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Abstract 15 

Accurate alien species lists are essential for effective biodiversity policy and 16 

regulation. However, the evidence that a species is present at a site can be weak. In 17 

South Africa, of the 560 taxa listed under invasive species regulations, at least 11 18 

taxa (~2%) are assumed present based on anecdotal or outdated evidence. This 19 

study presents a structured argument mapping approach to assess whether an alien 20 

species should be considered present at a site based on the credibility, specificity, 21 

sensitivity and quantity of the available evidence. This method was applied to three 22 

South African case studies. The sea urchin, Tetrapygus niger, was assessed as not 23 

present with high confidence. A population of the urchin was present at an oyster 24 

farm but has died out, notably this site was the likely site of introduction based on the 25 

putative pathway (a contaminant of oyster spat). Surveys of the surrounding area did 26 

not find any evidence of spread and there have been no reports from other oyster 27 

farms in the country. Heather, Calluna vulgaris, was classified as present with 28 

medium confidence. Heather was originally classified as not present under South 29 

African regulations, but there were verified herbarium and citizen science records. 30 
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During this study an existing plant was extirpated, but it seems likely that plants are 31 

still present, albeit in low numbers, in historical ornamental collections. Leafy spurge, 32 

Euphorbia esula, was assessed as not present with medium confidence. A single 33 

unverified report was likely a misidentification of a congeneric alien found within the 34 

same region (E. terracina). Euphorbia esula has not been found in subsequent 35 

surveys of the site. In each case regulatory and research recommendations were 36 

developed as part of a formal risk analysis process in support of South Africa’s 37 

regulations. By providing a transparent and systematic methodology that 38 

incorporates various data types and multiple lines of evidence, argument maps can 39 

support decisions on the present of an alien species when evidence is conflicting, 40 

sparse, or questionable. Argument maps thus provide a useful method to support 41 

risk analyses. 42 

Keywords: alien species, presence status, absence evaluation, argument mapping, 43 

evidence assessment, species listing, invasive species management, risk analysis 44 

1. Introduction 45 

Biological invasions are one of the leading threats to biodiversity (Bellard et al. 2022; 46 

Roy et al. 2023). In the coming decades, it is anticipated that the international 47 

exchange of alien species due to human activities will continue to increase (Seebens 48 

et al. 2021). The probability of an introduced alien species becoming invasive, 49 

however, is generally low (Smith et al. 1999), most introductions either fail to 50 

establish or if they do establish, they struggle to form invasive populations 51 

(Blackburn et al. 2011; Simberloff 2013). Moreover, invasive populations can, and 52 

do, disappear (Simberloff and Gibbons 2004). This dynamic nature of invasions calls 53 

for transparent, up-to-date and evidence-based alien species lists to support 54 

appropriate and effective management (Roy et al. 2023). 55 

Maintaining alien species lists is challenging as these lists are often outdated, 56 

inconsistent or based on incomplete evidence (McGeoch et al. 2012; Pyšek et al. 57 

2012). Errors such as misidentifications or false presences, can lead to 58 

underestimations or inflated species counts (McGeoch et al. 2012), affecting policy 59 

and resource allocation (Pyšek et al. 2012; McGeoch et al. 2016). These issues 60 

arise both when listing new species and when evaluating whether previously 61 

recorded species are still present. In some cases, species are listed as invasive but 62 
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are no longer detectable, or were never introduced (Simberloff and Gibbons 2004). 63 

Conversely, some alien species not currently listed may be incorrectly assumed to 64 

be not present (McGeoch et al. 2012). For instance, a thorough revision of alien 65 

species in the Mediterranean resulted in the exclusion of 73 species previously 66 

considered established (Zenetos et al. 2017). However, the premature removal of 67 

species from lists can result in missed opportunities for eradication and long-term 68 

control efforts (Nishimoto et al. 2021). These issues highlight the importance of 69 

careful evaluation before changing species’ listing status, particularly in cases where 70 

presence is uncertain. They also underscore the importance of using a transparent, 71 

standardised framework to assess whether an alien species is present, enabling 72 

more reliable updates of alien species lists.   73 

Increasing transparency in the listing process and improving detection efforts can 74 

help address the uncertainties and enhance the value and reliability of alien species 75 

lists for policymakers and managers (Burgman 2001; Butchart et al. 2010). The 76 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 77 

(IPEBS) has identified knowledge gaps in alien species lists, particularly in regions 78 

like the Global South where data are often limited or insufficient (Seebens et al. 79 

2023). This is often due to limited geographical coverage and insufficient long-term 80 

monitoring (Vicente et al. 2022). To address this, well-documented and standardised 81 

assessment methods are needed to support reliable listing decisions based on 82 

strong evidence and a clear rationale (Burgman 1981; Keller and Springborn 2014; 83 

Schmiedel et al. 2016; Karasawa and Nakata 2018). 84 

In South Africa, the regulatory framework for managing invasive species was 85 

established under the National Environmental Management: Biodiversity Act 86 

(NEM:BA) of 2004. The initial lists of regulated alien and invasive species were 87 

published in 2014 and updated in 2020, with 560 valid taxa listed as present and 88 

invasive in the country [note, ‘invasive’ is defined here in regulatory terms rather than 89 

impact or biogeography, see Wilson and Kumschick (2024) for details of South 90 

Africa’s regulatory lists]. Concerns have been raised regarding the actual presence 91 

of several listed species within South Africa. The issue partly stems from the initial 92 

listings being based on expert opinion and perceived threat, without comprehensive, 93 

verifiable evidence of presence (McGeoch et al. 2012; Wilson and Kumschick 2024). 94 
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As a first step to address these concerns, a review of the 560 taxa listed an invasive 95 

under NEM:BA (2020) was done to identify cases where presence in South Africa 96 

was uncertain (see Supplementary material 1 for full methodology). This assessment 97 

found that at least 11 species (~2%) are listed as present, despite weak, ambiguous, 98 

or outdated occurrence records (Supplementary Table S1). While this situation may 99 

apply to a relatively small proportion of listed taxa, these cases are often the most 100 

difficult to resolve and can have significant implications for management. Moreover, 101 

additional cases are likely to emerge as analyses are conducted more systematically 102 

and in a structured way [e.g., by following the Risk Analysis for Alien Taxa (RAAT) 103 

framework (Kumschick et al. 2020, 2025)]. While risk analyses and risk assessment 104 

framework typically require some evaluation of the presence of a taxon at a site, as 105 

far as we know there is no transparent and standardised process for addressing 106 

cases where the evidence is conflicting. 107 

2. Argument maps and their potential application in decisions about alien 108 

species presence 109 

Argument maps have been used in critical thinking courses and textbooks since the 110 

1950s (e.g., Beardsley 1950; Toulmin 1958; Scriven 1976; LeBlanc 1998). It is a 111 

graphical way to represent the structure of an argument (Butchart et al. 2009) and 112 

provide a logical way to organise uncertainties based on qualitative information and 113 

evidence that supports an estimate. It is centred on a claim, which is supported by 114 

reasons or challenged by objections each of which must be supported by evidence 115 

with sources (Okada 2008; Keith et al. 2017). By mapping out the reasons and 116 

objections, experts can estimate the subjective probabilities that the claim is true, 117 

which then allows for the calculation of an overall probability (Keith et al. 2017). An 118 

argument map presents different lines of evidence that users can evaluate to form an 119 

informed judgement about a particular decision.  120 
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 121 

Figure 1. Argument map for systematically evaluating an alien species not being 122 

present in a country. Solid lines represent reasons supporting the claim. Dashed lines 123 

indicate evidence that supports counter arguments or objections. Explanations for 124 

each element in the argument map (e.g. claims, reasons, objections and evidence) 125 

are provided in Table 1. Although the reasons are partially hierarchical (if a species 126 

was never introduced there should be no sites to evaluate), given the uncertainties 127 

involved it is prudent to complete the full argument map in all cases. 128 

The argument map is based on a probabilistic statement. Here, argument maps were 129 

used to evaluate the claim that species X is not present in site Y, particular in cases 130 

where the presence of an alien species was uncertain, contested or based on limited 131 

or inconsistent evidence. In the argument map, four sections, made up of reasons 132 

and objections, are considered to support the claim of an alien species not being 133 

present in a given area (Fig. 1; Table 1). Each step provides a logical checkpoint in 134 

the evaluation process. All available evidence is outlined and biological 135 

understanding is used to evaluate the evidence in determining whether the claim is 136 

supported or not. Evidence sources included published data and studies, ecological 137 

measurements, observations, location records, scientific literature, and expert 138 

opinion. These sources are identified and documented, and their reliability is 139 
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assessed based on criteria such as peer-reviewed status, methodological rigour and 140 

source of information. Each piece of evidence is then scored for credibility, 141 

specificity, sensitivity and quantity (see Table 2), with informal observations or expert 142 

opinions assigned a baseline weight or flagged for verification.143 
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Table 1. Components of the generic argument map used to evaluate alien species occurrence status under conditions of 144 

uncertainty. 145 

Evaluation Reason Objection  Details/considerations 

Was the species 
ever introduced? 

Species was never 
introduced. 

Species was 
historically 
introduced. 

• Evaluate historical records, herbarium/ physical specimens, import/ export data bases, and 
published literature for documented presence.  

• Review grey literature, expert knowledge, and citizen science observations (e.g., iNaturalist, 
GBIF, etc.). 

• Investigate potential for accidental or informal introductions not recorded in formal datasets.  

• Verify if the data are consistent, recent, and from reliable sources.  

• Evaluate the geographical precision and temporal relevance of reported records. 

• Verify species identification accuracy (e.g. morphological ambiguity, genetic confirmation). 

• Consider whether evidence may be mislabelled or outdated. 
Does it still exist at 
known sites? 

No surviving 
populations at 
reported site(s). 

Populations still 
persist at recorded 
site(s). 

• Examine historical records, population surveys and control measures.  

• Review outcomes of field surveys, eradication reports, and habitat assessments at previous 
reported locations.  

• Assess the frequency, methodology, and spatial extent of surveys.  

• Investigate whether the habitat at the reported location remained suitable for the species (e.g., 
considering land use changes, hydrology, fire history).    

• Consider whether eradication or control efforts were implemented effectively and followed up 
over sufficient timeframes. 

• Consider the reproductive capacity and detectability of individuals or propagules, especially for 
taxa with long-lived seedbanks or dormant life stages. 

• Ensure that any remaining individuals are not viable or reproducing.  
Has it spread to 
other locations? 

No spread from 
recorded sites 
detected. 

Undetected spread 
occurred. 

• Track back from the site to potential sources of introductions based on putative introduction and 
dispersal pathways  

• Track forward from known sites to potential sites connected via putative dispersal pathways 
(e.g., rivers, roads, trade routes).  

• Consider survey methodology, intensity, spatial coverage, and frequency.  

• Identify gaps where spread could have occurred unnoticed. 

• Consider species-specific traits that may influence detectability or dispersal (e.g., spread, 
dispersal, unnoticed life stages)  

• Consider observer expertise, sampling limitations and whether monitoring was active or 
passive.  

Are new (re-) 
introductions 
occurring? 

No new on-going (re-) 
introductions have 
been detected. 

(Re-) introductions 
still occurring. 

• Identify all putative historical, current, and potential future pathways of introduction. 

• Specifically evaluate whether the putative original introduction pathway remains active (e.g., 
aquaculture, ornamental or pet trade, contaminated equipment) and survey sites (cf. risk maps 
above). 

• Assess management of key pathways.  

146 
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This approach aims to reduce subjective bias, inconsistencies, vagueness, and other 147 

uncertainties by requiring clear documentation of the evidence and a structured 148 

scoring of the quality of the source . It acknowledges that judgements based solely 149 

on personal observations or expert opinions retain inherent bias (Keith et al. 2017). 150 

Together, these components allow for a structured and transparent basis for 151 

assessment, with each reason supported by a set of considerations and tested 152 

against plausible objections. This logical structure underpins the argument map and 153 

promotes consistent decision-making under uncertainty. The following components 154 

describe how evidence is identified, evaluated and scored to guide the application of 155 

the argument map in practice.  156 

Evidence compilation and confidence rating  157 

The first step in the assessment involves collating and organising all available 158 

evidence and assigning confidence ratings based on four key criteria: credibility, 159 

specificity, sensitivity and quantity (using Supplementary Table S2). These criteria 160 

reflect principles draw from structured evidence evaluation frameworks used in 161 

scientific decision-making (Aguayo-Albasini et al. 2014; Dicks et al. 2014; EFSA 162 

Scientific Committee et al. 2016, 2017). Each piece of evidence is assessed against 163 

all four criteria. For each criterion, the evidence is assigned a confidence level (low, 164 

medium, or high) based on how well it meets the relevant standards (guided by 165 

Table 2). These individual ratings help determine how much weight to place on each 166 

piece of evidence when linked to a reason or objection within an argument map.  167 
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Table 2. Evidence-rating rubric used to assess evidence supporting claims about the 168 

presence of a species at a site. 169 

Criterion High  Medium  Low  

Credibility  
Reliability of the data, 
based on expertise, 
transparency and 
methodological rigour¹,²,⁴. 

Peer-reviewed research, 
verified databases, 
government or academic 
reports with clear 
methods.  

Grey literature, well-
documented expert 
opinion, standardised 
field surveys with 
some uncertainty.  

Unpublished 
observations, anecdotal 
accounts, or sources 
lacking methodological 
transparency.  

Specificity  
How directly the evidence 
relates to the species and 
location in question ¹,²,⁴. 

Directly addresses the 
species and specific 
area under 
consideration 
(coordinates, habitat).  

Relevant to either the 
species or the area, 
but not both. 

Generalised or indirect 
reference with unclear 
geographic/species 
relevance. 

Sensitivity 
The capacity of detection 
methods to identify, the 
species, minimising false 
negatives¹,²,³. 

Uses detection methods 
known to identify the 
species effectively, 
repeated surveys.  

Detection methods 
with limited frequency 
or coverage.  

Detection methods 
likely to miss key life 
stages, not conducted 
during appropriate 
times, or that are 
unlikely to distinguish 
the taxon of interest. 

Quantity 
The volume of 
independent, corroborative 
evidence ⁴,⁵. 

Multiple lines of 
independent evidence. 

Several sources. Very few or isolated 
sources.  

¹Aguayo-Albasini et al. 2014; ²Keith et al. 2017; ³Saltelli et al. 2013; ⁴Suter et al. 2017; ⁵Suter et al. 170 
2017a. 171 

Evaluating competing arguments 172 

Once evidence is linked to specific reasons and objections, each line of reasoning is 173 

evaluated by comparing the cumulative confidence ratings of the supporting 174 

evidence. This evaluation follows a weight-of-evidence approach commonly applied 175 

in scientific assessments (EFSA 2017). Confidence is assigned based on 176 

established criteria, ensuring that the credibility, specificity, sensitivity and quantity of 177 

each piece of evidence are considered systematically. Lines of reasoning supported 178 

by direct, high-quality and verifiable evidence, such as peer-reviewed studies, 179 

systematic records, or structured survey data, carry more weight than those based 180 

on low-confidence evidence, absence of evidence or speculative claims (EFSA 181 

2017; Pan et al. 2018; Kumschick et al. 2020). This structured comparison helps 182 

ground conclusions in the quality and consistency of the available information, rather 183 

than the number of sources or persuasive language, aligning with international best 184 

practices in risk evaluation (Mastrandrea et al. 2010; IUCN 2020). 185 

Constructing the argument map from rated evidence 186 
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Following the evaluation of evidence, an argument map is constructed for the study 187 

species (based on Fig. 1) using the outcomes recorded. Each line of reasoning in the 188 

map is based on evidence that has been systematically rated, ensuring transparency 189 

and consistency across the assessment. This approach allows for a clear 190 

visualisation of how individual pieces of evidence support or challenge the central 191 

claim. While expert opinion and informal observations can offer valuable insights, 192 

they are more susceptible to bias and uncertainty and are therefore treated with 193 

appropriate caution in the argument mapping process (Keith et al., 2017; Table 2).     194 

Determining occurrence status and assigning confidence  195 

Once the argument map is constructed and the quality of evidence evaluated, a 196 

conclusion must be drawn whether the species is considered present in the study 197 

area. This decision should be based on how the available evidence supports or 198 

challenges the central claim, as reflected in the logical structure of the argument 199 

map. Each decision must be accompanied by a corresponding confidence rating, 200 

which indicates the level of certainty based on the quality and consistency of the 201 

evidence (guided by Supplementary Table S3; SANBI and CIB, 2022: 202 

occurrenceStatus). The decision on occurrence status must be justified by a clear 203 

explanation, referencing supporting evidence and any assumptions involved. If the 204 

overall confidence is medium or low, recommendations should be provided for 205 

targeted surveys or further data collection to increase the confidence in future 206 

assessments (cf. SANBI and CIB, 2022; using Supplementary Table S4).  207 

3. Case studies from South Africa 208 

The argument map method was applied to three case studies from South Africa, 209 

namely the Chilean black urchin (Tetrapygus niger) and two plant species, heather 210 

(Calluna vulgaris), and leafy spurge (Euphorbia esula). These three species’ have 211 

uncertainties surrounding their presence in South Africa (Mabin et al. 2015; 212 

Henderson and Wilson 2017) and illustrate different initial assumptions about their 213 

presence.  214 

A risk analysis was first conducted or consulted (where already completed) for each 215 

case study species following the RAAT framework v2.0 (Kumschick et al. 2025). As 216 

part of this process, a literature review was conducted to create a historical account 217 

of each species occurrence, distribution, and introduction pathways, including any 218 
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past or ongoing management efforts. Detailed information was gathered from 219 

herbarium records, scientific peer-reviewed and grey literature, and biodiversity 220 

databases such as the Global Biodiversity Information Facility (GBIF) 221 

(www.data.gbif.org), the on-line spotter network iNaturalist (www.iNaturalist.org) 222 

(restricted to research-grade observations), GenBank 223 

(https://www.ncbi.nlm.nih.gov/genbank/), SANBI’s National Herbarium Database 224 

(NEWPOSA) (www.newposa.sanbi.org), Web of Science, and Google Scholar using 225 

the species name and ‘South Africa’ as search terms. Searches included the species 226 

names as listed in the Alien and Invasive Species Regulations of 2020, as well as 227 

accepted names and synonyms (cross-checked using global taxonomic backbones 228 

such as GBIF and Plants of the World Online) to ensure taxonomic accuracy and 229 

completeness.  230 

Each piece of evidence was organised on the evidence evaluation table (using 231 

Supplementary Table S2). Each piece of evidence was scored as either high, 232 

medium, or low confidence and an argument map was drawn up thereafter using the 233 

gathered and evaluated evidence. Based on this, a conclusion was drawn for each 234 

species on whether it should be considered present or not present, with an 235 

associated confidence rating (low, medium, or high) (using Supplementary Table 236 

S4).   237 

3.1. Case Study 1: Tetrapygus niger: formerly present, the population was 238 

extirpated and is now considered not present   239 

The proposed argument map method was applied to T. niger with the claim that it is 240 

not present in South Africa (Fig. 2). All evidence was evaluated in Supplementary 241 

Table S5. There was strong evidence (high confidence) that T. niger had been 242 

introduced to South Africa in the past (Haupt et al. 2010). A single introduction was 243 

recorded in 2007 at an aquaculture facility in Alexander Bay, and this was supported 244 

by museum specimens and published literature (Haupt et al. 2010; Mabin et al. 245 

2015). However, follow up systematic surveys found no living individuals at the only 246 

known site and surrounding areas (Mabin et al. 2015). Only empty shells were 247 

observed and no evidence of spread was detected.  248 

The known habitat (a dam used for oyster aquaculture) had dried up and suitable 249 

similar habitats in the region yielded no new detections (Mabin et al. 2015). Given 250 
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the kelp-dominated ecosystem and visible grazing impacts typical of urchin 251 

presence, it was considered likely that the T. niger would have been detected if it 252 

had persisted or spread. No credible sightings have been recorded since 2007 and 253 

the original pathway of introduction via oyster spat imports was confirmed to be 254 

inactive in the Alexander Bay facility (Haupt et al. 2010; Mabin et al. 2015). However, 255 

since oyster farming continues at other sites in South Africa the broader pathway 256 

remains active and poses a risk of new introductions. Nonetheless, given the taxon 257 

is highly distinctive, if the urchin is (or had been) present at other aquacultural 258 

facilities, it would likely have been detected and reported. 259 

In the argument map (Fig. 2), all strong reasons for absence outweighed the few 260 

unsupported objections. Based on the weight of evidence and associated confidence 261 

ratings, it was concluded that T. niger is not present in South Africa, with high 262 

confidence. All four reasons supporting this conclusion were underpinned by strong, 263 

well-documented sources such as peer-reviewed studies and structured field 264 

surveys, and were assigned a high overall confidence (Fig. 2). Additionally, the two 265 

objections were speculative, lacked direct evidence and were rated low in 266 

confidence.  267 

A resurvey of the original introduction site does not seem necessary at present. 268 

However, targeted surveys should be reinstated if trade pathways reopen (see 269 

recommendations in Fig. 2). Continued monitoring of oyster spat imports is 270 

continued and that the other aquaculture sites be evaluated as a precaution. As per 271 

a risk analysis conducted previously (SANBI, unpublished), it is recommendation that 272 

the listing of the taxon in South Africa is changed from 1a to prohibited, and the 273 

taxon is added to a watch list. The taxon should be considered as A1 under the 274 

adapted unified framework for biological invasions (Groom et al. 2019).  275 
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 276 
Element Outcome Justification Recommendations 

Presence 
status 

Not present  Tetrapygus niger has not been detected in any recent surveys of the original 
introduction site and surrounding sites. The only verified record dates to 2007 and 
was a single introduction event, with no evidence of persistence or spread. 
Subsequent surveys found only empty shells and no live individuals have been 
reported since. The original site is now dry and the historical introduction pathway 
(oyster spat imports) is no longer active. High-confidence evidence support it not 
being present, while objections were speculative, lacked empirical support, and 
were rated low in confidence. 

Monitoring only if original pathways are still 
active/resumes. Especially if importation of the 
spat resumes. Encourage continued public 
reporting to detect any potential reintroduction. 
Include T. niger on the prohibited list to prevent 
future risk. 

Confidence 
in conclusion 

High Recent, peer-reviewed surveys and official reports show no live detections. All 
evidence rated high in credibility, specificity and sensitivity. While some objections 
referenced surveyed areas, these were unlikely to support undetected populations 
given the ecological characteristics of the habitat and species. The weight of reliable 
evidence strongly supports the outcome. 

Given the high confidence, T. niger should be 
considered not present. Recommend formal 
listing as prohibited under regulatory frameworks 
to prevent future introductions. Targeted surveys 
should be reinstated if trade pathways reopen. 

Figure 2. Argument map and corresponding decision regarding the presence of Tetrapygus niger in South Africa. Boxes represent 277 

individual pieces of evidence. Solid lines indicate reasons supporting the central claim, while dashed lines represent objections that 278 

challenge the claim or its supporting reasons. For details of the underlying evidence, see Table S5. The claim was supported—it is 279 

recommended that Tetrapygus niger be regulated as not present in South Africa. 280 
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3.2. Case Study 2: Calluna vulgaris: regulated as if it were not present, 281 

discovered and extirpated, but it is likely still present. 282 

Calluna vulgaris was listed as prohibited under the NEM:BA A&IS Lists of 2014 and 283 

2016 implying that it was not present in South Africa but posed a high risk (the 2020 284 

lists did not included a prohibited list). However, C. vulgaris is likely present in South 285 

Africa based on historical herbarium specimens (1987), research grade iNaturalist 286 

observations (2008, 2021), and ecological inferences (Fig. 3). These records 287 

suggest past introductions and potential persistence. Although only a single 288 

population had been rediscovered and removed, it was considered likely that other 289 

populations persist undetected. 290 

No evidence was found to suggest C. vulgaris was formally stocked or traded within 291 

the commercial horticultural industry, and it is not included in a comprehensive 292 

review of cultivated plants of southern Africa (Glen, 2002). However, the species is 293 

presumed to have been cultivated informally in private gardens and possibly shared 294 

as an ornamental plant. The confidence was scored as medium based on the quality 295 

of the evidence and arguments. High credibility sources, such as herbarium records, 296 

supported the claim of presence, while the lack of recent formal surveys and limited 297 

follow–up, reduced overall confidence. Although no widespread establishment or 298 

formal introduction was recorded, multiple verified records and ecological reasoning 299 

pointed to past and potentially ongoing presence. Confidence was medium due to 300 

limited recent detections and scattered survey coverage, but individual sources were 301 

generally high in credibility and specificity. Overall, the weight of evidence justified a 302 

cautious but affirmative classification of presence (see Supplementary Table S6).  303 

Based on the risk analysis conducted for Calluna vulgaris (Appendix 1), the 304 

recommendation, as for all taxa listed as prohibited that are subsequently found to 305 

be present (Wilson and Kumschick, 2024), is that C. vulgaris should be regulated as 306 

a category 1a taxon pending an assessment of the feasibility of nation-wide 307 

eradication. Targeted surveys are recommended in areas where past records 308 

originated, including the Knysna and Caledon districts (see recommendations in Fig. 309 

3). Particular attention is advised for regions with suitable habitat and high human 310 

activity, where unintentional introduction or spread may have occurred. The potential 311 

for undetected dispersal and persistence due to the ability of C. vulgaris to form long-312 
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lived seedbanks further contributed to uncertainty. These gaps in monitoring and 313 

survey coverage supported a classification of medium confidence. In terms of the 314 

invasion status, it is suggested the taxon is classified as C1 under the adapted 315 

unified framework for biological invasions (Groom et al. 2019). 316 
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Element Outcome Justification Recommendations 

Presence 
status 

Present  The evidence supports that C. vulgaris is present in South Africa, 
based on herbarium records (1987), iNaturalist observations 
(2008, 2021), and ecological evidence. These records suggest 
past introductions and potential persistence.  

Periodic surveys and target monitoring efforts should be 
conducted, particularly in regions where herbarium specimens 
and observations were recorded and other suitable habitats. 
Interaction with garden clubs in the Western Cape to establish if 
any plants in cultivation. 

Confidence 
in conclusion 

High The evidence is a mix of high credibility and medium confidence. 
Gaps in surveys and the potential for undetected spread result in 
medium confidence however, the quality of evidence (i.e., 
herbarium records, observations, and ecological evidence such as 
seedbank persistence) increases confidence to high.  

Evidence gaps should be addressed by prioritising surveys in 
unsurveyed areas, such as the Knysna and Caledon districts. 
Given the medium confidence in spread, monitoring for potential 
dispersal should be considered in susceptible areas, especially 
where human activity is high. 

Figure 3. Argument map and corresponding decision regarding the presence of Calluna vulgaris in South Africa. Boxes represent 318 

individual pieces of evidence. Solid lines indicate reasons supporting the central claim, while dashed lines represent objections that 319 

challenge the claim or its supporting reasons. For details of the underlying evidence, see Table S6. The claim was not supported—320 

it is recommended that Calluna vulgaris be regulated as present in South Africa. 321 
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3.3. Case Study 3: Euphorbia esula: a case of mistaken identity?  322 

A single, unverified record of Euphorbia esula was reported in a reputable database 323 

in 2006; however, no supporting physical evidence (e.g., herbarium specimens or 324 

photographs) are available to validate the observation (Henderson, 1998; SAPIA, 325 

2020). Multiple extensive field surveys have been conducted at and around the 326 

original reported location (Cindi et al. 2015; SANBI 2015 and 2016; Cindi 2016; 327 

Henderson and Wilson 2017). No individuals of E. esula were detected during these 328 

surveys. However, a congener, Euphorbia terracina, which is also alien to South 329 

Africa, was found within the same region as the reported location of E. esula 330 

(iNaturalist 2025c, d). Given the relative similarity in morphology between E. esula 331 

and E. terracina, and the lack of additional confirmations, it was considered likely 332 

that the original sighting involved a misidentification. 333 

Based on the available evidence (Table S7), E. esula was assessed as not present 334 

in South Africa, with medium confidence (Fig. 4). Although the original report was 335 

submitted to a reputable data base (SAPIA) by a credible observer, it remained 336 

unverified and lacked physical evidence. Furthermore, no herbarium records, 337 

introduction pathways or additional reports were identified. The medium confidence 338 

rating was assigned due to the high quality and specificity of the negative survey 339 

data, despite the ongoing uncertainty stemming from the lack of formal eradication 340 

and the potential for overlooked individuals. Additionally, based on the risk analysis 341 

(Appendix 2), it is recommended that the listing of E. esula be changed from 342 

category 1a to prohibited (i.e., it is not present in the country but poses a high risk). 343 

No further active surveillance for the species seems warranted. 344 
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 345 

Element Outcome Justification Recommendations 

Presence 
status 

Not 
present 

A single unverified record was submitted to a reputable database in 2006; however, it 
lacked physical evidence such as herbarium specimens or photographs. Multiple 
structured surveys at the reported location failed to detect E. esula. The original 
record is likely a misidentification of E. terracina. 

No further surveys are currently 
recommended unless new evidence 
emerges. Removal from national lists is 
advised. 

Confidence in 
conclusion 

Medium The confidence rating is due to high quality, specificity and sensitivity of the negative 
survey data. Although the original record remains unverified and no corroborating 
evidence exists, the conclusion is supported by repeated surveys over time and the 
lack of introduction pathways. 

No additional surveys are necessary at this 
stage. Monitoring for future reports is 
advised. 

Figure 4. Argument map supporting the absence of Euphorbia esula in South Africa. Boxes represent individual pieces of 346 

evidence. Solid lines indicate reasons supporting the central claim, while dashed lines represent objections that challenge the claim 347 

or its supporting reasons. For details of the underlying evidence, see Table S7.348 
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 349 

  

 

Figure 5. Evidence from surveys conducted in 2021 by author. A. Verified flowering 350 

Calluna vulgaris individual (within image, with small, pale purple/pink flower spikes) 351 

found on Table Mountain; B. Euphorbia terracina in flower in South Africa (foreground, 352 

with narrow leaves and yellow-green floral structures); note that the prominent purple 353 

flowers in the background belong to a different species C. Location along the Hennops 354 

River in Pretoria, Gauteng, where Euphorbia esula was reported being mowed as part 355 

of land maintenance (photos by Chelsey Matthys, 2021). The images illustrate the 356 

types of field observations used to support or question species occurrence status. 357 

B A 

C 
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4. Discussion and conclusion 358 

The use of argument maps provide a structured way to organise uncertainties and 359 

synthesise evidence in cases where doubts exist about the presence of an alien 360 

species within a country. In all three case studies presented here, argument maps 361 

visually represented the reasons and objections alongside supporting evidence and 362 

the logical flow of the argument lead to a clearly justified conclusion which was 363 

supported by an associated confidence rating.  364 

The reliability of outcomes derived from argument maps was strongly dependent on 365 

the availability and quality of evidence. Constraints such as inadequate long-term 366 

monitoring, poor geographic coverage, and limited data availability were found to 367 

hinder the assessment process. For example, although the presence of C. vulgaris 368 

was supported by five verified records and reliable evidence for the most recent 369 

record (Fig. 5A), the lack of recent targeted surveys in all known locations and 370 

absence of post-2021 monitoring lowered the confidence rating in the conclusion. 371 

These limitations, however, were made visible through the structured argument 372 

mapping process, which helped identify priorities for future research and monitoring. 373 

Evaluating and weighing evidence from sources with varying levels of credibility 374 

(e.g., expert opinion, physical samples, and citizen science identification platforms) 375 

remained complex and somewhat subjective. The argument map approach allowed 376 

these differences to be addressed systematically and transparently by assessing 377 

each source in terms of credibility, specificity, sensitivity, and quantity. 378 

Species that persist in low densities, exhibit cryptic life stages, or closely resemble 379 

native or other alien species, pose additional challenges to detection and 380 

identification. These traits can lower confidence scores and risk the inclusion of false 381 

positives in alien species lists (McGeoch et al. 2012). This was particularly evident 382 

for E. esula and C. vulgaris. In the case of E. esula, a single unverified record was 383 

likely a misidentification of Euphorbia terracina (Fig. 5B), a morphologically similar 384 

species. Similarly, some records of C. vulgaris from citizen science platforms may 385 

have reflected confusion with native species (Erica spp. in particular). These cases 386 

highlighted the importance of verifying records through multiple, independent lines of 387 

evidence wherever possible. 388 
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The argument mapping approach also enabled structured reasoning around absence 389 

claims by distinguishing between different occurrence statuses (present or not 390 

present) and assigning an associated confidence level. In the case of C. vulgaris, the 391 

final status was classified as present with medium confidence, reflecting the weight 392 

of historical evidence alongside gaps in recent data. In contrast, E. esula was 393 

assessed as not present, also with medium confidence, due to repeated expert-led 394 

surveys, a lack of introduction pathways and the unverified nature of the original 395 

record. Regular mowing and land maintenance at the reported site likely further 396 

contributed to the absence of detectable individuals, potentially eliminating any 397 

above-ground presence if the species had ever been introduced (Fig. 5C). Although 398 

based on personal communication, this context-specific information supported the 399 

conclusion and highlighted how local land use practices can influence detection 400 

outcomes. These assessments helped clarify where confidence was lacking and 401 

where further evidence would be most useful. 402 

Demonstrating that an alien species is not present across an entire region remains 403 

inherently difficult. This approach attempted to address the issue by explicitly 404 

presenting the reasons and objections informed by ecological or detection-related 405 

uncertainties. Nonetheless, the possibility of undetected populations in unsurveyed, 406 

suitable habitats remains a persistent limitation. This concern was particularly 407 

relevant for T. niger, where strong evidence supported its extirpation but the risk of 408 

reintroduction via aquaculture activities remained.  409 

Beyond evaluating individual pieces of evidence, consistency across the evidence 410 

base played an important role in reaching final conclusions. For instance, in the case 411 

for E. esula, the absence of herbarium specimens, trade history, or confirmed 412 

sightings was consistent with the repeated failure to detect the species during 413 

targeted surveys. This coherence across multiple independent lines of evidence 414 

strengthened confidence in the assessment, even though the confidence in each line 415 

of evidence alone might be limited. In contrast, for C. vulgaris, inconsistent 416 

information, such as recent citizen science records alongside a lack of survey 417 

coverage, resulted in a more cautious, medium-confidence scoring. Recognising and 418 

explicitly considering these consistencies and inconsistencies across the evidence 419 

set adds another valuable dimension to the argument map approach.  420 
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The main value of this argument mapping approach lies in its transparency, 421 

traceability, and adaptability. It provides a way to structure and weigh individual 422 

pieces of evidence. The intention is that this method is incorporated into the RAAT 423 

framework (Kumschick et al. 2025) to address situations where the evidence of 424 

presence is weak or contested (i.e., medium or low confidence). As such, the 425 

approach can support evidence-based decision-making for regulatory listings and 426 

contribute meaningfully to progress reporting under Target 6 of the Global 427 

Biodiversity Framework (Convention on Biological Diversity 2022).  428 

Funding 429 

The South African Department of Forestry, Fisheries and the Environment (DFFE) 430 

are thanked for funding, noting that this publication does not necessarily represent 431 

the views or opinions of DFFE or its employees.  432 

Competing interests 433 

The authors have declared that no competing interests exist. 434 

Acknowledgements 435 

We thank Dylan Mentor, Angelique van der Berg, Kirk Bevie and Thulisile Jaca, for 436 

field assistance and Chad Chaney for the TMNP fire records. 437 

References 438 

Aguayo-Albasini JL, Flores-Pastor B, Soria-Aledo V (2014) GRADE system: 439 

classification of quality of evidence and strength of recommendation. Cirugía 440 

Española (English Edition), 92(2), pp.82-88.  441 

Bangsund DA, Leistrits FL, Leitch JA (1999) Assessing economic impacts of 442 

biological control of weeds: the case of leafy spurge in the northern Great 443 

Plains of the United States. Journal of Environmental Management, 56(1), 444 

pp.35-43. http://dx.doi.org/10.1006/jema.1999.0269 445 

Beardsley MC (1950) Practical logic. Englewood Cliffs, NJ: Prentice Hall.  446 

Bellard C, Marino, C, Courchamp F (2022) Ranking threats to biodiversity and why it 447 

doesn’t matter. Nature Communications, 13(1), p.2616. doi:10.1038/s41467-448 

022-30339-y  449 

Blackburn TM, Pyšek P, Bacher S, Carlton JT, Duncan RP, Jarošík V, Wilson JRU, 450 

Richardson DM (2011) A proposed unified protocol for biological invasions. 451 

Trends In Ecology and Evolution, 26(7), pp.333-339. 452 

http://dx.doi.org/10.1016/j.tree.2011.03.023 453 

Burgman M (1981). Expert frailties in conservation risk assessment and listing 454 

decisions. Change, 8. http://dx.doi.org/10.7882/FS.2004.054 455 

Burgman MA (2001). Flaws in subjective assessments of ecological risks and means 456 

for correcting them. Australian Journal of Environmental Management, 8(4), 457 

pp.219-226. http://dx.doi.org/10.1080/14486563.2001.10648532 458 

Author-formatted, not peer-reviewed document posted on 16/07/2025. DOI:  https://doi.org/10.3897/arphapreprints.e165209

http://dx.doi.org/10.1006/jema.1999.0269
http://dx.doi.org/10.1016/j.tree.2011.03.023
http://dx.doi.org/10.7882/FS.2004.054
http://dx.doi.org/10.1080/14486563.2001.10648532


 23 

Bustamante R, Branch G (1996) Large scale patterns and trophic structure of 459 

southern African rocky shores: the roles of geographic variation and wave 460 

exposure. Journal of Biogeography, 23(3), pp.339-351. 461 

http://dx.doi.org/10.1046/j.1365-2699.19 96.00026.x   462 

Butchart S, Forster D, Gold I, Bigelow J, Korb K, Oppy G, Serrenti A (2009) 463 

Improving critical thinking using web based argument mapping exercises with 464 

automated feedback. Australasian Journal of Educational Technology, 25(2). 465 

https://doi.org/10.14742/ajet.1154 466 

Butchart SH, Walpole M, Collen B, Van Strien A, Scharlemann JP, Almond RE, 467 

Baillie JE, Bomhard B, Brown C, Bruno J, Carpenter KE (2010) Global 468 

biodiversity: indicators of recent declines. Science, 328(5982), pp.1164-1168. 469 

http://dx.doi.org/10.1126/science.1187512  470 

Chapman HM, Banister P. (1990). The spread of heather, Calluna vulgaris (L.) Hull, 471 

into indigenous plant communities of Tongariro National Park. New Sealand 472 

journal of ecology, pp.7-16.  473 

Cindi D (2016) SANBI - Invasive Species Programme (ISP) Field Report: Euphorbia 474 

esula Species Nonexistence Report (9 May 2016). Unpublished report. South 475 

African National Biodiversity Institute (SANBI). 476 

Cindi D, Sikhauli N, Ntantiso Z (2015) SANBI - Invasive Species Programme Field 477 

Trip Report: Gauteng and Free State Provinces (22 April 2015). Unpublished 478 

report. South African National Biodiversity Institute (SANBI). 479 

Convention on Biological Diversity (CBD) (2022) Target 6: Invasive Alien Species. 480 

Kunming-Montreal Global Biodiversity Framework. Retrieved from 481 

https://www.cbd.int/invasive/target6IAS  482 

CRC Australian Weed Management (2003) ‘Heather- Calluna vulgaris.’ Alert List for 483 

Environmental Weeds. Available at: 484 

https://nre.tas.gov.au/Documents/Heather_CRC_wmg.pdf . Accessed 29 485 

March 2025. 486 

Dicks LV, Walsh JC, Sutherland WJ (2014) Organising evidence for environmental 487 

management decisions: a ‘4S’ hierarchy. Trends in Ecology & Evolution 488 

29(11): 607–613. 489 

EFSA (2017) Guidance on the use of the weight of evidence approach in scientific 490 

assessments. EFSA Journal 15(8): e04971. 491 

https://doi.org/10.2903/j.efsa.2017.4971 492 

EFSA Scientific Committee, Benford D, Halldorsson T, Jeger MJ, Knutsen HK, More 493 

S, Naegeli H, Noteborn H, Ockleford C, Ricci A, Rychen G (2018) The 494 

principles and methods behind EFSA's guidance on uncertainty analysis in 495 

scientific assessment. EFSA Journal 16(1): e05122. 496 

EFSA Scientific Committee, Hardy A, Benford D, Halldorsson T, Jeger MJ, Knutsen 497 

HK, More S, Naegeli H, Noteborn H, Ockleford C, Ricci A (2017) Guidance on 498 

the use of the weight of evidence approach in scientific assessments. EFSA 499 

Journal 15(8): e04971. https://doi.org/10.2903/j.efsa.2017.4971 500 

Essl F, Latombe G, Lenzner B, Pagad S, Seebens H, Smith K, Wilson JRU, 501 

Genovesi P (2020) The Convention on Biological Diversity (CBD)’s Post-2020 502 

target on invasive alien species–what should it include and how should it be 503 

monitored? NeoBiota 62: 99–121. 504 

GBIF.org (2025) Occurrence data. 505 

https://www.gbif.org/occurrence/search?country=ZA&taxon_key=2882482 506 

Accessed 14 Mar 2025. 507 

Author-formatted, not peer-reviewed document posted on 16/07/2025. DOI:  https://doi.org/10.3897/arphapreprints.e165209

http://dx.doi.org/10.1046/j.1365-2699.19%2096.00026.x
https://doi.org/10.14742/ajet.1154
http://dx.doi.org/10.1126/science.1187512
https://www.cbd.int/invasive/target6IAS
https://nre.tas.gov.au/Documents/Heather_CRC_wmg.pdf
https://doi.org/10.2903/j.efsa.2017.4971
https://doi.org/10.2903/j.efsa.2017.4971
https://www.gbif.org/occurrence/search?country=ZA&taxon_key=2882482


 24 

Genovesi P, Scalera R, Brunel S, Roy D, Solars W (2010) Towards an early warning 508 

and information system for invasive alien species (IAS) threatening 509 

biodiversity in Europe. European Environment Agency, Copenhagen, 47 pp. 510 

Gilbert JA, Butt KR (2010) Dispersal of Calluna vulgaris (L.) Hull seeds on a severely 511 

burnt upland moorland. Mires and Peat 6(03): 1–6. 512 

Gimingham CH (1994) Lowland heaths of West Europe: Management for 513 

conservation. Phytocoenologia 24: 615–626. 514 

https://doi.org/10.1127/phyto/24/1994/615 515 

Glen HF (2002) Cultivated plants of southern Africa. Southern African National 516 

Biodiversity Institute, and Jacana, Johannesburg, South Africa, pp. 517 

Global Invasive Species Database (GISD) (2025) Species profile: Calluna vulgaris. 518 

http://www.iucngisd.org/gisd/speciesname/Calluna+vulgaris [Accessed 17 Mar 519 

2025] 520 

Global Invasive Species Database (GISD) (2025a) Species profile: Euphorbia esula. 521 

http://www.iucngisd.org/gisd/speciesname/Euphorbia+esula [Accessed 29 522 

Mar 2025] 523 

Groom Q, Desmet P, Reyserhove L, Adriaens T, Oldoni D, Vanderhoeven S, 524 

Baskauf SJ, Chapman A, McGeoch M, Walls R, Wieczorek J, Wilson JRU, 525 

Zermoglio PFF, Simpson A (2019) Improving Darwin Core for research and 526 

management of alien species. Biodiversity Information Science and Standards 527 

3: e38084. doi:10.3897/biss.3.38084 528 

Hall AT, Belanger SE, Guiney PD, Galay‐Burgos M, Maack G, Stubblefield W, Martin 529 

O (2017) New approach to weight‐of‐evidence assessment of ecotoxicological 530 

effects in regulatory decision‐making. Integrated Environmental Assessment 531 

and Management 13(4): 573–579. 532 

Haupt TM, Griffiths CL, Robinson TB, Tonin AFG (2010) Oysters as vectors of 533 

marine aliens, with notes on four introduced species associated with oyster 534 

farming in South Africa. African Zoology 45(1): 52–62. 535 

https://doi.org/10.1080/15627020.2010.11657254 536 

Henderson L (1998) Southern African plant invaders atlas (SAPIA). Applied Plant 537 

Science 12: 31–32. 538 

Henderson L, Wilson JRU (2017) Changes in the composition and distribution of 539 

alien plants in South Africa: An update from the Southern African Plant 540 

Invaders Atlas. Bothalia – African Biodiversity and Conservation 47(2): 1–26. 541 

https://doi.org/10.4102/abc.v47i2.2172 542 

Hutchinson S-L (2012) CREW – National Overview. https://www.sanbi.org/wp-543 

content/uploads/2018/04/crew-newsletter-april-2012.pdf [Accessed 29 Mar 544 

2025] 545 

iNaturalist (2025) Erica hirtiflora. Available from: 546 

https://www.inaturalist.org/taxa/553367-Erica-hirtiflora [Accessed 7 May 2025] 547 

iNaturalist (2025a) iNaturalist Research-grade Observations. iNaturalist.org. 548 

Occurrence dataset https://doi.org/10.15468/ab3s5x accessed via GBIF.org 549 

on 2025-05-07. https://www.gbif.org/occurrence/4116263314 550 

iNaturalist (2025b) iNaturalist Research-grade Observations. iNaturalist.org. 551 

Occurrence dataset https://doi.org/10.15468/ab3s5x accessed via GBIF.org 552 

on 2025-03-29. https://www.gbif.org/occurrence/4901366014 553 

iNaturalist (2025c) iNaturalist Research-grade Observations. iNaturalist.org. 554 

Occurrence dataset https://doi.org/10.15468/ab3s5x accessed via GBIF.org 555 

on 2025-03-29. https://www.gbif.org/occurrence/2826285793 556 

Author-formatted, not peer-reviewed document posted on 16/07/2025. DOI:  https://doi.org/10.3897/arphapreprints.e165209

https://doi.org/10.1127/phyto/24/1994/615
http://www.iucngisd.org/gisd/speciesname/Calluna+vulgaris
http://www.iucngisd.org/gisd/speciesname/Euphorbia+esula
https://doi.org/10.1080/15627020.2010.11657254
https://doi.org/10.4102/abc.v47i2.2172
https://www.sanbi.org/wp-content/uploads/2018/04/crew-newsletter-april-2012.pdf
https://www.sanbi.org/wp-content/uploads/2018/04/crew-newsletter-april-2012.pdf
https://www.inaturalist.org/taxa/553367-Erica-hirtiflora
https://doi.org/10.15468/ab3s5x
https://www.gbif.org/occurrence/4116263314
https://doi.org/10.15468/ab3s5x
https://www.gbif.org/occurrence/4901366014
https://doi.org/10.15468/ab3s5x
https://www.gbif.org/occurrence/2826285793


 25 

iNaturalist (2025d) iNaturalist Research-grade Observations. iNaturalist.org. 557 

Occurrence dataset https://doi.org/10.15468/ab3s5x accessed via GBIF.org 558 

on 2025-05-07. https://www.gbif.org/occurrence/4900948983 559 

IUCN (2020) Guidelines for using the IUCN Environmental Impact Classification for 560 

Alien Taxa (EICAT) Categories and Criteria. Version 1.1. IUCN, Gland, 561 

Switzerland. 36 pp. 562 

IUCN Standards and Petitions Committee (2022) Guidelines for Using the IUCN Red 563 

List Categories and Criteria. Version 15.1. IUCN, Gland, Switzerland. 132 pp. 564 

Karasawa S, Nakata K (2018) Invasion stages and potential distributions of seven 565 

exotic terrestrial isopods in Japan. BioRisk 13: 53–76. 566 

https://doi.org/10.3897/biorisk.13.23514 567 

Keith DA, Butchart SHM, Regan HM, Harrison I, Akçakaya HR, Solow AR, Burgman 568 

MA (2017) Inferring extinctions I: A structured method using information on 569 

threats. Biological Conservation 214: 320–327. 570 

https://doi.org/10.1016/j.biocon.2017.07.026 571 

Keller RP, Springborn MR (2014) Closing the screen door to new invasions. 572 

Conservation Letters 7(3): 285–292. https://doi.org/10.1111/conl.12071 573 

Kumschick S, Foxcroft LC, Wilson JRU (2025) Advancing the Risk Analysis for Alien 574 

Taxa (RAAT) framework. NeoBiota 97: 319–324. 575 

https://doi.org/10.3897/neobiota.97.135975 576 

Kumschick S, Wilson JRU, Foxcroft LC (2020) A framework to support alien species 577 

regulation: the Risk Analysis for Alien Taxa (RAAT). NeoBiota 62: 213–239. 578 

https://doi.org/10.3897/neobiota.62.51031 579 

LeBlanc J (1998) Thinking clearly: A guide to critical reasoning. W.W. Norton, New 580 

York, 512 pp. 581 

Mabin CA, Wilson JRU, Robinson TB (2015) The Chilean black urchin, Tetrapygus 582 

niger (Molina, 1782) in South Africa: gone but not forgotten. BioInvasions 583 

Records 4: 261–264. https://doi.org/10.3391/bir.2015.4.4.05 584 

Magona N, Richardson DM, Le Roux JJ, Kritsinger-Klopper S, Wilson JRU (2018) 585 

Even well-studied groups of alien species might be poorly inventoried: 586 

Australian Acacia species in South Africa as a case study. NeoBiota 39: 1–29. 587 

https://doi.org/10.3897/neobiota.39.23135 588 

Mastrandrea, M.D., Field, C.B., Stocker, T.F., Edenhofer, O., Ebi, K.L., Frame, D.J., 589 

Held, H., Kriegler, E., Mach, K.J., Matschoss, P.R., Plattner, G.K. (2010) 590 

Guidance note for lead authors of the IPCC fifth assessment report on 591 

consistent treatment of uncertainties. 592 

Matthys, C.K. (2023) The development of a protocol for declaring alien species 593 

absent from South Africa (Masters dissertation, Cape Peninsula University of 594 

Technology). 595 

McGeoch, M.A., Butchart, S.H., Spear, D., Marais, E., Kleynhans, E.J., Symes, A., 596 

Chanson, J., Hoffmann, M. (2010) Global indicators of biological invasion: 597 

species numbers, biodiversity impact and policy responses. Diversity and 598 

Distributions 16(1): 95–108. https://doi.org/10.1111/j.1472-4642.2009.00671.x 599 

McGeoch, M.A., Genovesi, P., Bellingham, P.J., Costello, M.J., McGrannachan, C., 600 

Sheppard, A. (2016) Prioritising species, pathways, and sites to achieve 601 

conservation targets for biological invasion. Biological Invasions 18(2): 299–602 

314. https://doi.org/10.1007/s10530-015-1013-1 603 

McGeoch, M.A., Spear, D., Kleynhans, E.J., Marais, E. (2012) Uncertainty in 604 

invasive alien species listing. Ecological Applications 22(3): 959–971. 605 

https://doi.org/10.1890/11-1252.1 606 

Author-formatted, not peer-reviewed document posted on 16/07/2025. DOI:  https://doi.org/10.3897/arphapreprints.e165209

https://doi.org/10.15468/ab3s5x
https://www.gbif.org/occurrence/4900948983
https://doi.org/10.3897/biorisk.13.23514
https://doi.org/10.1111/conl.12071
https://doi.org/10.3897/neobiota.62.51031
https://doi.org/10.3391/bir.2015.4.4.05
https://doi.org/10.3897/neobiota.39.23135
https://doi.org/10.1111/j.1472-4642.2009.00671.x
https://doi.org/10.1007/s10530-015-1013-1
https://doi.org/10.1890/11-1252.1


 26 

Miller, G.R., Miles, J. (1970) Regeneration of heather (Calluna vulgaris (L.) Hull) at 607 

different ages and seasons in north-east Scotland. Journal of Applied 608 

Ecology: 51–60. https://doi.org/10.2307/2401611 609 

Nishimoto, M., Miyashita, T., Yokomizo, H., Matsuda, H., Imazu, T., Takahashi, H., 610 

Hasegawa, M., Fukasawa, K. (2021) Spatial optimization of invasive species 611 

control informed by management practices. Ecological Applications 31(3): 612 

e02261. 613 

Okada, A. (2008) Scaffolding school pupils’ scientific argumentation with evidence-614 

based dialogue maps. In: Knowledge cartography: Software tools and 615 

mapping techniques, 131–162. 616 

Orrell, T. (2025) Informatics and Data Science Center - Digital Stewardship. NMNH 617 

Extant Specimen Records (USNM, US). Version 1.93. National Museum of 618 

Natural History, Smithsonian Institution. Occurrence dataset. 619 

https://doi.org/10.15468/hnhrg3 accessed via GBIF.org on 2025-05-06. 620 

https://www.gbif.org/occurrence/2235820379 621 

Pan, Y., Tian, Y., Xu, J., Zhang, B., Li, J. (2018) Methodological assessment on 622 

scenarios and models of biodiversity and ecosystem services and impacts on 623 

China within the IPBES framework. Biodiversity Science 26(1): 89. 624 

Pyšek, P., Jarošík, V., Hulme, P.E., Pergl, J., Hejda, M., Schaffner, U., Vilà, M. 625 

(2012) A global assessment of invasive plant impacts on resident species, 626 

communities and ecosystems: the interaction of impact measures, invading 627 

species’ traits and environment. Global Change Biology 18(5): 1725–1737. 628 

https://doi.org/10.1111/j.1365-2486.2011.02636.x 629 

Ranwashe, F. (2024) Botanical Database of Southern Africa (BODATSA): Botanical 630 

Collections. Version 1.27. South African National Biodiversity Institute. 631 

Occurrence dataset. https://doi.org/10.15468/2aki0q accessed via GBIF.org 632 

on 2025-05-06. https://www.gbif.org/occurrence/4947709655 633 

Regan, H.M., Colyvan, M., Burgman, M.A. (2002) A taxonomy and treatment of 634 

uncertainty for ecology and conservation biology. Ecological Applications 635 

12(2): 618–628. 636 

Roy, H.E., Pauchard, A., Stoett, P., Renard Truong, T., Bacher, S., Galil, B.S., 637 

Hulme, P.E., Ikeda, T., Sankaran, K.V., McGeoch, M.A., Meyerson, L.A. 638 

(2023) Thematic assessment report on invasive alien species and their control 639 

of the intergovernmental science-policy platform on biodiversity and 640 

ecosystem services. IPBES secretariat: Bonn, Germany, p. 890. 641 

Saltelli, A., Giampietro, M. (2017) What is wrong with evidence-based policy, and 642 

how can it be improved?. Futures 91: 62–71. 643 

Saltelli, A., Guimaraes Pereira, Â., Van der Sluijs, J.P., Funtowicz, S. (2013) What 644 

do I make of your latinorum? Sensitivity auditing of mathematical modelling. 645 

International Journal of Foresight and Innovation Policy 9(2-3-4): 213–234. 646 

SANBI (unpublished) Risk analysis of Tetrapygus niger (Molina, 1782) for South 647 

Africa as per the risk analysis for alien taxa framework v1.2, approved by the 648 

South African Alien Species Risk Analysis Review Panel on 19 June 2023, pp 649 

16. http://dx.doi.org/10.5281/zenodo.8054725. 650 

SANBI and CIB (2022) Guidelines for Evaluating Alien Species Presence and 651 

Absence in South Africa: Protocols and Definitions. South African National 652 

Biodiversity Institute and Centre for Invasion Biology. Pretoria, South Africa. 653 

SANBI and CIB (2022) List of alien species in South Africa. Part of the report series 654 

‘The Status of Biological Invasions and their Management in South Africa’. 655 

Author-formatted, not peer-reviewed document posted on 16/07/2025. DOI:  https://doi.org/10.3897/arphapreprints.e165209

https://doi.org/10.2307/2401611
https://doi.org/10.15468/hnhrg3
https://www.gbif.org/occurrence/2235820379
https://doi.org/10.1111/j.1365-2486.2011.02636.x
https://doi.org/10.15468/2aki0q
https://www.gbif.org/occurrence/4947709655
http://dx.doi.org/10.5281/zenodo.8054725


 27 

South African National Biodiversity Institute, Kirstenbosch and DSI-NRF 656 

Centre of Excellence for Invasion Biology, Stellenbosch. 657 

SANBI NewPOSA (2025) Botanical Database of Southern Africa (BODATSA), 658 

Euphorbia esula. Accessed via http://newposa.sanbi.org/sanbi/Explore. 659 

Searched 10/04/25. 660 

Schmiedel, D., Wilhelm, E.G., Roth, M., Scheibner, C., Nehring, S., Winter, S. (2016) 661 

Evaluation system for management measures of invasive alien species. 662 

Biodiversity and Conservation 25(2): 357–374. 663 

https://doi.org/10.1007/s10531-016-1054-5 664 

Schults, H. (2006) Sea Urchins: a guide to worldwide shallow water species. 665 

Scriven, M. (1976) Reasoning. New York: McGraw-Hill. 666 

Seebens, H., Bacher, S., Blackburn, T.M., Capinha, C., Dawson, W., Dullinger, S., 667 

Genovesi, P., Hulme, P.E., van Kleunen, M., Kühn, I., Jeschke, J.M. (2021) 668 

Projecting the continental accumulation of alien species through to 2050. 669 

Global Change Biology 27(5): 970–982. https://doi.org/10.1111/gcb.15333 670 

Seebens, H., Meyerson, L.A., Rahlao, S.J., Lenzner, B., Tricarico, E., Aleksanyan, 671 

A., Courchamp, F., Keskin, E., Saeedi, H., Tawake, A., Pyšek, P. (2023) 672 

IPBES Invasive Alien Species Assessment: Chapter 2. Trends and status of 673 

alien and invasive alien species. https://doi.org/10.5281/zenodo.10677067 674 

Selleck, G.W., Coupland, R.T., Frankton, C. (1962) Leafy spurge in Saskatchewan. 675 

https://doi.org/10.2307/1942359 676 

Simberloff, D. (2013) Invasive species: what everyone needs to know. OUP Us. 677 

Simberloff, D., Gibbons, L. (2004) Now you see them, now you don't!–population 678 

crashes of established introduced species. Biological Invasions 6: 161–172. 679 

Smith, C.S., Lonsdale, W.M., Fortune, J. (1999) When to ignore advice: invasion 680 

predictions and decision theory. Biological Invasions 1(1): 89–96. 681 

https://doi.org/10.1023/A:1010091918466 682 

St. John, L., Tilley, D. (2014) Plant Guide for Leafy spurge (Euphorbia esula). USDA-683 

Natural Resources Conservation Service, Plant Materials Center. Aberdeen, 684 

Idaho 83210. 685 

Suter, G., Cormier, S., Barron, M. (2017) A weight of evidence framework for 686 

environmental assessments: Inferring qualities. Integrated Environmental 687 

Assessment and Management 13(6): 1038–1044. 688 

Suter, G., Cormier, S., Barron, M. (2017a) A weight of evidence framework for 689 

environmental assessments: Inferring quantities. Integrated Environmental 690 

Assessment and Management 13(6): 1045–1051. 691 

Toulmin, S.E. (2003) The uses of argument. Cambridge University Press. 692 

van Rensburg, A.J. (2021) Estate Manager, Eldo Lakes Estate. Personal 693 

communication, 22 October. 694 

Vicente, J.R., Vaz, A.S., Roige, M., Winter, M., Lenzner, B., Clarke, D.A., McGeoch, 695 

M.A. (2022) Existing indicators do not adequately monitor progress toward 696 

meeting invasive alien species targets. Conservation Letters 15(5): e12918. 697 

Wieters, E.A., Broitman, B.R., Brancha, G.M. (2009) Benthic community structure 698 

and spatiotemporal thermal regimes in two upwelling ecosystems: 699 

Comparisons between South Africa and Chile. Limnology and Oceanography 700 

54(4): 1060–1072. https://doi.org/10.4319/lo.2009.54.4.1060 701 

Wilson, J.R.U, Kumschick, S. (2024) The regulation of alien species in South Africa. 702 

South African Journal of Science 120(5-6): 1–14. 703 

Zenetos, A., Çinar, M.E., Crocetta, F., Golani, D., Rosso, A., Servello, G., Shenkar, 704 

N., Turon, X., Verlaque, M. (2017) Uncertainties and validation of alien 705 

Author-formatted, not peer-reviewed document posted on 16/07/2025. DOI:  https://doi.org/10.3897/arphapreprints.e165209

http://newposa.sanbi.org/sanbi/Explore
https://doi.org/10.1007/s10531-016-1054-5
https://doi.org/10.1111/gcb.15333
https://doi.org/10.5281/zenodo.10677067
https://doi.org/10.2307/1942359
https://doi.org/10.1023/A:1010091918466
https://doi.org/10.4319/lo.2009.54.4.1060


 28 

species catalogues: The Mediterranean as an example. Estuarine, Coastal 706 

and Shelf Science 191: 171–187. 707 
 708 

Author-formatted, not peer-reviewed document posted on 16/07/2025. DOI:  https://doi.org/10.3897/arphapreprints.e165209


