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EXECUTIVE SUMMARY1  1 

Biological invasions are a large and growing environmental problem, globally and in South 2 

Africa. Many thousands of species have been translocated from their native ranges to novel 3 

environments, where some become invasive and spread across natural ecosystems, 4 

threatening native biodiversity and reducing the ability of ecosystems to deliver vital 5 

services; these invasions often have direct negative impacts on the wellbeing of many 6 

people, especially in rural areas. 7 

This report constitutes the first comprehensive attempt to assess the status of biological 8 

invasions across all aspects of the problem at a national level. The report is based on 9 

information from a range of sources, including inputs from experts and practitioners, atlas 10 

data for different taxa, published scientific papers and theses, and management records 11 

from government agencies. The report was also made available to a wide range of 12 

interested parties in two rounds of review, which resulted in the inclusion of additional 13 

information. 14 

The report is structured around four aspects of biological invasions: pathways of introduction 15 

and dispersal; distribution and impact of individual species; species richness and abundance 16 

of alien taxa in defined areas, and their impacts on those areas; and the effectiveness of 17 

control measures. A total of 21 indicators were developed to assess the status of these 18 

aspects. In addition, four high-level indicators (one for each aspect) were developed for use 19 

in the national suite of environmental indicators on which the Department of Environmental 20 

Affairs reports on a regular basis. 21 

Most alien taxa found in South Africa today were intentionally introduced, either to 22 

deliberately establish wild populations, or for horticulture, agriculture, forestry or the pet trade 23 

(from where they escaped to establish wild populations). The remainder have been 24 

introduced accidentally as commodity contaminants or as stowaways on transport vectors. 25 

While the rate of intentional introduction of high-risk taxa is expected to decline due to 26 

improved regulation, it is also expected that the rate of unintentional introductions will 27 

increase due to increases in trade and tourism. Once an alien taxon is introduced further 28 

natural spread or human-aided dispersal is highly likely. There is a thriving internal trade in 29 

organisms for a variety of purposes, and taxa can be accidentally transported along the 30 

countryôs extensive transport networks. There is a low degree of confidence in estimates of 31 

                                                           
1
 This executive summary provides a brief, high-level overview of the contents of this report. More detailed 

summaries appear at the start of each chapter. Chapter 9 also provides a set of key policy-relevant messages. 
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the rates at which alien taxa have been introduced to the country, as pathway and date of 1 

introduction data are lacking for many organisms.  2 

A total of 556 invasive alien species have been listed as invasive under the National 3 

Environmental Management: Biodiversity Actôs Alien and Invasive Species Regulations. The 4 

actual number of invasive species is higher, with 695 invasive alien species having been 5 

identified in South Africa to date. Most of these invasive alien species are terrestrial plants 6 

and terrestrial invertebrates (xx and yy% respectively). There is a moderate degree of 7 

confidence regarding the estimates for terrestrial plants and for vertebrate species, while the 8 

confidence in the estimates for other taxa is low due to a low sampling effort and the 9 

difficulties of locating and identifying species. 10 

A total of 107 species were assessed as having either major or massive impacts on 11 

biodiversity and/or human wellbeing; the vast majority of these (xx%) were terrestrial plants. 12 

With the exception of a small number of species, the level of confidence in these estimates 13 

is low as the assignment of species into impact categories was based on expert opinion 14 

rather than rigorous assessments of impact. 15 

Alien species richness was highest in the savanna, grassland and fynbos biomes, with 16 

relatively low species richness in the more arid karoo and desert biomes. There were almost 17 

no data on relative species abundance (the cover, biomass or population size of all alien 18 

species expressed as a proportion of all alien plus indigenous species in an area). 19 

Indications are that alien species can dominate in areas such as fynbos catchments and 20 

coastal areas invaded by trees or shrubs, arid areas invaded by Prosopis species (mesquite 21 

trees), many riparian zones invaded by trees, rangelands invaded by herbaceous annual 22 

and perennial plants, and cacti, and streams invaded by alien fish. However, due to the lack 23 

of data, confidence in these estimates is low. 24 

There are very few studies that cover the combined impacts of invasive alien species on 25 

particular areas. Available studies estimate the combined impacts of invasive alien plants on 26 

surface water runoff at between 1 450 to 2 450 million m3 per year. If no remedial action is 27 

taken, reductions in water resources could rise to between 2600 and 3150 million m3 per 28 

year. Reductions in the productivity of rangelands, and in biodiversity intactness, are low at 29 

present (between 1 and 3%), but these impacts are expected to grow rapidly as invasive 30 

alien species enter a stage of exponential growth. Confidence in the estimates of the level 31 

and impact of invasion in particular areas is low, given the relative lack of reliable and 32 

comprehensive studies. 33 
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In terms of control measure inputs, South Africaôs Alien and Invasive Species Regulations 1 

are substantial, as they cover most aspects of the problem. In addition, large sums of money 2 

have been spent (currently R1.5 billion per year), especially on the control of terrestrial plant 3 

species; this is almost certainly an underestimate as it only includes funding from the 4 

Department of Environmental Affairs, and not from other government or semi-government 5 

entities, or the private sector. Planning coverage is low, and there is little evidence of 6 

adequate levels of goal-setting or monitoring. Confidence in these estimates is moderate (for 7 

quality of the regulatory framework, and for money spent) to low (for planning coverage). 8 

Control measure outputs are assessed in terms of the proportion of pathways, species or 9 

areas that have been subjected to control. The Convention on Biological Diversity 10 

recognises 44 pathways of introduction, and 34 of these pathways (77.3%) are managed to 11 

some extent. Although 556 taxa are listed in the Alien and Invasive Species regulations, not 12 

all of these are subjected to active management. For example, approximately 126 terrestrial 13 

and aquatic plant taxa (out of 379 taxa) have been targeted for some control, and of these, 14 

eight taxa make up 80% of the area subjected to treatment. In terms of areas, less than 1% 15 

of invaded land seems to have been the subject of control measures. Levels of confidence in 16 

these estimates is low due to the absence of accurate distribution maps and project 17 

monitoring records. 18 

The outcomes of pathway regulation measures in terms of changes to the rate of 19 

introduction of invasive alien species cannot be determined given that they have only been 20 

in place for a short time. But the rate at which species are arriving in the country appears to 21 

be increasing on a decadal scale. In addition, many species in the country have increased 22 

their ranges, some substantially, over the past 10 ï 15 years. Control measures have been 23 

shown to be effective in some localized areas, but not so in others. While the situation would 24 

arguably have been worse had there been no control, current control efforts have not been 25 

effective in preventing the ongoing spread of invasive alien species when viewed at a 26 

national scale. Levels of confidence in these estimates is low due to the absence of project 27 

monitoring records. 28 

Gaps and challenges ï waiting for completion of draft chapter. 29 

The report concludes by providing a list of policy-relevant messages that have been distilled 30 

from the assessment, and these should be considered when formulating environmental 31 

policies for the country as a whole. Besides expanding on the points described above, it is 32 

noted that it should be imperative to improve management efficiency, given the substantial 33 

economic and social consequences that would be associated with a failure to adequately 34 
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address the problem of biological invasions. This will require difficult choices and trade-offs 1 

to be made, including the need to practice conservation triage by focussing effort on priority 2 

species and areas, and by prioritizing the needs of future generations over those of the 3 

current generation.  4 

GLOSSARY OF TERMS  5 

Terms in bold type indicate cross - references to other concepts in the list. 6 

¶ Agricultural pests: Alien animals that predominantly feed on cultivated crops, and 7 

that impact on agricultural production. 8 

¶ Agricultural weeds: Alien plants that predominantly invade areas disturbed or 9 

altered by cultivation, and that impact on agricultural production. 10 

¶ Alien species: A species that has been spread outside its natural range by humans.   11 

¶ Areas: A defined spatial unit. E.g. protected areas (as defined by the National 12 

Environmental Management: Protected Areas Act, 2003); National and provincial 13 

administrative boundaries (as defined by Constitution of the Republic of South Africa, 14 

1996). 15 

¶ Assessment: critical evaluation of information, with the aim of guiding decisions on 16 

an issue of public interest.  17 

¶ Biological invasions: the phenomenon of, and suite of processes (see 18 

introduction-naturalisation-invasion continuum) that are involved in determining 19 

the transport of organisms to areas outside their natural range by human activities 20 

and the fate of the organisms in the new ranges.   21 

¶ Biome: A large naturally occurring community of plants and animals occupying a 22 

major habitat, e.g. desert, forest, savannah.  23 

¶ Containment:  The aim of preventing or reducing the spread of invasive species 24 

e.g. preventing incursions into new into new areas or extirpation of population from 25 

defined areas.  26 

¶ Control: Any action taken to prevent, as far as may be practicable, the recurrence, 27 

re-establishment, re-growth, multiplication, propagation, regeneration or spreading of 28 

an alien or invasive species were eradication is not possible. 29 

¶ Corridor: a dispersal route or a physical connection of suitable habitats linking 30 

previously unconnected regions 31 

¶ Dispersal: movement of alien organisms within a defined area that is facilitated 32 

either intentionally or unintentionally by humans. 33 

¶ Distribution: The known of occurance of a species over a given area. 34 
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¶ Dominance: The last stage of the invasion process, where an invasion begins to 1 

reach high local abundance and starts to develop relatively stable margins in its new 2 

range.   3 

¶ Environmental pests: Alien animals that predominantly feed on natural vegetation 4 

or prey on indigenous animals in natural ecosystems, and that impact on biodiversity 5 

and ecosystem functioning. 6 

¶ Environmental weeds: Alien plants that predominantly invade natural ecosystems, 7 

and that impact on biodiversity and ecosystem functioning. 8 

¶ Eradication: The extirpation (complete and immediate removal) of an entire 9 

population of an alien species from a particular area. 10 

¶ Establishment:  A process that alien species form self-sustaining populations over a 11 

period of time corresponding to multiple generations without direct intervention by 12 

people, or despite human intervention.   13 

¶ Expansion: (synonym ï spread) The third stage of invasion, where species 14 

invasion is increasing its range.  15 

¶ Extirpation:  A phenomenon, were a species ceases to exist in a given area but it is 16 

still present elsewhere.  17 

¶ Impact reduction: The goal of reducing the negative impact of alien species while 18 

retaining the positive benefits.   19 

¶ Impact: The description or quantification of how an alien species affects the 20 

physical, chemical and biological environment. 21 

¶ Incursion: An isolated population of a pest, weed, or alien species, that usually has 22 

a limited spatial extent and has been recently detected in an area where it is not 23 

known to be established but is expected to survive for the immediate future.   24 

¶ Indicators: A set of measurements that give specific information about the state of 25 

something. 26 

¶ Introduced: (see Introduction) 27 

¶ Introduction dynamics: (see Introduction) 28 

¶ Introduction: Movement of a species, intentionally or accidentally, owing to human 29 

activity, from an area where it is native to a region outside that range. 30 

¶ Introduction-naturalisation-invasion continuum - A conceptualization of the 31 

progression of stages and phases in the status of an alien organism in a new 32 

environment which posits that the organism must negotiate a series of barriers. 33 

There are four major invasion stages: pre-introduction, incursion, expansion and 34 

dominance. 35 
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¶ Invasibility: The properties of a community, habitat or ecosystem that determine its 1 

inherent vulnerability to invasion 2 

¶ Invasion ( see Biological invasions)   3 

¶ Invasion debt: Time delayed invasions of species already introduced to a region. 4 

¶ Invasive alien species:  (see Invasive species) 5 

¶ Invasive species: Alien species that sustain self -replacing populations over 6 

several life cycles, produce reproductive offspring, often in very large numbers at 7 

considerable distances from the parent and/or site of introduction, and have the 8 

potential to spread over long distances. 9 

¶ Invasiveness: The features of an alien organism, such as their life - history traits and 10 

modes of reproduction that define their capacity to invade, i.e. to overcome various 11 

barriers to invasion 12 

¶ Listed alien species: all alien species that are listed as invasive and are controlled 13 

by the National Environmental Management: Biodiversity Act, 2004 (Act no. 10 of 14 

2004) - Alien and Invasive Species (AIS) Regulations, 2014.  15 

¶ Native species (synonym ï indigenous species): Species that are found within 16 

their natural range were they have evolved without human intervention (intentional or 17 

accidental). 18 

¶ Naturalised (synonym ï established): Alien species that sustain self-replacing 19 

populations for several life cycles or a given period of time without direct intervention 20 

by people, or despite human intervention.   21 

¶ Pathways: A broadly defined term that refers to the combination of processes and 22 

opportunities that result in the movement of alien species from one place to another. 23 

¶ Permit: means a permit issued in terms of Chapter 7of National Environmental 24 

Management: Biodiversity Act, 2004 (Act no. 10 of 2004). 25 

¶ Pre-introduction: A stage in the invasion process where a species is not currently 26 

present in a region of interest  27 

¶ Prohibited species: Alien species that are listed as prohibited under the National 28 

Environmental Management: Biodiversity Act, 2004 (Act no. 10 of 2004) - Alien and 29 

Invasive Species (AIS) Regulations, 2014. These species are assumed to be absent 30 

from the country and new introductions are prohibited.   31 

¶ Propagule pressure:  A concept that encompasses variation in the quantity, quality, 32 

composition and rate of supply of alien organisms resulting from the transport 33 

conditions and pathways between source and recipient regions 34 

¶ Regulation: A law, rule or other order prescribed by authority, especially to regulate 35 

conduct 36 
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¶ Risk assessment: The process of evaluating the likelihood and consequence of a 1 

given alien taxon causing negative impacts.  It forms part of risk analysis a process 2 

of identifying and assessing the likelihood and consequence of an event, as well as 3 

considerations as to manage and communicate the risks. 4 

¶ Spread: The unaided movement of alien organisms within a defined area. 5 

¶ Status:  The state, condition or stage of affairs at a particular time.  6 

¶ Taxon/taxa: A group of one or more populations of organism that belong to the same 7 

species  8 

¶ Vectors - A broadly defined phenomenon involving dispersal mechanisms that can 9 

be both non-human and human mediated. It is often used to refer to the actual 10 

mechanism by which alien species are able to arrive at new areas.  11 
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1. INTRODUCTION  1 

Lead authors: B.W. van Wilgen, J.R.U. Wilson 2 

Chapter summary 

Biological invasions can have profound negative impacts on biodiversity, reduce the ability of 

ecosystems to deliver the services needed to maintain and improve the livelihoods of the 

people of South Africa, and directly impact on their wellbeing. 

This report presents the first comprehensive national-scale assessment of the status of 

biological invasions in South Africa. The report is intended to inform the development and 

ongoing adaptation of appropriate interventions to reduce the negative impacts of biological 

invasions on biodiversity and ecosystems, the economy, and people, while preserving any 

benefits. 

Status is addressed in terms of five aspects: pathways of introduction and spread; the 

establishment, distribution, and impact of species; the level to which areas are invaded and 

the resulting overall impacts; the effectiveness of control measures and the effectiveness of 

regulations (with the latter two aspects assessed using the pathways-species-area 

framework). 

This report also fulfils the legal requirement for the South African National Biodiversity 

Institute to submit a report on the status of biological invasions, and the effectiveness of 

control measures and regulations, to the Minister of Environmental Affairs every three years, 

starting in October 2017.  

This chapter briefly describes the process followed to produce the report, which included the 

appointment of a reference and advisory committee to provide guidance, the gathering of 

information from a wide range of sources, and review by stakeholders and contributors. 

 3 

This report presents the first comprehensive national-scale assessment of the status of 4 

biological invasions in South Africa. The term ñbiological invasionsò refers to the 5 

phenomenon of transporting organisms, through intentional or accidental human activity, to 6 

areas outside of their natural range; and to the fate of such organisms in their new ranges, 7 

including their ability to survive, establish, reproduce, disperse, spread, proliferate, and 8 

influence invaded ecosystems in many ways (Richardson et al. 2011). Biological invasions 9 

are a growing environmental problem worldwide, and South Africa is home to a large and 10 
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growing number of invasive alien species, as well as being a donor of native species to other 1 

parts of the world. 2 

1.1 The importance of biological invasions  3 

Many thousands of alien species have been introduced into South Africa over the years. 4 

Many of these species are beneficial ï for example, almost all agriculture and forestry is 5 

dependent on alien species, and alien species are widely used in horticulture, aquaculture 6 

and mariculture, or are kept as pets. Only a small proportion of alien species become 7 

invasive though this varies markedly between taxa (~0.1ï10%).  This subset of alien species 8 

can reduce the ability of ecosystems to deliver services, negatively affecting the economy of 9 

invaded areas, and ultimately impacting upon the livelihoods of many people dependent on 10 

ecosystem services. Examples include invasive alien trees and shrubs that reduce water 11 

runoff and groundwater recharge, ultimately reducing the water supplies to already-stressed 12 

farms, towns and cities; plants that invade rangelands, reducing their capacity to support 13 

livestock and the people that depend on livestock production; and many invasive alien plants 14 

and animals that impact negatively on biodiversity and the services that diverse natural 15 

ecosystems provide, ranging from underpinning ecotourism to harvesting food, firewood, cut 16 

flowers and medicinal products.   17 

In 1996, South Africa adopted a new Constitution (Constitution of the Republic of South 18 

Africa Act, Act 108 of 1996). The Bill of Rights (Chapter 2) is central to this Constitution as it 19 

enshrines the rights of all people in the country. Section 24 of the Bill of Rights guarantees 20 

the right an environment that is not harmful to peopleôs health or wellbeing, and provides for 21 

environmental protection for the benefit of future generations through reasonable legislative 22 

and other measures that prevent ñecological degradation, promote conservation, and secure 23 

ecologically sustainable developmentò. This imparts a responsibility to control invasive alien 24 

species so as to reduce their negative impacts, but also requires a balance between 25 

biological and economic imperatives where they are in tension, as happens in some 26 

instances where the species concerned is both ecologically harmful but economically useful, 27 

depending on the context (van Wilgen & Richardson 2014; Woodford et al. 2016).  28 

Control measures have been put in place (for over 100 years in some cases, see Moran 29 

et al. 2013) to reduce or contain the impacts of biological invasions in many parts of South 30 

Africa. The ultimate goal of these measures would be to prevent the erosion of ecosystem 31 

services and to protect people from the ongoing expansion of negative impacts, and are in 32 

line with the constitutional obligation to address them.  33 
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1.2 Purpose of the status report on biological invasions   1 

This status report is intended to inform the development and ongoing adaptation of 2 

appropriate policies and control measures, both to reduce the negative impacts of invasive 3 

alien species on ecosystems, the economy, and people, and to retain any benefits of 4 

invasive alien species where possible and desirable. Such control measures and policies 5 

need to be based on an understanding of the dynamics of biological invasions and the 6 

magnitude and distribution of their impacts, and on an assessment of the implications of 7 

those impacts as well as the prospects for containing or reducing them. Once these aspects 8 

are understood, management goals can be set and implemented, and their outcomes should 9 

be regularly monitored and evaluated. This status report is based on current understanding 10 

of the problem arising from inventories and ecological research, as well as on the outputs of 11 

exercises to monitor and evaluate the outcomes of control measures. The current 12 

requirement is to repeat this cycle every three years (see section 1.3 below), with the goal of 13 

continuous assessment and appropriate adaptations to policy and management that will 14 

improve outcomes (Figure 1.1).  15 

a) 16 

 17 

Figure 1.1 The National Status Report is a formal mechanism to increase the connectivity 18 

between research, policy, and implementation. The top panel (a) shows an idealised process 19 

whereby research is conducted that is interpreted in terms of implications for management 20 

expressed in appropriate policy, which in turn is implemented.  Implementation is monitored 21 
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and evaluated and adjusted accordingly, i.e. management is adaptive.  Panel (b): There are 1 

sometimes direct links between basic research and implementation, and many more 2 

feedbacks, but often the links are incomplete or broken.  Different people and organisations 3 

are involved in research, policy formulation, management, and evaluations, and their specific 4 

goals and interests are often not closely aligned, nor do they always have the time to 5 

interact.  There is a variety of mechanisms to encourage communication between different 6 

role players. A national status report is one formal way of collating information from basic 7 

inventories and ecological research and from monitoring and evaluation and providing it in a 8 

form that can assist with the processes of assessing implications and formulate appropriate 9 

policy and setting goals and implanting management measures (by determining the 10 

effectiveness of control measures and the effectiveness of regulations respectively). 11 

1.3 Legislative background  12 

Historically, South Africa has responded to the threat posed by invasive alien species by 13 

passing limited legislation from time to time. The most important recent statutes in this 14 

regard were the Conservation of Agricultural Resources Act (CARA) (Act 43 of 1983), under 15 

which a set of regulations that governed the management of certain (listed) invasive alien 16 

plant species (ñweedsò) was promulgated, and the Agricultural Pests Act, 1983 (Act 36 of 17 

1983) that provides for measures to prevent or combat agricultural pests. Until recently, 18 

CARA was the major legislative instrument used to direct the control of invasive alien plants.  19 

Despite the initial intent of the CARA (which was to control weeds that had negative impacts 20 

on agriculture), the species listed included plants that impacted primarily on untransformed 21 

natural ecosystems.  22 

In 1998, the National Environment Management Act (NEMA) (Act 107 of 1998) was 23 

enacted to provide a framework for broad management of the environment. In 2004, the 24 

National Environmental Management: Biodiversity Act (NEM:BA, Act No. 10 of 2004) was 25 

passed. NEM:BA is one of the laws built around the NEMA framework, and is intended to 26 

promote the protection and conservation of South Africaôs rich biodiversity. In 2014 a set of 27 

regulations was promulgated in terms of this Act, by which the management of biological 28 

invasions are to be governed.  These regulations address the import of new alien species, 29 

place existing invasive alien species into a number of categories, and specify how these 30 

species are to be controlled or managed. One of the specific requirements contained in 31 

these regulations is for the South African National Biodiversity Institute (SANBI) to produce 32 

regular status reports (Box 1.1). 33 
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Section 2 of NEM:BA refers to one of its being to ñgive effect to ratified international 1 

agreements relating to biodiversity which are binding on the Republicò. The most important 2 

of these agreements is the Convention on Biological Diversity, which South Africa ratified in 3 

November 1995. Article 8 (h) of this convention requires each Contracting Party, as far as 4 

possible and as appropriate, to ñprevent the introduction of, control or eradicate those alien 5 

species which threaten ecosystems, habitats or speciesò. Article 19 also requires each 6 

contracting party to take legislative, administrative or policy measures to provide for effective 7 

participation in the convention. Other relevant conventions include the International Plant 8 

Protection Convention (IPPC), which requires that signatory countries meet requirements 9 

designed to reduce the risks of plant pests either leaving or entering the country (the IPPC 10 

has recently been expanded to include plants as pests).  From a marine perspective, the UN 11 

Convention on the Law of the Sea obliges parties to prevent, reduce and control the 12 

intentional or accidental introduction of species, alien or new, to the marine environment 13 

where they may have significant harmful effects. The International Convention for the 14 

Control and Management of Shipôs Ballast Water and Sediments imposes obligations to 15 

prevent, minimise and ultimately eliminate the transfer of harmful aquatic organisms and 16 

pathogens through the control and management of shipôs ballast water and sediments. 17 

Box 1.1 Regulatory requirement for a National Status Report 

In terms of section 11 of the Alien And Invasive Species Regulations promulgated under the 

National Environmental Biodiversity Act (NEM:BA) (Act 10 of 2004), the South African 

National Biodiversity Institute (SANBI) is required to draw up a status report on biological 

invasions. The wording of the relevant section of the regulations is as follows: 

(1) The Institute [i.e. SANBI] or a body designated by the Institute must, for the purpose 

of reporting as contemplated in section 11(1) (a) (iii) of the Act, submit a report on the 

status of listed invasive species to the Minister within three years of the date on 

which these regulations come into effect, and at least every three years thereafter 

[the regulations came into effect on 1 August 2014]. 

 

(2) A report contemplated in sub-regulation (1) must contain a summary and assessment 

of- 

(a)  the status of listed invasive species and other species that have been 

subjected to a risk assessment; and 

(b)  the effectiveness of these regulations and control measures based inter alia on 
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information from- 

(i) notifications received from owners of land regarding listed invasive 

species occurring on their land; 

(ii) permits issued for listed invasive species; 

(iii) Invasive Species Monitoring, Control and Eradication Plans received 

from organs of state and management authorities of protected areas; 

and 

(iv) emergency interventions and enforcement actions involving listed 

invasive species issued by the Minister. 

(3) In preparing a report contemplated in sub-regulation (1), the Institute must carry out 

the research and monitoring necessary to identify the matters contemplated in sub-

regulation (2). 

 1 

1.4 Aspects of biological invasions that are not covered  2 

Box 1.1 outlines what has to be covered in the report, but it is worth explicitly noting 3 

what will not be considered. First, as the status reportôs primary function is to report on 4 

environmental affairs, this initial report has a limited focus on the socio-economic problems 5 

caused by biological invasions.  The most damaging examples of invasive alien species, and 6 

the greatest examples of successful control, come from human pathogens.  However, we do 7 

not report on these here.  Similarly, pests and weeds that affect agricultural crops are a 8 

major threat to sustainable development, but are not within this reportôs remit unless such 9 

taxa also impact on, or threaten, natural ecosystems. 10 

Secondly, there is a suite of native species that can have undesirable impacts that are 11 

similar to the impacts caused by invasive alien species, but which are precipitated by 12 

changes in land use or other aspects of global change.  Examples include bush 13 

encroachment by native plants, and the spread of many native bird species into urban areas. 14 

These can present particular problems, but their management needs to be in the context of 15 

them as native to the region. 16 

  17 
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1.5 Structure of the status report 1 

This document offers a framework for reporting on the status of biological invasions 2 

using a set of indicators, provides estimates for indicators that can serve in future as a 3 

baseline for assessing trends, assesses the gaps that exist in information and the research 4 

that would be needed to fill them, lists the major conclusions, and provides a summary for 5 

policy-makers. The remainder of this report is structured as follows: 6 

¶ Chapter 2 describes the development of a suite of indicators that are used to assess 7 

the status of pathways, species and areas, as well as the effectiveness of control 8 

measures and the effectiveness of regulations. 9 

¶ Chapters 3, 4 and 5 provide assessments of the status of pathways, species and 10 

areas respectively. 11 

¶ Chapter 6 provides an assessment of the effectiveness of control measures, 12 

differentiating between those aimed at controlling pathways, species and areas 13 

respectively. 14 

¶ Chapter 7 examines the effectiveness of regulations specifically in terms of the levels 15 

of compliance that have been achieved in the implementation of the NEM:BA 16 

regulations. 17 

¶ Chapter 7 provides an analysis of the key gaps in data required to compile the status 18 

report, and to assign reliable values to the indicators, as well as the challenges that 19 

will be faced when successive status reports have to be compiled in future. 20 

¶ Chapter 8 lists the key conclusions arising from this status report, with a focus on (1) 21 

the pathways of introduction and spread; (2) alien species occurrence and impact; 22 

and (3) the effectiveness of regulatory and control measures. It also provides four 23 

high-level indicators that can be added to a suite of other environmental indicators for 24 

monitoring the state of the environment. An edited version of Chapter 8 is available 25 

as a separate, stand-alone document that constitutes a summary for policy-makers. 26 

¶ A bibliography of all sources cited in this report, a glossary of terms, and a list of 27 

acronyms. 28 

¶ Appendix 1 provides a set of fact sheets with details on each of the 21 indicators of 29 

the status of biological invasions. The details include the use and interpretation of the 30 

indicator, the units in which it is presented, the method of calculation, sources of data 31 

to inform the calculation, and guidelines for assigning a level of confidence to the 32 

indicator. 33 

¶ Appendix 2 provides details of information sources used to compile the chapter on 34 

pathways (Chapter 3). 35 
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¶ Appendix 3 provides a list of alien species, along with detailed information on the 1 

status of each. 2 

¶ Appendix 4 gives a full list of invasive species monitoring, control and eradication 3 

plans that had been submitted (as required by the NEM:BA regulations) by 31 March 4 

2017, and provides information on the status of each. 5 

1.6 Process followed to produce this status report  6 

Appointment of the SANBI/CÅIÅB team: The responsibility for compiling the status report 7 

lies with the South African National Biodiversity Institute (SANBI). However, given the 8 

relatively small size of the team available to conduct this work, and the fact that information 9 

would have to be sourced from a range of institutions and implementing agencies across the 10 

country, it was necessary to involve a wide range of stakeholders as partners. As a first step, 11 

SANBI entered into a collaboration agreement with the DST-NRF Centre of Excellence for 12 

Invasion Biology (CÅIÅB, van Wilgen et al. 2014), in terms of which the CÅIÅB  was to provide 13 

additional capacity to guide the development of the first status report in all of its phases, 14 

including consultation with relevant stakeholders on the scope and content of the report, and 15 

the process of producing it, designing appropriate indicators and systems for facilitating the 16 

assessment of status and management effectiveness, and presenting the findings in an 17 

appropriate way. The SANBI/ CÅIÅB team was responsible for the design of the process, with 18 

guidance from a reference and advisory committee (Figure 1.2). Each of the steps followed 19 

to produce this report is outlined briefly below. 20 

Reference and advisory committee. The project was guided by a reference and advisory 21 

committee of six members, drawn from academic institutions and the Department of 22 

Environmental Affairs. The role of the committee was to advise on (1) the scope and content 23 

of the report; (2) the process for the production of the report; (3) the broader engagement 24 

required to ensure that the report meets its legal obligations as well as the expectations of 25 

stakeholders; and (4) the sources of information and expertise that could be used to inform 26 

the production of the report.  27 
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 1 

Figure 1.2. Process followed for the production of South Africaôs first national status report 2 

on biological invasions. 3 

We used three main tactics to obtain information: through the team accessing and 4 

collating information themselves; through encouraging experts to contribute a scientific 5 

paper to a journal special issue; and finally through sending direct requests to domain 6 

experts and practitioners for specific inputs. 7 

Reviewing and collating available information. The SANBI/CÅIÅB team members drew on 8 

personal knowledge, and undertook a range of literature searches, to identify relevant 9 

information and databases.  Because the required data were in many cases not available in 10 

a readily accessible form, it was also necessary to engage with specialist contributors. 11 

Arranging a scientific symposium. To provide an impetus for collating information and to 12 

raise awareness of the process, experts invited to present a paper on a particular topic for a 13 

scientific symposium, and an open call for paper proposals was distributed.  The symposium 14 

was held in May 2016, and manuscripts were subsequently consideration as papers to be 15 

published in a special issue of the journal Bothalia: African Biodiversity and Conservation 16 
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(Box 1.2) (for further details see Wilson et al. 2017).   The information thus generated has 1 

proved very valuable in compiling this report. 2 

Box 1.2. A special issue of the journal Bothalia in support of the National Status 

Report on Biological Invasions 

The 43rd Annual Symposium on the Management of Invasive Alien Species was held at 

Goudini Spa in the Western Cape Province between 18 and 20 May 2016. Following a 

process of peer review and revision, 19 papers, and an editorial overview, were published in 

a special issue of the journal Bothalia: African Biodiversity and Conservation in March 2017. 

This special issue constitutes an additional product arising from the process undertaken to 

produce this status report. The papers, and the aspects that they address, are listed below.  

All papers are free to download. 

 

Element(s) of 

the status 

report 

addressed 

 

Paper title 

Species Clusella-Trullas, S. & Garcia, R.A. (2017). Impacts of invasive plants on 

animal diversity in South Africa: a synthesis. 

https://doi.org/10.4102/abc.v47i2.2166 
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Pathways Faulkner, K.T., Hurley, B.P., Robertson, M.P., Rouget, M. & Wilson, 

J.R.U. (2017). The balance of trade in alien species between South 

Africa and the rest of Africa. https://doi.org/10.4102/abc.v47i2.2157 

Areas, 

Control  

Foxcroft, L.C., van Wilgen, N.J., Baard, J. & Cole, N.   Biological 

invasions in South African National Parks. 

https://doi.org/10.4102/abc.v47i2.2158 

Areas, 

Control & 

Regulations 

Greve, M., Mathakutha, R., Steyn, C. & Chown, S.L. (2017). Terrestrial 

invasions on Sub-Antarctic Marion and Prince Edward Islands. 

https://doi.org/10.4102/abc.v47i2.2143 

Species, 

Control & 

Regulations 

Henderson, L. & Wilson, J.R.U. (2017). Changes in the composition and 

distribution of alien plants in South Africa: an update from the Southern 

African Plant Invaders Atlas (SAPIA). 

https://doi.org/10.4102/abc.v47i2.2172 

Control, 

Species 

Hill, M.P. and Coetzee, J. (2017). The biological control of aquatic weeds 

in South Africa: current status and future challenges. 

https://doi.org/10.4102/abc.v47i2.2152 

Regulatory 

measures 

Irlich, U.M., Potgieter, L., Stafford, L. & Gaertner, M. (2017).  

Recommendations for municipalities to become compliant with national 

legislation on biological invasions. 

https://doi.org/10.4102/abc.v47i2.2156 

Control, 

Regulations & 

Species 

Kaplan, H., Wilson, J.R.U., Klein, H., Henderson, L., Zimmermann, H.G., 

Manyama, P., Ivey, P., Richardson, D.M. & Novoa, A. (2017).  A 

proposed national strategic framework for the management of 

Cactaceae in South Africa. https://doi.org/10.4102/abc.v47i2.2149 

https://doi.org/10.4102/abc.v47i2.2157
https://doi.org/10.4102/abc.v47i2.2152
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Regulations Keller, R.P. & Kumschick, S. (2017).  Promise and challenges of risk 

assessment as an approach for preventing the arrival of harmful alien 

species. https://doi.org/10.4102/abc.v47i2.2136 

Control Kraaij, T., Baard, J.A., Rikhotso, D.R., Cole, N.S. & van Wilgen, B.W. 

(2017).  Assessing the efficiency of invasive alien plant management in a 

large fynbos protected area. https://doi.org/10.4102/abc.v47i2.2105 

Regulations & 

Species 

Marr, S.M., Ellender, B.R., Woodford, D.J., Alexander, M.E., 

Wasserman, R.J., Ivey, P., Zengeya, T. & Weyl, O.L.F. (2017). 

Evaluating invasion risk for freshwater fishes in South Africa. 

https://doi.org/10.4102/abc.v47i2.2177 

Pathways & 

Species 

Measey, J., Davies, S., Vimercati, G., Rebelo, A., Schmidt, W. & Turner, 

A. (2017). Invasive amphibians in southern Africa: a review of invasion 

pathways. https://doi.org/10.4102/abc.v47i2.2117 

Species & 

Pathways 

Picker, M.D. & Griffiths, C.L. (2017).  Alien animals in South Africað

composition, introduction history, origins and distribution patterns. 

https://doi.org/10.4102/abc.v47i2.2147 

Regulations Scholes, R.J., Schreiner, G. & Snyman-van der Walt, L. (2017).  

Scientific assessments: matching the process to the problem. 

https://doi.org/10.4102/abc.v47i2.2144 
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Species, 

Pathways, 

Control & 

Regulations 

 

Visser, V., Wilson, J.R.U., Canavan, K., Canavan, S., Fish, L., Le Maitre, 

D., Nªnni, I., Mashau, C., OôConnor, T., Ivey, P., Kumschick, S., 

Richardson, D.M. & the Alien Grass Working Group (2017).  Grasses as 

invasive plants in South Africa revisited: patterns, pathways and 

management. https://doi.org/10.4102/abc.v47i2.2136 

Species & 

Regulations 

Wood, A.R. (2017). Fungi and invasions in South Africa. 

https://doi.org/10.4102/abc.v47i2.2138 

Control, 

Regulations & 

Species 

Woodford, D.J., Ivey, P., Jordaan, M.S., Kimberg, P.K., Zengeya, T. & 

Weyl, O.L.F. (2017). Optimising invasive fish management in the context 

of invasive species legislation in South Africa. 

https://doi.org/10.4102/abc.v47i2.2124 

Control, 

Regulations & 

Species 

Zachariades, C., Paterson, I.D., Strathie, L.W., Hill, M.P. & van Wilgen, 

B.W. (2017).  Assessing the status of biological control as a 

management tool for suppression of invasive alien plants in South Africa. 

2017. https://doi.org/10.4102/abc.v47i2.2142 

Regulations Zengeya, T., Ivey, P., Woodford, D., Weyl, O., Novoa, A., Shackleton, 

R., Richardson, D.M. and van Wilgen, B.W. (2017). Managing conflict-

generating invasive species in South Africa: Challenges and trade-offs. 

https://doi.org/10.4102/abc.v47i2.2160 

 

 1 

Identifying and engaging specialist contributors. Where the first two strategies were not 2 

able to provide information, potential contributors with specialist knowledge about aspects of 3 

biological invasions and their management were identified within academic institutions, 4 

research institutes and science councils and in national, provincial and local government. 5 

Specialists were approached individually and invited to contribute information in a format that 6 

would allow values to be assigned to indicators.  7 
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Developing a suite of indicators to underpin the report. Biological invasions are one of 1 

several interacting drivers of global change.  However, while there are indicators to assess 2 

the impact of the other major drivers (e.g. climate change is measured by essential climate 3 

variables; habitat destruction by the rate of conversion of land), an internationally-agreed 4 

system of indicators for biological invasions has only recently come to the fore (Latombe et 5 

al. in press). It was therefore necessary to further develop a suite of indicators that could be 6 

used for the specific purpose of compiling a status report on biological invasions. The 7 

intention is to submit the resulting scheme to an international journal where it will be 8 

subjected to rigorous peer review. The indicators are described in more detail in Chapter 2. 9 

Assigning values to indicators.  Based on the data collated, one of the major tasks of the 10 

SANBI/CÅIÅB team was to assign values to the indicators wherever possible.  In most cases, 11 

the original data needed to be interpreted in order to assign these values to indicators.   12 

Drafting of chapters. First drafts of chapters were produced by the SANBI/CÅIÅB team 13 

members, based on information from the sources mentioned above. 14 

Identifying stakeholders to participate in peer review of draft chapters. In August 2016, a 15 

notice informing interested parties of the initiation of the process to develop a national status 16 

report on biological invasions was widely circulated. This was done by sending an email to 17 

all subscribers to the South African invasives-l server (invasives@wordlink.co.za), heads of 18 

relevant national and provincial government departments, heads of relevant academic 19 

departments, and professional societies and forums (these included the Academy of Science 20 

of South Africa, the Royal Society of South Africa, the Akademie vir Wetenskap en Kuns, the 21 

Zoological, Entomological and Botanical Societies, Birdlife South Africa, and the Wildlife and 22 

Environment Society of South Africa). Stakeholders were asked to supply their contact 23 

details if they wished to be involved in the review of draft chapters of the report. A complete 24 

first draft of Chapters 1 to 7 was completed in May 2017, and all identified stakeholders were 25 

given an opportunity to review the drafts and to provide comments and suggestions for 26 

improvement. 27 

Production of a first draft of the full report. Draft chapters were revised to address any 28 

issues raised by reviewers, or to incorporate any additional information provided. In addition, 29 

the remaining chapters, appendices and other material were completed, and a first draft of 30 

the full report was produced. 31 

Expert review of draft of full report. A complete draft of the status report was circulated 32 

to all members of the reference and advisory committee, and to domain experts selected to 33 

mailto:invasives@wordlink.co.za
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cover the major aspects addressed in the report. Following this review, final revisions of the 1 

draft report were made. 2 

1.7 Assessing status and effectiveness  3 

1.7.1. Using a pathways-species-area framework 4 

The regulations (Box 1.1) required those drafting the status report to address two 5 

specific issues. First, the report had to assess the status of alien and invasive species listed 6 

in the NEMBA regulations, and other species that have been subjected to a risk assessment; 7 

and secondly, it had to assess the effectiveness of the NEM:BA regulations, and of control 8 

measures. As this is the first status report for South Africa (and, as far as we are aware, the 9 

first of its kind anywhere in the world) the structure of the report had to be developed in the 10 

absence of any examples of similar reports developed elsewhere, or any other guidance. 11 

Regarding status, it is clear that a consideration of listed alien species alone would not 12 

provide an adequate perspective on the phenomenon of biological invasions. Organisms are 13 

transported to new environments, and their further spread is facilitated, in a number of ways. 14 

An understanding of the status of pathways by which this happens, and how these pathways 15 

can be managed and regulated, is therefore an important aspect that also needs to be 16 

addressed. In addition, the degree to which different areas are affected by the total 17 

compliment of invasive alien species that occur there, and how effectively biological 18 

invasions are collectively managed in these areas, needs to be considered. Our status report 19 

therefore considered the status of pathways of introduction and spread identifying the 20 

important pathways that facilitate spread into, and out of, the country, as well as of those that 21 

influence dispersal within the country, and assessing their relative importance; the status of 22 

species (or more precisely taxa as in some cases there is important variation within a 23 

species or for practical reasons a broader taxonomic unit would be needed as species could 24 

not be distinguished) in terms of their establishment, distribution and impact); and the status 25 

of particular areas in terms of the level to which they are invaded, and the combined impact 26 

of the full complement of invasive species on the area. 27 

The effectiveness of control measures, and of regulations, was also assessed using the 28 

pathways-species-area framework. For each of these, indicators considered inputs (the 29 

quality of the regulatory framework, money spent, and planning coverage), outputs (the 30 

degree to which control measures were implemented for pathways, species or areas) and 31 

outcomes (whether control measures were effective, partially effective, ineffective or 32 

counter-productive). The development of indicators to assess the status of pathways, 33 



 

16 
 

species and areas, and the effectiveness of control measures and regulations, is covered in 1 

more detail in Chapter 2.  2 

1.7.2. Data sources and indicator tables 3 

Each of Chapters 3 ï 7 has a table listing the sources of data that were used to assign 4 

values to indicators, together with an assessment of the level of confidence that could be 5 

placed in each data source based on completeness and accuracy. In some cases, existing 6 

data sources were not used because the levels of completeness and/or accuracy were too 7 

low, and using them would lead to the assignment of excessively unreliable values to 8 

indicators. Each of Chapters 3 ï 7 also concludes with a summary table of the values 9 

assigned to indicators, along with the levels of confidence in the indicators concerned.  10 
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2 INDICATORS 1 

Lead authors: John R. Wilson, Brian W. van Wilgen 2 

Contributing authors: Katelyn Faulkner, David Richardson, Sebataolo Rahlao, Tsungai 3 

Zengeya 4 

Chapter summary 

This chapter outlines the development of a set of indicators for use in assessing the status of 

biological invasions in South Africa. The status report considers three main aspects of 

invasions (pathways, species, and areas), as well interventions (in terms of both the 

effectiveness of control measures, and the effectiveness of the regulations).  The indicators 

used were sourced from international schemes where possible, but in some cases had to be 

generated for this report.  For each indicator, a fact-sheet was developed, outlining how the 

indicators are to be measured and providing a method for ascribing a level of confidence 

when assigning values to indicators.  

Indicators for pathways are identified to describe the opportunities available for introduction 

to and dispersal within South Africa as well as the degree to which alien species are being 

introduced along these pathways. 

Indicators for species include the number and status of alien species in the country, the 

extent and abundance of these alien species, and the impacts caused in terms of 

standardised impact scoring schemes. 

Indicators for invaded areas include measures of the absolute numbers of alien species in 

different areas, the relative number of alien species to native species, the abundance of 

invasive species relative to native species, and  the impact of invasions on particular areas 

(on ecosystem services derived from the area, and the monetary value of reductions in 

ecosystem services). 

Indicators for the interventions include an assessment of key inputs (the regulatory 

framework, the money spent, and the planning coverage), outputs (the degree and quality 

with which pathways, species, and area are treated) and outcomes (effectiveness of 

treatments of pathways, species, and areas, as well as returns on investment). 

This chapter also proposes four high-level indicators that could be included in the national 

suite of environmental indicators on which the Department of Environmental Affairs reports 
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on a regular basis. These are: 1) the rate of introduction of new unregulated species; 2) the 

number of invasive species that have major impacts; 3) the extent of area that suffers major 

impacts from invasions; and (4) the level of success in managing invasions. 

These indicators provide a framework for the structure for the other chapters in the report, 

though do not in themselves encompass everything that is reported upon.  

 1 

2.1 Introduction 2 

A set of robust indicators is needed to provide a comprehensive picture of the state of 3 

biological invasions. While there has been some progress towards this goal at an 4 

international level (Hawkins et al., 2015, Latombe et al., in press), much remains to be done. 5 

It was clear that South Africaôs first national status report should build on these international 6 

initiatives, but it was also necessary to develop additional indicators to cover those aspects 7 

that were not yet catered for in the developing international framework. In addition, there is a 8 

specific need to include indicators that directly address the reporting requirements outlined in 9 

the regulations. Furthermore, there are no data available to accurately assign values to 10 

some indicators for South Africa, nor will it be feasible to collect such data in the medium-11 

term. The process of indicator development in this area will need to continue both in terms of 12 

fundamental research, and as part of the development of a practical and informative 13 

monitoring framework for biological invasions in South Africa.  As such, the indicators 14 

proposed here constitute a compromise, partly from international frameworks, partly from 15 

first principles, partly simply in terms of a reflection of which data are currently available, 16 

while ensuring that there is alignment with the requirements in the regulations. 17 

This chapter presents a set of indicators for use in establishing the status of 18 

biological invasions in South Africa based on basic inventory and ecological research and 19 

the monitoring and reporting of the effectiveness of regulations and control measures (Figure 20 

2.1).  This chapter also presents a methodology for ascribing a level of confidence when 21 

assigning values to these indicators. 22 

2.2 The rationale for the approach 23 

The phenomenon of biological invasions is caused by a combination of how taxa are 24 

moved around by humans (introduction dynamics), the traits of individual taxa 25 

(invasiveness), and the susceptibility of the environment to invasions (invasibility). For 26 

example, the current distribution of invasive pines in South Africa is a result of how pines 27 

have historically been planted for forestry, which species have particular traits that 28 
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predispose them to invade, and the fact that some areas of the country do not have any 1 

native fire-adapted tree species and so are susceptible to woody plant invasions (e.g. the 2 

Cape Floristic Region). The explicit consideration of biological invasions in terms of these 3 

three aspects [i.e. pathways, species (or more precisely taxa), and areas] is also crucially 4 

important for management. Focussing on pathways is important to reduce rates of 5 

introduction and spread, but does not address current invasions.  Focussing on species can 6 

be highly effective in reducing densities of a single species, but can simply clear the way for 7 

other species to invade.  And integrated and strategic approaches are needed to deal with 8 

suites of co-occurring species in any given area, but if management is to be effective in 9 

those areas, pathways of introduction need to be managed and in most cases best practice 10 

species-specific control measures will need to be implemented. 11 

The invasion process is commonly categorised in terms of an introduction-naturalisation-12 

invasion continuum (Blackburn et al., 2011).  There are four major invasion stagesðpre-13 

introduction, incursion, expansion, and dominanceðthat align with four management 14 

goalsðprevention, eradication, containment, and impact reduction. The combination of the 15 

need to look at indicators for pathways, species, and areas, as well as the need to look at 16 

pre-introduction, incursion, expansion, and dominance gives rise to the 3 x 4 framework.  17 

This framework was the basis of the draft National Strategy on Biological Invasions in South 18 

Africa, and is discussed in detail by Wilson et al. (2017).  However, the development of 19 

indicators for all aspects of invasions at all invasion stages still requires some theoretical 20 

development.  This report concentrates on indicators for the three aspects (pathways, 21 

species, and areas), and not on the four stages (pre-introduction, incursion, expansion, and 22 

dominance), although a future report may seek to develop the indicators needed to cover all 23 

components of the 3 x 4 framework.  24 

There are, of course, many other ways of conceptualising or categorising biological 25 

invasions. Taxonomic, disciplinary or functional lines could also be used, e.g. by considering 26 

freshwater fish invasions and riparian plant invasions as separate problems. Alternatively, a 27 

status report could be divided into specific biomes, environments or realms. South Africaôs 28 

National Biodiversity Assessment has, to date, taken this approach and is presented as a 29 

series of chapters based on órealmsôðfresh-water, marine, and terrestrial. In terms of 30 

biological invasions, there is not, however, a neat separation between aquatic and terrestrial 31 

environments nor between fish, frogs, and fernsðthe essence of the problem is the same.  If 32 

propagule pressure can be reduced, will this reduce the likelihood of an invasion? What are 33 

the impacts? Is a species definitely alien?  Management often needs to consider entire 34 

systems, e.g. simultaneously managing freshwater fish invasions and riparian plant 35 
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invasions would lead to a more sustainable outcome than if either group was controlled on 1 

its own (Impson et al., 2013); and the same pathway (e.g. the pet-trade) can be responsible 2 

for introducing marine, terrestrial and freshwater organisms.   So while it is important to be 3 

able to report along geographical or taxonomic lines, not least as this is frequently the level 4 

at which data are collected or management is implemented, it is important that such data 5 

can be aggregated to give higher level indicators.  In this report, the indicators themselves 6 

are not split into geographical or taxonomic lines, but the report will consider groupings 7 

within each indicator as per the data sources themselves [e.g. The South African Plant 8 

Invaders Atlas (SAPIA) includes data on alien plants across all habitat types except marine 9 

and some coastal habitats].  10 

The other major consideration is that for the report to be of value it should provide 11 

information that can be used to determine how effective interventions have been in reducing 12 

the size of current problems.  As such the approach taken here is to also explicitly look at the 13 

effectiveness of interventions (which is composed of both the effectiveness of control 14 

measures and the effectiveness of regulations) in terms of how they influence aspects of 15 

pathways, species or areas.  Specifically there will be indicators for inputs (what regulations 16 

are in place), outputs (the control measures in place) and the outcomes (how the 17 

implementation of the control measure has affected the status indicators for pathways, 18 

species or areas).  To understand the implications of the interventions for the broader South 19 

Africa community requires a link to be made to other environmental and socio-economic 20 

indicators.  In this initial report, this link is not made explicitly nor is an attempt made to 21 

develop indicators specifically for this (as it is more appropriate to co-opt existing sector 22 

specific indicators).  It is anticipated that developing the link between the outcome indicators 23 

in this report and other societal indicators will be a major focus of future reports. 24 

Moreover, and in line with international proposals (GEO BON, 2015, Latombe et al., in 25 

press), the status reported should be modular.  If resources permit, high-level data can be 26 

collected without compromising the ability to compare with situations where fewer data or 27 

resources are available.  For example, accurate distribution data are available for birds, but 28 

not for microbes (Chapter 4). 29 

2.3 Confidence levels  30 

Indicators are, of course, abstractions of the real world and the real world does not 31 

always fit neatly into these abstractions.  There will be some uncertainty in any values 32 

presented whether because of how they were measured or that the subject of measurement 33 

themselves are variable. 34 
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This report follows broad guidelines used in related environmental assessments and 1 

classifies confidence level of any of the assessments into three broad categories (Table 2.1). 2 

Table 2.1. Guidance regarding the use of the confidence rating (adapted from Hawkins et al. 3 

2015, modified from the EPPO pest risk assessment decision support scheme (Alan 4 

MacLeod 09/03/2011; revised 28/04/2011; copied from CAPRA, version 2.74; 2)). Exact 5 

definitions are given for each indicator in Appendix 1. 6 

Confidence 

level 

Definition 

High 

 

There is direct relevant observational evidence to support the assessment; 

and 

observations are at the relevant spatial or temporal scale; 

and 

the data sources are reliable/good quality; 

and 

the interpretation of data and information is straightforward; 

and 

data and information are not controversial or contradictory. 

Medium 

 

There is some direct observational evidence to support the assessment, but 

some information is inferred; 

and/or 

observations are recorded at a spatial or temporal scale which may not be 

at the relevant scale but extrapolation or downscaling of the data is 

considered reliable, or to embrace little uncertainty; 

and/or 

the interpretation of the data is to some extent ambiguous or contradictory. 
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Confidence 

level 

Definition 

Low 

 

There is no direct observational evidence to support the assessment, e.g. 

only inferred data have been used as supporting evidence; 

and/or 

observations are recorded at a spatial or temporal scale which is unlikely to 

be relevant to the scale required, and extrapolation or downscaling of the 

data to relevant scales is considered unreliable or to embrace significant 

uncertainties; 

and/or 

evidence is poor and difficult to interpret, e.g. because it is strongly 

ambiguous; 

and/or 

the information sources are considered to be of low quality or contain 

information that is unreliable. 

 1 

2.4 Indicators used in this report 2 

In this section the indicators that are used in this report area defined in the context of the 3 

overall reporting framework (Figure 2.1). The status of pathways, species, and areas are 4 

described by a number of indicators that are based on basic inventories and ecological 5 

research, and that are influenced by the outcomes of control measures. The information 6 

contained in this status report, and in subsequent status reports, should be based on 7 

monitoring programmes that evaluate inputs, outputs, and outcomes. A complete set of 8 

indicators for pathways, species and areas, as well as the interventions (effectiveness of 9 

control measures and the effectiveness of regulations) are presented in the sections that 10 

follow. 11 

This section outlines the essential features of each proposed indicator.  Further detail on 12 

each indicator are provided in Appendix 1, including the intended use and interpretation of 13 

the indicator, the implications of change in the indicator, and the recommended format of 14 

presentation. In addition, Appendix 1 provides information on source data, specifies the 15 

procedure to be followed when calculating the indicatorôs value, and identifies the units in 16 

which the indictor is expressed. 17 
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 1 

Figure 2.1 The structure used in this report.  Indicators are developed in this chapter for 2 

each of the five main chapters (indicated as coloured boxes)ðpathways, species, areas, 3 

effectiveness of regulations, and effectiveness of control measures.  The effectiveness of 4 

regulations and the effectiveness of control measures are considered jointly here as 5 

interventions, and are assessed in terms of indicators of inputs, outputs, and outcomes.  6 

There are, however, several additional indicators that must be reported on it terms of the 7 

regulations, but that do not directly influence the indicators for the outcomes of the 8 

interventions.  These are important enabling conditions, but in and of themselves do not 9 

provide information as to whether interventions are succeeding or not.  The data from 10 

chapters 3ï7 are then synthesised in chapters 8 and 9 to develop recommendations for 11 

policy makers and managers. 12 

 Pathways 2.4.113 

In terms of how pathways are categorised, this report uses the hierarchical scheme of 14 

pathways classification adopted by the Convention on Biological Diversity (CBD) (Scalera et 15 

al., 2016).  This is based on six broad categories of pathways and divided into 44 sub-16 

categories (Appendix 2).  17 

This report considers four indicators for pathways (Table 2.2) that assess both the 18 

prominence of the pathway, and the rate at which taxa are introduced along the pathway, for 19 

both introduction into the country, and dispersal within the country. The indicators are: 1. 20 

introduction pathway prominence; 2. introduction rates; and the corresponding 3. within-21 

country pathway prominence; and 4. within-country dispersal rates. 22 
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At a basic level the metric for the pathway prominence indicators will be qualitative, but 1 

if data are available, spatially explicit vectors can be used to facilitate precise response and 2 

management.  Similarly at a basic level introduction rates will be in terms of the number of 3 

alien species introduced, although ideally there would be estimates of colonisation and 4 

propagule pressure for each introduction event. 5 

One possible extension is to weight pathways according to the consequences of the 6 

species introduced, i.e. whether species introduced along a particular pathway led to 7 

particularly severe impacts.  For example, species that were intentionally introduced seem to 8 

be more likely to have naturalised and become invasive, but invasive taxa that were 9 

accidentally introduced tend to be more widespread and have greater impacts, arguably as 10 

they have been preselected for dispersal and competitive traits (Pyġek et al., 2011).   11 
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 1 

Table 2.2 Indicators for reporting on the status of introduction and dispersal pathways (indicator values are estimated in Chapter 3). For full 2 

details of how to calculate the indicators, see Appendix 1. 3 

Indicator 
Metric 

basic ----------------------------------------------------------------------advanced 

1. Introduction pathway 

prominence 

1.1. Five qualitative categories 

indicating the prominence of CBD 

pathway sub-categories (Not 

known; Pathway not present; 

Minor; Moderate; Major) 

1.2. A ranked order of pathways in 

terms of their prominence 

1.3. Spatially explicit vectors that detail 

the amount, number and value of 

goods or vessels moving into the 

country per pathway, with information 

on the sources, routes, destinations 

and timings. 

2. Introduction rates 2.1. The total number of alien 

species introduced through each 

CBD pathway sub-category over 

all time 

2.2. Five categories demonstrating 

changes over a recent period of time 

(e.g. since the 1980s or in the past 

decade) in the number of species 

introduced through each pathway 

(Not known; No introductions; 

Increase; Decrease; Minimal change) 

2.3. Number of individuals of each 

species introduced through the 

pathways and place and date of 

introduction 

3. Within-country 

pathway prominence 

3.1.ï3.3. As for introduction pathway prominence, for within-country dispersal rather than introductions 

4. Within-country 

dispersal rates 

4.1.ï4.3. As for rate of introduction per pathway, for within-country dispersal rather than introductions 

 4 
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 Species 2.4.21 

This report uses species as the primary biological unit in line with the majority of the 2 

listed taxa in the Alien and Invasive Species Regulations under the National Environmental 3 

Management: Biodiversity Act (hereafter referred to as NEM:BA A&IS regulations).  4 

However, several taxa are listed at levels other than species, and fundamentally biological 5 

invasions result from introduction events resulting in a population level phenomenon.  6 

Invasions can also occur at the gene level, and impacts at this level can be particularly 7 

concerning (e.g. the loss of native species through hybridisation).  These issues can be a 8 

focus for future reports. 9 

The proposed system for global observation and monitoring of alien species identified 10 

three essential variables for monitoring speciesðalien status, occurrence, and impact 11 

(Latombe et al. in press). In this report elements of determining alien status are combined 12 

with a very coarse categorisation for occurrence, termed number and status of alien species 13 

(Table 2.3).   If a species is present and clearly alien, the next part of defining status is to 14 

determine where is it, and how common is it (i.e. the extent and abundance of alien species).  15 

Finally, in direct alignment with the proposed global scheme, the impact of alien species is 16 

considered (Table 2.3). 17 

For the number and status of alien species, at a basic level this is simply the number of 18 

invasive species (as these are the primary focus of most management efforts).   At a more 19 

advanced level all alien species should be listed and placed into relevant categories along 20 

an introduction-naturalization-invasive continuum (Blackburn et al., 2011), but in all cases 21 

there are two decisions to be madeðis a species alien or native?  And if it is alien, is it 22 

present?  The first part, i.e. determining nativity, is often fairly straight-forward, but in the 23 

case of cosmopolitan species it might be impossible to trace the native range, and for other 24 

taxa, microbes and fungi in particular, determining native ranges will require extensive 25 

sampling, and molecular analysis with little guarantee of success (Wood, 2017).  26 

Determining presence can be straightforward in many cases, but highly problematic in 27 

others. The minimum standards required for a species to be included on a list of alien 28 

species vary between lists, and in many cases no physical specimen is required. Similarly 29 

there is often, at least historically, no requirement or legal mechanism whereby deliberately 30 

introduced species needed to be recorded. Import permits alone are not sufficient proof of 31 

presence as permits can be issued, but not actually used.  Moreover alien species, even 32 

those that have established, do not always persist (Simberloff & Gibbons, 2004). For 33 

example, the Chilean black urchin, Tetrapygus niger, was recorded in South Africa in 2007, 34 

but the area where it was present has been transformed to the extent that, based on a 35 
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recent survey, the species is considered to no longer be present in the country (Mabin et al., 1 

2015). This points to the need to document when, where, and on what basis, the presence of 2 

a taxon was noted. Similarly, the evidence for declaring that a species is absent needs to be 3 

made clear. Such information is important for policy, as it is a key determinant when 4 

evaluating applications to import species.  5 

By their nature, lists of alien species are dynamic as taxa are introduced, naturalise, 6 

become invasive, disappear from an area, or are eradicated. There are a few additional 7 

issues that mean lists change over time, e.g. cryptic taxa are identified as aliens, or there are 8 

taxonomic changes (Jacobs et al., 2017, Pyġek et al., 2013). Consequently, lists need to be 9 

dynamic, and changes need to be clearly documented based on defined minimum standards 10 

(Murray et al., 2017).  The level of confidence that any particular species is still present 11 

should decline with time since last specimen collected / last field record. 12 

Extent and abundance of alien species: In terms of alien species distributions, one set of 13 

indicators will be occupancy at various spatial scales. At the broadest scale this will be 14 

occupancy at provincial, biome, primary catchment scale or marine ecoregion, but data are 15 

often available at a quarter-degree grid cell (~630ï710 km2 at the latitude of South Africa) 16 

and so this is used here.  The other set of indicators needed relate to abundance.  For 17 

mobile taxa this might be an estimate of numbers of individuals, while for sessile organisms 18 

it might be a measure of how much of the area is occupied at a fine scale (i.e. condensed 19 

canopy area). These data are, of course, not always available or the data are insufficient to 20 

provide reliable estimates.  Therefore a categorical approach might be needed (e.g. rare, 21 

occasional, or abundant). 22 

There are various metrics for defining extent and abundance, with data from physical 23 

collections, mapping (atlas) projects, and dedicated surveys used to determine distributions 24 

and abundance, each with its own strengths and biases that should be made explicit 25 

(Robertson et al., 2010).  Therefore, throughout this report, estimates of the completeness 26 

and accuracy of data sources are given. 27 

Impact of alien species: Finally, the consequences of biological invasions need to be 28 

measured in terms of impacts on environmental and socio-economic factors. Recently, there 29 

has been substantial progress in developing consistent metrics that can be used to 30 

determine the impacts of particular alien taxa (Blackburn et al., 2014, Hawkins et al., 2015, 31 

Bacher et al., in press), in particular through the Environmental Impact Classification for 32 

Alien Taxa (EICAT) Scheme that has recently been adopted by the IUCN. EICAT provides a 33 

consistent method for rating impact as minimal, minor, moderate, major or massive, with 34 
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interpretations provided for different impact mechanisms (for example competition, predation 1 

or herbivory, or chemical, physical or structural features of the ecosystem). The accurate 2 

assessment of species within this system requires confirmation that the species is alien, and 3 

adequate data to confidently place the species into one of the rating categories.  A similar 4 

scheme has also been developed looking at socio-economic impactsðthe Socio-Economic 5 

Impact Classification of Alien Taxa Scheme (SEICAT) (Bacher et al., in press), but as yet 6 

has not been widely applied.  This is included here largely for the purposes of future reports 7 

when SEICAT has been applied in practice in South Africa.  More work is, however, required 8 

to translate the species-level impact into ecosystem-level impacts, and how to jointly 9 

consider environmental and socio-economic impacts when making decisions. 10 
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Table 2.3 Indicators used for reporting on the status of alien species (indicator values are estimated in Chapter 4). For full details of how to 1 

calculate the indicators, see Appendix 1. 2 

Indicator Metric 

basic ----------------------------------------------------------------------advanced 

5. Number and status of 

alien species 

5.1. Number of invasive species 5.2. Number of alien species in one 

of three categories (Alien but not 

naturalised, naturalised but not 

invasive, invasive) 

5.3. Number of species in each of the 

12 different stages identified in the 

Unified Framework for Biological 

Invasions 

6. Extent of alien species 6.1 Number of large-scale 

national subdivisions (provinces, 

primary catchments or 

bioregions as appropriate) 

occupied per species 

6.2 Number of finer-scale national 

subdivisions (quarter-degree grid 

cells or hectads) occupied per 

species 

6.3 Range size for each species (e.g. 

km2 or ha) 

7. Abundance of alien 

species 

7.1. Categorical measure of 

abundance per species in one of 

five categories (absent, rare, 

occasional, abundant, not 

known) 

7.2. Number of individuals for mobile 

organisms or condensed area 

occupied for sessile organisms 

7.3 Abundance estimates divided into 

appropriate stage or age cohorts.  At 

a basic level numbers of individuals 

which are reproductive or not. 

8. Impact of alien species 8.1. Categorical factor with eight levels.  A single value is presented 

which is the maximum current recorded impact in the region in terms of 

either the Environmental Impact Classification of Alien Taxa (EICAT) or 

Socio-economic Impact Classification of Alien Taxa (SEICAT) schemes 

(Bacher et al., in press, Blackburn et al., 2014) 

8.2 The current and maximum ever 

impact EICAT and SEICAT scores for 

each possible impact mechanism for 

each species 

  3 
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 Areas 2.4.31 

There are a variety of ways to categorise areas.  While administrative regions are useful 2 

for management, they do not necessarily follow biogeographical zones.  But even 3 

biogeographical zones as defined by the presence of native species are not necessarily 4 

useful or appropriate as the processes that set biogeographic boundaries can differ from 5 

those that determine spatial patterns for alien species (Rouget et al., 2015).  As such, areas 6 

are often defined for practical planning reasons, e.g. municipalities or national parks, or a 7 

simple grid is used, e.g. quarter degree grid cells (QDGCs, often also (incorrectly) called 8 

quarter degree squares, QDSs).  In South Africa tertiary catchments are also frequently used 9 

(e.g. Roux et al. 2008), but while perhaps more ecologically relevant, this is not the scale at 10 

which data on biological invasions in the country has been collected.  Therefore in this report 11 

two levels are considered: broad scale (provinces, biomes, marine regions, or primary 12 

catchments as appropriate) and QDGCs.  This is based largely on the availability of data. 13 

Alien species richness: The first indicator is simply the total number of alien species in a 14 

given area (Table 2.4).  At a basic level this is the number of invasive species (as data are 15 

mostly collected on invasive species rather than those in captivity or cultivation and the 16 

invasive species are usually those of most direct concern).  At more advanced levels the 17 

number of alien species at different stages of the Unified Framework are reported on.  The 18 

assumption is generally made that if a species is invasive in one area and recorded in 19 

another it is also invasive there, but this would require some refinement and ideally area-20 

specific assessments of introduction status are required. 21 

While alien species richness provides a useful measures of the invasions (Table 2.4), it 22 

does not take into account overall differences in species richness in an area.  Therefore, 23 

Catford et al. (2012) recommend relative measures of alien species richness and alien 24 

species abundance. The relationship between relative alien richness and abundance can 25 

indicate the presence of dominant alien species and the trajectory of invasion over time 26 

(Catford et al., 2012).   In this report, relative alien species richness is used, and at a basic 27 

level a qualitative measure of relative invasive species abundance is used (i.e. invasive-free; 28 

minor; moderate; extensive; dominant), but where appropriate a quantitative measure of the 29 

total abundance (percentage of cover, biomass, or numbers of individuals as appropriate) 30 

that is invasive is given for each spatial unit (Table 2.4). 31 

Impact of invasions: the importance of the impacts of invasions within a certain area will 32 

differ depending on the area-type. For example, in protected areas with high native 33 

biodiversity, the degree of threat to native biodiversity would be the main critical indicator, 34 
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whereas in other areas reduction in ecosystem services (in terms of benefit flows and 1 

financial flows) or impacts on human livelihoods would be more important. There is no 2 

accepted, unified system for the classification of the impacts of all biological invasions on a 3 

particular area. Nonetheless, several studies have quantified the impact of particular 4 

invasions on the overall biodiversity of an area (e.g., van Wilgen et al., 2008); and reductions 5 

in particular ecosystem services, expressed both in terms of benefit flows (e.g. the amount of 6 

water flowing from a catchment, or the number of livestock supported on a rangeland, van 7 

Wilgen et al. 2008) or financial flows (the value of the benefits in monetary terms, de Lange 8 

& van Wilgen 2010). Finally, the effects of invasive alien species can be assessed in terms 9 

of their impact on human livelihoods in a given area (Shackleton et al., 2007).  10 

In the absence of other indicators, we propose to measure the impact of invasions for 11 

particular areas of South Africa in terms of the reduction in water resources, grazing 12 

capacity, and biodiversity (Table 2.4).  Similar to the categories under the EICAT scheme, 13 

we propose that reductions in the service of <2% will be minor; 2ï10% are moderate; 10ï14 

50% are major; and >50% are massive.  These cut-offs are somewhat arbitrary and, unlike 15 

EICAT, they do not take the permanence of the change into account.  We propose that a 16 

national status report should assess these reductions for particular ecosystem services for 17 

which at least some estimates have been made, or where models exist to make them. In 18 

conducting an EICAT assessment it should also be possible to convert information on 19 

species-impact status into the appropriate area-impact status for a target region.  This is 20 

clearly, however, a topic where more work is required.  It would be desirable to develop 21 

advanced indicators that could express the effects of reductions in ecosystem services in 22 

economic or social terms (de Lange & van Wilgen, 2010), ideally linking conceptually with 23 

the EICAT scheme. 24 
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Table 2.4 Indicators for reporting on the status of biological invasions in areas (indicator values are estimated in Chapter 5).  The choice of the 1 

relevant area varies, though generally will be one of three levels: at a coarse scale (e.g. number of provinces / primary catchments or marine 2 

bioregions); at a quarter degree grid cell scale; or at a scale relevant to regulations and management (e.g. national parks or municipal areas). 3 

For full details of how to calculate the indicators, see Appendix 1 4 

Indicator 
Metric 

basic ----------------------------------------------------------------------advanced 

9. Alien species 

richness 

 

9.1. The total number of invasive 

species per large-scale national 

sub-division (provinces, primary 

catchments or bioregions as 

appropriate). 

9.2. The total number of 

invasive species per finer-

scale national sub-division 

(quarter-degree grid cells or 

hectads). 

9.3 The number of alien 

species in different stages of 

the Unified Framework per 

finer-scale national sub-

division 

10. Relative alien 

species richness 

10.1 Proportion of invasive species relative to 

the total number of invasive and native species 

in a region.  

10.2 Aliens that are at different stages of the 

Unified Framework per finer-scale national sub-

division / expressed as a proportion of all 

species (native and aliens)  

11. Relative 

invasive abundance 

11.1 The proportion of the abundance 

(measured as cover, biomass, or number of 

individuals depending on the taxonomic group 

under consideration) that is invasive expressed 

at six levels for a given spatial unit (not known; 

invasive-free; minor; moderate; extensive; 

dominant) 

11.2 A quantitative estimate of the percentage 

abundance that is invasive for a given spatial 

unit 

12. Impact of 

invasions 

12.1 Factor with six levels of 

impact (not known; no impact; 

minor; moderate; major; 

12.2. The reduction caused by 

the invasions expressed 

quantitatively in the units in 

which the ecosystem service is 

12.3 Net present monetary 

value of the reduction in the 

relevant ecosystem service or 
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massive) measured biodiversity indicators. 

  1 
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 Interventions (effectiveness of control measures and regulations) 2.4.41 

While the above three elements cover current status in terms of the invasions 2 

themselves, the current status can only be understood in the context of whatever responses 3 

are or have been in place (be they control measures or regulations).  For a report to be of 4 

most value, it should also assess the effectiveness of these measures, specifically the status 5 

of species management programmes; area management plans; and pathway management 6 

programmes (Note: we use the terms species management programmes and area 7 

management plans as this is how they are worded in the NEM:BA A&IS Regulations).  8 

The key challenge here is to define indicators that would allow for an assessment of 9 

whether or not the policy and control measures are changing the status of biological 10 

invasions, i.e. the outcome (Figure 2.2).  One of the main criticisms of the management of 11 

biological invasions in South Africa to date is that monitoring and reporting has focussed on 12 

inputs (e.g. amount spent and number of people employed) or outputs (e.g. extent of area 13 

treated, which is usually assessed uncritically in terms of the quality of the treatment) rather 14 

than outcomes (e.g. changes to the number and abundance of invasive species in an area).  15 

This report focuses on inputs in terms of the quality of the regulatory framework; the 16 

money spent; and the planning coverage (Table 2.5).  These form the bases for deciding 17 

which pathways, species, and areas need to be treated.   At a basic level, the outputs are 18 

assessed in terms of the whether what needs to be treated is being treated, and at an 19 

advanced level an assessment of the quality of the treatments is required (Table 2.5).  20 

However, even a basic assessment of the outcomes, i.e.  the effectiveness of treatments, 21 

requires some categorisation of whether the control implemented is making a difference or 22 

not (and separately whether control measures are having any negative consequences) 23 

(Table 2.5). The effectiveness of treatments should also be measured in terms of the impact 24 

on pathway, species, and area indicators and ideally (at an advanced level) the 25 

effectiveness of treatments are assessed in terms of the return on investment, linking back 26 

to the money spent input.  In future reports, it would be desirable to explicitly separate efforts 27 

at different invasions stages (pre-introduction, incursion, expansion, and dominance), as 28 

different management goals are appropriate at different invasion stages (see Section 2.1). 29 

For example for pathways it is important to get estimates of how much effort, where, and 30 

when should be placed in monitoring a given pathway (Faulkner et al., 2016, Bacon et al., 31 

2012). 32 

Ultimately, interventions to address the current and potential impact of biological 33 

invasions are done in the broader context of the South Africa society and the need to ensure 34 
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a prosperous country for future generations.  This report does not, however, consider the 1 

impact of interventions on other biodiversity and socio-economic indicators.  This is an area 2 

where future collaboration will likely be particular fruitful, in particular so that the report on 3 

the status of biological invasions will feed into other such process (e.g. the National 4 

Biodiversity Assessments), and so that interventions can be adjusted to be appropriate in the 5 

context of South African society. 6 

 7 
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Table 2.5 Indicators for reporting on the effectiveness of interventions (indicator values are estimated in Chapter 6). For full details of how to 1 

calculate the indicators, see Appendix 1. 2 

 Indicator 
Metric 

basic ----------------------------------------------------------------------advanced 

In
p
u

ts
 

13. Quality of 

regulatory 

framework 

13.1. Factor with four levels at a national scale (none; 

partial; substantial; complete) 

13.2 as for 13.1 but for a range of different administrative 

entities, and incorporating an evaluation of inter-agency co-

operation 

14. Money spent  14.1. Annual government 

expenditure at a national scale 

14.2. Annual government expenditure 

separated into expenditure on the 

relevant components of pathways, 

species and areas 

14.3. As for 14.2 including expenditure by 

private individuals/organisations, and 

detailed accounts of the sources of funding 

15. Planning 

coverage 

15.1 The proportion of each 

component (pathways, species, and 

areas) that have a regulatory 

requirement for a management plan 

that have a management plan in 

place. 

As 15.1, but including an assessment of 

the quality of plans as gauged against a 

minimum set of criteria for adequate 

plans. 

15.3 The presence and quality of 

management plans for each components 

(pathways, species, and areas) that have 

been ranked in terms of their priorities 

O
u

tp
u
ts

 

16. Pathways 

treated 

16.1 Factor with five categories 

depending on the degree to which 

pathway sub-categories are 

subjected to a management 

intervention (Not known; None; 

Partial; Substantial; Complete) 

16.2. Proportion of vectors that are 

subjected to a management intervention 

per pathway sub-category. 

16.3. As 16.2, with an assessment of the 

quality of the interventions (not known; 

inadequate; partially adequate; adequate). 

17. Species 

treated 

17.1. Proportion of regulated 

species that are being subjected to 

17.2 Five categories for the degree to 

which populations of an alien species 

As 17.2 with each intervention (per 

population or relevant area) assessed as 
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a management intervention identified as requiring management are 

actually being managed (Not known; 

none; partial; substantial; complete) 

(Not known; Inadequate; Partially 

adequate; Adequate). 

18. Area treated 18.1. The proportion of areas that need to be managed 

that are being managed 

18.2 as 18.1 with interventions assessed as (not known; 

inadequate; partially adequate; adequate). 

O
u

tc
o
m

e
s
 

19. Effectiveness 

of pathway 

treatments 

19.1ï21.1: Number of pathway sub-

categories, species, or areas in six 

categories of control effectiveness 

(Not known; Counter-productive; 

None / ineffective; Partial; Effective; 

Permanent) 

 

AND 

 

An assessment of any negative 

impacts of control. 

19.2ï21.2 Quantitative measure of impact 

on relevant pathway, species, and area 

indicators 

 

AND 

 

A formal environmental impact 

assessment of the interventions 

19.3ï21.3 Return on investment expressed 

as a ratio of the amount spent on control to 

the value of avoided cost of impact for 

pathways, species, and area treatments 

 

AND 

 

Include non-target impacts as a cost 

20. Effectiveness 

of species 

treatments 

21. Effectiveness 

of area 

treatments 

 1 

 2 

 3 

 4 

 5 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































