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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...".
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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).

| Open access



Page 5 of 41

Original research

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
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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
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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

| Open access



Original research

Page 9 of 41

(¢L00)

‘e 39 3sIM “(0207)
USS|IM UBA %
Jouuo),0 ‘(+207) e
19 S2UO(-Yyd0[|INDOW
{(£007) susB10D
211IeN 97 {(9107)

‘e o allley 97
1(8102) "[e 12 lreexy
“(L00T) "[e @ UM °d

‘pasedwod
ale Aoy a10jaq Ajoreredas syoedwi aaneSau pue aanisod Japisuod o3 Juepodul s 3 — sa1oads aAIseAUl
wouy anuode ued yeys spedwi aanisod ayy Aejdumop 03 papusiul Jou s| a3essaw A3 Sy 910N

"(9IN0Y UdpIBD) DY Ul £ LT Ul 3414 Sunelseasp ayy *3°9) sallj U1 PIJRCIEXD UYO
aAeYy suoiseAul 921] ‘syue|d aalseaul Ag pasned AJIsuajul aJ1) Ul 95eaDUI J[BIOU B UDI( SeY dIdy) 1314

‘PapaaU SI YdIBaSa. IO "91ep 0} PAIBPI[OSUOD [[9M U] JOU SBY
UOIBWLIOJUI ING ‘Y3eay urwNy uo sjoedwi 9AB39U SNOLIBA SABY SUOISBAUL [BDI30[0I] )[BaY UBWN}

‘skep 09 Aq padejop

uaaq aney pjnom ysnoip g10z—S L0 Y Suunp o1az Aep ‘umo] ade) jo Aj1D) ay3 Jo Juswiydyed
19]BM 3U]) Ul S934] DAISBAUI OU UD3q PRy 249 JI Jey) pajewnss sem )i ‘ajdwexa 104 “sedouanbasuod
Juepodw! YlIm SMO) JJeM Ul SUOHDONPaI [BUEISGNS Pasned aaey sjueld SAISBAUI (AJLINDS IDJBAA

"9peW Ud3q Sey LYY YINOS JO 9[eds Y3 Je saniAnoe guizeld
pue puejedues uo spedwr aanedau ay) jo ajewnss Uy *(pajewnsa AjjeonewalsAs Jou y3noys) saseasip
pue sysad pauodwi y3nouyy a1nynoude uo spedwi aAnedau [eueIsqNS ae dIaY} :A}INDSS POO

“(sanfea z0cg Ul €20T pue 0961
U92M)3q UOI||Iq £° 7S YMVZ T8 PajewNss uaaq sey pasned agewep ayj Jo 1500 Alejauow ay) :Awouod]

(@91dwoour

g paysi|qelss)
2a.3e Aprojdwon

sa10ads ual|e aAlseAUl

Aq pajoaye AjpaneSau pue
Ajpunojoid ate yyeay uewny
pue AJLINdas 1ayem ‘AjIndas
pooy ‘Awouoda ay] "€y

(zz0T) "o 19 uadjipm
UBA :(€£207) ‘|39
10D J9p UeA ((6107)
‘[e 19 ouUMO3S

"SISYI0 UBLj} SJUSWIUO.IAUD SWOS Ul dpniudew 1a3eals jo aue spedwl paaIasqQ "paplodal uaaq
aney suonedinxa uonendod awos pue saads juejd uanss jJo uondunxa ayy u pajedijdwi usaq aAey
saiads aaiseaur ydnoyaje 4eapd ssa| aJe suonounxa uo speduwl JO 9IUIPIAS DY BILYY YINOS JO sped

Auew Ul paAIasqo uaa( dABY sa10ads dAISEAUI AQ PIsNED SUONOUNY WSISASODD 0} Sadueyd JuediIugIS

(@91dwoour
g payst|qelsa)
9au3e Aj98ie]

suonounxa saads [eqof3 pue
[e20] Suipnpour ‘yeg jo suoidal
|[e Ss0.10® sawodno xa|dwiod
pue as1aApe ul Sunjnsau
‘swa)sAs00a pue AJis1aalpolq

0} sa3ueYD 9|qISIaNa.LII ‘SISeD
3WOS Ul ‘pue DjeWRIP 3SNED
sa1ads ualje aAIseAU| "7y

(e€T07)
‘|e 30 eAaSuaz

“(pajdwes [jam Jou ale says

yons ySnoyije) ayep 03 PopPI0IaI U] dABY BXE} dULIBW I0YS-HO SAISBAUI OU pUE ‘papeAul AjiAeay
JOU Je S3}IS D)0 JSON “SUOISBAUL ‘AUE JI ‘M) 1€ 19U} 2I9YM SIS 1€ 219y} EDLY YINOS Ul S9[eDs
[e20] e ‘pldom ay3 ul suoidal Jayjo ui se ‘a[eds [eqo|3 e ye ajeudoidde si aSessaw Aay a3 SJIYAA

(@9)dwoout

g paysi|qelss)
2a.3e Aja81e

yeg Jo suoidau e ui sapads
ulje aAIseAul Aq pauaiealyy
aJe ainyeu pue ajdoad ‘v

CERITEYETEY RV

Jeuoney

VSY 10} 3dUBUOSIY

adessaw A9y

"ZS 9|geL Ul UMOP USYO0I( Jay1ny 21 JUSWISSIsSY S| STdd| @Y3 ut adessaw Aoy yoea 1oy sydesGered
Suipuodsali00 oy "z xog "o {(Spuest SuIpn[puI) JUSWUOIIAUD 2J0YSHO SJBIPAWIWI dY} PUE BOLIY YINOS pUB|UIBW UO SI SND0J 9] "UOIIEN[EAd JBU) Ul 92USPIUOD INO pue DUBUOSAI JO 92139p
3y} JO uonen[eAa Ino yoq Suluiquiod ‘| ajqe] Jad se pajenjead sem (YSy) BILY YINOG J0j 9dUBUOSAI 3Y] "(BEZ0Z STdd]) JUBWSSaSSY S| STd @Y WOj WIBCIaA udde) aJe sadessaw A9y ay |

uoneN)IS UedLY YINOS aY) YUM 91eU0Sal Aay) 3ja} SIOYINE 3y} MOY pUB JUBWSSISSY SY| SIdd| oYl wouj sadessow Aay ¢z 9yl *T d|qeL

Open access

http://abcjournal.org




Original research

Page 10 of 41

(€207) 1owy|ney

‘paonpo.jul usaq Apealje aaey siapeaul [enuajod Auew pue
!s10309s Ansnpui pue Aoijod ui suoiseaur jo uoneaidde pue ssouaieme Jo sjpAd| y3iy AjpAne|al o) pa|
sey Ajgqen3ie siy] ‘suoiseaul Ui 3unjnsas A13unod ay} 03 suondnpo.ul Jo Aloisiy Suo| e usaq sey a1y |

"SOpEOAP M3}
1sed sy Jan0 sajed Jejiwis 15333Ns a|qejieA. aie Jey) Blep dY] “(SAISNOUODUI SB PO SDUIY) Sajel

UONPNPOAUI JO SAJBWINSD Ul JUIPLUOD 3G 0} YNDIYIP SI I “1I0YS YOIeas JO Saewsd 1a1aq INOYIAA Sy S
ut Jaysiy uans asu 0} padipaid

"ureIqo 0] JNDLIP 3 [|IM PUE d|ge|IeA. JOU S| SUORONPOAUI jelaqIap suononponul jo ajes ysiy

[eSa)|1 pue suodNPOAU [BUORUIIUIUN UO UORBWLOUI Y3noy) {(SuljSue 10} saysly Joyemysal) pue paja|jetedun JuaLInd ayy yum
AnsaJoy 10} sea4) *3'9) shkemyped Auew 1oy suononposul [ed1103sIY 03 pasedwod sasealoul Judal ‘ypeg jo suoidal e ui Ajpaiew
DIJEWEBIP US(] JOU dABY 249 “SILIIUNOD JaYI0 Ul ueyy AjgenSie pue jsed ay} ui ueyy payejnSau (@AIsnpuodul) Suiseainpur ase saads uaije
1apaq yonuwi aie ‘suononponui [euonuaiut 03 Suirejas asoyy Ajejnonaed ‘skemuped ‘edtyy YInos uj wassyIa SAISBAUI WO} S}eaIy) 3Y| 74

(€200)

auyney (9107)
‘e 12 Jausj|ney

sa1ads uaije aAlseaul jo peauds

pue JuaWYSI|geISS ‘uondnponul

(paysigelsa |[om) “odsues ay ayejjioe}

"DV YINOS 10§ 3N} ||13S SI pue Uudaq sey siy | oau3e Ajproidwo) saniAnoe uewny Auew “Lg

(#202)

3DIYISWINY| 33 UOS[IA\
‘(e€20T “®TT0T)

‘|e 39 ualjIA Uep
(0202) II1eH 3 Ao3n]

“Ao110d Buiyoaelano ue o 3joe| JuaLInd ayy unou ‘(suoiseaul [eDIS0j0IG UO SOY} YHM
saseasip pue sysad [ewiue uo asoyy *3-9) saijod Jo uonei3aul 19| 10j PISU B SI I3} ‘|[BI9AD

-arenbapeur a.se soueldwod Suninsus 1o uoneyuswa|duwi
9A1}D3Y49 10} S904n0sas 3y padojarap Buiaq st suonendas ayy Sunuawadwi toy A3a1e0S Vv Nwal
s)1 jo ued jou ate yyeay pue aunynoLde uo syoedwi y3noy ‘suoiseul [e2130]01q JO NSS! dY} JO

1ed sassaippe Jaded SHYAA ,ANSIDAIPOIG S, eDLJY YINOS JO 3SM d|qeUILISNS PUB UOBAISSUOD), 3y | sa1ads ualfe dAIseAul

Suljjonuoo pue Sunuanaid

"Jodau snyeys uedlyy Yinos ayi Aq ,arenbape Ajjented, se paiods sem pue suoiseaul [eaidojolq

suomauwely A1oyejnal ayy jo Ajifenb oy ‘papasu a1e SSOUDAIIDYS 419U} JO SUOIFEN[BAS S10W Y3noyyje (91dwiodu SuiBeuew ur JuapIYNSUl USIQ
pajuawsdwi Sutaq ate A8y "0z0Z PUe 9107 Ul pasiAdL pue 10z ul pajeSinwoid aiem suonejnSau Nq paysi|qelsa) aney uonejuawaduwi 119y}
aaisuayaidwo)) " 19g | 03 yoeq a3ep suoiseaur [ea13ojolq Buissaippe suonenSas uedLyy YyInos Je[IWIS JBYMAWOS pue sapijod ‘|eseAQ Sy

(zzoz ‘12oa)
‘|e 32 NoJNOssan

‘(cz07) euejypuoy

"PaPaBU SI YDIBSA IO "DAISN|DUODUI SB PAIOIS S| [9AD] DIUIPLUOD Y] 0S PUE ‘UMOU
jou s1 1oedwi [[eISA0 BY3 ING ‘uonesijeuidiew adnpal A9l pjnom uoneidepe yong ‘(apesl [euIpaw

9y} pue poomaity 10} “3°9) saroads aiseaul 3do-0d 1o suoiseaul 03 3depe USYO SENIUNWIWIOD [eIny speduwi pajenuaIayp

-a3e pue -1apuad ‘s3xa3u0d

9 eZUBMNY "passasse awos ul “Suipnput ‘Aynbaul
{(6107) UOIBPPEYS  Udaq AjaJel aaey spedwl pajenuaiayip-a8e pue -19puad Ing ‘spedwi aanedau jueoyiudis aaey ued ) (@A1SNpuodUI) pue uonesijeuidiew oy ppe
® BWLIOSN Iy} SUOIEDIPUI YHM SIPNIS dWOS Ul pajenjead Apijdxe usaq sey samunwiwod jeint uo pedwi ay | oau3e Ajprsidwo) ued $3109ds UdI[e SAISBAU| "ty
CERIIEYETEYRVINY | deuoney VSY 10} dURUOSIY 98essaw A9y

(PaNURUOD) ,UOENIS UBDLYY YINOS Y} YIIM 91eUOSDI ADY) 1|9} SIOYINE DY) MOY PUE JUSWISSASSY S| STdd] Y3 Woly sadessaw A9y ¢z 9yl T dlqeL

Open access

http://abcjournal.org




| Original research

Page 11 of 41

(€102) |®

12 UOS|IM {(020T) '[e
19 1Yyaswny {(€207)
Jauwyne4 {(£107)

._m pE] \_.va__zmu_

‘siskjeue ysu1 e Aq pauoddns uoneoijdde jew.oy

e a1inbas spodwir mau ||y “passalppe Sutaq ause suondonponul [e3] s1esaqiR d|qe|IeA. die Sjealy)
[B3uBWIUOIIAUD J0y suejd Aouaduiuod paroidde oN “ayep 03 pardope uaaq Jou sey IsI|ydIeM [ewIo)
® y3noy 1sijyolem [euoneu e dojaaap 0} apeL U23q aABY SH0YT "031eD YNgyealq ay) se yons
sAkemyyed a8euew o) apew Sulaq ale spoyd ‘alowiaying Anua jo spod ye suonoadsul paseq-ysii
y3noup siyy anoadwi 03 spew utaq ase spoyg Modsueny Jo sapow pue spoog [je 19A00 03 Ayoeded

JJBIS JUSIDIYNSUI SI 2IDY3 1oAaMOY 4aploq ayi 3e Sulinddo ate suondadsu) *|nyasn A1oa aq pjnom sa10ads ualje aAIseAUl WO
eDLY YINos 4oy ssoupasedaid pue uonuaraid Suipuny Jo JuSWISIAUL JO SUINJI DY) JO JUDLISSISSE syeauyy oy SuiBeuew 1oy [erono
Uy *(9A1309449 1500 JOU OS pUB) d]qISed} SAemie Jou si uonuaraid asuas siyy uj "apedy Sundaye AjoIanas (@9jdwoour  snyy pue suondo 9AnDRYe-150D
Jnoym (pealds [einjeu 1o) suondNPoIIUL [EIUSPIDOE JuaAdId 03 YNDUHIP AIDA 3 [[IM 31 ‘SISED SWIOS Nq payst|qelsa) Jsow ayj aue ssaupatedaud
u] "sa13unod duinoqydiau Jo A311N23s01q UO Salj2l BILY YINOS ‘S1apioq pue| Juediiudis YA oau3e Aj981e] pu® UONUdAAI ‘7D

(70T "eT0T) B 3@
uadjip UeA {(1707)
._m ]Jo uosiajed
(0202) |e 10 antew
97 :(0207) "[e @ |I'H
{(£107) Uos|Im %

uosIapuaH (1z07)
‘|e 19 997190))

"sased Auew ul

9|ge|leA. JOU dJe ejep 0 ‘uononpal edwl JO SWUSY Ul PaINSeaW Jou si JuawaSeuew JO SSOUSAIDDYS
ay} uayo pue “quawaeurw YIm usAs adnpal 03 djqissodwi Jo YnduIp o9 Siw spedwr swos

‘Jeyy SuiAeg "M0I3 0) SNUNUOD SUOISBAUL ‘S3)IS PIPBAUI PUB S103AS SAISEAUI ISOW 4O} UISAIMOH
‘spedwi aaneSau ay jo Suipuelsiopun Suisealoul ue st aiayy pue ‘sydAjeona pue sepem ‘seurd
Suinowas Aq panosdwil usaq aney smoyy Ja1em {sa1ads awos 10y [013u0D [eD130]01q [BDISSE[D Y3noay)

paonpal usaq aAey spedur {sajeds [eD0] 3B PIJ|0JIUOD 3 UBD SUOISBAUL Jelj} SDUIPIAD S| 219y
suoiseaul [ediSojoiq jo

"SUOISeAUl |[e Jo (@9jdwoour  juswaeuew ysnoiyy paonpail
doy uo 138 01 9|qissod uaaq Jou sey 3t snys pue ‘wajqosd 3y Jo B[S AYI YdJEW JOU SPOp Juipuny oy} INq paysi|qelss)  aq ued sa1ads ualfe aAlseAul Jo
‘IoAOMOH "UoISeAul Jo saZels Jualayip ay3 ssooe aoe|d ul sainjoNJIs Juswadeurw sey LY YInos 00.3e Ajp81e spedwi pue jaquinu ay] "1

(0207) "|e 1@ UOS|IM
‘(0z0T "e0207) ‘e @

ainjeu ul a3ueyd JO SIDALIP
10311pul pue 10311p uowe
3OB(PA9) pUE SUONDRISUI

‘swiajqodd 1oy jenuajod ayy UMOYS 9ABY 1GIP UOISBAUL JO SDjeWIIS]
xa|dwod jo asnedaq Pipa.d

uad|IM ueA ‘(0Z07) ‘ysnoyp sa1pmis 3o1jdxa may usaq aney 03 NP si sa1ads uaife
‘|e 39 UOIRPOEYS 2J9Y] "[[ejures 21nny puno.e Apenonted Ajutenadun pue {edlyy Yinos ul uaads SUOIIPUOD dewI|d (@A1snpuodUl) SAISBAUI WOJJ JEDIYY UMY
{(9107) "Je 10 198noy puUE DIWOU0D3-0100S ‘[BJUSWUOIIAUD JO ANSIDAIP 8y} uaAI3 Arenoiued ‘saiixajdwod sejiwis 10adx3 2a.3e Ajv|dwo) a3 jo apmiudew ay] ‘g
a1mny

ay3 ut spoedwr 119Y) pue sarads
UIe SAISBAUI JO JaquInu Yy}

"JX9JUOD UBDLYY asealoul Ajlenuelsqns Aew

(q€c00) ay3 (03 anbiun uaas 10) ur Juenodwi a1ow Yonw aq 03 A[91] 1€ SIDALIP SWOS pue Ajurenadun (dAISNpUODUI) ainjeu uj aueyd JO SIDALIP JO

‘|e 19 UIB|IAA ueA Jo [9A9] ysiy Asan e st a1ays y3noyy ‘edtiyy yinos ui ajetado swisiueyoaw Jejiwis 10adx3 oau3e Apyoidwoy  uoneoydwe Suioduo ay] €9
SIDUIRYAI VSY deuoney VSY 10} 3dURUOSIY aSessaw A9y

(PaNURUOD) ,UONENIS UBDLYY YINOS Y} YIIM 91eU0SaI ADY) 1|9} SIOYINE DY} MOY PU JUSWISSASSY S| STdd] dY3 Wil sadessaw A9y gz 9yl T dlqeL

Open access

http://abcjournal.org




Original research

Page 12 of 41

‘(YoQ) 21n3noLdy jo uaweds(

AU} pUB [12UNOY) UDIeasSaY [BJNNLIZY ‘Ansnpul adeln) s|gel UedLlyy YINOS “V/S SUISIey ‘UOITeID0ssy
s120npo.d ANl Suluue) ‘(iny-auols pue -swod) OYDLYOH Se UoNs SIaPJoyaXels YIM UONBIOGe||0d
ul syom Jeyy Auedwod |[S ue si (y44) BdLY A|43Ind4 “edlyy Yinos u| “eate 1931e) sy Ul siapjoyadels
pue siawLie) ay} wouy uonedidnied 9AROE pue UOIJEUIPIOOD ‘UOIEDIUNWILLOD SAIDDYS Salinbai

SIYL “(V4d) Seaue aa1j-1sad 40 (ddTV) douajeraud 1sad moy jo seaue Suiysijgeiss ‘pasn Apsow si (1]S)
anbiuyoa) 109su| aj1a1s sysad 10asur [eanynoLde aeuew o3 pasn uaaq aAey sanbiuyoal snotep

.mCr_wum\AmOUw aulew ul mw_uwn_m SAISBAUL JO HC@EwmeNE |NJSS220NSs OU U9a(q sey a49y |

"SUOIJD3S JUSILDIED 232.0SIP Ul SAYSH dAIseAul duiedinxa Ul s9ss900Ns aWos Uaa|
aABY 219y "SwalsAs Jarem pajdauuod ul saads onenbe aaiseaur Suljjonuod pue Suiurejuod 03U
[e2130]01q] [BDISSE|D YIIM SISSE00NS D|BIOU SWOS U SABY 349U} JUSWILIS SIFd| SY3 03 ISejUOD U]

(£107) @97190D

% |I'H ‘(90207)
‘[e 19 sailne

aA1Dayjaul Aj9Sie| usaq

SABY SWBISAS 19}EM PRIDDUUOD
pue suuew ur s}dwaye Jsow
INQ ‘SWDISAS J9JeM Pasopd pue
[BL1ISD.119) WOI) SUOSEDS SNOLIEA
10} pajedIpelad aq Jouued

Jey so1oads ualje dAISeAUl 10}
uondo aAoaye ue aq ued
[03UOD PUB JUSWIUIBIUOD) "))

(@19]dwooul

g paysl|qelss)
9a.3e Aja81e

“(pues| usqqoy
wiouy s)qqged “*3'9) spue|si a10ys-ul wolj (paedixa 1Sed| Je 10) PAIedIPEId U] dABY BXE] SNOLIEA

"s1apeaul 1ay3o jo suonejndod |[ews uey) a3edipesd 0} J2ISed aq ||IM SI9peAUl
snonoidsuoo peaidsapim awos 10adsns am saLIOISIY 91| Ul SUOIFBLIBA UBAID) "Paysl|qelse uaaq JaA
JOU 9ABY UOIJEDIPEID D4BPIP A[ewlo) 0) 5|00030.Id JOAIMOH 'S9JIS SNOLIBA 10} PAIB[DSP U] Sey

suonejndod awos jo uonedinxs ayy pue (snioyuide snjogoods **3-9) paredipelss usaq aney
Apeaije Aew yoiym Jo aWOS ,S[9A3| MO], 03 UMOP JY3N0Iq Uaa( dAeY $1931e) UOITEDIPEID SNOJSWNN
‘sydwaye uonedIpeId ZH PUNOIe APUALIND 318 2I3Y} PUE §OOT Ul PAIBRIUI SI19M SHOYS PIJRUIPIO0D
apimuoneN Sutoduo ase sydwane [esanss y3noys (6861 Ul (erepound jeiO) |IBUS UBDSUBLISHPIA
9y JO JBY3] PUBJUIBW SY} UO UOKEDIPEID SPIMUONEU PJUSWINDOP SUO A[UO UDS( Sey a1y |

(€L07) '[e 1

UOS|IAA (9107) ‘e 10
uIppry (1007 19811s
® WaqIsH (q0z07)
‘[e 19 salne

Sw)sAs0da paje|osl

u1 sa10ads ualfe aAIseAUl JO
suone|ndod Suipeaids-mojs pue
[[ews 1oy Aj[e1dadsa ‘|nyssedons
udaq Sey uonedIpesy ‘€

(Pays!|qeisa [|om)
Je[IWIS Jeymauwog

‘spoya [03u0d 1sad Suunp uoneladood ,s1010 9|0 pue SsiquBW AUNWWOD

8uLINdas 10§ pue suolsINdUL JO UONDIAP 10 [enUSsa s sowwesdold uSiedwed ssouaseme jo
uonejuawsa|dwi ay| ‘swaisAs Suiusem Apres 3sad 03 (D131 e sanbiuyoay uondaap 1sad ‘pajessausad
B]EP JO SOWN|OA dAISSEW DY} UAID) ‘Ansnpul Jueld ay3 ul sjeuoissajold pue eiwapede ‘sappuagde
JUSWILLIDAOS [BUOITRUISIUI PUE [BUOLEU ‘|EDO| USMIS] UOIJEDIUNWIIOD A[SWI} pUe JUSIDIYD SaYel|1dey
pue ‘paysijgelsa sowodaq uonejndod 3sad oy 8109 peaids pue Juswysijqeiss ayy sjuanaid ‘seale
pajoajeun ur Aynunuod ssauisng pue uononpoud surejurew pue spajold siyy Aousdiaws isad jueld e
Suung eouyy yInos ur uorsinoui 3sad jued Aouadiows ue Jo uonDABP pue UOHESHIW ‘UOEDLIUBPI
9Y} 0] UOMDEaI AjPWI} pUE JUBIDIYS Ue 10} saulPPINg sapiroid (d¥ddIVS) ueld asuodsay 1sad Jue|d
Aduadiawig UedLyY YINOS Y] "YIMaII3L] Pajoauuod Siajjew o) pue {pajequiod pue pajuarald aq
Kew sysad [einynoude yoiym Aq sainseaw 1oy Suipiroid Jo wire ayy yum ‘496 | Alenuef £z j0 0L LY
S9INSEaIN [01IUOD) PUB €86 | JO 9E "OU 1OV $IS9d [N} NDLIBY dY3 JO Swa) Ul parendal ale sysad jue|d

SIDUIANRM VSY deuoney

VSY 10} dURUOSIY 98essaw A9y

(PaNURUOD) ,UOENIS UBDLYY YINOS Y} YIIM 91eUOSDI ADY) 1|9} SIOYINE DY) MOY PUE JUSWISSASSY S| STdd] Y3 Woly sadessaw A9y ¢z 9yl T dlqeL

Open access

http://abcjournal.org




Original research

Page 13 of 41

‘paemioy 2dueUISA0S paresdajul arow djay pjnom

Aotjod e yong “suoiseaut [eaidojolq uo Ajjeanyoads (Suiyew-uoisioap aping yeyy sajdiduiid so saurjpping
-9°1) Ao1jod uiyoaelano ou s a1ay3 INQ ‘suoiseAul [BD130]01q sopNRUL ANsIaAIpolg uo Jaded alyAA
dyl *(OAVS) Anunwwo)) Juawdojpas uedLyy UIBYINOS Yy} Yy3noy) soAeIUl [BUOISDL OS|e dle
219y "uoneuIpI0-0d Yum isisse oy pue uiuaddey st yeym asijewoy 03 djay |jim siy Juswdojorap

u1 st auo Inq ‘A3arens paydope Ajjewo} e 9ABY 194 JOU S0P BILY YINOG “Sa1epUB JUDIDYIP dARY
SUOIESIUESIO JUIIIYIP SISED JSOW Ul PUE PIJEN[BAS U] J0U Sey 3say} Jo 10edwi ay) Ing (99NIWWOD)
MOIADY SISA[BUY 3SIY Y} pUE SISED[4 [013U0D0I] UO s3uneaw [ejuswuIaA0gIaiul “89) uonesdaul

JO sa|dwexa JaYl0 SWOS dJe 249y *dN|eA SH WIU0D 0} papaau si ssaidold jo Suuoyuow os pue
‘€70t ut [euopnesado swedaq pue 0gOZ Ul PaYsIgeIsa sem yINgG 9yl “(Anua jo suod Je suonoe
aAneuaAaLd Suireuipio-0d ased sy} ut) adueusaAod pajes3ajul jo ajdwexa [enuslod e st Aoyiny
Juswadeuepy Japlog ay| "padeuew ate suoiseaul [ed130[01q YDIYM YHM SSDUDAIDYD Y3 SHWI|
UOIJeUIPIO-0D JO 3OB| B JeLj} SNOWIUBUN 219M SIOUYINE SB 9M YSNoyi[e ‘edLy YINos Ul 9dUBUISA03
pajeiSalul Jo anjea ay3 40 adueuIdA0S Jo aduenodwi By} JO sasAjeue didads Moy uSaq SARY BJ3Y |

(+20Q) YPryaswuny|
’® UOS[IA “(BEZ0T)
‘|e 39 ualjIA Uep

so|eos

[euoia. pue [euoijeu ‘[edo] Je
pue ssaoo.d uoiseaul [edidojoiq
ay3 Inoy3no.yy sa1dads uaife
aniseaul jo wajqoid [eqoi3 ayy
JIWi| uBD ddUBUIIA0S pajeldajul
‘suonoe o13a1e.s Jo 195
Areyuawajdwoo e ydnouy) "1q

(@39]dwoou
g paysli|qeisa)

2a.3e Ajvdwo)

“(JUSWUOIIAUD J9PEOI] dU} O} JBAIL} dNPUN INOYIM

pansasaid aq Jouued spyauaq Ji 89) A|93|1] 1€ SPIPUOD a1ayM pue uaym Ayjuapi o3 Juenodwi

s1 31 ‘Apejiwig “(sease Suimold pajeuSisap apIsino AjoADaye Pa|0U0D pue seale [einyndLse

Ul PAUIBIUOD |[9M DI S9AISeAUl “*a°1) paSeuew Ji Jijouaq (39U) B 9q UBD S2109dS JAISEAU! DIaYM
suopenis Ajauapi oy Juenodwi si 3| d|qedisap 4o [ednoesd skemie 10U S INQ SIABUID)E JO J9J0 U
alinbai pjnom saonoesd yons yiys 03 Sundwany “a1mynd [ed0] ay3 jo Hed pue (130ed Jo spnuy “*3-9)
sanpowwod Juenoduw awodaq aAey saads dAISEAUL pue ‘pajdepe aABY SSRIUNWIWIOD SAWNAWOS

(£107) " 12 eA33uaz

‘(1102 ‘£002)
‘|e 19 uolaPORrYS

eam si
9DUIPIAS By} “edlyy Yinog ul suawadeSua yons jo 1oedwi ayy pajenjeaa Apioldxa aAey Salpns may
SE “I9AOMOH "9AIDRYe 9q 0} JuswWadeuew 1oy [e1dnJd si Juawade3us Jey) SnsuasUOd peolq e s aIay |

suoiseaul [ed130|o1q 10§ suonde
Juswaeuew Jo SOWO2INO
anoidwii saniuNWWOod [e20)
pue sajdoay snouadipu| pue
SI9P|OYaElS YIIM UOIeI0qe||0D
pue juswageduy ‘9D

(AISNpUODUI)
2a.3e Ajvdwo)

‘pautjweans pue pasiseydws

aq pjnoys Sunuoda. jeuoneu pue [enuasss st SuLoyuow ysnoayy sseidoid jo Sunpoel -sonoeid 3saq
pue sauljapIng pue spJepuels [euoneulul Ylim ugdije o} aiow op osje pjnod s3oafoid uonelolsay
‘wajgold ay) yojew 0} Spew SJUSWIISIAUI UM SLOYS UOIeI0)sal dn-a[eds 0) pasu B si alay| (510949
A2e39) |10s pue suoIseAul A1epUODaS ‘UOISBAUI-1 SUIpN|OUl) SBDUE)SUI AUBW Ul PassaJppeun ulewal
UOIJBI0ISDI 0} SISLLE( ‘ISADMO} “dWI} JOAO PISEIIDU] DAY UOIFEIOISDI WISAS0DD Ul SJUDSISIAU]

‘suonuaAIalul Jo adAy pue Suiwiy ayy pue suoiseaul

9y} Jo ainjeu sy} Suipnpul 9xa3u0d 8y} uo spuadap SNy} UOIFLIOISAI JO SSIOINS Y| (SUOISBAUL JJTFEM
*8'3) uoneioisas aanoe Juiinbai passold Usaq dABY SPJOYSAIY} D1JOIGE ‘SISED JAYI0 U] *(SUOISBAUL
auid *8-9) suoiseaul jo sporiad Suo| Ja)ye usna A1aAodal JuedlIuSIS MOYS SWBISAS pue JUIIYNS

9q 0} SWIdS SIY} SUOISEAUI BWOS 104 ‘AjoAIssed 9101591 0} Yo| 1€ SWIISAS — UOIJLI0ISDI WISAS0DD
payedipap apnjpul Jou op AjjedidAy syueld aaiseaur Jeap 03 spafoud ‘1loramop “suejd aaiseaul jo
SPUEIS 9AISUIXD JO Suliea]d SUIMO||0} UONBIO}SI [NYSSIOONS JO SISED J|JEIOU M} B USD( dABY Y|

(8107) "[e 19 lURjISN
(0207) "|e 10 sow|oH

SWIRISAS

1391eM PasoO|D pue [e11)sa.ia)

Ul UOIBI0ISaI WNSAS0DD
Suipnpul quawagdeuew
anndepe y3nouiyy panaiyoe aq
ued ajdoad 03 suonngLIuod
s,94NJeU pUE suonduNy
WiaIsAS0D9 Jo A19A0da1 9Y] 6D

(@91dwooul

Nq payst|qelss)
oau3e Ajprsidwo)

SIDUIANRM VSY deuoney

VSY 10} dURUOSIY 98essaw A9y

(PaNURUOD) ,UOENIS UBDLYY YINOS Y} YIIM 91eUOSDI ADY) 1|9} SIOYINE DY) MOY PUE JUSWISSASSY S| STdd] Y3 Woly sadessaw A9y ¢z 9yl T dlqeL

Open access

http://abcjournal.org




Original research

Page 14 of 41

“(10309s a1eALId 9] JO JUBWIDAJOAUL BY) pue

juawdojanap Aoijod y3noayy Suipnpoul) spooyiaAl] uewny ureisns pue (spooj} pue aily ‘ydno.p 3-a)
a8ueyo arewpd jo spedwi ayy 03 1depe 03 seniunwwod dijpy o3 pausisap ase s309(oud asay] “(¥YA
-003) UonONPaY MsIy 1alsesi(q] paseq-waisAsoo] jo ajdund ayy Suimoljoy spafosd ysnosys Suriinooo
a.e suoiseaul [e2130[01q djOe} Jey} SUORUSAIRIUI DISDIBIS "BDLJY YINOS Ul PasiuB0odal [|om aie
(@8ueyd a1eWI se yons) a3ueyd JO SIDALIP JOYIO pue SUOISeAU! [BDI30[0Iq U9aMIDG UONDBISIU BY |

(61027)

‘B39 1Ysa|is {(9107)
‘e 39 1uted {(0207)
‘|e 19 Isoizein)

(@39)dwooul

Ng paysi|qeiss)
2a.3e Aj9|dwo)

sjeon juawdoara( djgeureIsng
[B19A3S SUIASIYDE 0 AINGLIAUOD
pue AJISI9AIPOIq 0} S1EaIY) JBYI0
03 puodsa. 03 paugisap saidijod
JO SSQUBAIDAYR By uayiBuans
ued sa10ads ualje aAIseAul
8urjjonuod pue Sunuanaid '+

"uoneloqe||od [euoidaigns Ja3eald arenwis 03 [NJasn aq pjnom

SIYy} ‘suoiseaul [edidojolq uo Ajjeainads puny yiomawel] ANSIaAIpolg [Bqo|D) ay3 elA Suipuny 1oy
Aiunyoddo juenodwi ue st a1ay] s3a8ie) [euoi3al pue [euoneu ‘[edo| dn umas 10y siseq ayy SWIO}
0s[e 4gD-AD @Y “paJnioniis aue spodas snyels uedLyy YINoS ayl Moy pue A3sjens [euoijeu ay3 Jo
juawdojanap ayl mEucws_uE_ SI (49D~ diomawrel b_ewz_oo_m_ [eqo|D _m@bcoE-mc_Ecsv_ Ayl

(€202)
UOS|IA\ 9 eAa8uaz

(@AISNpUODUI)
oau3e Ajprsidwo)

so10ads ualje SAISEAU [01IUOD
pue juanaid 03 sayoeoidde
Jnsi[eal pue snonique
‘leuonelidse ayepdn 1o dojersp
0} SUBWIUIdA0S [euOIRU

1o} Ayunuoddo ue sapiroud
sHomawel] ANsIaAIpolg [eqo|D
[eanuo-Sutwuny| Y| "€q

(suonen3ay SPRY VE:WIN oY pue Py
159 [eannoudy ayy sopun sywuad Jo duinsst oy “*8'9) suone|n3a. asiuowWeY 0} PISU B OS[e S| DIy |

*siy} and1yoe 0} sonoeld 1saq uo aoueping apiroid 0) paau e s a1y “pue)
aeaud pue d1ignd uo unddo suoiseaur [e130]01q se Ady SI sisumopue| ajeAlid Ylim uoeloqe|joD)

189D

$S3] SI |[9A9] [BUONBU DY} Je UOIFBUIPIO-0D INg (S)USWIZY uoieziuediQ apel] PHOAA PUE UORUIAUOD)
uo123J01d Jue|d [EUOEUISIU| DY} ") SJusWDa.3e [BIa)e|INW SNOLIBA Ul PAUIINO SI UONEUIPIO-0D
[euOITeUIRU| 194 pajuawadwi Ajppim Jou aie Ing (YieaH auQ pue Anodasolg auQ ‘8°9) asiwold
1340 sayoeoidde Sumno-ssouD) “(1odsues) pue yyeaH jo ssusweda ayy “*8-9) ansst Joulw e se
UD3S 9JB SUOISEAU] WOYM JO§ SI0309S J9UJ0 UO S31|2J SUOISBAUI [BDIS0]0I1] JO |043U0D DY “IBd]d shem|e
Jou e san|iqIsuodsal pue s3]0l U9AIMOH ANSNpUI SNIHD PUE (BDLYY 10} SIOMIDN S2109dG dAISeAU|
159104) Alsnpul A11s2104 93 Se LDNS ‘S9sed SWOS Ul SUOIDE UOeUIPI0-00 D410ads 10J03s aie auay |

"Anua Jo suod [eIYO |/ YUM ‘(WY §ZZ dMgequilZ ‘W OSH 1UNBMST ‘W £96 BlqiweN
‘wy| L6t anbiquiezopy ‘W 606 OYI0SaT ‘WY OFQ | BUBMSIOZ) SDLIJUNOD XIS YIM Japloq pue| Suoj
W 299 { © SaIeys } Se edLyy YInos Joj Juepodwi Aprejnonued si Sa1juNod Ssoide UONBUIPIO0D 13S0|D)

(€200)
Jauy|neq {(qozoc
‘£102) ‘|e 19 J1awy||ne4

(PRYSI|qeIS [lom)

oau3e Ajprsidwo)

suoIseAul

[ed130j01q jo Juswaeuew

ay3 poddns 03 sarLunod pue
$10109$ $SOIDE UOIJBUIPIO0D
pue UOIeIOgE||0D JBSOP YIM
paonpaJ aq p|nod saioads uaije
SAISBAUL JO JBRIYY Y] "¢

SIDUIANRM VSY deuoney

VSY 10} dURUOSIY

9Sessow A9

(PaNURUOD) ,UOENIS UBDLYY YINOS Y} YIIM 91eUOSDI ADY) 1|9} SIOYINE DY) MOY PUE JUSWISSASSY S| STdd] Y3 Woly sadessaw A9y ¢z 9yl T dlqeL

Open access

http://abcjournal.org




Original research

Page 15 of 41

(LZ0D) [e

19 JoABIM {(ZT0T) '8
19 NQqWIBALYS (£207)
‘e 10 493918104

Am _\ONV ._m 19 BOAON
{(LZ0?) "|e 10 aseqn(
‘(e0707) "B 39 Salne(
(0Z07) "|e 1@ duJAg

“anoudwr Aj@y1] [jIm suonuaAIIuI

Jo AoBD1J§3 DY} ‘SOWI0DIN0 0] A[3SOJO DIOW PaYUl| DB SIIUANDE J| "JUSWSSeURW YIM Juswaaidesip si
2I3U]] ‘SSAUAIBME SI 319U 21aym (apeu) 19d) 5101035 19410 Ul pUB MO| 3 0} SSDUBISUI SIOS Ul UMOYS
U93q Sey (S9LIASINU) 101095 ASY SWIOS JO SSAUIIBME U] "SSOUDANDDYD 4193 33pn( 03 3noiip st

0S palojiuoW A|[eD11ewWwalsAs Jou a1e syl INq (39IAN J91sng paspA ‘ewwes3oid 1ayepn Joj SunjIopn

ay3 y3nouayy “"3-9) SeAneNIUL JO SIO| DB IDY) JUSWDIEIUS PUB JUSWIHWILIOD ‘SSIUIIBME DljqNd

(Bupping

Ayoeded paysijqelsa
-||om ssauaieme
a1gnd oy 19 dwodul
g paysl|qelss)
9a.3e Aja|dwo)

sa10ads uale dAISEAUI JO |0UOD
pue uonuaraid ay 10j [erond
aure ‘3uip|ing Ayoeded pue
quawade3us pue Juauwwwod
‘ssouateme dl|qnd ‘9

(qgzoo) ‘1.

19 eA98uaz7 !(707)
v_u_r_UmEDv_ VMV COm__\</
{(¥20T) UOS|IM\
‘(egc07) B 19
uaBjIp UeA ‘(Z107)
._m Jo @EUNCCOUUE
(zzoo) e
uakpejoeiy

£102) |e 1 lreery|

‘(Ayjiqesadosaqur ur uppoe| “a°1) asn 03 ajdoad jeutsixa 1oy

pley AloA 9 UEBD UOIEWIOUI B} ING ‘SUOIIOE JudWSZeUBW UO UOHEBWLIOUI d|qen|eA sapiaoid GINIA
"suonouny Jejiwis duipiroad st 3sijeanieN! Ajduiseadu) "9|qissadde Ajipeas Jou pue jeunioy Arearidouad
© ul p|ay sem uonew.oyul Inq ‘syuejd aaiseaur Juieuew ur palsaIRUI M OUM SIDP|OYIEIS JO
98uel apIm E 10} d|gEN[BA SEM V|dVS "(SWIM) WaISAS JusWSZeuely UOIJEWIOJU] JOJBAA S, 3UDWUIIA0S
AU} PUB (V]dVS) SEY SI9PBAU| JUB| UBDLY UIBYINOG Y} 9PN|oul SWISISAS UOBWLIOJUL S|qBION

‘9|qe|ieAe ae

sa1ads ualje paje|ndas uo uonewIouUl pue pansst swaad 89 ‘asay Jo [BI9AS UO SuDjIOM PaIEIS
sey Jodau snjels uedLyy YINOG ay] "duop 9q 0} SPasu [|13s 10w g ‘pasnidip usaq aAey Aunod
ay i sa1ads ualje uo Sp10daI AUBI "UONDE O] UOIBAIDSCO WOy 03 0} Smojpjiom pue saurjadid
©JEp Paau ||ns 9N “(SHodal smyels uedLyy YInog ay3 0 paxjul| saidads uaije Jo isi| e “89) swaisAs
uonewuogu uado pue aqesadosayul dojeasp 03 aoe|d ur aJe saAneniu| “elep Jo sadA) Juaiayip
109]|0D pUE SaJEPUBLL JUDIYIP SSOIDE }IOM JeY) BOLJY LINOS Ul suonesiuedio ajdnjnw ale aiay|

sa11uNod
$SO.I0E PUB UIYHM ‘SUOISBAUL
[ed180]oiq jo Juswadeuew
AU} JO SSDUAIDRYD pue
uoneuipiood ayy aroidwi
[|IM SWISAS UonewIoul
a|qetadosayul pue uadQ ‘sq

(Payst|qelse [lom)
2au3e Ajpysidwo)

*S9SBASIP

10 s359d mau Jo uondalep se yons sauadiows Ul uonensidal ysad 10y smojje 3 ‘Ajjeuonippy PV
SIy} AQ paulaA0g ||e aJe sa1pawal 3001 pue [einjndLide ‘s1asi|ie) ‘spasy wiiey Jo asn pue |esodsip
‘aseyound ‘ajes ‘uoneniodwi ay| *SaIPaWI YD03S PUB SPIdY WY ‘SaIpawal [ednyndtide ‘sanijioey
3uisijuia)s ‘sioresado [0.nuod 3sad jo uonensidal ayy suIdA03 (L6 JO 9€ "OU DY) LF61 JO Y
SOIPRWIRY YD0IS PUE ‘SaIpaWaY [eINHNDLSY ‘Spaay Wie] ‘s19z1ja4 9y "edlyy Yinog ojul payodul
uaym sajone parendal sayjo pue spnpoud jueld ‘syueid a3endas 03 DY YINos jo uonesiuedio
UOID3]01d JUB|d [BUOIEN S} SaIepUBW 1Y SISad [BINYNDLIBY 3y “[papuswe se 686 | ABW 97 JO
€10L"Y @J1ON JUSWUISA0N) ‘papuswie se 86| Alenue[ £ Jo || L'y suone|nday ‘papuswe se +96 |
Arenue[ £z Jo 01 1"y SoINsealy [013U0D) ‘Ajowieu ‘suone|ndas pajeIdosse sy pue (€861 JO 9€ “Ou DY)
€861 0V S159d [eamnoL8y ayy Suipnpur “*8-a] saads aaiseaul 03 Suipuodsal usym edLyy YInos

u1 uonesida| jo sadaid Jueasal jo uoneulPI00d saiinbai sjeon) Juswdojprsq ajqeuteisng SuiAdiydy

SIDUIANRM VSY

djeuoney

VSY 10} dURUOSIY 98essaw A9y

(PaNURUOD) ,UOENIS UBDLYY YINOS Y} YIIM 91eUOSDI ADY) 1|9} SIOYINE DY) MOY PUE JUSWISSASSY S| STdd] Y3 Woly sadessaw A9y ¢z 9yl T dlqeL

Open access

http://abcjournal.org




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.
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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.

| Open access


https://www.climatecommission.org.za/
https://www.climatecommission.org.za/

Page 31 of 41

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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