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we argue, needed more broadly if affected sectors, society groups and stakehold-
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protecting and improving livelihoods, human health, quality of life and biodiversity.
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Introduction

Biological invasions are a global issue with negative impacts on biodiversity and
human well-being (Pysek et al. 2020; Roy et al. 2024; WTO 1998). The in-
troduction and spread of invasive species are facilitated directly and indirectly
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by different drivers such as the increasing movement
of goods and people around the world (Hulme 2021),
land- and sea-use change, and climate change (Bellard et
al. 2016). Rates of introduction are projected to contin-
ue to increase (Seebens et al. 2021). Because biological
invasions transcend regional and national boundaries,
international collaboration, including the co-ordination
of responses and the sharing of insights and expertise,
is essential for effective mitigation and management
(Faulkner et al. 2020b; IPBES 2023a). Nonetheless, the
negative impacts of biological invasions are felt and ad-
dressed primarily at local levels, whilst control and reg-
ulation efforts are typically decided upon by national
jurisdictions (Carcia-de-Lomas & Vila 2015). Biologi-
cal invasions are also facilitated by, and impact on, a
wide range of sectors (IPBES 2023a), including agricul-
ture (Paini et al. 2016) and human health (Mazza et
al. 2014), making co-ordination amongst stakeholders
essential. Despite these complexities, managing biolog-
ical invasions has been shown to be amongst the most
cost-effective conservation measures available (Lang-
hammer et al. 2024; Roy et al. 2024).

Global policy is increasingly addressing the challenge of
biodiversity loss and associated changes in ecosystem
services. The fifteenth meeting of the Conference of the
Parties to the Convention on Biological Diversity (CBD)
adopted the Kunming-Montreal Global Biodiversity
Framework (KM-GBF) in December 2022. The frame-
work resulted from a four-year consultative and negoti-
ation process and includes 23 action-oriented targets for
2030 and four goals for 2050. Target six (6) focuses on
biological invasions and calls on parties to the CBD to:

‘Eliminate, minimize, reduce and or mitigate the
impacts of invasive alien species on biodiversity
and ecosystem services by identifying and manag-
ing pathways of the introduction of alien species,
preventing the introduction and establishment of
priority invasive alien species, reducing the rates
of introduction and establishment of other known
or potential invasive alien species by at least 50
per cent, by 2030, eradicating or controlling inva-
sive alien species especially in priority sites, such
as islands.’

(CBD 2023)

In parallel with activities of the CBD, member states
of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) requested
a thematic assessment report on biological invasions
in 2014. The Thematic Assessment Report on Invasive
Alien Species and their Control (hereafter the IPBES IAS
Assessment) officially started in 2019 with co-chairs,
coordinating lead authors, lead authors, fellows, re-
view editors and contributing authors (Schwindt et al.
2024) ensuring inclusive and diverse views and con-
tributions from across the world, including Indigenous
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Peoples and local communities (Nufiez et al. 2024).
The IPBES guidelines for conducting such an assess-
ment highlight the process as an iterative and collective
critical evaluation of the state of knowledge by experts
across several chapters, agreed upon in the scoping re-
port (IPBES 2018b). The main findings of each chapter
are then summarised in policy relevant key messages,
incorporating less technical language, with links to the
relevant evidence in the chapters. The Summary for
Policymakers (SPM) is then reviewed and negotiated by
member states before its approval (IPBES 2023a). The
IPBES IAS Assessment was accepted and its summary
for policy-makers approved during the 2023 IPBES Ple-
nary in Bonn, Germany. The IPBES IAS Assessment was
released on 4 September 2023 (IPBES 2023a).

South Africa made a significant contribution to the IPBES
IAS Assessment. The 285 experts listed in the assessment
came from 59 countries (Schwindt et al. 2024, Supple-
mentary Table S1), 25 of which (close to 10%) includ-
ed South Africa as one of their affiliations. Only the UK
(39), the USA (35), and Australia (28) had more affiliates
(Germany also had 25 listed affiliates). South Africa’s sig-
nificant contribution is not surprising — the country has a
long history of being affected by and managing biological
invasions and is a global leader in research and capacity
building on biological invasions (Van Wilgen et al. 2020a).

South Africa also pioneered the production of nation-
al level reports on the status of biological invasions
(Wilson et al. 2017). As mandated under the National
Environmental Management: Biodiversity Act (Act no.
10 of 2004) and its Alien and Invasive Species Regula-
tions [the NEM:BA A&IS Regulations first promulgated
in 2014, and most recently updated in 2020 (Wilson
& Kumschick 2024)], triennial reports have been pro-
duced, titled The Status of Biological Invasions and their
Management in South Africa in [2017, 2019 and 2022]
(Van Wilgen & Wilson 2018; Zengeya & Wilson 2020;
2023), hereafter ‘the South African status report’.

Both the IPBES IAS Assessment and the South African
status reports collate information from a broad range
of sources and are intended to be policy relevant but
not policy prescriptive. Both reports underwent two
rounds of open public external review, although the
IPBES IAS Assessment underwent an additional round
of government review and a formal process for govern-
mental approval at the IPBES Plenary. The major dif-
ferences between the reports are in terms of structure
and scope. The South African status reports are framed
around a set of 20 indicators that address biological in-
vasions from the perspective of pathways, species, sites
and interventions (McGeoch et al. 2016; Wilson et al.
2018), with a concluding chapter on gaps (both knowl-
edge gaps and gaps in what we are doing to address
the problem). The IPBES IAS Assessment had chapters
on status and trends, drivers, impacts, management
and future options, with knowledge gaps identified
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within each chapter. The IPBES IAS Assessment does
not report on indicators per se, nor does it provide rec-
ommendations on which indicators to use. In terms of
definitions, the IPBES IAS Assessment (while acknowl-
edging the multi-faceted impacts of biological inva-
sions) defined invasive species purely in terms of those
taxa which cause negative impacts on biodiversity. This
was because the assessment arises from the CBD and
the assessment authors were constrained by the IPBES
processes and definitions, including a scoping docu-
ment agreed by IPBES prior to the assessment starting
(IPBES 2018a). No such restrictions are placed on the
South African status reports; a biogeographic definition
of invasions is preferred (Box 1). Finally, the IPBES IAS
Assessment was global whereas the South African status
reports are national.

Box 1. Terminology in biological
invasions is fraught, but it need
not be if terms are clearly defined

The issue of terminology continues to raise passions.
Even at the final plenary of the IPBES IAS Assess-
ment (after four years and three rounds of external
review) the distinctions between ‘alien species’, ‘in-
vasive alien species’ and ‘biological invasions’ were
contested. This issue was resolved during a special
lunch-time session (termed ‘Friends of the Chair’ that
was open to all) a day before the assessment was ap-
proved. The outcome reflected a compromise. The
term ‘invasive alien species’ was, for the purpose of
the assessment, defined as ‘A subset of established
alien species that spread and have a negative impact
on biodiversity, local ecosystems and species’. It was
noted that invasive species might also have nega-
tive socio-economic impacts, but the stricture that
impact must be on biodiversity was the result of IP-
BES emanating from the CBD. By contrast the South
African status report uses the biogeographical defi-
nition for 'invasive alien species', i.e., ‘alien species
that sustain self-replacing populations over several
life cycles, produce reproductive offspring, often in
very large numbers at considerable distances from
the parent and/or site of introduction, and have the
potential to spread over long distances’, on the basis
that definitions of impact are often subjective. The
relevant South African legislation [i.e., the Nation-
al Environmental Management: Biodiversity Act of
2004 (NEM:BA)] is more in line with the CBD defi-
nition, defining ‘invasive alien species’ as ‘...species
whose establishment and spread outside of its natu-
ral distribution range, threaten ecosystems, habitats
or other species or have demonstrable potential to
threaten ecosystems, habitats or other species...".

http://abcjournal.org |

Original research

In 2023, South Africa adopted a White Paper on ‘the
Conservation and Sustainable Use of South Africa’s
Biodiversity’ (Department of Forestry, Fisheries and
the Environment 2023). The White Paper addresses
invasive species through policy objective 1.4: ‘Identify
and manage harmful, and potentially harmful, invasive
alien species, their potential and existing introduction
pathways and biological invasions.” This has created a
platform for South Africa’s policy and regulations on bi-
ological invasions to respond to the KM-GBF, and spe-
cifically to implement Target 6 of the KM-GBF at a na-
tional level. Notably the focus of this White Paper (and
the action paper that is being developed to facilitate it)
is on the threat to biodiversity. However, South Africa
still has a need for a policy and strategy that address-
es all aspects of biological invasions, i.e., beyond the

Three important points arose during the IPBES IAS
Assessment and South African status report process-
es. First, definitions should be written out in full even
if they are repeated from elsewhere (Latombe et al.
2019). Second, when referring to the process that
needs to be managed, the term ‘biological invasions’
should be used, as the term is explicit in covering all
stages (including interventions at- and pre-border) and
all aspects (pathways, species and sites). This means
that national strategies address the process ‘biological
invasions’ rather than simply ‘invasive alien species’
(although for consistency with the CBD and Target 6 of
the KM-GBEF the later term was preferred for the title
of South Africa’s draft strategy). Third, and in line with
the need to think holistically about the issue, attempts
to address biological invasions should: a) consider
both socio-economic and environmental impacts and
threats, e.g. through the One Health (Ogden et al.
2019) and One Biosecurity concepts (Hulme 2020);
and b) consider the interaction between invasions and
other global change drivers (Hulme 2022).

Somewhat against the first recommendation a glos-
sary is not included here, noting that the IPBES IAS
Assessment, the South African status reports, and the
NEM:BA use three slightly different definitions for
'invasive alien species'. The exact definitions of the
terms should be read in the context of which of the
three sources is being discussed.

Links to definitions

IPBES IAS Assessment: https://www.cbd.int/invasive/terms.
shtml; https://www.ipbes.net/glossary-definitions.

NEM:BA: https://www.gov.za/documents/national-environ-
mental-management-biodiversity-act-0 and the various
version of the A&IS Regulations https://dx.doi.org/10.
5281/zenodo.8160209.

South African status report: http://iasreport.sanbi.org.za/.
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threat just to biodiversity. This is a key recommendation
of the South African status reports (Zengeya & Wilson
2023). Since 2023, relevant government departments
have engaged in developing a National Invasive Species
Strategy and Action Plan (NISSAP). Given the launch of
the IPBES IAS Assessment and the setting of Target 6 of
the KM-GBE, it is an opportune time to reflect on what
a policy and national strategy for South Africa should
include. This paper aims to assist South Africa to meet
its various obligations (international commitments, na-
tional imperatives and local needs); and aims to serve
as a model for other countries and regions seeking to
meet KM-GBF targets. This paper tries to specifically
address the following:
¢ How do statements and proposals in the IPBES IAS
Assessment resonate in South Africa?
e Is South Africa addressing the issues raised by the
IPBES IAS Assessment?
e What should South Africa do to improve responses
to biological invasions (particularly in the context of
the proposed national strategy)?

Materials and methods

We undertook a qualitative synthesis based on ex-
pert review. We argue this approach is appropriate, if
only in that it facilitated discussion, and forced us to
be clear on our views and to identify assertions that
can be resolved based on evidence and data. Insights
were gleaned from the South African status reports,
published literature and reports, and from the diverse
backgrounds and expertise of us as authors. To capture
the perspective of those who were directly involved in
relevant processes, invitations to contribute were sent
to: all those involved as experts in the IPBES IAS As-
sessment who listed South Africa as an affiliation (Sup-
plementary Table S1); members of the South African
delegation to the tenth session of the IPBES Plenary at
which the IPBES IAS Assessment was approved; the
chapter lead authors of the latest version of the South
African status report (Zengeya & Wilson 2023); and the
task team responsible for drafting South Africa’s nation-
al strategy on biological invasions.

Focussing primarily on the Summary for Policymak-
ers (IPBES 2023a) of the IPBES IAS Assessment (IPBES
2023b), we identified four key elements relevant to
South Africa:

e The 22 key messages in the Summary for Policymak-
ers (p. 12-17 of the IPBES IAS Assessment’s SPM; see
Table 2 and Supplementary Table S2 for the results).

¢ The six identified management objectives, and elev-
en management actions (Table SPM.1 in the IPBES
IAS Assessment; see Supplementary Table S3 for the
results).
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e The seven strategic actions, four properties of gov-
ernance systems that support integration, and the
twelve options for strengthening governance (Figure
SPM.7 and Table SPM.2 in the IPBES IAS Assess-
ment; see Table 3 for the results).

¢ The synthesis of knowledge and data gaps (Appendix
2 and Table SPMA.1 in the IPBES IAS Assessment;
see Supplementary Table S4 for the results).

In each case we evaluated how these elements reso-
nate for South Africa using a semi-quantitative scale
developed for this purpose (Table TA). Each evaluation
was also ascribed one of four levels of confidence as
per the IPBES guidelines (IPBES 2018b) (Table 1B).

Throughout the process, we identified recommenda-
tions for South Africa’s draft national strategy. As noted
in the most recent South African status report, the issue
of biological invasions on mainland South Africa is sig-
nificantly different from that on South Africa’s sub-Ant-
arctic islands (the Prince Edward Islands, cf. Box 2),
with different stakeholders involved. Therefore, we de-
cided to evaluate the Prince Edward Islands separately
and plan to conduct a similar exercise at a later stage.

A draft outline was circulated to a core group (those di-
rectly involved in the South African status report or lead-
ing the draft national strategy) for discussion (January—
February 2024). This led to the focus on the five key
elements of the IPBES IAS Assessment listed above
and how they should be scored. From here, all five
elements were shared online with a request for input
(March—April 2024). Of the 71 people invited, 36 indi-
cated that they wished to be involved further. Sections
of the document were also discussed in person as part
of a two-day workshop on drafting the national strategy
(March 2024). A further round of online commenting
was held (April-May 2024), complemented by four on-
line sessions where each of the five key elements were
discussed and edited in plenary (each session was ~
3 hours with between 11 and 24 participants). Based
on these discussions and the emerging insights, a draft
of the full manuscript was compiled and posted online
for comments and input, with specific tasks allocated
(May-June 2024). An online session was held to identi-
fy the actions needed to fill in gaps. The manuscript was
then completed, circulated for comment in sequence
(June—August 2024), with a final version made avail-
able for approval by authors (August 2024). To provide
a comparison and a less directly biased overview, we
invited two Brazilian experts on biological invasions
and their management and regulation in the Americas
(one of whom acted as a review editor for the IPBES IAS
Assessment and the other was a contributing author to
the IPBES IAS Assessment, both of whom were on sab-
batical in South Africa at the time) to review the draft
and provide an external perspective (Box 3).
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Table 1. How statements and proposals in the IPBES IAS Assessment were scored in terms of whether they resonate for South Africa

A) A semi-quantitative scale was developed. We did not use a specific elicitation exercise or workshop, but rather discussed
responses iteratively. The authors were encouraged to express differences of opinion and provide supporting evidence.

B) The level of confidence was assigned to the degree of resonance as per IPBES guidelines (IPBES 2018b). The level of confi-
dence was based on the views of us as authors and how we perceive the views of other stakeholders in South Africa. For exam-
ple, if we felt a statement in the IPBES IAS Assessment perfectly captured the situation in South Africa, but the data in support
of such an assertion was largely lacking (e.g., there were only a few case studies), the scoring would be ‘Completely agree’ with

a confidence of ‘Established but incomplete’.

Table 1A.

Degree of resonance  Description

Completely agree

The experience in South Africa is the same as that outlined in the IPBES IAS Assessment

Largely agree
(fewer than a quarter of cases)

The experience in South Africa is the same as that outlined in the assessment with a few exceptions

Somewhat similar

The experience in South Africa is, in many situations, the same as that outlined in the assessment,

but there are also many exceptions (in the range a quarter to three-quarters of situations)

Different
assessment

The large majority of situations in South Africa are different to that outlined or suggested in the

Not applicable

The topic is not relevant to South Africa

Table 1B.

Level of confidence in the scoring of
the degree of resonance

Description

Well established

The quality and quantity of evidence is robust and there is a high level of agreement

Established but incomplete

The quality and quantity of evidence is low, but there is a high level of agreement

Unresolved

The quality and quantity of evidence is high, but there is a low level of agreement

Inconclusive

The quality and quantity of evidence is low and there is a low level of agreement

Not applicable

There is no resonance with which to be confident about

Results

The key messages

Most of the 22 key messages of the IPBES IAS Assessment
resonated strongly with what we perceive the situation
in South Africa to be — 14 were scored as ‘completely
agree’, five as ‘largely agree’, two were ‘somewhat sim-
ilar’, and one was ‘different’ (Table 2). The differences
from the global assessment are that: 1) South Africa has
shown significant progress with managing and regulating
biological invasions (e.g., Wilson & Kumschick 2024) (cf.
key message A5); 2) the available evidence does not sug-
gest that rates of introduction have increased drastically
over the past few decades (Faulkner 2023) (cf. key mes-
sage B2); and 3) there are few examples of successful na-
tionwide eradications to date (Davies et al. 2020b; Wil-
son et al. 2013) (cf. key message C3). Despite a system
in place to regularly report on biological invasions in the
country (Zengeya & Wilson 2023) and a recent compre-
hensive academic review (Van Wilgen et al. 2020a), the
evidence base was scored as low in many cases (6 key
messages scored as ‘inconclusive’; 11 as ‘established but
incomplete’; only 5 as ‘well established’). Notably, no key
messages were scored as ‘unresolved’. We feel that there
is, with a few exceptions (Zengeya et al. 2017), general

http://abcjournal.org |

agreement among all stakeholders on the need for inter-
ventions in situations where the quality and quantity of
evidence of impacts or threats is high.

Managing biological invasions

There were more differences between how we scored
the objectives and actions for managing biological inva-
sions in South Africa and how these were scored in the
IPBES IAS Assessment (Table S3):

1. While prevention efforts have improved recent-
ly with the integration of biosecurity functions at
ports of entry into the Border Management Author-
ity, South Africa’s geographical position means that
prevention is inherently more challenging than on
islands or for countries with borders that are few-
er, shorter or that align with major biogeographical
breaks (e.g., mountain ranges). South Africa has a
substantial land border (4 862 km) that it shares
with six other nations (Faulkner et al. 2017).

2. Physical methods of control were scored as being
relatively ineffective in the IPBES IAS Assessment
but are routinely and sometimes effectively used in
South Africa (Van Wilgen et al. 2023a). Much of the
physical control in South Africa might be considered
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Box 2. South African
islands and invasions

Islands are particularly threatened by biological inva-
sions. The IPBES IAS Assessment states: ‘On islands,
invasive alien species are a major cause of biodiver-
sity loss” (background message A3) and ‘Eradication
has been successful and cost effective for some inva-
sive alien species, especially when their populations
are small and slow-spreading in isolated ecosystems
such as islands’ (background message C19). South
Africa has few inshore and freshwater islands but
possesses two sub-Antarctic islands (Prince Edward
Island and Marion Island, collectively called the
Prince Edward Islands or PEls).

The PEls were declared a Special Nature Reserve in
1995 (De Villiers & Cooper 2008). Tourism is pro-
hibited, with the PEls set aside for conservation and
science. Nonetheless alien species have been, and
continue to be, introduced, albeit all invasive species
were introduced before 1995, after which strict bi-
osecurity measures were introduced (Department of
Environmental Affairs 2010). The PEls have only one
regular access point — a government-owned research
vessel transports people, food and cargo to and from
the island once a year (Greve et al. 2017). About
80 people at a time can stay on Marion Island, and
Prince Edward is visited no more than once every
four years by a maximum of 10 people (Department
of Environmental Affairs 2010) [by comparison there
were > 3 million international arrivals at South Af-
rican airports in 2022 (Faulkner 2023)]. The inten-
tional introduction of taxa to the PEls, as well as the
importation of fresh produce, is prohibited. Clothes
and cargo are checked for propagules prior to and
upon landing at the islands. The pathways for the

Original research

introduction of alien species are therefore very lim-
ited [there are only ten potentially active pathways],
and most pathways are effectively managed. How-
ever, despite clear biosecurity guidelines and en-
forcement, introductions continue, highlighting that
more can still be done. For example, systematically
recording all detections and identifying them to spe-
cies level could assist with pinpointing breaches in
biosecurity (Fernandez Winzer et al. 2025).

Approximately 45 alien species are currently present
on the PEls, with 25 considered invasive. These in-
clude invertebrates, plants, a mammal and a fungus,
with no alien birds, reptiles, amphibians or marine
taxa detected to date (Greve et al. 2020). The house
mouse (Mus musculus) causes the most detrimental
impacts (Box 2 Figure 1) (Greve et al. 2017), and an
eradication plan is being developed (https://mouse-
freemarion.org/). Feral cats have already been erad-
icated from Marion Island (Bester et al. 2002). Thir-
teen species are regulated and require management
on the PEls; however, not all are being managed,
and some unregulated species are being controlled.
Close communication and collaboration among re-
searchers and managers will likely do much to assist
such control efforts.

Given how distinct the issue of biological invasions
is on the PEls when compared to the rest of South
Africa, it is recommended that regulation and man-
agement be tailored to the specific needs of the PEls
(Fernandez Winzer et al. 2023; Wilson & Kumschick
2024). This should perhaps be reflected as a separate
subgoal or discrete set of actions in the national strat-
egy, with most day-to-day decisions informed by the
PEls Management Plan itself. See Fernandez Winzer
et al. (2025) for a recent review of invasions on the
islands, including most of the information herein.

Box 2 Figure 1. Two invasive species with harmful impacts on the Prince Edward Islands: A, the house mouse (Mus musculus) has
caused a ‘Massive’ impact, damaging native flora like this Azorella selago cushion (into which the mouse has burrowed), and
preying upon invertebrates and birdlife, like this Grey-headed Albatross (B). Birds on these islands did not evolve with predators
and do not defend themselves when attacked; C, the invasive plant Sagina procumbens (light green) dominates some areas of
Marion Island, in this case overgrowing the native grass Polypogon magellanicus. Photographs: A, Stefan Schoombie; B, Ben

Dilley; C, Peter le Roux.
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Box 3. South Africa as a

model for invasive species
management and governance
—perspectives from Brazilian
experts on biological invasions

South Africa has been a reference for Brazilian re-
searchers, practitioners and policymakers in terms
of relevant scientific production, construction and
implementation of public policies, and management
of invasive species. Although Brazil and South Africa
have similarities in some aspects of historical coloni-
sation and exploitation, past and current socioeco-
nomic problems and environmental conditions; the
success of South Africa in addressing biological inva-
sions is likely due to different factors, with one that
stands out. In simple terms, it seems that the ‘know-
ing-doing’ gap is less in South Africa than in Brazil.

In South Africa, cooperative programmes in the 1970s
and 80s brought together academics, government offi-
cials, researchers and managers (Huntley 1987); these
were expanded upon by long-term programmes es-
tablished by the democratic government in the late
1990s onwards, such as Working for Water, Working
for Wetlands and Working on Fire. The connection
between the urgent need of management of biolog-
ical invasions for the availability of natural resources
that are fundamental for human well-being was cru-
cial for the understanding of the threats posed by in-
vasive species to nature and human livelihoods. Those
programmes also provided vast environmental and
social benefits, including the clearing of thousands of
hectares invaded by alien trees based on the creation
of jobs for disadvantaged people (Van Wilgen & Wan-
nenburgh 2016) and poverty alleviation. Therefore,
public awareness about invasive species and the en-
gagement of South African citizens in management ac-
tivities (e.g., volunteer groups) is more prominent than
in other countries, especially in the Fynbos Biome in
the Western Cape (Jubase et al. 2021).

‘integrated” control by others (e.g., cut-stump herbi-
cides are often used when clearing invasive trees to
prevent resprouting), but labour costs are often lower,
and there are some long-term and well-established
initiatives in place to address multiple socio-econom-
ic objectives, e.g., the Working for Water Programme
(Van Wilgen et al. 1998; Van Wilgen et al. 2022a).

Possibly for some of the same reasons that physical
control is relatively successful, we scored ecosys-
tem restoration as easier in South Africa than glob-
ally (Table S3).

Finally, and perhaps most noticeably, there is a great
deal of uncertainty in South Africa in terms of the

http://abcjournal.org |
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The Brazil Ministry of Environment published the sec-
ond National Invasive Alien Species Strategy in 2018,
the result of collaborative construction by governmen-
tal, research and civil society organisations. Howev-
er, no central coordination has been established, so
despite the willingness of many to contribute, only a
few agenda items have moved forward with funding
from a Global Environmental Facility project targeting
the conservation of endangered species. A national list
was compiled but is not officially published; the lay-
out of an early detection, rapid response programme
was conceived, but not implemented; and other valu-
able information was made available by the govern-
ment, but there is no work towards the fulfilment of
the Kunming-Montreal Global Biodiversity Framework
(KM-GBF). A few of the 26 Brazilian states have ad-
vanced with the publication of official lists, regulations
and management, though mostly only for protected
areas. Restrictions on the use of herbicides to control
invasive species hinders the efficiency of work done in
natural areas, while there is great need for the use of
additional techniques such as biological control, so far
only developed for agriculture, and the use of aerial
spraying from helicopters for areas of high risk to peo-
ple. Brazil has committed to restore 12 million hect-
ares of land by 2030, but restoration initiatives cannot
make progress due to the difficulty in managing in-
vasive African grasses without proper chemical con-
trol. Therefore, South Africa provides important learn-
ing opportunities for Brazil, and much of the work in
progress can be quite inspirational in terms of prov-
ing that it is possible to achieve significant results for
biodiversity and human well-being. Also, the collabo-
ration between scientists and policymakers is unique
and remarkable, a key factor for the prevention of new
introductions and to mitigate negative impacts by in-
vasive species, as set in Target 6 of the KM-GBF. For a
recent assessment of biological invasions in Brazil see
Dechoum et al. (2024); and for a call for more collab-
oration between the countries on biological invasions
see Measey et al. (2019).

effectiveness of most interventions. Efficacy is rare-
ly measured. Without a feedback loop between the
outcomes of interventions and decision-makers,

adaptive management is not possible, and the goal
of reducing biological invasions might not be met.
The exception to this is that biological control inter-

ventions are often well researched, understood and

highly effective.

Strategies and governance

In terms of strategies and governance, we strongly concur
with a key conclusion of the IPBES IAS Assessment (key
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message D) — integrated governance should be improved
at all levels (Table 3). Greater collaboration and coordina-
tion is needed: with neighbouring countries, across disci-
plines, among and between local, provincial and national
government departments, and with various stakeholder
groups. The recent establishment of South Africa’s Border
Management Authority that integrates biosecurity for ani-
mals, plants, the environment and humans with the regu-
lation of the movement of people at ports of entry under
asingle command, is a notable step forward in this regard.

Whilst it will be difficult to achieve, greater flexibility is
needed to ensure that management decisions are made
at the most appropriate level and that proactive interven-
tions are incentivised. A focused long-term approach that
empowers relevant institutions to implement the mea-
sures necessary for the control and management of biolog-
ical invasions would ensure critical decisions can be made
timeously. It would also ensure interventions can adapt to
changing threats and respond to successes and failures.
This would require flexibility in decision-making. At the
same time, much of what South Africa is doing needs to
be systematised, i.e., interventions and analyses should be
repeatable, and progress and successes should be tracked
and shared. Monitoring of outcomes in terms of the sta-
tus of invasions and feedback loops are needed to ensure
that management can respond to what is happening on
the ground (Ntshotsho et al. 2015). Several specific ini-
tiatives have been proposed to improve integrated gover-
nance including: stakeholder mapping, a legal review and
meetings and fora to increase collaboration between all
stakeholders as part of an active community of practice;
with some collaborative governance programmes having
been initiated (e.g., Angelstam et al. 2017; Canavan et al.
2021; Foxcroft & McGeoch 2011; Ivey et al. 2024). We
also need to consider integrated governance from the per-
spective of the regulated community and how to leverage
support (e.g., through integrated corporate governance,
companies could reflect their contributions towards pre-
vention and management of biological invasions).

Gaps

We found it generally difficult to apply the scoring used
in the IPBES IAS Assessment to evaluate how addressing
a gap would improve management and understanding
(Table S4). Some gaps at a global level (e.g., compara-
tively incomplete inventories of invasive alien species in
Africa and Central Asia) were not as applicable to South
Africa (South Africa has relatively good inventories when
compared with many countries around the world). Many
of the identified actions to fill gaps (e.g., the need for
systems to track the effectiveness of interventions) have
already been identified as part of the South African status
reports (e.g., Wilson et al. 2023) and are under consider-
ation in the draft national strategy. There also appears to
be a need to integrate global and national needs. None-
theless, the process helped us develop some specific
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actions that should be considered (e.g., the need to sup-
port general surveys of alien invertebrates and microor-
ganisms, the need to promote transdisciplinary work and
draw more on integrative social-ecological systems think-
ing and the need for actions to improve participation
of communities in decision-making). Finally, there are a
range of valuable South African specific databases and
knowledge products (e.g., on research, policy, compli-
ance and enforcement and management best practice).
Consolidating such information so it is findable, acces-
sible, inter-operable and reusable (i.e., FAIR; Wilkinson
et al. 2016) as well as better co-ordination between the
various organisations that collect and curate data will be
essential if governance is to be integrated (Table 3).

Discussion

South Africa is a significant contributor to global knowl-
edge and policy on biological invasions (Pinto et al. 2022;
Van Wilgen et al. 2020a) and many authors affiliated to
South Africa were involved in the IPBES IAS Assessment
(Table S1). As such, it is not surprising that, in our opin-
ion, much of the IPBES IAS Assessment resonated strong-
ly with South African issues and priorities. Going through
the exercise of comparing the IPBES IAS Assessment with
the situation in South Africa provided a useful cross-
check for developing South Africa’s national strategy and
action plan. It also: served to strengthen our view that
certain actions are key to improving how biological inva-
sions are understood and addressed (through integrated
governance in particular); highlighted where South Africa
differs from other countries (Box 3); and helped us iden-
tify actions that need to be prioritised (e.g., continued
funding for biological control and research across differ-
ent taxa and realms, and a move towards more adaptive
management). We discuss these below.

Invasive trees, invasive freshwater
fishes and a substantially
modified coastline

In South Africa, invasive trees (Richardson et al. 2020b)
and invasive freshwater fishes (Weyl et al. 2020) are par-
ticularly problematic and rocky parts of the western and
southern coastlines have been substantially modified by
marine invasive species (Robinson et al. 2020; Figure 1,
2). Relative to elsewhere in the world, South Africa (espe-
cially the mainland) is much less affected by invasive verte-
brates (Measey et al. 2020), and no offshore marine invad-
ers have been recorded to date (Zengeya & Wilson 2023).
There are also relatively few examples of highly dam-
aging terrestrial arthropod invasions (Janion-Scheepers
& Ciriffiths 2020) and plant pathogens, although the re-
cent invasion of the polyphagous shot-hole borer (Euwal-
lacea fornicatus) along with its fungal symbiont Fusarium
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RSA references

." groups and Botanical Societies). The work is not

The National Invasive Alien Species Awareness & Advocacy Support Project developed a toolkit

that can be built upon. iNaturalist has facilitated and engaged people to help monitor biological
invasions in the country. Hack groups have assisted with in-field control, these are very active groups

often locally based and run (e.g., ‘Friends of ..
always well co-ordinated, and data could potentially be productively shared and activities tracked.

However, a careful balance must be struck between bureaucracy and motivating volunteers.
Capacity-building: student projects can assist with detecting and managing biological invasions.

Rationale

Resonance for RSA

Key message

Table 2. The 22 key messages from the IPBES IAS Assessment and how the authors felt they resonate with the South African situation* (continued)
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euwallaceae seems set to change this (De Wit et al. 2022;
Paap et al. 2018). Despite some no invasions [e.g., rin-

Tj derpest, Van Helden et al. (2020)], information on in-
u vasive pests and pathogens of animals has not been as
& well collated into databases on invasions as it has been in
23S other regions globally.

- S glons g Y-

S

There has been some success in using teams of people
to clear invasive trees (Fill et al. 2017; McConnachie et
al. 2016), and in extirpating freshwater fishes in isolated
water bodies (Weyl et al. 2014). There has also been sub-
stantial success in using biological control to manage in-
vasive cacti, some trees and shrubs, and floating aquatic
plants (Coetzee et al. 2021; Impson et al. 2021; Paterson
etal. 2021). However, the ubiquitous and connected na-
ture of the marine environment means that there is little
that can be done in coastal settings once invaders have
established, and so the focus must be on vigilance and
pathway management to prevent incursions.

Relatively high levels of
awareness and engagement?

During our discussions, we disagreed about the levels of
general awareness around biological invasions in South
Africa. Shackleton et al. (2020) argued that, ‘certain sec-
tors of society are more knowledgeable regarding inva-
sions, such as elites, and those living in rural areas who
are likely to be more in contact with invasions and their
impacts’. However, absolute levels of knowledge are of-
ten low, e.g., Coka et al. (2024) found that 23% of rural
villagers in the Eastern Cape (former Transkei region)
knew Acacia dealbata was an invasive species. Studies
that have monitored awareness come to differing con-
clusions (Cronin et al. 2017; Shackleton et al. 2015a),
but from our experiences, stories about biological inva-
sions appear regularly in newspapers and online; and
some studies indicate both government officials and
the public are often aware of invasive species and their
impacts (Byrne et al. 2020). In discussions with interna-
tional colleagues who are experts in biological invasions,
levels of awareness are less than in New Zealand but
greater than in much of the Americas (Box 3), Asia and
other African countries. There is also broad agreement
among researchers, practitioners and policy-makers as
to the desirability of raising awareness about impacts
and management (Van Wilgen et al. 2020a). What is

Biological invasions are included in the school curriculum and various outreach initiatives have been

set up.
into understanding them, and of using various management techniques to alleviate the impacts. The

challenge remains to continue to engage with government and civic society to ensure immediate

South Africa has well over a century of experience of the impacts of biological invasions, of research
and sustained actions continue to be funded and resourced.

Completely agree
(well established)

5 clear is that efforts to raise awareness (amongst the pub-

°, B lic or specific stakeholders) have rarely been monitored

w0 T EP_O ;&. in terms of their outcomes. This topic dgserves much
E58<° ., more focussed research effort so that the intended out-
80 g3 < comes are specified and progress tracked. Systematic
5 E 5 2Ha interdisciplinary research and monitoring (including
2 5 B g @ & through collaborations with social scientists and econ-
< E =i ﬁ © omists) could profoundly improve our understanding of
ESEw §b§ the perceptions of stakeholders and facilitate manage-
B % g 22 ment (Novoa et al. 2018), e.g., by ensuring awareness

activities are tailored to particular stakeholders.
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T
Figure 1. Biological invasions are a significant threat to biodiversity and sustainable development in South Africa. A, South Africa has had
a long-history of the introduction and invasion of cacti, but classical biological control has been used to effectively control invasions
for over a century (Kaplan et al. 2017; Paterson et al. 2021). The image is of Cylindropuntia fulgida (boxing-glove cactus) invading in
the Northern Cape, a species that has been a recent target for successful biological control (Klein et al. 2020); B, substantial sections
of the South African coastline have been transformed by the invasive mussel, Mytilus galloprovincialis; currently there are no control
options to address existing marine invasions and so prevention is the only current option to limit future marine invasions (Robinson
et al. 2020); C, a farm labourer clearing Neltuma spp. (prosopis) trees in the Northern Cape; this helps to reduce spread and impacts
from invasions with the wood later used on the farm or sold for fuelwood to help cover control costs (Shackleton et al. 2014, 2015b);
D, pines (Pinus spp.) are among the most damaging invasive species severely impacting water run-off, but they also provide shade in
recreational areas and are still important forestry species in South Africa; various methods have been developed to address these con-
flicts of interest, with the goal of limiting negative impacts while preserving benefits where possible (Van Wilgen & Richardson 2012;
Zengeya et al. 2017); the picture shows historically planted pines on the slopes of Table Mountain; E, workers from the Working for
Water (WfW) Programme clearing invasive shrubs in the Table Mountain National Park; the South African government has invested
significant resources to control invasions through job creation (WfW in particular) (Van Wilgen & Wannenburgh 2016); while there
is evidence of significant reductions in invasions in some cases, better monitoring of outcomes is needed to ensure management is
effective in meeting both the social and environmental goals of the programme (Van Wilgen et al. 2022a). Photos: A, T. Xivuri; B, D,
T. Robinson; C, R. Shackleton; E, B.W. van Wilgen.

http://abcjournal.org | | Open access



Original research

Page 18 of 41

‘s)uawialinbai Ajlndasolq
1210 sjuaWsaIde [euoneulaul Jo Juawdojanap
ay3 03 uipea| sayoeoidde pue A3ojouyoay areys

‘pUOASQ puB BDLY Ul S3LAUNOD
9SI2AIPOI] JBYI0 YIIM UOIBIOGR[|0D BSIARUADU|

‘uoneloqe||od [euoidai 1o sppow se (sardads
aAIseAUl paleys uo paseq) spaload diys3eyy ysijqeisy

*(sueaw DIyRULIDS
paystiqeisa ApeaJje Suipuane Suipnpur) sadueyoxo
Juapnys pue Jaydleasal pue eisodwAs jutol ageinoou]

*SONSS| [0JUOD JIPIOQ / JUBWADIOJUD % doueldwod
Uo $aL1JUNOD 3ulINOGY3IBU YIIM 3)BIOCE||0D 0}
Auoyiny uawaBeueyy Japlog ay) 1ell|ioe4

IMOJ9q UO 1|INq 348 3say] ‘(£ LOT) ‘|e 10 Jauyj|neq
JO G 24n314 Ul payipod a1am suonoe pasodo.d [eianag

“(s)wasAs unsixa ay jo Suuioyuow pue poddns [ed1Uyoa) o) sanbiuyoay

JO UOIEDID Y} PUB {Pads IO} (S)WsAs Aleyuesolhyd ayy ur asn 1oy saiojopoyiaw dADYD
9I0W JO UOIIEPUSWIWLIODAI PUE UOHEDIUIP! dY} {Paas 1oy saunpado.d pue sauljopind
Areyiuesoihyd jo uoisiaal pue uoneasd ayy :so1doy Suimojjoy ayy ssnosip o3 sguneaw
[euoidai jo Suipjoy ay3 sareljioe) pue SOJdN dYd YIm s21eloge||0d A[9So[D a13us) pass
DAVS dYL 'S|puuBYD I8YI0 pue }Sqam (YNV-) S92In0say [einjeN pue ainynoLdy poo
DAVS ay3 ysnoayy sensst Juenodwi 3noge pawdojur doay pue ‘sandsip aajosal 0} pue
(panjoaul paas jo Aiuenb ayy Suipnpur) syiwiad jo souensst ayy yum djay ‘suonen3ai
[BUONEU JUSLIND pue sUBWNDOoP JueHodwi 03 syul| apiroid 0} saseqerep ysijgelsa djay
‘suope|n3a. Suisiuowurey pue guisijeuoned 1oy poddns [eonijod tauted oy saaneul poddns
pue udisap ‘sjuswaaide [euoneusalul pue [euoidal yum Ajdwod saAnenIur mau aInsud
‘soanpado.d pue spiepuels aaoidwil 03 SMaIAI [eD1UYDS) dsiuedlo ‘a8ueyoxe pass 10aye
Aayy moy pue sapijod JuaLind JusWNdop :sa3els Jaquiaw sd;dy ‘(SOddN) suoneziuedio
UO1D3]01d JUB|d [BUOIEN PUE SINIWWOD) PIIS DVS DY WOy SDUBISISSE [eDIULD)
YHM ‘@13ua) paasg DAYS 2Yi ‘A|geIoN (99RIWWOoD) [BDIUYD] UONII0Id Jueld DAVYS 9Y3
pue ‘s3sad A1sa.104 10} €DLIY 10§ 3IOMIBN S2109dG dAISEAU| 352104 By} 3'9) sa1dads ualfe
Jojiuow 0} Sa1IUN0D UedLYy Udamiaq sdiysiauired oyoads Ansnpul [eianas a1e a1y |
*S9LIJUNOD UBDLYY JDLYI0 pUB DJVYS USIMID] [03UO0DOI] 10} pue aDUSIDS Ul UOIJeIOqe||0D
[enuelsgns Sunsixa Sunou ‘(A3s1ens Asiaalporg DAVS auy3 ySnoayy Suipnjpur) suoiseaut
[eo13ojoiq uo yoeo.idde [euoidai e 1o} pasu ayy padde) sey eleInidas HAVYS YL
(OddY) uonesiuedi0 uonoaloid Jue|d [euoiday ayy jo Hed se pue s3gd| "89] 03 Aued
S 1 SJUSIDIZE [EJUSWIUOIIAUD [BJDIE[IHNW AUBW O} SIINGLIUOD A[9AIDE BOLIYY YINOS

Sswsiueydaw
[euOIZas pue [euOnREUISIUI
SSOIJB UONBIOCE|[0D pue

UONBUIPIO0D ddUBYUT |

A8ayens [euonjeu e 1oy suonoe pasodoid

snjejs juasin)

uoroe d139Je.1)s PIpUIWWIdNY

Ve 9|qeL

“(Z XOg "j0) JUSWUOIIAUD DIOYSHO SJIPaWWI 9} PUE BILLY YINOS PUBJUIBW UO SI SND0J aY | "paliuapi A3arens jeuoneu pasodoid e 10} suonoe Ao awos
pue ‘pajrelap st sisousoid Juaind e ‘(70T SIddI) WBWSSISSY S| STAd] Y3 JO NS BY3 JO (TS dIqeL) 87 d3essaw Aoy pue (£ WdS 21n814) Gz o8essaw Aoy Wwoly 216 SUORBPUSIWIODSI By |

IX9JUOD UBDLYY YINOS ay) ul paydope aq pjnod Jo ale
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




Original research

Page 19 of 41

‘sdnoigd Surieals pue
sonoeud Jo seniunwwod ‘sdnoid Supjiom aye|ioe]

“SONIAIDE 0JUO S3|0. pue sajepuew depy

“SaNss| y3eay
jue|d pue ueWNY ‘[EIUSWIUOIIAUS ‘[EWIUE SSIPPE O}
winio4 Aundasolg auQ Aduagde-1aiul Jopeolq e dn 39

“(suoiseaul [edi3ojolq Jo anssi ay}
uo Ajeay10ads sndoy ayy yum y3noye) sennus Jayio
apnpul 0} suoiseaul [edi3ojolq Uo winJoy ayy puedx3y

‘sajepuew usamiaq sdeiano uaaq aAey a1ay) 1o

1e9D U93( JOU dABY SI|0J DY) SISED DWIOS Ul “Isenuod u| ‘(ade)) ussised ayp ul diysiounred
ngnAwIziyn ayy “*3-9) $9j04 YoNs 10} Sa1NJONIs Jo sajdwexa awos aue 49y 's9|od [eyA Aed
AJ4B|ILUIS SISUMOPUE| [EUONIPEI] "SINIUNWWIOD YIM A[9SO[D Y40M pue dANDE AI9A 318 SODN

“WISIUBYDAW BUO

s suoiseAu| [edigojolg uo wnisodwAg [euoneN sy -9pedap Ise| sy Isea| Je 4oy pauaddey
Jou dABY 9S9Y3 INQ U9YeAN 10} SuiyioA Jo Hed se 344Q oy Aq pasiuedio (d3YVIA) SSunesw
diysiauiieq yoIeasay pue JusWaSeUBy 2I19M BI9Y} ‘SISIFUSIDS YIIM UONDBISIUL JO SWIS) U]

‘|eyuswedaplajul awodaq 3 10j S| UoNUIUL BY] "SUOISeAU! [eDI30]0Iq JO SaNss!

|[® 19A0D 0} SI pue aouewIan0d payesSajur ajey|1oey 03 344 A4} AQ PaysI|qeISa Sem WNnIo4
sa10adg aAIseAU| pue udlly [epuawedap-enul pajead Amau v AInunuod 1o asiuadxe
‘uordweyd ou aq ySiw aiay ‘sased oo u| “[(sdsem aAlseaul) yieaH pue (Suinoy jny)
yodsuel) “*8a] Juawisedap Jeyy 4o aNss Jouiw € s} NG Juswiedap JUSWIUIIA0S B Y)im
SOWIAWOS SHS suoiseAul [edidojolq jo uoirenal pue JuswaSeuew ayy 1oy Ayjiqisuodsal ay |

"S)USWIDIe [EJUSWIUOIIAUS [eJdJB[INW puUe (JgD dY) Ul IO 395
9JE SJUSWHWWOD [BUOIBUIDUI PUE {(Sannud pue syuawiedap Juswulanod jedpiunw pue
[erduiA0id ‘[eUOnEU) UOHNIISUOD) Y} WO SUIFeUBWS UONE|SISD| Ul INO 19S5 DIe SIIEPUBIN

$10J0€ |[B JO $3]01 dY1dads
9y} jo Suipuesiopun pue
SJUDWHWIWOD ‘SLIOYD dIBYS  °€

‘(qdeouoo

peouq e se ‘yieaH auQ ‘*3-9) sauae ajqisuodsal
SSOJDE 9JeUIPIO-0D pue S}adie) d11ads uo sndoy
sdnoi3 Sunjiom pue sai3arens uonejuswajdwi ainsug

J1aded auymn ayd
ul paynuap! s30adse s19A00 dVSSIN eyl Y0aYyo-5s04D)

“exey} Ajuoud oy suejd
juswadeuew [euoneu Juswaldwi pue aroudde Yyeiq

dVSSIN 941 JO senianoe
a3 93s19A0 Ajayeledas pue a3eurpio-00 0} sajepuew
pue sanijigisuodsas tpim satpog/ajdoad Ayuapi

‘palojuow

aq ||im ssaidoid moy Suijnads pue sadinosal pue
S9UI|-aWI) SAEIIPUI SUI[IEISP JVSSIN dY) Ul uonde
pasodouad yoes 1oy sanijiqisuodsal auipno pue Ayuap)

‘(DY 159d [eamnoLBy ayy Suioejdal) yeap ul st |j1g yyesaH we|d v

‘(19ymas|d Jou Inq ‘skemyred uo 89 ‘a1ay painided aie suonde awos
Jey) Sunou) J0109S JUSWUOIIAUD 3U) 4O SUORUIUI INO S13S AJIsIaAIpolg uo Jaded aMyAA ay L

"(A8ayens asuodsay adueyD ajewi|D) 101095 SWaISAS00] pue AisIaAipolg
ay3 ““8-9) saidarens uonejuswadwi sayo ul payydiydiy ase suoiseaul [edidojolg

‘(panoidde Ajjewoy jou Inq
payelp may e) padojanap suejd [euoizeu aaey oy exey payendal |je 1oy uoisiroid si auay

*9z0¢ ul [eroidde pue
uoneynsuod ofgnd 1oy 08 03 aNp pue “(§ZOT 19GOIQ) SAINIONIIS [BJUSWUIDAOS UBDLIYY
LINOS AQ M3IARI 1apun sI (VSSIN) Ueld uondy pue A3a1ens sa10adg aAIseAu| [euoneN v

sor3ayens uonejuawa|dwi
[BUONEU B|geAdIYDE pue
aAnoaye 1dope pue dojpreg '

A8ayens [euonjeu e 1oy suonoe pasodoid

snjejs juasin)

uoroe d133Je.1)s PIpUIWIWINdNY

(panunuod) "y 3jqel

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 20 of 41

*suonoNpoul

[BIUSPIDDE B1EY|1DR) 1Y) SAeMUIed Ul PAAJOAUI 35O}
pue saads uaije uo paseq spnpoud ui apen pue
sonpoud oym siapjoyaxers Sunadirey udredwed
ssauaseme Ajunoasolq e juswajdwi pue dojprs(

‘suolseAul
[e2130][01q UO Y10M 0} SISIFUBIDS [BIDOS SSIARUSDU|

(9107 "[e 30 BpEMYNIA) SII|JUO0D
pue swajsAs anjea Jualayip jo Suipueisiapun Japaq
e y3nouyy Suipnputr ‘siapjoyasels Suowe soweuAp

Jamod pue s)1jJu0d SS3IPPE puE SIPIMOUNDY

‘Juswadeuew jo uonejuawa|duwi
-00 pue udisap-00 3y} 1o} swalsAs dn 195

(810 ‘|e 39 BOAON]) UOIJEIOE||0D puE Juswagdedua
Japjoyayers ajowold 0 swisiueydaw dojaas

"A1}UNOD 3y} Ss0Ioe sased Junsixa
Wiolj ulea| 03 SaNIANDE Sulsiel Ssaualeme MIIADY

"MOY pUB UOSEal JeUYM IO}
‘pajadiey aq pjnoys oym Apuapi o3 siapjoyayels depy

"9|qeJISOp BQ P|NOM SSIUDIBME JO [9AJ] JeYM Je[D JOU OS|e S|} "Shiels
JU1IND By} JO INS 3 0} Y NDIYIP SI I UOHEN[BAD DIBWISAS B INOYUAA "S)Nsal Sulhiea yum
pue |eawadald uaaq aAry 9say] INg “UaWaZe3UD JO S|PAR| PAJEWISD dABY SAIPNIS SWIOS

“JUSWILIOD

o1jqnd Joy sassaooud [ewIo) apnjoUl pUE SIIPJOYINEIS YHM SUOISSNISIP SA|OAUI 49AIMOY
‘sadueyo aAne|si3a ||y *(s10309s ssoloe Apeinonaed) ae3ua o1 si 31 Ajjigisuodsal asoym
1e3]0 sAem|e 10U SI 31 INQ /(SMOYSPEOI “*3°9) SSaUIEME 3SIEJ 0} SOAIBINUL SNOLIBA dJ1€ 213y |

dgnd

1apIM By} pue ‘saniunwiwiod

[e20] pue sajdoay

snouadipu| ‘Ayunwwod

21J1UBIDS Y} ‘Ansnpul

’$101095 [EJUBWILIDAOS
ssoie A|peoliq adeduz  °g

‘siouped HAVS
Y3IM 1OBISJUI O] SWUSIUBYDW 3SI|1IN PUE Ysi|qels]

*(Burudije 4o sded Suiyjyy ‘Buioedas “uijeadai Je pawie)
somauwely A101ejndal ay) Jo maiaal [eS3] e 1oNpuo)

"a0ualayod Adijod 1oy eqepul

A)ISI9AIPOIG € JO B! DY} PRdNPOAUL (omawel] AJISISAIPOIYG [BqO|D) [ERUOW-3uiwuny|
a3 01 payjul|) epodya Alsiaaiporg oy ‘suoiseaur [ed130]01q 03 piedal yum pajuswajduwii
u9aq Jou sey Inq aoe|d Ul Os|e sI 1Y SUOE[Y [BIUBWUISAOD-I3IU| 3] (44 JO HWdJ
93 519100 Ajuo siyy Ing) aoe|d ui si Aisiaaiporg uo Jaded SHYAA Y "dNSSI AU} JO SJUDWIDJD
JURIDHIP DY3 |[B 03 S3j[ed ey} suoiseul [edi8ojolq uo Adtjod Sumno-ssoud ou s a1y |

aoualayod Aoljod anoudw| ¢

‘louod
[eo1Sojo1q uo pjay aJe s3unaawl UoeUIPIO-0D [enuuy "SUOISBAUl 10 eXe)} snolea uo sdnoid
Sunjiom pue sjealy) Mau JO UOIIDIBP UO PO} soaniwwod Suldals Usaq aAey aiay |

A8ayens [euonjeu e 1oy suonoe pasodoid

snjejs juasin)

uoroe d133Je.1)s PIpUIWIWINdNY

(panunuod) "y 3jqel

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 21 of 41

(SOAIJUBDUI XEB) PUE SIDIAIDS SWSISASODD
Joj JuawAed) swsiueyoaw Supueuly 1ayio alojdxy

‘(Bunsantey ssewolq
‘ureyd anjea pue uoppe anjea “*3-9) suonesado
|0U0D WOJy dNjeA 10X 0) suondo Je A|[ednnd 3007

‘puiw ui Ajjigeutessns jo sanssi Suidaay| ‘Suipuny
Yam Jsisse 03 s103oe areatld Jo ajoJ ayy alojdx3

“AInunuod Jo auelend S| Yum ‘saDAd 1eak-aautp) uo AjedidA
st Buipuny Ing (Vg:WIN Jopun) senianoe Auew 1oy uonesiue8io pes| ayi st 3440 oYL

"UI[D9P 03 BNUNUOD [|IM SNDSIY 3Y} Jey d|qeqold swaas i “IoAdMOH
"SUOIJESIUBSIO PUE SDIIDID0S DIAID AUBW L3IM sanisiaAlun d1jgnd pue sennus orjgnd
‘suoiN}isul [EJUSWILIDAOS ISNGOI PUB PaYsI|eIsa-|jom SU0IIS [BI9ASS Sey DLy YINOS

JUSWIIWWOD pue
JusaWISaAUI pauteIsns y3nouyy
souewuoad ureyurew

Jey suonmnsul Isnqoy  “|

A8ajes)s [euorjeu e 10y suonde pasodoid

snjejs juaLin)

Apadoad papuswiwoday

‘g€ 9|qeL

"sainseaw Aioyengau jo uoineoidde ayey|oey
0} SW3)SAS [B111S31I9) PUE SULIBW ‘1I9}BMYSDI) SSOIOB
saroads ualje jo souasaid jo sdew jusisisuod dojeaag

"ss1| Aloje|n3al
03 sadueyo jo poddns ur sasAjeue ysu jo uonedlgng

‘sautjadid eyep pue smopiiom dojprs(g
*5)s1| sa10ads 10} spIeOqYSEP BUI|-UO 0} SAON

‘Juawadeuew ejep uo duiures) apIAo.d

‘uonedIUNWWOD Jood pue seyepuew jo Juawudije Jood Yim ‘@oueuldanos aanesadood jo
>oe| e Aq pajeqlaoexa i siy] 93e)s jo suedlo uaamiaq Sunjoe| ale sjuswaaide Sulieys-ere(

“Jew.oy a|qetadolajul ue Ul 1o 3|qIssadde Jou e (Juads Asuow *8-9)

sindul uo spiodal pue ‘pareprjosucd Jou pue [ensed si suoiseaul jo Surddew ayy ‘@19|dwiod
jou si splodal Jaded [eouioisiy jo uonesnidip ayy 194 urewop d1gnd ur jou Ing paonpo.ud
aue sasAjeue s ‘Aj[eluuaLiy paonpold aseqerep onels e se Ajuo sisixa sarads ualje Jo isi|
s,B2LIJY YINOG ‘a|dwexa 104 "UoneIND Blep PUE SSAUIIBME ‘SS300B BJep JO sanssi Suinunuod
9JB 913U INQ “eJep 31ePI|OSUOD O} WISIUBYIIW dUO SI Jodas snjels uediyy Yinos ay |

Suureys
eJEp pUE S2INJONSelul
‘swaysAs uopewlojul poddng

“(S9ANUDDUI XB) pUE SUIDINOS PMO.ID
*8-9) swsiueyoaw Suipuny [prou dojaaap pue Ajuap|

‘sdiysiounred ayeand-oijgnd asow dojaasp/pjing

‘Buip|ing Anoedeo pue yoaeasas poddns pue puny

SIS
JueAdaJ SUIYDBa) SISIN0D LOYS JO saLias e dojaaa(

*SUOISeAU
[ed18ojo1q jo uswadeuew ayj uo (Apnis swn-1ed 1oy
smoj|e yeyy) uoneoiyijenb Arenua) jeotuyos) e dojpraQg

‘paAejap pue padnpai uaq dABY SpUNy [EJUSWUIIA0S NG panoddns [jom

Ajsnoinaid sem [01jU0DOIQ UO YoIeasal Alewlld "(Jayyeasayy Ausiaatun oyoads e Aq papuny
Suiwooaq) £zoz (nun dn poddns Juswuianod yoaup panledal suoiseAul [ed130[olq Jo
2DUD|[20X3 |J4Basal JO 24uad [euoneu v “Suipuny Suiuipap 03 anp 1eaiy) Japun Jeymawos
s1 siy3 Inq eDLY YInog ur yuswdojarsp ASojouyoa) pue yoleasal jo Alosiy Suoj e st auay ]

A3ojouyoa) punos

A|[BIUSWIUOIIAUS pUE UDIe3SII

‘uoneAouUl 10J S92IN0SaI
asijiqow pue puny ‘uoddng 9

A8ayens [euonjeu e 1oy suonoe pasodoid

snjejs juasin)

uoroe d133Je.1)s PIpUIWIWINdNY

(panunuod) "y 3jqel

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 22 of 41

'S9IIAIOR
90UE||I9AINS 10j S)s1| yoyem asiiolid pue dojaraQg

‘punoJs ayy uo Suruaddey
st Jeym 0} puodsai ued Juswaeuew ainsua 03
sdoo| yoeqpaay dojorsp pue sawodINo JOHUOW

‘9dug||loAINS _ml_wcww 9AIOe .__w_zww\_ ysijgeisy

*$10309s pajoaye |je Suipnjpul suejd asuodsau
Aduadiawa 10} sWISIUBYDLW UOIJeUIPIO-0D dUINO

“(Ausianipolq
*-3'9) 5101095 J9Y10 0] S}eRIY) pue sanssi [esnynoLiSe
10} yroq sued asuodsau Aouadiowa dojrag

‘(]9A9] [BD0] B e Ssally
0} asuodsal ul sualje 1eajo ““3°9) S|9Ad| [BD0] PUE JIMO|
03 Sunjew-uoisap 3uiAjorap Jo shem aye3nsanu]

“aAnoeold uey) Jayjel aAOEaI AJSOW S| OUBUISAON) JUSWSZeUBW
anndepe op 03 syuaBe Sunuawajdwi J19Y3 40 JUSWUIBAOG 10} pley AIA S 31 “Ynsail e sy

*saw023no Jo Suriojiuow ayenbapeut AjjeoidAy

OS[e SI J3Y] "D|qIX3[Jul PUB PAXI} dJE SPOBIUOD SISED Js0W U] “(quawadeuew ureyd Ajddns
*8-9) suonouny onesdnealng Suntoddns sjqelnsun Aq padejap Jayuny uonejuaws|dwi
UM (sanss| 3sow 1oy d)qisuodsal Ajjeioueuly pjay aJe sjesauad Jojoaulp ajdwexs

10J) [9A9] Y31y Alon e e apew 3utaq suoisioap Aq paiidAy st uonenyis ay ‘jesaual uj

‘paruswajdwi usaq aney pue aoe|d ur ”oramoy
‘are suejd asuodsal 3sad Juejd AouaSiow] a3ep 03 pajuswajdwi usaq aAey suou Ing
‘apew aq 0} suone|nday SRV Ya:WIN a1 03 sadueyd AouaSiows oy uorsiroid st a1y

s)xa3u0d Juidueyo
pue juaiayip 03 sidepe yeyy
90urUIDA0S aAIsuodsay g

“ureyd anjea ayj Inoy3nouyy sqol seyeaid

pue ssa00€ Ja3iew spuedxa yoiym ‘aouspiuod Jouried aped) s191so) Os[e WalsAs A}indasolq
[euoneu Suons e jo Supueuly pue deaydn quawiysijgeiss ayy ‘A1indas pooy asiwoidwod
1ey) S1eauy) (Sds) AreyiuesolAyd pue Areyues Suidiawa Ajmau wouy Aunod ayj 399304d of
1J0}J09S [eAN}NDLI3e S} ISI[ENAI O} AIBSSadaU uoijeAouul pue juswdolaAsp ‘Yoieasal ayy 0}
S9INQLIIUOD qNH 3Y3 “(020Z—6L07) uoneaouu| pue ‘A3ojouyda] ‘eouaidsg uo taded aHYAA
9y} pue L£0Z-1Z0T Ueld [epeda( |1S ay3 jo Jusuodwod [eyuswepuny v ‘qni Ajindasolg
[euOIIEN By} 91Ea1D 0} palaulied aaey eL0BI] JO ANSIDAIUN @) BOLY UoneAOUU| pUE
‘(1IsQ) uoneAouu| pue U1 jo Juawiedaq oy ‘(YoQ) a4myndL8y Jo Juswiedaq ayL

A8ayens [euonjeu e 1oy suonoe pasodoid

snjejs juasin)

Ay1adoad papuswwoday

(panunuod) *ge ajqeL

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 23 of 41

"S9SED ASOY) JO SPISINO SHYSI
oY) 2e31IW pue PasiWIuIW S 3SLI dY} dIDYM SUOIeN}IS
Ul 31JaUaq SaUNWWOD aInsud 03 suondo asojdx3

'$)S00 JsureSe a1en|eAa pue suUonRUSAIUI
pue suoiseaur jo yjoq syoedwi aanisod ayy ainseay

‘Supjew-uolsap
ur sjuedionued swooaq saiued paaye ainsua 03
S9SIDI9X3 UOIEILUIPI JOP|OYIYEIS UNI AjBUNNOoY

‘payoeal ale SuoISIDap 2INsud
03 sauljawi oy1dads yum (sdnoid uonewlojur pue
swinJoy Japjoyaels “3-9) sassedoud uoneynsuod dniag

's)y8u s,ajdoad Suniwi|
ANpun INOYHIM paonpal a.e sysil 0S WAy} 93eNn|eAd 0}
sassa004d pue sainseaw Juawadeurw st Ysijqels]

"opew aq ued sywad oy uoisiroid pue payads are suondwaxa ‘odwexa
104 "SPa3u [BNPIAIPUL 10 AHUNWWIOD [BD0] $A SPISU [BIDJSWIWOD SuldUR[Rq AQ UONNHISUOD)
ay3 ul paunysua syyBu snotiea syl pioydn 03 A suonenday SV VEININ YL

‘(adeD wimse3 ayy ul diysiauned ngnawiziyn ayy “8-9) sdiysiouped jo

so|dwexa pood [e1aAas ale a1ay] "(MOjs 9q ued Jupjew-uolsidap aduanbasuod ul ySnoyy)
sanuadoud asaup [je Jaded uo Isea| 3e ‘sey Wa)sAS 8] "UOIFEINSUOD pue DUBLISAOS

JO S[oA9| 931U} J0§ swisiueydaw yum ‘ae|d ut ause Juswuiano3 oijqnd jo sassedoud ay |

wa|qoid ayy 1oy d|qisuodsai
pue Aq pajaye suonmunsul
pue ‘saniunwwod ‘ajdoad
[[e O3 Arej Si Jey} aouBUISAOS
aAlsnpul pue 3jqeynby  y

‘sue|d
w2 JaSuo| 0 wnipaw Juawsa|dwi pue ysijqels]

*s|eod pue saniAnoe
0} (e0noeud 159q) sayoroidde Sunieap Jualayip yur]

"SUOINIISUL U9IMID( SalepuewW pue sjeod ugi|y
‘swisiueydaw Suiodas Juswajdwi pue ysijgels3
“jiomawely Sutiopuow 1eap e dojpas(

'sjeod pue sanuold 195

‘uodn pajoe usaq Ajaiel
dABY 959U INQ SUONUIAIRUI JUSWSTeURW dsnLoLId 0] UM EeLIIPUN LS SABY SISIDI9X]

CINIRETIE]
9q 0} UMOYS U3 SBY [0JJUOD SWOS PUE PAJEN[EAS U] dARY Seale pajdajold awog

‘papaau si Ajjiqixa]} 2low ‘siapeaul peaidsapim 1oy se yoeoisdde
Sulleapd awes ay) uo paseq UaYO e s)dWale UONEDIPEID ‘SUOSESI D1JEIONEAING IO

"S9SED DWOS Ul PaJesSUOWaP uaa(q sey Adeoiye

Y31y pue ‘payiads ale [o1uod0Iq JO $}9348) pue S|eo3 sy} 1senuod Ag (pasespd eae '3
‘sindino sased may e ul pue) sjndur uo sasnNd0y SULIOHUOW “PaddeJ] 3q Jouued ssaido.d
SUBALW SSWOD)NO JO SULIOUOW JO OB| B ‘A4B|ILUIS UBS|OUN SI SUOISeAU! [eDIZ0[0I] SSaIppe
03 ssai3o.ad ayy os pue paiydads Ajies)d Jou ale Juswadeuew Joj s}die) pue sjeod ualin)

s193.e) pue sjeod
JO JUSWIAASIYDE DY} Ul S} NSl
Jeyy uonejuawajdwi aAnday3 '€

A8ayens [euonjeu e 1oy suonoe pasodoid

snjejs juasin)

Ay1adoad papuswwoday

(panunuod) *ge ajqeL

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 24 of 41

-o0noe.d 1saq uo aoueping spiroid Jo/pue uoneloge|j0d dueyud oy Auadoud

119y} uo suoiseaul uideuew ur pasaalul ate Jey siaumopue| areatid Joj wiopeld e ajeal) a|qissod asaym Juipuny jo
Surjood 10j mojje pue ‘1sa1a3ul Jo saIs 10 sa1dads ‘shkemyred uo tayadoy upiom oy sanunyoddo asojdxa Jaypador ways
MaIA3J ‘sueld Juawiadeurw J1ay) areys pjnod sapuagde Junuawaldwi 39 ‘uipuny jood pue suejd Juswadeuew aseys

"pseoq uo suonesiuedio aiow Juiduliq Aq sauo unsixa uayIduaas pue exe} 2I0W JIA0D
03 sdnoi3 Suispiom Jo Jaquinu ay} asealdul 0} paau B 3 ABW 213U "PAI2A0D dJe BXE] [|B JOU ‘UI9ASMOY {AUnod ayj ul exe)
oy10ads 1oy sdno.d Sunjiom Sunsixe ale a1ay] "sanssi 1o exe} sejnonted uo sdnoid Sursiom 1oy pasu ay3 ssaippe pue Ajuap|

"puB| 0} SS9DDE 4O FPIMOUY JO AN JO JUASUOD INsud 0) sjodojoid dojana

‘sagendue| ajeridoidde Jsow ay) Ol [ELISJEW UONEDIUNWWOD d)[SUBI) JUBAS[SI PUB J|]ISEd) DIDYAN

‘(f xog o) Juawdojarsp A3a1ens ayp Ul sy3u pue saandadsiad ‘@3paimous| snouadipul/jedo| syesodioou]
(pun4 1938AA Umo] ade)) J1ayeaun) ayy ‘*8-9) sdiysiaunred ayeand-oignd pjing

"S9[BDS JUIIDHIP 1 (SISA[BUE 3JOMIDU PUE ‘@DUIN|HUI JO JUNOWE SA 35343ul Jo Junowe Joid *3-9) Suiddew tapjoyayels

sanJed ajqisuodsal
pue pajaye ssoioe Ajpeoiq 98eug ‘¢
Su14nosai pue uoijeulpioo)

‘|9A3] [BUOITBUISIUI UB JB SUOP 3] OS[e P|NOYS MO[9q SUOND3S ay} ul panyoads seapl ay Jayaym aiojdx]
"suoIseAUl [e2130]01q UO SIBYl0 pue DD ‘S1gdl Aq papIng suoye jeuonewsaiul yam udije ajqissod alaym pue 1oelsiu|

"(S}93[/eW UOQUED PUB UOIEDNIPIOE UBIDO ‘(gD PUe DDD4NN Japun ~3-9) soandadsiad Juaiayip pue uonepeidap
pue| Sullapisuod Aq ‘siaalp adueyo [eqo|3 Jayio Yyum suoiseaur [ed130j0iq jo Juswadeuew ajeidaiul 03 suondo Japisuod)

"SJUSWDIZE |BIDIE|N|NW JUAIBYPIP SSOIDB 121U Jo syutod [enualod Ajpuap)

‘s;esodoud Suipuny oyoads Ayuapy jonuod jeoidojolq [edisse|d Suipnjout sansst paseys

uo sdnoud Suppiom pue HAVS ulyim spafoid [o1uod pue yoreasas Juiol ysijgeisa Ajjeaiyioads ‘suswagduelie uLioyuow
pue sj00] JueAaja. Suisn A3a1ens uodn-paaide ue Juawaldwi pue uipuny jo sueaw aio|dxa ‘uoxe) yoea adeuew o) A3a1eNS
e dojorsp-00 ‘saLunod padaye wouy spun/susinedap Jueas)al a3e3us ‘siaploq [euoijeu ssoide JNdd0 Jey) exel Ajnuap)

"(WSLINO} pue aJ1|pIm “Juswagdeuew
901N0Sal [eINJeU JO SISISIUIW JO UOISSaS Julof [eLisiulw / €70z dun( pjay uoissas Julol HyS Jo aWwodINo pue uoisiap dOD
ago e st siyy) uejd uonoe pue A3s1eais suoiseaul [edidojolq [euoidal e jo uonejuswa|dwi pue Juswdojeasp ayi uoddng

IXoJu0D SIY) ul suesw ,Jelaje[ijinw, Jeym Uo SMaIA %Etm.tﬁu 9/oM a.19Y] %E.DOC [9A9] [euOjeula]ul ue Je o9y pauljap SI Siy |

suoiseAul [e2130]01q JO ddueUISA0S

payesdaqul ayy poddns 0y uoneloge|jod
pU® UONBUIPIOOD [BIJR[INW dduUByUT  °|
Suinosai pue uoljeuIpioo)

A8ajes3s [euonjeu e 1oy suonoe pasodoid

uondo papuswiwoday

0€ 9lqeL

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 25 of 41

"spun/sjuswedap
JUBAD|J JO SUB|4 DUBWIOWMDY [BNUUY U} OJUI PaLIUIP! SWSY UONDe d3eidaiul pue dySSIN ay3 o 3uswdojaaap ayy asijeuly

uonejuaws|dwi
Aotjod anaiyoe 03 saads uaife aalseul
10y Sutuueld pue A8ajens [euoneu asn ‘9

Aonjog

"90UBIDS JUSLIND AQ pawliojul $3103ds SAISBAU JO ISI| BY) MIIADY

"s1030adsu] Juawadeuey [EIUBWUOIIAUT AQ JUDWIDDIOS [BUIWILID pUE dANBIISIUIWPE
pue ‘Ajoyiny Juawageuely Japiog ayi Aq Sutioyiuow adueldwod Joy Ayoeded Suipjing Aq uone|sida) aoiojug

"SjuaWINIISUl A10Ye|N3aJ 9SI|eUONEl JBY] UO PAse] pue MaIAdl [e39] B ayeuapun

syuswinsul A1oyen3au
jueAd|al Jo Ajignedwod uayiduang  °g
Ao1jod

‘woym Aq suop aq 0} SPaauU JeyM AJLIeD 0} (SUOISSS UOITRWIOJUI PUB SMOYSPEOI *8°9) SaNIANDE SUlSIEl SSOUSIBME JONPUO))

A3a1ens ayy Sunuawsjdwi pue Suimaiaas ‘Suidojeaap Joj sseooud 1oddns [eyuswiiedapiaiul peoliq e sey dySSIN 43 insug

[[e JO s9]0u D1y10ads ayy jo Suipuelsiapun
pUE SJUSWILIWOD ‘SLIOYD dIeyS  “f

‘(Anis1aalpolg uo saded a3yan @43 puoiaq 3uio8) suoiseaur [eaidojolq jo syoadse |[e uo Adijod e dojpaag Ad1jo4
"(Buioinospmoid
‘sdiyssouned ayeand-oignd ‘sdems ainjeu 1oy 3gap ‘*8-9) |0.3u0D ajowoid 03 sa0un0s 3uipuny [pAou Juswajdwi pue Ajpuap)
‘saa.3ap arenpesdisod punyg
‘(uoneoidde apioiqiay 8-9) s||1js [eD1UYD) 10} SasInod Sututely dydads dn a5
‘(Joauodolq ‘sisAjeue ysu uo “*3-3) sasinod arenpesdisod Jueasjal dn 395
‘padetans suoioe

9q 0} 2Je $924N0S Sulpuny JAYI0 JI SuIpuny 3109 JO AINURUOD BY} INSUD O} [BIIA SI 3| “SUIUIDPIP SI SNDSIY B3 INC ‘SIDINOSAU
jueonyiudis papiroid Ajsnoiraid sey Juswuienod ueduyy yinog ay| “asiuadxa Sunsixa uo pjing 03 Suipuny oy suondo aiojdx3

o18a3ens o|qeus 03 Ayoeded pjing  °¢
SuIdunosas pue uopeuIpi00)

“saniqisuodsau
pue sajol paulep Aleap yum ‘Ajiqisuodsal paseys jo asuas e dojaaap 03 o1jgnd ay3 yum suswaeus pajadie) 1onpuo)

‘suoie|n3ay SV Va:WIN aY3 utejdxa 0} Smoyspeos pue saijIAIDe (Deaino Sunsixa YiIm anunuo))

ASajenys [euoneu e 10j suone pasodoid

uondo papuswwoday

(panunuod) "¢ djqer

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 26 of 41

"$9559004d |oNs a3e}1|10e} 0} SI0JeI0qe[|0D
1330 pue SaLUN0d 3ULINOGY3Iau YIMm SIom pue suoiseaul [edidojolq uo eyep 1o} sjodojo.id ousuald aseys pue dojpasQg

$aLIUNOD SSOIDY/
*sa10adg aAISeAU| puB PadNpO.U] JO JA3SISDY [BGO|D Y1 Yyum sa1dads uaije Jo 3sI| UBdLY YINOS ay) a1el3aju|

“(wsiueydaw asnoy duliea)o e 0}
Je|lwis) padINos 8 ued JuaWwadIojud pue dueldwod Aorjod ‘yoteasas Suipiedal sjielap asaym erod uonewlojul ue dn 39

Anunod uiyum

SOLIUNOD SSOJDE pue ulyim SuLieys

-uonewlojul 10} sa1dads ualje dAISeAUl
10§ SWAJSAS UOIFBWIOMI Ul ISOAU| 6
ASojouyda) pue uonewiojul ‘Yoreasay

"swiaIsAs uoisiroid erep yam | 03 spodai snyeys uedLyy YInos ay asn

"9|qesadoianul pue 9|qissadde sI Jey) walsAs ejep Ajndasolq pajesdajul ue dojpaaQg

‘papaau se spuesd ur suonedijgnd soy Surpuny apnpul pue sjeulnol Jueasjas Aq Suiysijgnd ssadoe-uado adeinoou]
(ez310°saAISEAUIMMM SN0y} *3°9) J1ejndIID [1ews pue 2}ISqam SULIES|D UOIJRWIOUl [B1JUDD B UleJUley

"S9)Is papeAul pue sa1dads ualje ‘peaids pue uondonpo.ul jo skemyied uo s}PaYsIOR) 9eIND pue d1e|j00 ‘arepdn ‘dojareg

sa10ads
UI[e SAISEAUI UO UOBWLIOU] 0} SS900E
9|qeynba pue uado pue sainpnnselul
‘swaisAs uonewlojul poddng  -g
Aor1jod

"SOAIUADUI 3siaAIad ploAe 0) [njased SUlaq ‘SWSIUBYDAW/SIANUIUL 193 Jew pue swiofie|d JUSWISIAUL JaPISU0D)

‘(9Aup auad ‘Guisuas
ajowal 3-9) A3ojouyoay e jo uonedrdde ay y31ySiy 01 uone.asUOWLp e se suoiseaul [ed13ojolq asn 03 suondo aiojdx]

‘(pund 19yepn umo] adeD uareasn) ayy “*89) sdiysiaupied ayeand-orgnd pjing

ASa1e.1s [euOnEU BU JO JUBWAASIYDE a3 Hoddns ued Jey) sapuade paseq
-UDJeasal [PUONIASUI-ISIUL JOYIO JBPISUOD pue ‘jo;uo)) [edidojolg 1o 213ua)) ays A30jo1g uoiseau| 1oy a.udD) Y} puny

“(Buinospmo.d
‘sdiysiaured areand-oignd ‘sdems aimeu 1o} 3gap *3°9) jonu0d ajowolid 03 sa01nos 3uipuny [pAou Juswaldwi pue Ajpuap)

“Juawdojanap 21Wou0da Jo JaALIp jenualod e se
uaas sI 31 ey} 0s ue|d uawdojaaa [euoneN a3 ul Juswadeuew 19y} pue suoiseAul [ed130[01q JO uojeI3alul 9y} asea.ou]

A3ojouyoa) punos AjjeuswiuoliAu

pue yoJseasal ‘uoneAouul 1oy
sa01nosal asijiqow pue puny uoddng -/
Aorjod

ASajenys [euoneu e 10j suonoe pasodoid

uondo papuswwoday

(panunuod) "¢ djqer

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




| Original research

Page 27 of 41

‘suejd uonoe pue saidajens oyl (Suiuueld oureusds
pue Suiuueds uozuoy ‘Suiddew Jaaup ‘uiuueds [ejuawuoAud “3-3) sjoo3 Jupjuiyl a1mny ayesodiodul Ajjednewalsis

"2laymas|a padojansp sanbiuyoay uo duppeq-433id oy sounpioddo Joj 3007

‘(suonisodxa
uoneaouul 3-9) suoiseaul [ea13ojoiq Jo pjaly ayd ui Juswdolersp Pnpoid pue uonerouur syowo.d yeyy seaneniul poddng

"(YN@@ pue Suisuas ajowal ‘sapioiqiay ‘aallp auad -3-9) uonedljdde 03 sjooy pue ASojouyoa) wolj arow
"21njelayl| Juswadeurw [EIUSWIUOIIAUD I9YIO UBDG
"sdn-11els pasnooy Juswadeuew [BJUSWUOIIAUD puny

"suolseAul [eaidojolq Jo Juswadeuew pue uonuasdid 0] JUBAS[RI SPURI) JULIND 0} Sulpuodsal Yoieasal ayenapun

A3ojouyoa) pue yoieasal
ySnouyy suonnjos mau dojpasg 71
ASojouyda) pue uoew.Io)Ul ‘YoIedsdY

"SSDUDAI03Y4D Jo Sunioyuow 10j mojje o sue|d JuswaSeuew paseq-axs pue sarads ‘skemyred dojarag

"sooualladxa pjaly uo paseq saurjpping ajepdn
pue mainal Alreinday sdnoud ssooe sanbiuyosy ateys o3 sdoysyiom uni pue saurjpping sonoeid Juswagdeuew isaq dojpas(q

‘sayoeosdde urioyuow d3eWBISAS JuaIBHIP 159} pue dojaASP O SWSISAS/SAIPMIS ASED IS

S|9A9] SUIDINOSaI pUE SSOUDANDDY
juswaeuew pue Aoijod JoHuow ||
ASojouyda} pue uorjew.iojul ‘Ydieasay

"UOIIOB 0} UOIJBAISCO WLy 9A0W 03 ASea SI 31 Jey} 0s smojpjiom pue sautjadid ejep dojpaag
“(opedap A19aa Ajynos spodas 1opeolq Yim) sniess Jo preoqysep aulj-uo 03 Lodal [euoijeu [BlUUSLY B WOL) SAON

(@gD ays 3-9) syuswoalde
[EUSWIUOIAUS [esde[inw 0} Suniodas 10y pasn sioyedipul Yum a|qiredwod ale edLy YINOG Ul pasn SI03edIpul 94nsuy

"spodai snyels uedLyy
IN0S 2y} jo Hed se sioyedipul uoiseaul [edidojolq arepdn pue mainal Ajrejn3as ‘(s1eaysioey Suisn “8'a) Juswnoop ‘dojeasg

sio3edipul Suljqeus pue Aressadsu
uo uonewlojul arep-o-dn urejurey QL
ASojouydd) pue uoryew.iojul ‘Yoseasay

ASajenys [euoneu e 10j suone pasodoid

uondo papuswwoday

(panunuod) "¢ djqer

(PaNuNUOD) 1XaJUOD UBDLYY YINOS oY) ul paydope aq pjnod 1o aie
JuBWISSaSSY SY| S3dd| auyp ul pasodoud suoiseaur [edi3ojolq ssaippe 0} suoya uayiduans oy suondo z | ) pue sansadoid inoy 'g ‘suonoe 2ISa1eas UIASS 'Y 3L} MOY UO SIOUINe 3y} Aq SUOIR|IY € d]qeL

Open access

http://abcjournal.org




Page 28 of 41

A key cross-cutting issue for the IPBES IAS Assessment
(referred to in four of the 22 key messages) is the im-
portance of ‘Indigenous Peoples and local commu-
nities’ (IPLC) and ‘Indigenous and Local Knowledge’
(ILK). The roles of IPLCs and the value of ILK was felt to
be very important in the South African context, but the
terminology used locally sometimes differs from that
used by the IPBES. It will be important to keep the sen-
timent without forcing the use of a specific framework
and terms (Box 4).

A vibrant community of practice

Arguably South Africa’s community of invasion scien-
tists, managers and practitioners is neither too small
that major issues are not addressed nor too large that
they cannot regularly meet as a group. There is a suf-
ficient diversity of practitioners with some turnover of
both scientific and managerial staff so that there is in-
stitutional memory and willingness to continue group
discussions over long periods of time (e.g., Davies et al.
2020a). This community of practice hits a Goldilocks
zone, small enough to be intimate, connected, collabo-
rative and continue over time without too much irrele-
vant bureaucracy, but not so small that it relies on a few
individuals (Foxcroft et al. 2020).

South Africa is well placed in terms of specific gov-
ernmental institutions that focus on directed applied
research and coordination (e.g., the Agricultural Re-
search Council, the Council for Scientific and Industrial
Research and the South African National Biodiversity
Institute). The government department in charge of
fundamental research values applied research, and the
departments in charge of environmental affairs and
agriculture recognise the importance of foundational
research, providing support to scientists through re-
search grants and postgraduates through various bur-
sary schemes.

Invasion science, as a discipline, allows for training in
a real-world problem that cuts across different sectors
and in which a tangible difference can be made by indi-
vidual students. For almost two decades (2004-2022),
the South African government funded a world-leading
institute with the aim of conducting research, educa-
tion and training, coordinating networking, information
brokerage and service provision relating to biological
invasions (the Centre for Invasion Biology, Richardson
et al. 2020a). Similarly, a research centre dedicated to
biological control research, training and implementa-
tion has provided vital support to managers across the
country (the Centre for Biological Control, Byrne et al.
2020). Ensuring such initiatives continue will be crucial
if the national strategy is to be effective.

Various methods are used to increase interactions, includ-
ing joint attendance and participation in voluntary fora
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and conference series where researchers and managers
are regularly exposed to each other’s challenges (Foxcroft
et al. 2020). There is an annual National Symposium on
Biological Invasions that regularly has an attendance of
over one hundred delegates including researchers, ac-
ademics and policy- and decision-makers from various
government departments. Government officials are also
encouraged to attend training [e.g., short courses in bio-
logical control and risk analysis have been developed and
led by academics and staff of research institutions (Byrne
et al. 2020; Wilson & Kumschick 2024)] or to register for
post-graduate qualifications. Other initiatives that have
been in place are management and research planning
fora. Some have run their course, but others have been
ongoing for many vyears, including working groups on
cacti, grasses and invasive animals (Davies et al. 2020a;
Kaplan et al. 2017; Visser et al. 2017).

A substantial existing
knowledge base but one that
can be rapidly expanded

Biological invasions have been reasonably well-docu-
mented in protected areas (Van Wilgen & Herbst 2017),
as well as across the whole country for plants (Hender-
son & Wilson 2017). There has also been a growing use
of citizen science platforms (e.g., iNaturalist) to facilitate
monitoring and reporting in South Africa (Potgieter et al.
2024; Zengeya & Wilson 2023). There is still a need,
however, for inventories of cultivated aliens and cultivat-
ed areas (this was notably outside the scope of the IPBES
IAS Assessment). Angling, arboreta, botanical gardens,
horticulture, the pet trade and zoos often use alien taxa
and information on these need to be incorporated into
our thinking (Cheek et al. 2022; Clen 2002; Vezi et al.
2024; Wondafrash et al. 2021). Pathway-specific risk as-
sessments and management plans are also needed.

Importantly, there is still much to be gained from more
interdisciplinary and transdisciplinary research — much
of the research on biological invasions is still driven by
a core group of ecologists (Abrahams et al. 2019). For
example, arguably social and gender issues as outlined
in the IPBES approach are not adequately addressed
[though studies have looked at the value of overt targets
for gender and the need to consider social redress in
interventions (Hough & Prozesky 2012, 2013; Sadan
2005; Van Koppen et al. 2011)]. It will be important
to ensure the proposed national strategy elicits contri-
butions from the social sciences and incorporates dis-
courses from different perspectives.

Integrated governance

We agree strongly with the plea in the IPBES IAS As-
sessment for more focus on integrated governance. For
example, provincial legislation on keeping pets differs
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throughout the country with some provinces allowing
many alien pets, while others ban most (Nelufule et
al. 2020). We often have the tools, frameworks and
knowledge necessary to address biological invasions,
and in many cases these have been adapted specifical-
ly to the South African context. We argue for a greater
focus on how we implement. Improvements to project
management (e.g., supply chain management) could
greatly increase the effectiveness of control projects
funded by the government. It will be important to focus
management on where and when it is needed most,
and ensure monitoring is sufficient to allow for manage-
ment to be adaptive.

Humans are both the cause of and solution to bi-
ological invasions. Effective management requires

Box 4. Indigenous and Local
Knowledge (ILK) and Indigenous
Peoples and local communities
(IPLCs) terminology in the

South African context

In the parlance of IPBES, Indigenous and Local Knowl-
edge (ILK) refers to ‘knowledge and know-how ac-
cumulated across generations, which guide human
societies in their innumerable interactions with their
surrounding environment’. The collective term for
stakeholders that hold and provide ILK are Indigenous
Peoples and local communities (IPLCs). IPLCs are,
‘typically, ethnic groups who are descended from and
identify with the original inhabitants of a given region,
in contrast to groups that have settled, occupied or
colonized the area more recently’ (IPBES 2022). Using
ILK and other forms of knowledge, IPLCs have shaped
the ecologies, conservation initiatives and resource
economies of vast regions of the world — IPLC either
control, use, manage or co-administer an estimated
~38 million km? or 25-28% of the world’s land area
(McElwee et al. 2020). Crucially these lands are less in-
vaded than other areas, potentially due to active cus-
todianship by IPLCs (Seebens et al. 2024).

In 2004 South Africa adopted an indigenous knowl-
edge systems policy, with the then Department of Sci-
ence and Technology as the custodian. Terms such as
Indigenous Knowledge Systems (IKS) and Traditional
Knowledge (TK) are widely used to refer to the knowl-
edge, skills, practices and technologies developed
by indigenous and local communities (often in prac-
tice synonymous with the term ‘rural communities’).
The literature in South Africa also recognises group-
ings such as indigenous communities, local commu-
nities, traditional communities and traditional knowl-
edge holders. The aim is to include those who have
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co-ordination across different mandates, sectors (e.g.,
agriculture, health and transport) and scales (local to
national). Several promising cross-cutting approaches
have been identified with links to biological invasions,
including One Health (Ogden et al. 2019) and One
Biosecurity (Hulme 2020). The challenge (in particu-
lar for the national strategy) is to improve coordination
while limiting bureaucracy to that which is needed. We
believe there is room both for a forum dedicated to
biological invasions (for those who work directly on the
issue) and for a broader inter-agency One Biosecurity
Commission (that brings together those working on an-
imal, environmental, human and plant health; cf. the
Presidential Climate Commission https://www.climate-
commission.org.za/ established in Sep. 2020).

a distinct cultural identity and a deep connection to
their ancestral lands, including those that have lived
in a particular area for a long period of time with their
own knowledge systems and practices related to the
natural environment. These terms are often used in
policies, legislation and academic discourse in South
Africa to recognise and respect the role of ILK in bio-
diversity conservation and sustainable development.

Several instruments exist currently to protect the in-
put of IKS and TK such as NEM:BA, the indigenous
knowledge systems policy and Protection, Promo-
tion, Development, and Management of Indigenous
Knowledge Act (IK Act, 2019), drawing on methods
such as stakeholder engagements, public participation
processes and citizen science. As examples, IKS are
engaged through Community-Based Natural Resource
Management (CBNRM) programmes as intervention
points to assist with management of invasive species.
Similarly, rural livelihoods affected by the impact of
invasive species on ecosystem services, such as grazing
or water supplies (Yapi et al. 2018), are best under-
stood by engaging with the community. IKS contribute
to local development, however traditional knowledge
holders are often excluded from decision-making pro-
cesses. IKS should be seen as a natural resource which
guides decisions and informs how land is used, e.g.,
by farmers and agricultural households.

In summary, while the concepts of ILK and IPLC, as
defined by IPBES, are recognised and contribute to
biodiversity conservation and management in South
Africa, given the diversity of definitions and associated
groups, care should be taken to ensure that all stake-
holders are represented and to avoid the misinterpre-
tation and misalignment of information. As argued
elsewhere in this paper, IPBES concepts and defini-
tions should, we believe, be interpreted and adapted
to the local context if they are to be of most value.
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Biological invasions do not respect administrative bor-
ders, and all agreed on the need for greater collabora-
tion with neighbouring countries, the Southern African
Development Community (SADC) and Africa more
generally. It will be vital for Africa to share experiences
and collectively address biological invasions (Faulkner
et al. 2017), particular in light of the African Continen-
tal Free Trade Area that was established in 2019 (Faulk-
ner et al. 2020a).

Resourcing and where to from here

The amount of resources invested to address biologi-
cal invasions in South Africa is substantial but declining
(McCulloch-Jones et al. 2024; Van Wilgen et al. 2022a).

There is a specific and substantial value proposition in
preventing and controlling biological invasions. This
needs to be made more strongly. A greater investment
of resources in proactive management would do much
to limit future biological invasions (McCulloch-Jones
et al. 2024) especially in the context of environmen-
tal biosecurity (Early et al. 2016). Substantial returns on
investment have, however, also been made by treat-
ing existing widespread invasions, especially through
clearing trees in water source areas (McConnachie et
al. 2012; Stafford et al. 2019) and classical biological
control (McConnachie et al. 2003; Van Wilgen & De
Lange 2011). Since 2022, national government fund-
ing for biocontrol has not been forthcoming even
though South Africa has a long and successful history
of research and implementation in this area (Hill et al.
2020). This suggests the need to both improve how the
case for safe and effective biological control is made to
the South African government and to diversify funding
options, for example, with more public-private part-
nerships (lvey et al. 2024; Martin et al. 2018). We ad-
vocate strongly that funds to improve human health,
agricultural productivity and food security, livelihoods
and the economy can be highly effective if invested in
addressing biological invasions.

There are, as always, challenges that could severely
limit management options in future. A ban on herbi-
cides would remove essential tools for control (integrat-
ed control linking mechanical removal with chemical
control is imperative for many invasive trees); the push
for commercialisation has the potential to open up
new introduction pathways; and perverse incentives
to address climate change through afforestation using
alien species has led to widespread damaging invasions
(Bond et al. 2019).

During our discussions, and as flagged by many par-
ties during consultations, much more integration and
collaboration with neighbouring countries are urgently
needed if biological invasions are to be effectively ad-
dressed. Although South Africa was well represented in
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the IPBES IAS Assessment, several concerns were ex-
pressed at the IPBES plenary (during which the assess-
ment was approved) pertaining to data gaps and low
representation of experts from developing countries.
South Africa’s draft national strategy recognises this.
Opportunities for funding through the Global Biodiver-
sity Framework Fund and various international initia-
tives could provide valuable sources of seed funding to
facilitate greater integration of efforts within SADC and
Africa more broadly.

This paper is a selected view by a selected group in
response to a particular initiative (the IPBES IAS Assess-
ment). The South African status report provided back-
ground information but was not explicitly reviewed
here. This paper also does not explicitly review the
historical context [for a broad review of biological in-
vasions in South Africa see Van Wilgen et al. (2020a)].
Key sectors from South Africa did not contribute to the
IPBES IAS Assessment (and so were not included as au-
thors of this paper), in particular microbiologists, fungal
biologists and human health specialists; a more diverse
range of viewpoints would be extremely valuable. A
much broader analysis using a range of tools from fu-
tures thinking (including environmental scanning, driv-
er mapping, horizon scanning and scenario planning)
would also provide significant insights for the national
strategy and action plan (Hulme 2025). Nonetheless,
we believe this paper provides an important perspec-
tive linking international best practice and insights (the
IPBES IAS Assessment) to national needs (the draft na-
tional strategy).

Conclusion

The IPBES IAS Assessment is a landmark report at the
science-policy interface on biological invasions that,
we argue, provides guidance for South Africa to deal
with biological invasions. The IPBES IAS Assessment
provides compelling evidence of the need for imme-
diate and urgent control of invasive species, serving
as a baseline to monitor progress towards Target 6 of
the Kunming-Montreal Global Biodiversity Framework.
Nonetheless, given the focus of the IPBES IAS Assess-
ment (global and holistic), the key messages and gaps
will likely not wholly resonate for any specific country.
We encourage readers in South Africa and other coun-
tries to go beyond the key messages from the IPBES
IAS Assessment and contextualise and scrutinise the
findings based on what is important for their region or
country. This opinion paper hopefully provides insights
both for how South Africa can contribute to the im-
plementation of CBD Article 8h and to Target 6 of the
KM-CBF, what South Africa’s national strategy should
include, and, ultimately, how South Africa can be pro-
tected from the harm caused by biological invasions for
the benefit of the environment and human well-being.
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