality control

To ensure taxonomic accuracy, all species names were
verified against the Plants of the World Online website
(POWO; https://powo.science.kew.org), with accept-
ed names used according to the Global Biodiversity
Information Facility (GBIF; https://www.gbif.org/spe-
cies/6). Only records with verifiable scientific names,
curated specimens, valid geographic coordinates and
documented numbers of individuals removed were in-
cluded in the analysis. Records were excluded if they
contained common names that could not be matched
to a scientific name, lacked coordinates or removal
numbers, or represented duplicate entries identified
through data merging and geospatial deduplication
procedures.

Species native to South Africa but alien to Gauteng
were treated as native-alien populations (see Nelufule
etal. 2022, 2023) and treated together with IAPs during
analysis. These were included in analyses of abundance
and life form but interpreted separately when discuss-
ing ecological and regulatory implications (Nelufule et
al. 2022). An attempt to estimate the remaining IAP
abundance using coordinate plotting was discontinued
due to insufficient data on plants not yet removed.

Classification of species

For further analysis, all recorded species were catego-
rised according to their life forms (fern, grass, climber,
shrub, succulent and tree), following Mokotjomela et al.
(2023). This includes pathways of invasion, according to
Baard and Kraaij (2014) and the NEMBA AIS categories
as described in Mokotjomela et al. (2023). Only the high-
est category for each species was allocated. These cate-
gories include categories 1a, 1b, 2 and 3. Category 1a
species are those that should be eradicated as soon as
they are identified; Category 1b species require a con-
trol and eradication management plan; while categories
2 and 3 are species that require a permit for their use and
must be controlled if they occur in riparian zones (DEFF
2020). We used species use as a proxy for the pathway
of invasion into the reserve. If a species had more than
one means-of-invasion pathway, all pathways were used.
Pathways of invasion were classified following the cri-
teria outlined by Baard and Kraaij (2014). Information
on these pathways was obtained from POWO and pub-
lished literature. For the removed individual alien plants,
these records were classified according to their life forms
and NEMBA categories only. The total number of individ-
ual plants removed was also summed up by year using
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the aggregate function in R (R Core Team 2024). To visu-
alize the occurrence records and locations of IAPs, desk-
top ArcGIS (version 10.8.1) was used to produce a map
(Figure 1).

Estimating the cost associated
with controlling IAPs

We applied the WIW programme to estimate the
equivalent cost of controlling IAPs in KNR (Jubase et
al. 2021). The calculation was based on the average
number of hours worked per volunteer (H), the number
of volunteers (V) and the number of weeks contributed
per year (W). The total labour hours contributed annu-
ally (L) were thus estimated using the following formula:

L=HXVXW

The resulting labour hours were then converted into an
equivalent economic value by multiplying L by the gen-
eral worker wage rate (R) prescribed under the WfW
programme:

C=LxR

Where C represents the total equivalent cost of labour.
Rates used were R145 for a general worker and R245
for a supervisor per day.

Data analysis

We conducted several statistical analyses to evaluate
the control records of IAPs in KNR between 2020 and
2024. Data were collected daily by different volunteers
during plant removal activities; this operational sam-
pling approach, while comprehensive, was opportunis-
tic rather than randomised. As such, caution is warrant-
ed when interpreting inferential statistical tests.

A Chi-square (y?) test of independence was applied to
compare the observed numbers of species recorded
and individual alien plants removed among different
invasive alien plant life forms. Additionally, Chi-square
goodness-of-fit tests were performed to assess whether
the observed distributions of control records differed
significantly from expected uniform distributions. These
tests analysed the distribution of recorded species
across seven life forms (climber, fern, grass, herb, shrub,
succulent and tree) and pathways of invasion, as well
as the distribution of controlled individual plants across
the same seven life forms and NEMBA categories (1a,
1b, 2, 3 and unlisted species). Expected frequencies
were calculated by dividing the total number of species
by the number of controlled individual plant records
equally across categories.

For all Chi-square tests, effect sizes were calculated us-
ing Cramér’s V to provide a measure of the strength of
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association between variables. Given the non-random
nature of the data collection, these inferential tests
were applied primarily as exploratory tools to detect
broad patterns, rather than to make definitive popula-
tion-level inferences. Descriptive statistics and observed
distributions form the primary basis for understanding
control efforts, with the tests providing preliminary in-
sights that may guide future studies. All statistical analy-
ses were conducted using the R Statistical Environment
version 4.5.2 (R Core Team 2024), with a significance
level set at p = 0.07.

Results

Atotal of 58 alien plant species from 28 different plant
families were recorded from KNR. The most domi-
nant plant family was Fabaceae, with eight species,
followed by Solanaceae, with seven species, and Ro-
saceae and Asteraceae, with four species each (Sup-
plementary table 1). Most alien plant species were
observed to occur in linear patterns along sewer lines,
along the path, fences and around electricity pylons,
areas often associated with human disturbances.

IAPs were recorded across seven life forms and five in-
vasion pathway categories (Figure 3). The differences
in the number of species among life forms are statisti-
cally significant (x2 (6) = 37. 828, p < 0.0001), with a
moderate association strength indicated by Cramér’s V
= 0.33. Trees (n = 23) were the most species-rich life
form and primarily introduced for ornamental purposes
(n = 13) and forestry (n = 6), followed by herbs (n =
14) and shrubs (n = 13) (Figure 3).

Original research

The differences in the number of species among path-
ways of introduction were also statistically significant
(x2 (4) = 47.6, p < 0.0001), with a moderate associ-
ation indicated by Cramér’s V = 0.40. The ornamen-
tal pathway was the most important contributor to the
presence of alien plants, followed by medicinal uses.

Many species (86%) recorded in KNR were listed in
the NEMBA AlS categories, with most species listed as
Category 1b (Figure 4B). Only eight species were not
listed, and only one species fell under Category 1a
(Figure 4B). The differences in the number of species
among NEMBA categories were statistically significant
(x? (4) = 86.77, p < 0.0001), with a strong association
as indicated by Cramér’s V = 0.62, suggesting that spe-
cies removals are unevenly distributed across regulatory
categories.

A total of 150 798 individual plants were removed
from KNR between 2020 and 2024. The number of re-
movals differed significantly among life form categories
(2 (6) = 325.849, p < 0.0001), with a very strong as-
sociation as indicated by Cramér’s V = 0.73. Most re-
movals were concentrated on shrubs, followed by trees
and herbs (Figure 4A). The species contributing most to
removals were Solanum pseudocapsicum L. (n = 43 658)
and S. mauritianum Scop. (n = 14 722), while Cestrum
parqui U'Her (n = 7 274) and Acacia mearnsii De Wild
(n = 6 009) were also notable (Figure 2; Supplemen-
tary table 1). One native species, Podranea ricasoliana
(Tanfani) Sprague, formed native-alien populations that
compete with native vegetation and require effective
control (Supplementary material 2). The absence of data
for September 2021 to July 2022 means that total remov-
als reported for this period represent a conservative es-
timate, as removals conducted during this interval could
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not be quantified. The distribution of removed individual
plants across NEMBA categories was also highly uneven
(x2 (4) = 304.383, p < 0.0001), with a very strong associ-
ation indicated by Cramér’s V = 0.86. The vast majority
of removals occurred in Category 1b, followed by Cate-
gory 2 (Figure 4B).

KNR contributed both financial and labour resources
to the control of IAPs. Records indicate an average an-
nual budget of R4 533.40 between 2020 and 2024,
with volunteer labour valued at R252 577.00. Togeth-
er, these contributions totalled R257 110.40 (approxi-
mately $14 729.83).

Discussion

This study provides a quantitative assessment of IAPs’
control conducted by citizen scientists in KNR and offers
insights into the scale and composition of removals in an
urban protected area context. A total of 58 IAP species
were targeted for control by volunteers, highlighting both
the widespread distribution of IAPs in the reserve and
the breadth of community-driven management effort.
Our findings contribute to the growing body of literature
emphasising the role of volunteers in IAPs” management
(Shackleton et al. 2019) and are consistent with simi-
lar work conducted in the Western Cape, South Africa
(Jubase et al. 2021), and in Brazil (Dechoum et al. 2019).

This collaborative model appears to reduce the spread
of IAPs within KNR while simultaneously equipping the
municipality with additional trained capacity to address

http://abcjournal.org |

invasions — an important consideration given the limit-
ed staff and conservation funding available to many lo-
cal authorities (Irlich et al. 2017; Dechoum et al. 2019;
Van Wilgen et al. 2022). If implemented more broadly
across Johannesburg’s nature reserves or adopted by
municipalities elsewhere in South Africa, this approach
could substantially reduce IAPs” management costs and
facilitate more efficient allocation of conservation re-
sources (McConnachie et al. 2012).

A high number of tree, herb and shrub species were
recorded, indicating that these life forms dominate
the reserve. The most frequently controlled IAPs were
shrubs, herbs and trees, particularly S. pseudocapsicum,
S. mauritianum, C. parqui and A. mearnsii. Similar to
findings from the Western Cape and Brazil (Dechoum
et al. 2019; Jubase et al. 2021), woody species were
among the most actively removed taxa. This highlights
that volunteer control efforts are important for reducing
the impacts of alien plants in protected areas, especially
woody invaders such as trees, which are known to have
substantial ecological impacts (Hulme et al. 2014).

The high number of individual shrubs and herbs removed
may reflect the ease with which these life forms can be
controlled compared to trees. These species can often
be uprooted manually or removed using small weeding
tools, allowing volunteers to remove them quickly and ef-
ficiently (see Supplementary material 1 for methods and
tools used). The concentration of species along paths,
fences and disturbed linear features reflects their asso-
ciation with repeated human disturbance and propagule
movement corridors, highlighting priority zones for tar-
geted management.
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Overall, ornamental plants were the most prevalent
pathway of species introduction across nearly all life
forms, particularly among trees, shrubs and climbers.
This dominance reflects the well-documented role of
the horticultural trade in driving the introduction of
IAPs into protected areas (Van Wilgen & Herbst 2017;
Foxcroft et al. 2019; Nelufule et al. 2024; Nelufule et
al. 2026). Our findings show that this pathway is signifi-
cant not only in remote national parks but also in urban
protected areas such as KNR. These results highlight the
need for coordinated pathway management strategies
to curb the continued spread of ornamental alien plants
into urban conservation areas.

The control activities also targeted R ricasoliana (pink
trumpet vine or Zimbabwe creeper), a commonly plant-
ed ornamental species that has formed a native-alien
population within the reserve. Although P ricasoliana
is indigenous to KwaZulu-Natal, it was introduced into
Gauteng as an ornamental plant (Nelufule et al. 2022).
It has since escaped from cultivation and became in-
vasive in KNR, where its numerous sprouting under-
ground stems make it difficult to control. The species
is displacing native vegetation and damaging infrastruc-
ture such as perimeter fencing. Their establishment
suggests potential shifts in competitive dynamics within
KNR, with implications for long-term vegetation struc-
ture and restoration planning.

Approximately 63% of the individual plants removed
belonged to NEMBA Category 1b species, which also
accounted for 65% of the total IAPs recorded in the
reserve. Only one Category 1a species, Iris pseuda-
corus L. (yellow iris), occurred at low density and was
removed. Similar patterns have been reported in the
Western Cape, where volunteer groups also contribut-
ed to the control of low-density Category 1a species,
such as Lythrum salicaria L., Spartina alterniflora Loisel.
and Melaleuca spp. (Jubase et al. 2021). These find-
ings indicate that community volunteers are playing a
meaningful role in implementing South Africa’s invasive
species regulations and in supporting the management
of high-risk species. Public involvement, therefore, re-
mains crucial for the long-term sustainability of protect-
ed areas and the effective management of IAPs (Crall et
al. 2011; Martin et al. 2019).

The highest number of individual plants removed was re-
corded in 2024, when 58 318 individual invasive and
problematic native plants were removed (Supplemen-
tary material 3), reflecting the continued commitment
of community volunteers to managing vegetation with-
in the reserve (Figure 2). The Sharp increase in removals
after 2022 indicates an escalation in volunteer control
effort and/or changes in IAP population density, suggest-
ing shifting management pressure over the study period.
Although this study highlights the important contribution
of volunteers to IAP control in KNR, several limitations of
the citizen science approach should be acknowledged.

http://abcjournal.org |

Original research

First, volunteer effort varies over time and can be influ-
enced by weather, personal availability or levels of moti-
vation, which may introduce inconsistencies in detection
and removal rates. Second, the dataset relies on volun-
teer observations and manual identification, which may
lead to misidentifications of species, underreporting of
difficult to detect taxa, bias toward easily accessible ar-
eas and data loss. For example, the data gap noted was
reported between September 2021 and July 2022. This
means that reported totals represent conservative values,
and temporal trends should be interpreted with caution.
Thirdly, removals reflect what volunteers encountered
rather than a systematic survey of the entire reserve, as
shown in Nelufule et al. (2026), meaning that the data
may not represent the full spatial distribution or abun-
dance of IAPs within the reserve. These limitations sug-
gest that while citizen science provides valuable large-
scale labour and local knowledge, its outputs should be
interpreted alongside more systematic ecological surveys.
Recognising these constraints helps contextualise the
findings and highlights the need for integrated monitoring
frameworks that combine volunteer participation with
professional oversight. In addition, comparisons with
other protected areas in Johannesburg managed by JCPZ
show considerably higher abundances of IAPs than those
observed in KNR (Nelufule et al. 2026). This contextual
comparison suggests that the volunteer-driven manage-
ment regime at KNR is contributing to lower invasion lev-
els relative to other reserves.

Volunteers contribute directly to the control of IAPs and
provide essential services that support both municipalities
and broader society (Pages et al. 2019). Given the chron-
ic underfunding of conservation initiatives at the munic-
ipal level in South Africa, including invasive plant man-
agement (Van Wilgen et al. 2022), volunteer engagement
plays a critical role in sustaining conservation work during
periods of budgetary constraint. Although the estimated
economic contribution reported in this study is lower
than that documented for the Western Cape (Jubase et
al. 2021), important similarities emerge: in both cases,
volunteer groups provide demonstrable economic value
to IAP management in South Africa. This highlights the
substantial contribution of community-based conserva-
tion in urban protected areas.

In addition to ecological and economic benefits, FroK'’s
work offers meaningful social value. Many volunteers
are pensioners, and participation in conservation ac-
tivities supports both physical and psychological well-
being (Koss & Kingsley 2010; Molsher & Townsend
2016), further reinforcing the wide-ranging societal im-
portance of volunteer-led environmental stewardship.

Way forward

Effective management of IAPs depends on clear com-
munication and the active involvement of diverse

| Open access



Page 10 of 14

stakeholders (Garcia-Llorente et al. 2011; Novoa et al.
2018). This study highlights five key stakeholder groups
that municipal protected areas should engage to im-
prove IAPs’ management, namely private landowners,
community members, government agencies, universi-
ties and scientists (e.g., invasion biologists). In South
Africa, these stakeholders include different tiers of
government, state-owned entities, scientific authorities
such as the DST-NRF Centre for Invasion Biology, and
implementation agencies responsible for detecting and
managing biological invasions.

Adopting co-management approaches — where protect-
ed areas collaborate with community groups, scientists
and government agencies — can enhance transparency,
build trust, improve joint planning and reduce conflicts
of interest (Shine & Doody 2010; Mason et al. 2018;
Shackleton et al. 2019). Collaboration with scientists
can help identify research gaps, improve species iden-
tification, strengthen monitoring methods and support
evidence-based management decisions. Engagement
with government agencies promotes compliance with
legislative requirements, facilitates inter-governmental
coordination, and enables the sharing of resources such
as expertise, data and funding. Community members,
in turn, can contribute through early detection and
hands-on control of emerging invasions.

However, not all nature reserves in Johannesburg have
active ‘Friends’ groups or the social capital needed to
sustain regular volunteer involvement. To address this
gap, both locally and in other African urban areas,
relevant authorities should support the establishment
and training of community-based stewardship groups,
provide financial incentives where budgets allow, and
develop dedicated municipal teams trained to identify,
remove and document IAPs systematically.

To maximise the success of IAP management, municipal
and government-managed protected areas should de-
velop detailed species inventories to guide monitoring,
control and eradication activities (Nelufule et al. 2026).
These plans must comply with the requirements of Sec-
tion 76 of NEMBA (Act No. 10 of 2004) for species list-
ed under Section 70 (DEFF 2020). Integrating the IAPs’
control plan into the reserve’s ecological management
plan and following a structured, evidence-based ap-
proach will strengthen the effectiveness and long-term
sustainability of control efforts.

Conclusion

Our findings indicate that volunteers often target the 1APs
that pose the greatest ecological risk in KNR, especially
Category 1b ornamental shrubs, herbs and trees, and that
their efforts have intensified over time. By linking life-
form traits with invasion pathways, the study identifies
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which species offer the highest return on control effort
and therefore provides a practical framework for priori-
tising future volunteer and formal management actions.
Overall, the evidence demonstrates that volunteer pro-
grammes are not merely supplementary but are strategi-
cally impactful. They enhance the effectiveness of formal
conservation initiatives, accelerate invasive species con-
trol, and strengthen urban biodiversity resilience.
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