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Abstract
Background

The IUCN Red List of Threatened Species™ (hereafter the Red List) is an important
global resource for conservation that supports conservation planning, safeguarding
critical habitat and monitoring biodiversity change (Rodrigues et al. 2006). However, a
major shortcoming of the Red List is that most of the world's described species have not
yet been assessed and published on the Red List (Bachman et al. 2019Eisenhauer et al.
2019). Conservation efforts can be better supported if the Red List is expanded to
achieve greater coverage of mega-diverse groups of organisms such as plants, fungi and
invertebrates. There is, therefore, an urgent need to speed up the Red List assessment
and documentation workflow.

One reason for this lack of species coverage is that a manual and relatively time-
consuming procedure is usually employed to assess and document species. A
recentupdate of Red List documentation standards (IUCN 2013) reduced the data
requirements for publishing non-threatened or 'Least Concern' species on the Red List.
The majority of the required fields for Least Concern plant species can be found in
existing open-access data sources or can be easily calculated. There is an opportunity to
consolidate these data and analyses into a simple application to fast-track the publication
of Least Concern assessments for plants. There could be as many as 250,000 species of
plants (60%) likely to be categorised as Least Concern (Bachman et al. 2019), for which
automatically generated assessments could considerably reduce the outlay of time and
valuable resources for Red Listing, allowing attention and resources to be dedicated to
the assessment of those species most likely to be threatened.
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New information

We present a web application, Rapid Least Concern, that addresses the challenge of
accelerating the generation and documentation of Least Concern Red List assessments.
Rapid Least Concern utilises open-source datasets, such as the Global Biodiversity
Information Facility (GBIF) and Plants of the World Online (POWO) through a simple web
interface. Initially, the application is intended for use on plants, but it could be extended to
other groups, depending on the availability of equivalent datasets for these groups.

Rapid Least Concern users can assess a single species or upload a list of species that
are assessed in a batch operation. The batch operation can either utilise georeferenced
occurrence data from GBIF or occurrence data provided by the user. The output includes
a series of CSV files and a point map file that meet the minimum data requirements for a
Least Concern Red List assessment (IUCN 2013). The CSV files are compliant with the
IUCN Red List SIS Connect system that transfers the data files to the IUCN database and,
pending quality control checks and review, publication on the Red List.

We outline the knowledge gap this application aims to fill and describe how the
application works. We demonstrate a use-case for Rapid Least Concern as part ofan
ongoing initiative to complete a global Red List assessment of all native species for the
United Kingdom Overseas Territory of Bermuda.
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Introduction

The global Red List is incomplete, with plants, fungi and invertebrates representing the
major gaps in coverage. Despite major efforts to document the Red List status of plants (
Brummitt et al. 2015, Raimondo et al. 2013, Rivers 2017), only ~10% of species have
assessments published on the Red Listso far (IUCN 2019). Without comprehensive
coverage of species on the Red List, we limit our ability to utilise the Red List as a tool for
conservation.

To speed up the assessment process, we can adopt a two-stage strategy: prioritisation
and automation. Prioritisation is necessary because ongoing and intensifying threats to
biodiversity (Symes et al. 2018, Venter et al. 2016) and limited resources (McCarthy et al.
2012) necessitate a rapid response. The current Red List of plants (IUCN 2019) indicates
that some form of prioritisation has already been adopted because the proportion of plant
assessments in the threatened categories (Critically Endangered, Endangered
and Vulnerable, 43%) is higher than the estimated global proportion of threatened plant
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species (21%, Brummitt et al. 2015). However, there is still a vast number of species to
assess, with as many as 115,000 species (27%) estimated to be of elevated conservation
concern (species classified as threatened or in the Near Threatened category) and
~250,000 (60%) estimated to be in the Least Concern category (Bachman et al. 2019).
The assessment and documentation of threatened species for the Red List requires
training, experience and careful interpretation of the Red List guidelines to ensure high
quality assessments are generated (Hayward et al. 2015). There is a growing, but still
limited, pool of plant Red List assessors that work with the IUCN Species Survival
Commission (SSC) Plant Specialist Groups and I[UCN Red List partners to generate
assessments. It is therefore vital that this highly valuable assessor network is applied to
the task of assessing species most likely to be threatened, rather than expending effort on
the lower risk 'Least Concern' species. An approach to rapid assessment of Least
Concern species from open-source datasets, followed by prioritisation of threatened
species, has already been adopted to great effect by the Global Tree Assessment (GTA) (
Rivers 2017).

To ensure that the assessor network can focus primarily on threatened species, we need
user-friendly tools to both prioritise and automate the assessment of the remaining pool
of 'Not Evaluated' plant species. The first step is to apply a triage approach that
classifies species into those likely to be threatened and those likely non-threatened.
Secondly, for the non-threatened species, the assessments should be automatically
generated.

Prioritisation:

Several approaches to prioritise plant species for assessments have shown a high level
of accuracy (> 96%) when predicting non-threatened species, especially those that
incorporate some measure of geographic range (see Nic Lughadha et al. (2018) for a
recent review). However, these approaches often assume a clean dataset of
georeferenced occurrence points already exists from which predictive models can be
generated or spatial metrics calculated. Despite some gaps in coverage (Meyer et al.
2015), data aggregators, such as the Global Biodiversity Information Facility (GBIF, www.
gbif.org), have aggregated considerable amounts of occurrence data that can be
harnessed for estimating the geographic range. However, a shortcoming of the data is
the lack of distinction between native and non-native occurrences. Uncritical use of
these data can lead to overestimation of geographic metrics, such as extent of
occurrence (EOQO) and area of occupancy (AOO), as used in tools such as GeoCAT (
Bachman et al. 2011), potentially leading to a mis-classification of the Red List
category. An ongoing project to develop a checklist of all plants (Plants of the World
Online (POWO), htip:/plantsoftheworldonline.org/) utilises the World Geographical
Scheme for Recording Plant Distributions to document native and introduced geographic
ranges for species at a relatively coarse scale. By using native ranges from POWO as a
cleaning filter, we can reduce the risk that geographic metrics from occurrence records
are overestimated, therefore avoiding mis-classification of potentially threatened species
as non-threatened. The resulting list of potentially threatened species can then be
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prioritised for full asessment and the non-threatened species can be automatically
documented to meet IUCN Red List standards.

Automatic generation of Least Concern assessments:

The second stage is to fully document those species identified as Least Concern. All Red
List assessments require three elements:the assessment category, supporting
documentation and a distribution map (IUCN 2013). For Least Concern species, the
required supporting data include the scientific name along with higher taxonomic details
and taxonomic authority, Red List Category, rationale, countries of occurrence,
population trend, habitats, ecological systemand bibliography. Each of these
requirements can be met using default values (e.g. 'LC' for the Red List category) or
calculated using data from GBIF and Plants of the World Online. The raw occurrence data
form the basis of the distribution map and can be modified to conform to the IUCN
Mapping Standards (Red List Technical Working Group 2018).

SIS Connect - bridging raw data and the Red List

All published assessments on the Red List are drawn from an underlying database called
the Species Information Service. Until recently, supporting documentation for Red List
assessments had to be entered into SIS manually. The recent development of SIS
Connect (http://connect.iucnredlist.org/) has enabled batch transfer of assessments to
SIS. Batch transfer requires preparation of a compressed file containing multiple
CSVfiles that collectively make up the raw data of Red List assessments.
After registering and logging in to SIS Connect, the user can upload the compressed file,
which is then subject to validation checks. If approved by the Red List Unit and
subsequently reviewed by the relevant Red List Authority, the assessments represented
in the batch file can be processed for publication on the Red List.

Project description
Title: Rapid documentation of Least Concern plants for the Red List

Study area description: Can be applied worldwide across all plants. Case study from
Bermuda.

Design description: The Rapid Least Concern user interface can be accessed from the
following link: https://spbachman.shinyapps.io/rapidLC. From the home page, the user
can choose the single or batch species workflow, access the quick-start video tutorials or
access the user manual via the help tab (Suppl. material 1).

Single species workflow:

The single species workflow requires the user to enter a plant species name in the
binomial form i.e. Genus species into the text input box on the left side panel (Fig. 1). A
fuzzy search of the GBIF name backbone is initiated via the GBIF Species API using rgbif
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(Chamberlain et al. 2019a) and results are displayed in a table in the main panel to the
right. Taxonomic details, including family, author and level of confidence in the matching
name, are reported, with the best match at the top of the list. The user can then select the
most appropriate match, which initiates a search of Plants of the World Online (POWO).
We used the httr package (Wickham 2018) to request data from POWO and jsonlite (
Ooms 2014) to parse the data returned from requests. As the POWO API has not yet been
published, a python library has been developed as the recommended access point
for POWO services and an integration has been made with the R taxize package (
Chamberlain et al. 2019b). A matching name in POWO can then be used to access the
species distribution range, according to the Taxonomic Database Working Group
(TDWG) World Geographical Scheme for Recording Plant Distributions (WGSRPD)
.POWO records native and introduced ranges at Level 3 of the WGSRPD, which is
equivalent to small to medium sized countries.

The GBIF Occurrence APl is then accessed via the GBIF usageKey using the selected
plant name to query all georeferenced occurrence records that do not have a geospatial
issue. A parameter to determine the upper limit for the number of occurrences can be set
using the slider widget where a minimum of 1,000 and maximum of 10,000 occurrences
are permitted with a default of 3,000 occurrences. Clicking the 'Run analysis!" button will
initiate a spatial query of the occurrence records within the native range, such that all
non-native occurrence records are excluded from any further analysis. The occurrence
records and native range are visualised on a base map (Fig. 1). The following statistics,
extent of occurrence (EOQ), area of occupancy (AOQO), number of occurrence records and
number of TDWG Level 3 regions, are generated from the native range occurrence points
(Table 1) and are used to determine whether a species is likely to be Least Concern. A
visualisation to assist with interpretation is provided with a series of gauges for each of
the four parameters, EOO, AOO, RecordCount and TDWGCount, that are highlighted in
green if Least Concern thresholds are met or exceeded, or red if below thresholds. This
ends the prioritisation stage and the user can now decide whether to accept the
suggested rating or not.

It should be noted that the application primarily uses range-based parameters to
determine Least Concern status, which, although shown to be good predictors of threat
status (Nic Lughadha et al. 2018, Darrah et al. 2017), ignore other factors that could
make a widespread species eligible for a threatened or near threatened category, such
as disease, deforestation or over-exploitation that affect the entire range. Users must
consider any observed, estimated, projected, inferred or suspected declines likely to
trigger Red List criteria A, B, C, D or E, in line with IUCN Red List guidelines (IUCN
Standards and Petitions Subcommittee 2017).

The 'Run analysis! button also initiates the generation of several data tables that form the
basis of the minimum required documentation for a Least Concern assessment (IUCN
2013). The user can download a CSV file for the point distribution, as well as a zip file
containing the following CSV files: allfields, assessments, countries, credits, habitats,
plantspecific, taxonomy that are all linked through the internal_taxon_id field. Registered
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users can then upload the CSV files to the SIS Connect website to enable transfer to the
IUCN SIS database.

Batch species workflow:

The batch species workflow offers the option to apply the single species workflow to
multiple species at once. Instead of entering a name, the user can upload a CSV file
containing multiple names. The batch analysis runs an initial test of the name against
POWO and returns a report on the number of name matches or names recognised by
POWO as synonyms. Any names not matched to POWO or listed as synonyms are
excluded from further analysis. Again, the parameter of GBIF occurrence record limit can
be set and then the analysis returns a table of results comprising the same statistics as for
the single species workflow: extent of occurrence (EOQO), area of occupancy (AOO),
number of occurrence records and number of TDWG Level 3 regions for each species.

Unlike the single workflow, the user can adjust the LC thresholds using the sliders on the
left-hand side bar which will refresh the table of results. The user can then download the
compressed folder containing CSV files for all species that met or exceeded the LC
thresholds. In most tables, a separate row is added for each species, except for tables
where there is a one-to-many relationship, (e.g. habitat), where a species can occur in
multiple habitat types and each is recorded in a separate row. A results CSV file is also
included in the download and includes the raw statistics for each species, whether or not
it was LC, according to the thresholds and a note in the ‘'warning' column to explain any
issues, for example, there were no georeferenced points from GBIF to carry out the area
calculations.

An extension of the batch workflow allows users to upload their own occurrence data as
they may already have a cleaned dataset prepared. The process is exactly the same as
above, except the user uploads a CSV file with names alongside decimal latitude and
longitude co-ordinates. In this scenario, the GBIF occurrence download is bypassed and
the user occurrence points are used to calculate the spatial metrics.

Threshold values:

Although there are no defined thresholds to separate Near Threatened species from
Least Concern species, the Red List guidelines indicate that an extent of occurrence
(EOO) > 30,000 km?2 and AOO > 3,000 kmZ2 are not likely to trigger a threatened or Near
Threatened category and hence can be classified as Least Concern (IUCN Standards
and Petitions Subcommittee 2017). The reference scale for calculating area of occupancy
(AOO) for IUCN Red List assessments is 2 km by 2 km (4 km?2). Estimation of AOO from
occurrence data is problematic due to variation in sampling effort, often leading to
underestimation of AOO (IUCN Standards and Petitions Subcommittee 2017). In addition,
the majority of raw occurrence data from GBIF has an unquanitified level of georeference
accuracy. To account for a potential lack of precision, the AOO metric is measured at a
broader scale of 10 km by 10 km (100 km?). This coarse scale-estimate of AOO is only
being used to help determine whether species are likely to be Least Concern or not; it is


http://connect.iucnredlist.org/

not a valid estimate of AOO in the strict sense of IUCN at the 2 km by 2 km (4 km?) scale.
For the specimen record count, previous work has shown that high accuracy (82 - 90%)
in predicting threat status can be achieved with < 15 specimen records (Nic Lughadha et
al. 2018). However, the rapid growth of digitally accessible information (DAI) may make it
increasingly likely that a potentially restricted and threatened species could be
represented by > 15 specimens simply due to availability of multiple samples from the
same population or duplicated records. Therefore, this threshold cannot be relied upon in
the longer term.

In order to determine an appropriate threshold for each parameter, we carried outa
sensitivity analysis using, as a validation dataset, a random set of 923 monocot species
with complete, published Red List assessments from the Sampled Red List Index for
Plants Project (Brummitt et al. 2015). For each species, we compared the published Red
List assessments with those predicted by Rapid Least Concern over a continuum of
threshold values and reported accuracy measures based on a confusion matrix. Overall,
the accuracy for each parameter declines as the thresholds are increased (Fig. 2). As the
aim of the application is to identify Least Concern species, it is necessary to minimise the
number of false positives, i.e. predicting Least Concern when the species is threatened,
whilst maximising true positives, i.e. predicting Least Concern when it is Least Concern.
Even at the highest tested thresholds, we did not achieve a zero false positive rate. For
example, Ansellia africana Lindl. has a large range, represented by many occurrence
records in GBIF and was predicted to be Least Concern in all threshold scenarios, but the
published Red List rating is Vulnerable (Crook 2013). The threatened status of Ansellia
africana Lindl. is due to over-harvesting across the range. To account for such situations,
prior to downloading results, we ask users to consider for each species any observed,
estimated, projected, inferred or suspected declines likely to trigger Red List criteria A, B,
C, D or E, in line with [IUCN Red List guidelines (IUCN Standards and Petitions
Subcommittee 2017). In addition, each Least Concern assessment should be made
available for review by all relevant Red List Authorities and any reviewers' comments
addressed prior to publication on the Red List.

The chosen thresholds listed in Table 1 are intended to reflect the balance between
correctly predicting Least Concern species, while reducing false positives. Considering
our testing set of 923 monocots, there is scope to make minor reductions in the threholds
for number of specimens, number of TDWG regions and area of occupancy to increase
the number of true positives (LC species correctly predicted as LC) without substantially
affecting the false positive rate. Our selected default threshold values are, therefore, in
line with the precautionary principle as they seek to avoid falsely declaring a species as
Least Concern, when it could be threatened; nonetheless, the user can adjust the
thresholds according to expert knowledge of the group being assessed or the
requirements of their project.

Limitations

The batch species workflow currently processes up to 100 species at a time. Processing
time can vary depending on the species and mostly on the number of occurrences per



species. Batches of more than 100 species are not recommended because performance
issues are encountered when dealing with sets of more than 100 species in the IUCN
central database (SIS).

The coverage and accuracy of the underlying datasets used by Rapid Least Concern,
such as GBIF and Plants of the World Online, will influence the results generated. Despite
known gaps in coverage and quality (Meyer et al. 2015), we have shown that these
datasets can be successfully applied to the task of predicting Least Concern species.
Continued efforts to mobilise and curate these data, for example, mass-digitisation and
georeferencing or ensuring native distributions are accurately documented in Plants of
the World Online, will improve the overall effectiveness of tools like Rapid Least Concern.

Case study: Bermuda

We illustrate the utility of Rapid Least Concern with a use-case for the plants of the
UK Overseas Territory of Bermuda. Bermuda has a sub-tropical climate and a total land
mass of just 53 km2. Bermuda’s Department of Environment and Natural Resources and
the UK Overseas Territories team at the Royal Botanic Gardens, Kew have been
collaborating to assess the global Red List status of Bermuda’s native plant species. This
collaboration has resulted in ten endemic plant species assessed and published on the
IUCN Red List. To prioritise the assessment of the remaining native flora and to generate
Least Concern Red List assessments for the non-threatened taxa at global level, we
applied Rapid Least Concern.

We queried the Plants of the World Online database to obtain a checklist of all native
plants for Bermuda and cross-checked with Britton's (Britton 1918) Flora of Bermuda, the
UK Overseas Territories Online Herbarium (Hamilton and Barrios 2019) and the
Bermuda Plant Finder (https:/environment.bm/bermuda-plant-finder), published by
the Department of Environment and Natural Resources of Bermuda. We also checked the
IUCN Red List to see whether any other native Bermuda species had been assessed, in
addition to the ten priority species. All plant species that were considered introduced or
naturalised on Bermuda were removed from the combined list. The resulting final species
list contained 172 plant species considered native to Bermuda, of which 38 (22%) had
already been assessed for the Red List including nine (24%) that were listed as
threatened (Suppl. material 2).

We used the Rapid Least Concern batch species workflow and uploaded a list of the
remaining 134 Not Evaluated species. We used default values for the upper limit of GBIF
occurrences (3,000) and default thresholds to determine Least Concern (Table 1).

Outcomes:

The overall proportion of species assessed at a global level increased from 38 (22%) to
147 (85%) (Fig. 3). From the list of 134 Not Evaluated species, Rapid Least Concern
could not assign a value to ten species as there were insufficient data. For the
remaining 124 species, 109 were assigned as Least Concern and 15 were assigned as
possibly threatened. After a review of the proposed LC species, we agreed that all
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109 species should be LC and the generated data files were sent to IUCN via SIS
Connect. The remaining 25 species (15 listed as possibly threatened and 10 with
insufficient data to assign a category) were considered as Not Evaluated and will be
prioritised for full Red List assessments.

Web location (URIs)

Homepage: htips:/github.com/stevenpbachman

Technical specification

Platform: shiny for R

Programming language: R

Operational system: Windows, OSx, Linux

Interface language: English

Repository

Type: Github

Usage licence
Usage licence: Other

IP rights notes: MIT License

Implementation
Implements specification

Rapid Least Concern was written in the R programming language (R Core Team 2019
). The code from the repository: https:/github.com/stevenpbachman/rapidLC is
implemented as a shiny web application using the shiny package (Chang et al. 2018)
and is deployed to the shinyapps.io cloud service.

The application depends on the following R packages: raster (Hijmans 2019), here (
Muller 2017), magrittr (Bache and Wickham 2014), rgdal (Bivand et al. 2019), DT (Xie et
al. 2018), leaflet (Cheng et al. 2018), rgbif(Chamberlain et al. 2019a), jsonlite (Ooms
2014), tidyverse (Wickham 2017), htfr (Wickham 2018), zip (Csardi et al. 2019),
shinythemes (Chang 2018), wicket (Keyes 2017), sf (Pebesma 2018), rCAT (Moat 2017),
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flexdashboard (lannone et al. 2018), shinydashboard (Chang and Ribeiro 2018), shinyjs
(Attali 2018).

Audience

This application is targeted towards any user wishing to assess and document Least
Concern assessments of plants for the Red List. It should be particularly useful for
members of the IUCN Species Survival Commission (SSC) Plant Specialist Groups and |
UCN Red List partners. It may also be of use to conservation practitioners wishing to
quickly prioritise species for further detailed assessments or deprioritise those likely to be
non-threatened. Finally, it can be used to rapidly generate baseline data for potentially
threatened species.

Acknowledgements

Many thanks to Malin Rivers at Botanic Gardens Conservation International (BGCI) and
contributors to the Global Tree Assessment (GTA) workflow workshop, for providing the
inspiration to develop this application. Thanks to Serene Hargreaves, Tarciso Ledo,
Cristina Lopez-Gallego, Jo Osborne, Domitilla Raimondo, Saba Rokni and Lize von
Staden for providing feedback on earlier versions of the application. Thanks to Tim
Wilkinson, John lacona and James Crowe for technical feedback on application
development and POWO names services. Robin Freeman provided help on an earlier
version of code. Thanks to the IUCN Red List Unit - especially Craig Hilton-Taylor
and Ackbar Joolia for feedback and advice regarding SIS Connect. Thanks to Martin
Hamilton for his help with the UKOTs Species and Specimens Database. Thanks to
Eimear Nic Lughadha for thoughtful comments that greatly improved an earlier version of
the manuscript.

References

. Attali D (2018) shinyjs: Easily Improve the User Experience of Your Shiny Apps in
Seconds. R package version 1.0. URL: https://CRAN.R-project.org/package=shinyjs

. Bache SM, Wickham H (2014) magrittr: A Forward-Pipe Operator for R. R package
version 1.5. URL: https://CRAN.R-project.org/package=magrittr

. Bachman S, Moat J, Hill AW, de Torre J, Scott B (2011) Supporting Red List threat
assessments with GeoCAT: geospatial conservation assessment tool. ZooKeys 150:
117-26. https://doi.org/10.3897/zookeys.150.2109

. Bachman S, Field R, Reader T, Raimondo D, Donaldson J, Schatz G, Lughadha EN
(2019) Progress, challenges and opportunities for Red Listing. Biological Conservation
234: 45-55. https://doi.org/10.1016/j.biocon.2019.03.002

. Bivand R, Keitt T, Rowlingson B (2019) rgdal: Bindings for the 'Geospatial' Data
Abstraction Library. R package version 1.4-3. URL: https://CRAN.R-project.org/
package=rgdal

. Britton N (1918) Flora of Bermuda. Charles Scribner's Sons, New York.

10


https://www.iucn.org/commissions/ssc-groups/plants-fungi/plants
https://www.iucnredlist.org/about/partners
https://www.iucnredlist.org/about/partners
https://CRAN.R-project.org/package=shinyjs
https://CRAN.R-project.org/package=magrittr
https://doi.org/10.3897/zookeys.150.2109
https://doi.org/10.1016/j.biocon.2019.03.002
https://CRAN.R-project.org/package=rgdal
https://CRAN.R-project.org/package=rgdal

Brummitt NA, Bachman SP, Griffiths-Lee J, Lutz M, Moat JF, Farjon A, Donaldson JS,
Hilton-Taylor C, Meagher TR, Albuquerque S, Aletrari E, Andrews AK, Atchison G, Baloch
E, Barlozzini B, Brunazzi A, Carretero J, Celesti M, Chadburn H, Cianfoni E, Cockel C,
Coldwell V, Concetti B, Contu S, Crook V, Dyson P, Gardiner L, Ghanim N, Greene H,
Groom A, Harker R, Hopkins D, Khela S, Lakeman-Fraser P, Lindon H, Lockwood H,
Loftus C, Lombrici D, Lopez-Poveda L, Lyon J, Malcolm-Tompkins P, McGregor K,
Moreno L, Murray L, Nazar K, Power E, Quiton Tuijtelaars M, Salter R, Segrott R,
Thacker H, Thomas LJ, Tingvoll S, Watkinson G, Wojtaszekova K, Nic Lughadha EM
(2015) Green Plants in the Red: A Baseline Global Assessment for the IUCN Sampled
Red List Index for Plants. PloS one 10 (8): e0135152. https://doi.org/10.1371/journal.pone.
0135152

Chamberlain S, Barve V, Mcglinn D, Damiano O, Peter D, Laurens G, Karthik R (2019a)
rgbif: Interface to the Global Biodiversity Information Facility API. R package version
1.2.0. URL: https://CRAN.R-project.org/package=rgbif

Chamberlain S, Szoecs E, Foster Z, Arendsee Z, Boettiger C, Ram K, Bartomeus |,
Baumgartner J, O'Donnell J, Oksanen J, Tzovaras BG, Marchand P, Tran V, Salmon M,
Li G, Grenié M (2019b) taxize: Taxonomic information from around the web. R package
version 0.9.7. URL: https://github.com/ropensci/taxize

Chang W (2018) shinythemes: Themes for Shiny. R package version 1.1.2. URL: https://
CRAN.R-project.org/package=shinythemes

Chang W, Ribeiro BB (2018) shinydashboard: Create Dashboards with 'Shiny'. R package
version 0.7.1. URL: https://CRAN.R-project.org/package=shinydashboard

Chang W, Cheng J, Allaire J, Xie Y, McPherson J (2018) shiny: Web Application
Framework for R. R package version 1.2.0. URL: hitps://CRAN.R-project.org/
package=shiny

Cheng J, Karambelkar B, Xie Y (2018) leaflet: Create Interactive Web Maps with the
JavaScript 'Leaflet'. R package version 2.0.2. URL: https://CRAN.R-project.org/
package=leaflet

Crook V (2013) Ansellia africana. The IUCN Red List of Threatened Species 2013. http:/
dx.doi.org/10.2305/IUCN.UK.2013-1.RLTS.T44392142A44437667.en.. Accessed on:
2019-9-27.

Csardi G, Podgorski K, Geldreich R (2019) zip: Cross-Platform 'zip' Compression. R
package version 2.0.1. URL: https://CRAN.R-project.org/package=zip

Darrah S, Bland L, Bachman S, Clubbe C, Trias-Blasi A (2017) Using coarse-scale
species distribution data to predict extinction risk in plants. Diversity and Distributions 23
(4): 435-447. https://doi.org/10.1111/ddi. 12532

Eisenhauer N, Bonn A, A. Guerra C (2019) Recognizing the quiet extinction of
invertebrates. Nature Communications 10 (50). https://doi.org/10.1038/
s41467-018-07916-1

Hamilton MA, Barrios S (2019) UKOTs Online Herbarium. Facilitated by the Royal
Botanic Gardens, Kew. http://brahmsonline.kew.org/ukot. Accessed on: 2019-9-06.
Hayward M, Child M, Kerley GH, Lindsey P, Somers M, Burns B (2015) Ambiguity in
guideline definitions introduces assessor bias and influences consistency in IUCN Red
List status assessments. Frontiers in Ecology and Evolution 3 https://doi.org/10.3389/
fevo.2015.00087

Hijmans R (2019) raster: Geographic Data Analysis and Modeling. R package version
2.8-19. URL: https://CRAN.R-project.org/package=raster

11


https://doi.org/10.1371/journal.pone.0135152
https://doi.org/10.1371/journal.pone.0135152
https://CRAN.R-project.org/package=rgbif
https://github.com/ropensci/taxize
https://CRAN.R-project.org/package=shinythemes
https://CRAN.R-project.org/package=shinythemes
https://CRAN.R-project.org/package=shinydashboard
https://CRAN.R-project.org/package=shiny
https://CRAN.R-project.org/package=shiny
https://CRAN.R-project.org/package=leaflet
https://CRAN.R-project.org/package=leaflet
http://dx.doi.org/10.2305/IUCN.UK.2013-1.RLTS.T44392142A44437667.en.
http://dx.doi.org/10.2305/IUCN.UK.2013-1.RLTS.T44392142A44437667.en.
https://CRAN.R-project.org/package=zip
https://doi.org/10.1111/ddi.12532
https://doi.org/10.1038/s41467-018-07916-1
https://doi.org/10.1038/s41467-018-07916-1
http://brahmsonline.kew.org/ukot
https://doi.org/10.3389/fevo.2015.00087
https://doi.org/10.3389/fevo.2015.00087
https://CRAN.R-project.org/package=raster

lannone R, Allaire J, Borges B (2018) flexdashboard: R Markdown Format for Flexible
Dashboards. R package version 0.5.1.1. URL: https://CRAN.R-project.org/
package=flexdashboard

IUCN (2013) Documentation standards and consistency checks for IUCN Red List
assessments and species accounts. Version 2. Adopted by the IUCN Red List Committee
and IUCN SSC Steering Committee. http://www.iucnredlist.org/documents/
RL_Standards_Consistency.pdf. Accessed on: 2019-8-21.

IUCN (2019) 2019_1_RL_Stats_Table_1a. https://nc.iucnredlist.org/redlist/content/
attachment files/2019 2 RL Table 1a v2.pdf. Accessed on: 2019-8-19.

IUCN Standards and Petitions Subcommittee (2017) Guidelines for Using the IUCN Red
List Categories and Criteria. Version 13. http://www.iucnredlist.org/documents/
RedListGuidelines.pdf. Accessed on: 2019-8-21.

Keyes O (2017) wicket: Utilities to Handle WKT Spatial Data. R package version 0.4.0.
URL: https://CRAN.R-project.org/package=wicket

McCarthy DP, Donald PF, Scharlemann JPW, Buchanan GM, Balmford A, Green JMH,
Bennun LA, Burgess ND, Fishpool LDC, Garnett ST, Leonard DL, Maloney RF, Morling P,
Schaefer HM, Symes A, Wiedenfeld DA, Butchart SHM (2012) Financial Costs of Meeting
Global Biodiversity Conservation Targets: Current Spending and Unmet Needs. Science
338 (6109): 946-949. https://doi.org/10.1126/science.1229803

Meyer C, Kreft H, Guralnick R, Jetz W (2015) Global priorities for an effective information
basis of biodiversity distributions. Nature Communications 6 (1). https://doi.org/10.1038/
ncomms9221

Moat J (2017) rCAT: Conservation Assessment Tools. 0.1.5. URL: https://CRAN.R-
project.org/package=rCAT

Miller K (2017) here: A Simpler Way to Find Your Files. R package version 0.1. URL:
https://CRAN.R-project.org/package=here

Nic Lughadha E, Walker BE, Canteiro C, Chadburn H, Davis AP, Hargreaves S, Lucas
EJ, Schuiteman A, Williams E, Bachman SP, Baines D, Barker A, Budden AP, Carretero
J, Clarkson JJ, Roberts A, Rivers MC (2018) The use and misuse of herbarium
specimens in evaluating plant extinction risks. Philosophical transactions of the Royal
Society of London. Series B, Biological sciences 374 (1763). https://doi.org/10.1098/rstb.
2017.0402

Ooms J (2014) The jsonlite Package: A Practical and Consistent Mapping Between
JSON Data and R Objects. https://arxiv.org/abs/1403.2805. Accessed on: 2019-8-20.
Pebesma E (2018) Simple Features for R: Standardized Support for Spatial Vector Data.
The R Journal 10 (1): 439-446. https://doi.org/10.32614/RJ-2018-009

Raimondo D, von Staden L, Donaldson J (2013) Lessons from the Conservation
Assessment of the South African Megaflora1. Annals of the Missouri Botanical Garden 99
(2): 221-230. https://doi.org/10.3417/2011111

R Core Team (2019) R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL: https://www.R-project.org/
Red List Technical Working Group (2018) Mapping Standards and Data Quality for the
IUCN Red List Categories and Criteria. https://nc.iucnredlist.org/redlist/resources/files/
1539098236-Mapping_Standards_Version_1.16_2018.pdf. Accessed on: 2019-9-29.
Rivers M (2017) The Global Tree Assessment - Red Listing the World's Trees. BGjournal
14 (1): 19-19. URL: https://www.jstor.org/stable/26369172

12


https://CRAN.R-project.org/package=flexdashboard
https://CRAN.R-project.org/package=flexdashboard
http://www.iucnredlist.org/documents/RL_Standards_Consistency.pdf
http://www.iucnredlist.org/documents/RL_Standards_Consistency.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/2019_2_RL_Table_1a_v2.pdf
https://nc.iucnredlist.org/redlist/content/attachment_files/2019_2_RL_Table_1a_v2.pdf
http://www.iucnredlist.org/documents/RedListGuidelines.pdf
http://www.iucnredlist.org/documents/RedListGuidelines.pdf
https://CRAN.R-project.org/package=wicket
https://doi.org/10.1126/science.1229803
https://doi.org/10.1038/ncomms9221
https://doi.org/10.1038/ncomms9221
https://CRAN.R-project.org/package=rCAT
https://CRAN.R-project.org/package=rCAT
https://CRAN.R-project.org/package=here
https://doi.org/10.1098/rstb.2017.0402
https://doi.org/10.1098/rstb.2017.0402
https://arxiv.org/abs/1403.2805
https://doi.org/10.32614/RJ-2018-009
https://doi.org/10.3417/2011111
https://www.R-project.org/
https://nc.iucnredlist.org/redlist/resources/files/1539098236-Mapping_Standards_Version_1.16_2018.pdf
https://nc.iucnredlist.org/redlist/resources/files/1539098236-Mapping_Standards_Version_1.16_2018.pdf
https://www.jstor.org/stable/26369172

Rodrigues AS, Pilgrim JD, Lamoreux JF, Hoffmann M, Brooks TM (2006) The value of the
IUCN Red List for conservation. Trends Ecol. Evol 21: 71-76. https://doi.org/10.1016/
j.tree.2005.10.010

Symes W, Edwards D, Miettinen J, Rheindt F, Carrasco LR (2018) Combined impacts of
deforestation and wildlife trade on tropical biodiversity are severely underestimated.
Nature Communications 9 (1). https://doi.org/10.1038/s41467-018-06579-2

Venter O, Sanderson E, Magrach A, Allan J, Beher J, Jones K, Possingham H, Laurance
W, Wood P, Fekete B, Levy M, Watson JM (2016) Sixteen years of change in the global
terrestrial human footprint and implications for biodiversity conservation. ETH Zurich
https://doi.org/10.3929/ETHZ-B-000119997

Wickham H (2017) tidyverse: Easily Install and Load the 'Tidyverse'. R package version
1.2.1. URL: https://CRAN.R-project.org/package=tidyverse

Wickham H (2018) httr: Tools for Working with URLs and HTTP. R package version 1.4.0.
URL: https://CRAN.R-project.org/package=httr

Xie Y, Cheng J, Tan X (2018) DT: A Wrapper of the JavaScript Library 'DataTables'. R
package version 0.5. URL: https://CRAN.R-project.org/package=DT

13


https://doi.org/10.1016/j.tree.2005.10.010
https://doi.org/10.1016/j.tree.2005.10.010
https://doi.org/10.1038/s41467-018-06579-2
https://doi.org/10.3929/ETHZ-B-000119997
https://doi.org/10.3929/ETHZ-B-000119997
https://CRAN.R-project.org/package=tidyverse
https://CRAN.R-project.org/package=httr
https://CRAN.R-project.org/package=DT

Rapid LeastConcern ~ Home  1Singe  28ach  Help

Enter a species: Show|5 v entries. O —

Aoe zebrina - usagokey | acceptedusagekey | scentificName  rank  stats ~ confidence ©family acceptedspecies
Po——
o — Moodbris  eces pccerren 15 Aphosecese  Aosdebars
‘Showing 1to 2 of 2 entries. Previous E Next
Matchng oo

ss00521 ==

B Hide non-native points

Set parameters:

GBIF record maximum:
o a0
i T T
W ame sem w0 G 4w

Check the map and statistics. As a guideline,
gauges in green Indicate high probability of
being Least Concern, red indicates possibly
threatened. If you think you have an LC species,
download the point file and SIS connect files

Figure 1.
Screenshot of single assessment workflow using Aloe zebrina Baker as an example species.
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Figure 2.

Sensitivity analysis to determine thresholds for Least Concern for each parameter: number of
specimens, number of TDWG regions, extent of occurrence and area of occupancy. Vertical
dashed line shows the chosen threshold (also reported in Table 1). We used 923 randomly
selected monocot species from the Sampled Red List Index for Plants Project (Brummitt et al.
2015) as the validation dataset. For each species, we compared the published Red List
assessments with those predicted by Rapid Least Concern over a continuum of threshold
values and reported accuracy measures based on a confusion matrix.
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Figure 3.

Impact of Rapid Least Concern on overall proportion of species assessed for native plants in
Bermuda. Number of species in each Red List category are shown prior to and after running
Rapid Least Concern. Categories follow the IUCN Red List system: Extinct in the Wild
(EW), Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near threatened
(NT), Least Concern (LC), Data Deficient (DD) and Not Evaluated (NE). All species have
been assessed at global level.
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Table 1.

Statistics used to determine Least Concern status with thresholds.

Field

EOO

AQCO

RecordCount

TDWGCount

POWO_ID
full_name
warning

leastConcern

Description

Extent of occurrence. Calculated as the area (km?2) of a minimum convex polygon of

all extant occurrence points within the native range.

Area (km?) calculated by summing the number of occupied cells based on occurrence
points within the native range by the area of the cells. Agrid of 10 km x 10 km cells
was used to account for georeference error as opposed to the standard 2 x 2 km

reference scale. A single occupied cell would return an AOO value of 100 km?
The number of unique georeferenced occurrence records within the native range.

The number of Level 3 TDWG regions in which the species occur across its native

range.
Unique ID for Plants of the World Online

Binomial

Indicates a problem with analysis e.g. no points in GBIF

Indicates whether the species meets or exceeds all the LC thresholds.
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LC
Threshold

30,000 km
2

3,000 km?

75

TRUE/
FALSE



Supplementary materials

Suppl. material 1: Rapid Least Concern - Help notes

Authors: Steven Bachman

Data type: User manual

Brief description: Rapid Least Concern User Guide.
Download file (548.01 kb)

Suppl. material 2: Bermuda species list

Authors: Steven Bachman, Sara Barrios, Alison Copeland
Data type: Species
Brief description: List of native plant species in Bermuda. Includes Red List status if already

assessed, predicted Red List status (LC or not LC) and final category decided after expert
review.

Download file (36.32 kb)
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