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Project Description

Abstract

The Global Biodiversity Framework calls for member countries to reduce the rate of introduction 
of known or potential invasive alien species by at least 50 percent by 2030. An essential tool that 
will assist countries in achieving this ambitious target is a list of known or potential invasive alien 
species that are absent from their territories but might enter along a variety of pathways (‘watch-list’ 
hereafter). Generating watch-lists requires consideration of curated information on a large number 
of species. The growing volume of distribution data and the improved understanding of historical 
species introductions and invasions have created a significant data overload for countries compiling 
watch-lists. We have developed a computational workflow to automate part of this process, enabling 
countries to draw up these lists quickly and cost-effectively. The WatchListR tool requires reliable 
and accurate information on species present in the country (indigenous and introduced, as well as 
economically important). As information on which species are present is sometimes not readily avail-
able, local experts should ideally review and verify the watch-lists developed by WatchListR. As a case 
study, we used WatchListR to develop a list of species prohibited for importation into the Republic 
of Mauritius. We explore the development of WatchListR, describe the processes used, consider the 
efficacy of the tool, highlight planned future advancements, and suggest how countries can support 
the tool’s development through the use and creation of expert-validated watch-lists.
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Introduction

Various types of alien species lists exist, each assisting to improve our knowledge 
and management of biological invasions. These include inventories of alien species 
that have been introduced (Pyšek et al. 2002, 2012; Zengeya et al. 2025); lists of 
species permitted for import (i.e., safe lists; Kumschick et al. 2024); and lists of 
species that are present and regulated (Wilson and Kumschick 2024).

Watch-lists are lists of alien species that are absent from the area of interest but 
that are likely to become invasive if introduced (referred to elsewhere as ‘black list–
warning lists’ (Essl et al. 2011); ‘warn lists’ (Nehring and Klingenstein 2008); and 
‘alert lists’ (Pili et al. 2024)). They are important tools that aid decision-making, re-
source prioritization, and the development of preventive strategies and contingency 
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plans (Vanderhoeven et al. 2015; Faulkner et al. 2017; Padayachee et al. 2019; Roy 
et al. 2019). For example, they can be used to direct surveillance towards high-risk 
species both at the border to prevent illegal, intentional, and accidental introduc-
tions (Faulkner et al. 2017) and post-border so that alien species can be managed 
soon after introduction (Vanderhoeven et al. 2015). As a real-world example of 
their utility, a ranked list of alien species likely to arrive, establish, and have an im-
pact on biodiversity in Great Britain was published in 2014 (Roy et al. 2014), and 
within 2 years, seven of the top ten ranked species had been recorded in that region 
(Roy et al. 2019). These lists will be essential if the 196 countries that are party to 
the Convention on Biological Diversity are to meet Target 6 of the Kunming–Mon-
treal Global Biodiversity Framework (https://www.cbd.int/gbf/targets/6), which re-
quires them to prevent the introduction and establishment of priority invasive alien 
species and reduce rates of introduction by at least 50 percent by 2030.

Several methods have been developed to produce watch-lists (Roy et al. 2019), but 
generally they require the curation of various types of information for a large number 
of species, including information on invasion and impact history, distribution, in-
troduction pathways, and the environmental suitability of the region of interest (for 
examples, see Vanderhoeven et al. 2015; Roy et al. 2019). Partly because of this, pro-
ducing watch-lists can be time-consuming, data-intensive, and expensive, making it 
difficult for resource-poor countries to develop them (Faulkner et al. 2014). This issue 
has been compounded over the last decade as the amount of knowledge and readi-
ly accessible data on alien species and their distributions has increased dramatically. 
For example, in 2014 a watch-list was developed for South Africa (Faulkner et al. 
2014) using an invasive species list derived from the Global Invasive Species Database 
(GISD) (Pagad et al. 2015) and occurrence data for these species from the Global 
Biodiversity Information Facility (GBIF). In the last decade more comprehensive, 
global invasive species datasets have been developed. For example, the Global Reg-
ister of Introduced and Invasive Species (GRIIS) (Pagad et al. 2022), and data from 
various new sources, like iNaturalist, have been increasingly incorporated into GBIF. 
This means that if the method used to develop the watch-list for South Africa was im-
plemented today, it would be derived from a list that includes ~24,000 alien species 
(based on GRIIS), 27 times the number of species in the GISD (884 species) in 2014, 
and over 3 billion occurrence records from GBIF, a six-fold increase on the number 
available in 2014 (500 million records, https://www.gbif.org/analytics/global). There-
fore, although simple, rapid watch-list methods have been developed specifically to 
meet the needs of resource-poor countries (e.g., Faulkner et al. 2014), the increase in 
both invasive species data and distribution data means that a computational tool is 
required to effectively manage and process these data to produce watch-lists.

In response to this challenge, we developed novel software, WatchListR, to au-
tomate part of the process. The software follows similar steps to the Faulkner et 
al. (2014) watch-list approach but uses tools that can manage the large amounts 
of data effectively and cost-efficiently. Here we describe the software and detail its 
implementation using the Republic of Mauritius as a case study.

Methods and software

WatchListR comprises Linux and R scripts that use a global list of terrestrial and 
freshwater invasive species names from the GRIIS database. Faulkner et al. (2014) 
is a multi-taxon watch-list procedure, and thus the GRIIS was selected over other 

https://www.cbd.int/gbf/targets/6
https://www.gbif.org/analytics/global
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open-access lists of invasive species (e.g., Dyer et al. 2017; van Kleunen et al. 2019; 
Biancolini et al. 2021), as it provides information on invasive species from a wide 
range of taxonomic groups (Pagad et al. 2022). These invasive species names are 
used to query the GBIF Backbone Taxonomy, which integrates all name-based in-
formation into unique identifiers, such as GBIF Species Keys. Since all taxonomic 
synonyms share the same Species Key under a single accepted scientific name, this 
process ensures that all records are correctly tallied to the same taxon. These unique 
Species Keys are subsequently used by WatchListR to search the GBIF database for 
all available records with coordinates. From GBIF, only the Species Keys, synonym 
status, and coordinates are utilized, with the latter used to assign each record to the 
Köppen-Geiger (KG) climate zone into which it falls, allowing for broad-scale cli-
mate matching. Broad-scale KG climate matching compares the target country’s cli-
mate zones with those in which each invasive species is known to occur, identifying 
and listing species from similar climates to those in the target country. The software 
requires the following inputs: (1) a list of invasive terrestrial and freshwater species 
(obtained from GRIIS) for one kingdom at a time, and (2) lists of species that are 
already present in the country. An optional input is a list of high-risk countries that 
are likely to be sources of invasive species (e.g., regular trading partners). The sum-
mary below and Fig. 1 describe each of the steps in the process.

Figure 1. Flow diagram describing the data inputs, flow of work, and outputs from the watch-list development.
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Step 1: Preparation of a list of invasive species

WatchListR takes the inputs of invasive terrestrial and freshwater species of interest 
from GRIIS and obtains taxonomic synonym data from the GBIF taxonomic back-
bone (https://www.gbif.org/dataset/d7dddbf4-2cf0-4f39-9b2a-bb099caae36c) to 
ensure that the process assesses all available content (Box 1). This search is carried 
out through the use of the name_backbone_checklist() function in the rgbif package 
(Chamberlain et al. 2024). At the end of Step 1, WatchListR produces a list of 
unique invasive species names, with accompanying information assigning each as 
the “accepted” name or a “synonym” under a designated GBIF Species Key.

Box 1. The issue with taxonomic synonyms.

Synonyms for accepted species names and taxonomic homonyms (taxon names that are spelled the same but belong to different species) are major 
caveats to searching for records on a public database such as GBIF. For example, a search on the Royal Botanic Gardens, Kew Plants of the World Online 
database for the cactus Opuntia maxima returns the full accepted name (Opuntia maxima Mill.) and 18 synonyms (https://powo.science.kew.org/taxon/
urn:lsid:ipni.org:names:136788-1#synonyms). A GBIF search for Opuntia maxima (https://www.gbif.org/search?q=Opuntia%20maxima) currently re-
veals three separate listings, each with a different authority (Opuntia maxima Mill.; Opuntia maxima Salm-Dyck; and Opuntia maxima Salm-Dyck ex 
DC.), with two of these names (Opuntia maxima Salm-Dyck and Opuntia maxima Salm-Dyck ex DC.) being synonyms of Opuntia ficus-indica (L.) Mill. 
To deal with these issues, WatchListR searches the GBIF taxonomic backbone for each input species name – on both the invasive species list and the list 
of species already present in the target country – for synonyms. Both accepted species names and their synonyms are included in a collated list that is 
used for subsequent processing. GBIF records are downloaded for each unique Species Key, under which all synonyms are grouped. Final taxon names 
are recorded according to the current accepted name.

The GBIF output is shown below for a GBIF Backbone Taxonomy search of Opuntia maxima and Opuntia ficus-indica, which illustrates that:

• The entry for Opuntia maxima Salm-Dyck is identified as a SYNONYM whose currently ACCEPTED name is Opuntia ficus-indica (L.) Mill. As a 
result, both of these entries share the same Species Key: 5384064.

• The second entry, Opuntia maxima Mill., represents a separate ACCEPTED taxon (a homonym of Opuntia maxima Salm-Dyck) and is correctly 
distinguished by a unique Species Key: 5626003. This process ensures that records submitted under different names are tallied to the correct species.

Scientific 
name

Status Match 
type

Canonical name Rank Species Species 
key

Num. recs Original input

Opuntia 
ficus-indica 
(L.) Mill.

ACCEPTED EXACT Opuntia ficus-indica SPECIES Opuntia ficus-indica 5384064 27630 Opuntia ficus-indica

Opuntia 
maxima Mill

ACCEPTED EXACT Opuntia maxima SPECIES Opuntia maxima 5626003 1380 Opuntia maxima

Opuntia 
maxima 
Salm-Dyck

SYNONYM EXACT Opuntia maxima SPECIES Opuntia ficus-indica 5384064 27630 Opuntia maxima

Step 2: Preparation of a list of species that are present

WatchListR takes the lists of species already present in the country and follows sim-
ilar processes to Step 1, obtaining taxonomic synonym data to access all relevant 
content. Species already present could include endemics, agricultural species, or 
invasive species that have already entered the country. A full list of names (accepted 
names and synonyms) of species present in the country is produced.

Step 3: Creation of a list of species that are absent

WatchListR processes the outputs from the first two steps by removing species al-
ready recorded in the country from the complete list of invasive species. This re-
sults in a list of invasive species that are not yet present, or not yet documented, in 
the country (Fig. 1).

https://www.gbif.org/dataset/d7dddbf4-2cf0-4f39-9b2a-bb099caae36c
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:136788-1#synonyms
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:136788-1#synonyms
https://www.gbif.org/search?q=Opuntia%20maxima
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Step 4: Download of occurrence records

WatchListR downloads all the available GBIF records for each of the invasive species 
that are absent from the country, using the procured Species Keys. GBIF records 
are downloaded using the occ_download() function from the rgbif R package, where 
the user’s valid GBIF credentials are required. Records with geospatial issues or 
missing coordinates, as well as those originating from zoos, botanical gardens, or 
fossil records, are excluded from the search.

Step 5: Climate matching

WatchListR automatically detects the KG climate zones present in the target coun-
try (Beck et al. 2018; https://www.gloh2o.org/koppen/) and assigns the appro-
priate KG zone to the coordinates for every invasive species record sourced from 
GBIF. The analysis then conducts broad-scale climate matching by comparing the 
KG climate zones present in the target country to those in which each invasive 
species is known to occur. To efficiently manage the large quantity of distribution 
data, we used a data-partitioning processing approach, whereby the dataset was 
divided into smaller subsets, processed in parallel, and subsequently merged to 
obtain the final output. For each species, the software records the (1) total number 
of occurrence records; (2) cumulative number and proportion of records occurring 
within all KG zones that exist in the target country; (3) cumulative number and 
proportion of records in each KG zone that exists in the country; and (4) cumu-
lative number and proportion of records found in the country. The output is a 
potential watch-list of invasive species not present in the country but present in 
areas with similar climates.

Step 6: Propagule pressure (optional)

In Step 6, WatchListR identifies countries with high climatic similarity. Using trade 
and tourism data from global datasets (https://www.fao.org/faostat/en/#home; 
https://comtradeplus.un.org/) and country-specific trade data (Statistics Mauritius 
2025), one can identify which countries with high climatic similarity also have high 
trade volumes with the target country. WatchListR can calculate the number and 
proportion of records from each of the high-risk countries if a list of those countries 
is provided. Countries regarded as high risk are those that have high trade volumes 
(contributing 5 percent or more of the value of goods imported), have similar cli-
mate zones to those of the focal country (one or more of the KG zones are present in 
both countries), and have distribution records showing the presence of a moderate 
to high number (20 or more) of known invasive species. Assessing the likelihood of 
potential invasive species arriving from a country with a similar climate can assist 
efforts to prevent the introduction of those species. The user needs to provide a list 
of country codes (e.g., India = IN, South Africa = ZA) (based on ISO3166, acces-
sible at https://www.iso.org/iso-3166-country-codes.html; https://www.iban.com/
country-codes) of interest, and these will be included in the final watch-list output.

The full WatchListR analysis for an invasive species list comprising approximate-
ly 4,000 taxa takes under 2 hours to complete. The analysis for Mauritius (pre-
sented below) was performed on the Centre for High Performance Computing 
(CHPC) Lengau Cluster (https://www.chpc.ac.za/). Each job was submitted to 

https://www.gloh2o.org/koppen/
https://www.fao.org/faostat/en/#home
https://comtradeplus.un.org/
https://www.iso.org/iso-3166-country-codes.html
https://www.iban.com/country-codes
https://www.iban.com/country-codes
https://www.chpc.ac.za/
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the “serial” queue and utilized the resources of one compute node, employing 23 
CPUs (cores) to execute the tasks.

An R Shiny (Chang et al. 2025) dashboard accompanies WatchListR (https://
clarkevansteenderen.shinyapps.io/watchlistR/) for user-friendly downstream 
charts and the automated creation of required input files. The dashboard allows 
end-users to upload their final watch-list via a graphical user interface (GUI), pro-
duce summary graphics, and filter the data to their specifications.

Case study

Good biosecurity relies on good knowledge of what species are already present in 
the country and clear motivations as to why authorities want to prevent the entry 
of specific alien species. The United Nations Development Programme contracted 
NCC Environmental Services, South Africa, to support the Republic of Mauritius in 
building the island nation’s biosecurity capacity. The Centre for Biological Control at 
Rhodes University, South Africa, was part of the NCC Environmental Services team 
and oversaw the process to prepare an appropriate watch-list. Ivey et al. (in prep.) 
describe the context, stakeholder engagement, and process followed to develop the 
watch-list for the Republic of Mauritius. In the Republic of Mauritius, the National 
Invasive Alien Species Committee has the legal mandate to compile a watch-list of 
alien species. Relevant government departments and stakeholders are represented 
on this committee, which can facilitate the gathering of lists of species, including 
agricultural pests, economically important plant species, invasive alien species pres-
ent in the country, and others. The support of representatives of this committee was 
essential in gathering the necessary data for WatchListR to compile the watch-list.

For this case study, we used WatchListR to develop a watch-list of terrestrial 
and freshwater plants and animals and did not consider marine species (the Köp-
pen–Geiger climate zones cannot be used for marine species) nor organisms from 
kingdoms such as fungi, bacteria, and viruses. To protect and promote plant and 
animal health (particularly critically endangered plant species), it is important that 
the watch-list include all plant and animal pathogens. A plant disease could drive 
rare plants to extinction if permitted to enter the Republic of Mauritius.

Table 1 gives the results of the analysis undertaken by WatchListR for the Re-
public of Mauritius. For plants, we considered 11,114 records listed on the GRIIS 
database. GRIIS provides checklists of introduced (naturalized) and invasive alien 
species that are present in specified geographic units (mostly countries, but also is-
lands, offshore territories, and protected areas) (Pagad et al. 2022). Therefore, many 
of the species are recorded multiple times on the register, and these duplicates were 
filtered so each species is listed only once. The Republic of Mauritius records 40 
plant species on GRIIS. After consolidating the list and removing indigenous and 
introduced species already present in the Republic of Mauritius, the list contained 
2,481 invasive plant species. Following the previously described filtering steps and 
synonym searches, the list grew to 3,229 species names, which were used to obtain 
GBIF records (GBIF 2025a). As outlined in Step 1 in the software methodology, 
all taxonomic synonyms were grouped under single unique GBIF Species Keys. 
Similarly, cases of homonyms were dealt with through the use of distinct Species 
Keys, despite identical species names (see Box 1). This GBIF search yielded a total 
of 162,603,988 distribution records, which were considered for climate matching 
to the three climate zones present in the Republic of Mauritius (Fig. 2). A total of 

https://clarkevansteenderen.shinyapps.io/watchlistR/
https://clarkevansteenderen.shinyapps.io/watchlistR/
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2,902 plant taxa were found to occur in climate zones that are found in the Repub-
lic of Mauritius. These 2,902 plant taxa could all pose an invasion threat to the Re-
public of Mauritius, but this is too large a list for planning and executing meaning-
ful biosecurity measures. Of these, 1,868 had >1,000 distribution records (likely to 
be widely invasive and thus have high propagule pressure), of which 328 had more 
than 40% of their records occurring within one of the three KG zones that exist in 
the Republic of Mauritius. We recommend that all 2,902 taxa of plants be on the 
watch-list. The aforementioned 328 taxa should be the focus of biosecurity efforts, 
as currently they are the most widely recorded species and thus are considered likely 
to be introduced, and as greater than 40% of their records occur in a similar cli-
mate zone, they are likely to establish in the Republic of Mauritius, if introduced. 
In order to further assist biosecurity efforts, we produced, through WatchListR, an 
assessment of the presence of these plant species in India, China, South Africa, 
Malaysia, the United Arab Emirates, France, Indonesia, and Kenya, as these are 
countries with which the Republic of Mauritius has a high proportion of trade and 
tourism (Ivey et al. in prep.). Between 45 and 80 of these plant species occur in 

Table 1. The steps in the implementation of the WatchListR pipeline, materials or techniques used, and the number of species at each step.

Step Materials or techniques
Number

Plants Animals

1. Preparation of a list of invasive 
species

- Global Register of Introduced and 
Invasive Species (GRIIS)

Total number of records on the 
GRIIS list

11114 2242

Taxa in GRIIS that are not included 
in the GRIIS Republic of Mauritius

3221 745

2. Preparation of a list of species that 
are present

- Global Biodiversity Information 
Facility and other references

Taxa listed as present in the Republic 
of Mauritius were removed from 

the list

740 23

3. Creation of a list of species that 
are absent

Taxa listed as invasive and absent 
from the Republic of Mauritius

2481 722

4. Download of occurrence records WatchListR downloaded data for: 
- For terrestrial and freshwater 

species

Result of synonym search of list above 
Serves as input list for GBIF search

3229 705

- Köppen–Geiger (KG) climate 
classification maps.

GBIF records 162,603,988 137,360,927

- Global Biodiversity Information 
Facility

Data subsets of ~2 million records 82 69

5. Climate matching - After climate matching to the 
Köppen–Geiger zones of Mauritius, 

the final list

Full list 2902 680

>1000 records on GBIF 1868 374

>1000 records and 40% climate 
match

328 188

6. Propagule pressure (optional) - Trade data Republic of Mauritius Number of taxa present in trading partner

- Information on tourists India (Tourism and Trade) 68 20

- The analysis included assessment 
of species presence in India, China, 
South Africa, Malaysia, the United 
Arab Emirates, France, Indonesia, 
and Kenya as “high-risk” countries

China (Trade) 79 27

South Africa (Tourism) 63 5

Malaysia (Trade) 47 19

Arab Emirates (Tourism) 0 0

France (Tourism) 22 5

Indonesia (Trade) 63 18

Kenya (Trade and Tourism) 3 3
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these countries (China (79 species), India (68 species), Indonesia and South Africa 
(both 63 species), and Malaysia (47 species)), suggesting that to prevent the intro-
duction of these species, it would be important to have surveillance of cargo and 
transport vessels (e.g., ships, planes) from ports of origin in these countries.

For animals, we considered 2,242 records listed on the GRIIS database. After 
removing 23 indigenous and introduced species already present in the Republic of 
Mauritius, the list contained 722 invasive animal species. Following filtering and 
synonym searches, the list was reduced to 705 species, which was used as the input 
list for accessing GBIF records (GBIF 2025b). This GBIF search yielded a total of 
137,360,927 distribution records, which were considered for climate matching. A 
total of 680 invasive animal taxa were found to occur in the climatic zones found 
in Mauritius (Table 1). While this is an order of magnitude fewer than the number 
of plant species, it is a relatively large number for biosecurity officials to consider. 

Figure 2. Köppen–Geiger climate zones (Beck et al. 2018) at a global scale that are shared with Mauritius (inset), used for broad-scale 
matching in WatchListR. Köppen–Geiger maps for available target countries can be created in the associated R Shiny application.
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By only considering those species with >1,000 distribution records and greater 
than 40% of records in the climate zones found in Mauritius, the number of spe-
cies on the list was reduced to 188 (Table 1, and Figs 3, 4). Biosecurity officials 
should focus attention on imports from China, India, Malaysia, and Indonesia, 
where 27, 20, 19, and 18 of these animal species occur, respectively (Table 1).

In order to assist biosecurity officials in their efforts to prevent alien and po-
tentially invasive species from entering the Republic of Mauritius, WatchListR can 
provide information on species that are present in countries responsible for high 
levels of imports. Figs 3, 4, respectively, identify plant and animal species that 
might be more likely to be introduced, as they occur in sufficiently high levels 
(number of records) in China, India, Indonesia, and Malaysia. Six plant species 
– Hellenia speciosa, Muntingia calabura, Oldenlandia corymbosa, Pteris vittata, Sier-
uela rutidosperma, and Sphagneticola trilobata – occur in three or four of these 
countries (Fig. 3). This might suggest there is a greater risk of these species arriving 
in the Republic of Mauritius due to the high and increasing levels of trade. Like-
wise, the Asian common toad (Duttaphrynus melanostictus) and the Asian honey 
bee (Apis cerana) are identified as present in all four of these countries (Fig. 4). 
Biosecurity officials could be encouraged to pay particular attention to pathways 
along which these species might be transported.

Discussion

It is well established that well-planned biosecurity that focuses on preventing the 
movement of species along human-mediated routes can effectively and relatively 
cheaply reduce the spread of invasive species (IPBES 2023). Currently, there are 
instances when only insufficient or skewed data are available to those who make 
decisions about the management of biological invasions and biosecurity (IPBES 
2023). Biosecurity officials can use watch-lists as a valuable tool, especially if they 
can be developed relatively inexpensively for poorer regions (Faulkner et al. 2014). 
A watch-list that identifies species that are invasive elsewhere, are present in regions 
with similar climatic conditions to those of the focal country, and, if introduced to 
the focal country, will likely become invasive, is invaluable. Knowledge of which 
potentially invasive species are likely to come from which country, and along 
which pathway, is important for planning biosecurity operations (IPBES 2023). 
The GRIIS database provides much larger amounts of data and is more compre-
hensive than the GISD. GRIIS provides information on introduced and invasive 
species (Pagad et al. 2022). Even though the GRIIS provides a great deal of data, 
collection of this data is skewed towards countries that are better informed and 
resourced to gather the data for their territories. Likewise, access to data from com-
munity science platforms such as iNaturalist provides huge numbers of records to 
consider when mapping species distributions, but this data is not without biases 
(Di Cecco et al. 2021; Geurts et al. 2023). The WatchListR pipeline, including 
the R Shiny dashboard, is freely available on GitHub (https://github.com/clarkev-
ansteenderen/KG_watchlist_parallel/tree/main), with step-by-step instructions for 
its deployment. The Centre for Biological Control at Rhodes University (https://
www.ru.ac.za/centreforbiologicalcontrol/) and NCC Environmental Services can 
be contacted to assist in facilitating the implementation of WatchListR, helping 
countries to compile a watch-list of invasive species, and supporting biosecurity 
officials in preventing invasive species introductions.

https://github.com/clarkevansteenderen/KG_watchlist_parallel/tree/main
https://github.com/clarkevansteenderen/KG_watchlist_parallel/tree/main
https://www.ru.ac.za/centreforbiologicalcontrol/
https://www.ru.ac.za/centreforbiologicalcontrol/
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Figure 3. Presence of plant species on the recommended watch-lists in countries with high and growing levels of trade with the Republic 
of Mauritius (MAU). Biosecurity officials might be more vigilant of species from these countries. Stripe colors indicate the number of 
countries in which the species are found: beige = 1 country, salmon pink = 2 countries, red = 3 countries, and brown = 4 countries.



173NeoBiota 104: 163–177 (2025), DOI: 10.3897/neobiota.104.163164

Philip J. Ivey et al.: WatchlistR: a tool for developing watch-lists

Figure 4. Presence of animal species on the recommended watch-lists in countries with high and growing levels of trade with the Republic 
of Mauritius. Biosecurity officials might be more vigilant of species from these countries. Stripe colors indicate the number of countries in 
which the species are found: beige = 1 country, salmon pink = 2 countries, red = 3 countries, and brown = 4 countries.



174NeoBiota 104: 163–177 (2025), DOI: 10.3897/neobiota.104.163164

Philip J. Ivey et al.: WatchlistR: a tool for developing watch-lists

Acknowledgments

Thanks to the United Nations Development Programme (UNDP) Mauritius and 
Seychelles Country Office for their strategic support and valued collaboration on 
this project. This research was funded by the Global Environment Facility (GEF) 
under its sixth replenishment cycle (GEF-6), with significant co-financing contri-
butions from Mauritian institutions. We are especially grateful to the Ministry of 
Agro Industry and Food Security for their substantial support.

Special thanks to Mr. Vicky Seewajee Pandoo, Project Manager of the Main-
streaming Invasive Alien Species (IAS) Prevention, Control and Management 
Project; Mr. Sameer Kaudeer, Project Officer; and Ms. Kamini Beedasee, Project 
Assistant, for coordination and facilitation of stakeholder engagement, including 
in-country workshops. Their commitment and professionalism greatly contributed 
to the successful implementation of the project.

We would also like to acknowledge Dr. John Mauremootoo, Mainstreaming 
IAS Project Chief Technical Advisor, for his insightful advice and guidance, as well 
as Ms. Poonam Tatayah, Local Biodiversity Expert, for her invaluable contribu-
tions to the Mainstreaming IAS Project.

KTF thanks the South African Department of Forestry, Fisheries and the En-
vironment (DFFE) for funding, noting that this publication does not necessarily 
represent the views or opinions of DFFE or its employees.

CJMvS thanks the Centre for High Performance Computing (CHPC) for the 
use of their resources and platform and the Centre for Biological Control (CBC) 
and Rhodes University for funding.

Additional information
Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Use of AI
No use of AI was reported.

Funding
United Nations Development Programme (UNDP) Mauritius and Seychelles Country Office; Cen-
tre for High Performance Computing.

Author contributions
Conceptualization: KTF, CJMvS, PJI, JM. Data curation: CJMvS, PJI. Formal analysis: KTF. Funding ac-
quisition: JM. Investigation: KTF, PJI. Methodology: CJMvS, KTF, PJI. Project administration: JM, PJI. 
Software: CJMvS. Writing – original draft: PJI, KTF. Writing – review and editing: JM, PJI, CJMvS, KTF. 

Author ORCIDs
Philip J. Ivey  https://orcid.org/0000-0003-1712-7481
Katelyn T. Faulkner  https://orcid.org/0000-0002-3955-353X
Clarke J.M. van Steenderen  https://orcid.org/0000-0002-4219-446X

https://orcid.org/0000-0003-1712-7481
https://orcid.org/0000-0002-3955-353X
https://orcid.org/0000-0002-4219-446X


175NeoBiota 104: 163–177 (2025), DOI: 10.3897/neobiota.104.163164

Philip J. Ivey et al.: WatchlistR: a tool for developing watch-lists

Data availability
All of the data that support the findings of this study are available in the main text. GitHub reposi-
tory: https://github.com/clarkevansteenderen/KG_watchlist_parallel/tree/main/.

References

Biancolini D, Vascellari V, Melone B, Blackburn TM, Cassey P, Scrivens SL, Rondinini C (2021) 
DAMA: the global Distribution of Alien Mammals database. Ecology 102: 13014368. https://
doi.org/10.1002/ecy.3474

Beck HE, Zimmermann NE, McVicar TR, Vergopolan N, Berg A, Wood EF (2018) Present and 
future Köppen-Geiger climate classification maps at 1-km resolution. Scientific Data 5(1): 1–12. 
https://doi.org/10.1038/sdata.2018.214

Chamberlain S, Barve V, Mcglinn D, Oldoni D, Desmet P, Geffert L, Ram K (2024) rgbif: In-
terface to the Global Biodiversity Information Facility API. R package version 3.8.1. https://
CRAN.R-project.org/package=rgbif

Chang W, Cheng J, Allaire J, Sievert C, Schloerke B, Xie Y, Allen J, McPherson J, Dipert A, Borges 
B (2025) Shiny: Web Application Framework for R. R package version 1.10.0.9001, https://
shiny.posit.co/

Di Cecco GJ, Barve V, Belitz MW, Stucky BJ, Guralnick RP, Hurlbert AH (2021) Observing the ob-
servers: How participants contribute data to iNaturalist and implications for biodiversity science. 
Bioscience 71(11): 1179–1188. https://doi.org/10.1093/biosci/biab093

Dyer EE, Redding DW, Blackburn TM (2017) The global avian invasions atlas, a database of alien 
bird distributions worldwide. Scientific Data 4: 1–12. https://doi.org/10.1038/sdata.2017.41

Essl F, Nehring S, Klingenstein F, Milasowszky N, Nowack C, Rabitsch W (2011) Review of risk assess-
ment systems of IAS in Europe and introducing the German – Austrian Black List Information System 
(GABLIS). Journal for Nature Conservation 19: 339–350. https://doi.org/10.1016/j.jnc.2011.08.005

Faulkner KT, Robertson MP, Rouget M, Wilson JRU (2014) A simple, rapid methodology for devel-
oping invasive species watch lists. Biological Conservation 179: 25–32. https://doi.org/10.1016/j.
biocon.2014.08.014

Faulkner KT, Robertson MP, Rouget M, Wilson JRU (2017) Prioritising surveillance for alien or-
ganisms transported as stowaways on ships travelling to South Africa. PLoS One 12: e0173340. 
https://doi.org/10.1111/gcb.15006

GBIF (2025a) Global Biodiversity Information Facility (GBIF) (26 May 2025) GBIF Occurrence 
Download https://doi.org/10.15468/dl.6dcrcp

GBIF (2025b) Global Biodiversity Information Facility (GBIF) (27 May 2025) GBIF Occurrence 
Download https://doi.org/10.15468/dl.rx86df

Geurts EM, Reynolds JD, Starzomski BM (2023) Turning observations into biodiversity data: Broad-
scale spatial biases in community science. Ecosphere 14(6): e4582. https://doi.org/10.1002/
ecs2.4582

IPBES (2023) Thematic Assessment Report on Invasive Alien Species and their Control of the Inter-
governmental Science-Policy Platform on Biodiversity and Ecosystem Services. IPBES secretariat, 
Bonn, Germany. https://doi.org/10.5281/zenodo.7430682

Ivey PJ, Mauremootoo J, Sutton GF, van Steenderen CJM, Jones C, Baider C, Miller J, Cole N, Pa-
gad S, Pandoo VS, Tatayah V, Kaudeer S (in prep) A Watch List to protect an island biodiversity 
hotspot from invasion: Republic of Mauritius. African Biodiversity & Conservation.

Kumschick S, Winzer LF, McCulloch-Jones EJ, Chetty D, Fried J, Govender T, Potgieter LJ, Rapet-
soa MC, Richardson DM, van Velden J, Van der Colff D, Miza S, Wilson JRU (2024) Consider-
ations for developing and implementing a safe list for alien taxa. Bioscience 74: 97–108. https://
doi.org/10.1093/biosci/biad118

https://github.com/clarkevansteenderen/KG_watchlist_parallel/tree/main/
https://doi.org/10.1002/ecy.3474
https://doi.org/10.1002/ecy.3474
https://doi.org/10.1038/sdata.2018.214
https://CRAN.R-project.org/package=rgbif
https://CRAN.R-project.org/package=rgbif
https://shiny.posit.co/
https://shiny.posit.co/
https://doi.org/10.1093/biosci/biab093
https://doi.org/10.1038/sdata.2017.41
https://doi.org/10.1016/j.jnc.2011.08.005
https://doi.org/10.1016/j.biocon.2014.08.014
https://doi.org/10.1016/j.biocon.2014.08.014
https://doi.org/10.1111/gcb.15006
https://doi.org/10.15468/dl.6dcrcp
https://doi.org/10.15468/dl.rx86df
https://doi.org/10.1002/ecs2.4582
https://doi.org/10.1002/ecs2.4582
https://doi.org/10.5281/zenodo.7430682
https://doi.org/10.1093/biosci/biad118
https://doi.org/10.1093/biosci/biad118


176NeoBiota 104: 163–177 (2025), DOI: 10.3897/neobiota.104.163164

Philip J. Ivey et al.: WatchlistR: a tool for developing watch-lists

Nehring S, Klingenstein F (2008) Aquatic alien species in Germany – listing system and options for 
action. NeoBiota 7: 19–33.

Padayachee AL, Procheş Ş, Wilson JRU (2019) Prioritising potential incursions for contingency 
planning: Pathways, species, and sites in Durban (eThekwini), South Africa as an example. Neo-
Biota 47: 1–21. https://doi.org/10.3897/neobiota.47.31959

Pagad S, Genovesi P, Carnevali L, Scalera R, Clout M (2015) IUCN SSC invasive species specialist 
group: Invasive alien species information management supporting practitioners, policy makers 
and decision takers. Management of Biological Invasions: International Journal of Applied Re-
search on Biological Invasions 6: 127–135. https://doi.org/10.3391/mbi.2015.6.2.03

Pagad S, Bisset S, Genovesi P, Groom Q, Hirsch T, Jetz W, Ranipeta A, Schigel D, Sica YV, McGeoch 
MA (2022) Country compendium of the global register of introduced and invasive species. Scien-
tific Data 9: 391. [online] https://doi.org/10.1038/s41597-022-01514-z

Pili AN, Toomes A, Van Winkel D, Diesmos AC, Leroy B, Measey JG, Farquhar JE, Cassey P, Chek-
unov S, Grenié M, Maria L, Lowe M, Zurell D, Courchamp F, Chapple DG (2024) Forecasting 
potential invaders to prevent future biological invasions worldwide. Global Change Biology 30: 
e17399. https://doi.org/10.1111/gcb.17399

Pyšek P, Sádlo J, Mandák B (2002) Catalogue of alien plants of the Czech Republic. Preslia 74: 
97–186.

Pyšek P, Danihelka J, Sádlo J, Chrtek Jr J, Chytrý M, Jarošík V, Kaplan Z, Krahulec F, Moravcová L, 
Pergl J, Štajerová K, Tichý L (2012) Catalogue of alien plants of the Czech Republic (2nd edition): 
checklist update, taxonomic diversity and invasion patterns. Preslia 84: 155–255.

Roy HE, Peyton J, Aldridge DC, Bantock T, Blackburn TM, Britton R, Clark P, Cook E, Deh-
nen-Schmutz K, Dines T, Dobson M, Edwards F, Harrower C, Harvey MC, Minchin D, Noble 
DG, Parrott D, Pocock MJO, Preston CD, Roy S, Salisbury A, Schönrogge K, Sewell J, Shaw 
RH, Stebbing P, Stewart AJA, Walker KJ (2014) Horizon scanning for invasive alien species with 
the potential to threaten biodiversity in Great Britain. Global Change Biology 20: 3859–3871. 
https://doi.org/10.1111/gcb.12603

Roy HE, Bacher S, Essl F, Adriaens T, Aldridge DC, Bishop JDD, Blackburn TM, Branquart E, 
Brodie J, Carboneras C, Cottier-Cook EJ, Copp GH, Dean HJ, Eilenberg J, Gallardo B, Garcia 
M, García-Berthou E, Genovesi P, Hulme PE, Kenis M, Kerckhof F, Kettunen M, Minchin D, 
Nentwig W, Nieto A, Pergl J, Pescott OL, Peyton MJ, Preda C, Roques A, Rorke SL, Scalera R, 
Schindler S, Schönrogge K, Sewell J, Solarz W, Stewart AJA, Tricarico E, Vanderhoeven S, van 
der Velde G, Vilà M, Wood CA, Zenetos A, Rabitsch W (2019) Developing a list of invasive alien 
species likely to threaten biodiversity and ecosystems in the European Union. Global Change 
Biology 25: 1032–1048. https://doi.org/10.1111/gcb.14527

Statistics Mauritius (2025) External Trade. https://statsmauritius.govmu.org/Pages/Statistics/By_
Subject/External_Trade/SB_External_Trade.aspx

Vanderhoeven S, Adriaens T, D’hondt B, Van Gossum H, Vandegehuchte M, Verreycken H, Cigar 
J, Branquart E (2015) A science-based approach to tackle invasive alien species in Belgium – 
The role of the ISEIA protocol and the harmonia information system as decision support tools. 
Management of Biological Invasions: International Journal of Applied Research on Biological 
Invasions 6: 197–208. https://doi.org/10.3391/mbi.2015.6.2.10

van Kleunen M, Pyšek P, Dawson W, Essl F, Kreft H, Pergl J, Weigelt P, Stein A, Dullinger S, König 
C, Lenzner B, Maurel N, Moser D, Seebens H, Kartesz J, Nishino M, Aleksanyan A, Ansong M, 
Antonova LA, Barcelona JF, Breckle SW, Brundu G, Cabezas FJ, Cárdenas D, Cárdenas-Toro J, 
Castaño N, Chacón E, Chatelain C, Conn B, de Sá Dechoum M, Dufour-Dror JM, Ebel AL, 
Figueiredo E, Fragman-Sapir O, Fuentes N, Groom QJ, Henderson L, Inderjit, Jogan N, Kres-
tov P, Kupriyanov A, Masciadri S, Meerman J, Morozova O, Nickrent D, Nowak A, Patzelt A, 
Pelser PB, Shu W sheng, Thomas J, Uludag A, Velayos M, Verkhosina A, Villaseñor JL, Weber E, 

https://doi.org/10.3897/neobiota.47.31959
https://doi.org/10.3391/mbi.2015.6.2.03
https://doi.org/10.1038/s41597-022-01514-z
https://doi.org/10.1111/gcb.17399
https://doi.org/10.1111/gcb.12603
https://doi.org/10.1111/gcb.14527
https://statsmauritius.govmu.org/Pages/Statistics/By_Subject/External_Trade/SB_External_Trade.aspx
https://statsmauritius.govmu.org/Pages/Statistics/By_Subject/External_Trade/SB_External_Trade.aspx
https://doi.org/10.3391/mbi.2015.6.2.10


177NeoBiota 104: 163–177 (2025), DOI: 10.3897/neobiota.104.163164

Philip J. Ivey et al.: WatchlistR: a tool for developing watch-lists

Wieringa JJ, Yazlık A, Zeddam A, Zykova E, Winter M (2019) The Global Naturalized Alien 
Flora (GloNAF) database. Ecology 100: 1–2. https://doi.org/10.1002/ecy.2542

Wilson JRU, Kumschick S (2024) The regulation of alien species in South Africa. South African 
Journal of Science 120: 17002. https://doi.org/10.17159/sajs.2024/17002

Zengeya TA, Faulkner KT, Mtileni MP, Fernandez Winzer L, Kumschick S, McCulloch-Jones EJ, Mi-
za-Tshangana SA, Robinson TB, Sifuba A, Engelbrecht W, van Wilgen BW, Wilson JRU (2025) 
A checklist of alien taxa for South Africa. bioRxiv. https://doi.org/10.1101/2025.05.22.655507

https://doi.org/10.1002/ecy.2542
https://doi.org/10.17159/sajs.2024/17002
https://doi.org/10.1101/2025.05.22.655507

	WatchListR: a tool for developing watch-lists of invasive species to inform biosecurity decision-making
	Abstract
	Introduction
	Methods and software
	Step 1: Preparation of a list of invasive species
	Step 2: Preparation of a list of species that are present
	Step 3: Creation of a list of species that are absent
	Step 4: Download of occurrence records
	Step 5: Climate matching
	Step 6: Propagule pressure (optional)
	Case study

	Discussion
	Acknowledgments
	Additional information
	References

