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ARTICLE INFO ABSTRACT

The IUCN Red List of Threatened Species underpins much decision-making in conservation and plays a key role
Kemor&: in monitoring the status and trends of biodiversity. However, the shortage of funds and assessor capacity slows
Species range map the uptake of novel data and techniques, hampering its currency, applicability, consistency and long-term
E?tji;:atl Red List viability. To help address this, we developed sRedList, a user-friendly online platform that assists Red List as-
sessors through a step-by-step process to estimate key parameters in a standardised and reproducible fashion.

Biodiversity conservation . . . . . .
Extinction risk Through the platform, assessors can swiftly generate outputs including species’ range maps, lists of countries of
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occurrence, lower and upper bounds of area of occupancy, habitat preferences, trends in area of habitat, and

GBIF levels of fragmentation. sRedList is compliant with the IUCN Red List guidelines and outputs are interoperable

Decision support

with the Species Information Service (SIS; the IUCN Red List database) in support of global, regional and national

assessments and reassessments. sRedList can also help assessors prioritise species for reassessment. sRedList was
released in October 2023, with a complete documentation package (including text documentation, ‘cheatsheets’,
and 15 video tutorials), and will soon be highlighted in the official Red List online training course. sRedList will
help to bridge the gap between extinction risk research and Red List assessment practice, increase the taxonomic
coverage and consistency of assessments, and ensure the ITUCN Red List is up-to-date to best support conservation
policy and practice across the world.

1. Introduction

The IUCN Red List of Threatened Species™ (hereafter, Red List) is
the most authoritative source of information on the extinction risk of
species (Rodrigues et al., 2006) and has been a key tool in biodiversity
conservation for many decades (Betts et al., 2020). For example, it is
central in guiding and monitoring several goals and targets adopted by
the Parties to the Convention on Biological Diversity (SCBD, 2010,
2022a, 2022b). Currently >163,000 species of animals, fungi and plants
have been assessed, of which >45,000 are considered threatened with
extinction globally (IUCN, 2024). Thousands of regional and national
Red List assessments have also been undertaken (Zamin et al., 2010;
Hochkirch et al., 2023). However, the Red List is currently taxonomi-
cally biased towards well-known groups, and faces the dual challenge of
expanding the number of assessments to invertebrates, fungi, and some
plant groups (IUCN, 2021b; Cardoso et al., 2011; Nic Lughadha et al.,
2020; Stuart et al., 2010), while updating existing assessments (Juffe-
Bignoli et al., 2016; Rondinini et al., 2014). Furthermore, the Red List
must ensure the highest possible levels of consistency and accuracy are
maintained in line with new data and methods (Cazalis et al., 2022).

To address these challenges, various technological solutions have
been proposed to enable assessments and reassessments to be under-
taken more rapidly and accurately, or to prioritise assessments and
reassessments (Zizka et al., 2022; Lucas et al., 2024; Cazalis et al., 2023;
Henry et al., 2024). For instance, available occurrence records can serve
as a basis to calculate distribution parameters (Zizka et al., 2021; Pel-
letier et al., 2018) and automated procedures can potentially improve
the accuracy of range maps (Ficetola et al., 2014; Huang et al., 2021;
Hughes et al., 2021). Furthermore, novel methods based on remote-
sensing products can help to monitor changes in habitat suitability, or
to estimate population size and severe fragmentation (Santini et al.,
2019; Tracewski et al., 2016; Brooks et al., 2019; Lumbierres et al.,
2022). In addition, the development of new databases on ecological
traits (Pacifici et al., 2013; Soria et al., 2021; Tobias et al., 2022; Pekar
et al., 2021; Bird et al., 2020) and species’ population density (Santini
etal., 2022, 2023) can bring further quantitative information to Red List
assessments.

Yet, while many of these approaches have shown potential to support
IUCN Red List assessments, their uptake has been somewhat limited so
far (Cardillo and Meijaard, 2012; Cazalis et al., 2022). A major reason
for this lack of implementation is the challenge to deliver a system that
meets the practical needs of Red List assessors and is compatible with the
existing Red List infrastructure, while simultaneously being easy to learn
for a broad group of users with very diverse technical capacities. Due to
time constraints and/or limited GIS and programming skills, assessors
have struggled to map species ranges and quantify the species’ extent of
occurrence (EOO), identify suitable habitats and elevations, or estimate
population sizes, trends and fragmentation, among other required tasks.
Furthermore, many assessments could be improved by making better use
of the available data and methods, and by strengthening the consistency
of calculation methods while applying Red List criteria. The widespread
uptake of the GeoCAT tool (https://geocat.iucnredlist.org), which helps
assessors gather occurrence records and calculate criterion B parameters
(EOO and potential area of occupancy AOO; Bachman et al., 2011),

suggests that Red List assessors hugely benefit from user-friendly and
openly available tools supporting their assessments. Similar tools
providing a wider range of Red List parameters and outputs could thus
provide key support to Red List assessors.

2. Introducing sRedList

To help address these challenges, we developed sRedList (https://sr
edlist.eu), a user-friendly online platform to support Red List assessors in
deriving key parameters and outputs for Red List assessments in a
standardised way. sRedList guides assessors through a step-by-step
procedure to assess species’ extinction risk, based on the latest data
and modelling approaches, and covering multiple Red List criteria.
Building on decades of scientific developments, sRedList facilitates: the
creation of range maps from different input data sources, the extraction
of potential countries of occurrence and species’ habitat preferences
(which are required information for Red List assessments), and the
estimation of various parameters linked directly or indirectly to
assessment criteria (Table 1). These include the extent of occurrence
(EOOQ), area of habitat (AOH), upper and lower bounds of area of oc-
cupancy (AOO), number of mature individuals, population trends and
fragmentation, and trends in threatening processes as estimated based
on multiple remotely sensed products. It also facilitates prioritising
species for reassessment using comparative statistical modelling
(currently limited to prioritising reassessment of Data Deficient species).

sRedList has been developed through cooperation among researchers
in conservation and modelling, software developers, relevant Red List
bodies and assessors. Its purpose is to support Red List assessors with
mapping tools, auxiliary information, and prioritisation tools to best
inform their assessments and enhance their consistency. We followed
five rules in the development:

1) Science-based. The implemented features are based on established
methods documented in the scientific literature.

2) Red List compliant. All steps adhere to the Red List Categories and
Criteria (IUCN, 2012b) and the Red List user guidelines (IUCN
Standards and Petitions Committee, 2024).

3) User-friendly. Using sRedList does not require any programming
skills; an understanding of the Red List Categories and Criteria, user
guidelines and assessment process are sufficient to interpret all
outputs.

4) Non-prescriptive. The outputs do not impose any extinction risk
categorisation, but provide data related to key Red List parameters,
which users can modify as appropriate based on other available data
and their expert knowledge on the species, and help to determine the
appropriate Red List category for each species. Guidance to interpret
all available data is also provided to make the best-informed choices.

5) SIS-ready. The outputs can be directly uploaded into the Species
Information Service (SIS), the Red List database, through the ‘SIS
Connect’ tool, and include additional information (e.g. maps) for
further evaluation that can easily be shared between assessors and
reviewers.

sRedList is available through a web platform designed using Angular


https://geocat.iucnredlist.org
https://sredlist.eu
https://sredlist.eu

V. Cazalis et al.

Table 1

Biological Conservation 298 (2024) 110761

Assessment elements informed by sRedList steps, and role in the assessment process (either as parameters to apply Red List criteria (IUCN, 2012b), or as supporting

assessment information).

Step  Assessment element Role Before sRedList With sRedList
1 Occurrence record Supporting Gathered manually or via GeoCAT (from GBIF, Points automatically gathered (from GBIF, OBIS, existing Red
points (Required) iNaturalist, Flickr, etc.). Filtered manually. List assessments, or uploaded by the user), and filtered.
1 Polygon range map Supporting In most cases, drawn manually using GIS software. Automatically drawn with multiple options (alpha hulls,
(Required) kernels, hydrobasins, etc.).
1 Hydrobasin range map Supporting Gathered from occurrence records through IUCN Mapped from occurrence records with multiple options (level 8,
(freshwater species (Required) Freshwater Mapping Application. 10, 12, or within Minimum Convex Polygon).
only)
2 Countries of occurrence  Supporting Manually selected from a list. Automatically extracted from the range map.
(Required)
2 Realms Supporting Manually selected from a list. Automatically extracted from the range map.
(Recommended)
3 Extent of occurrence Criterion B1 Calculated as minimum convex polygon or alpha hull ~ Automatically calculated as minimum convex polygon from the

using GeoCAT or GIS software.

4 Habitat preferences Supporting Manually selected from a list.
(Required)
4 Elevational preferences Supporting Manually imputed value.
(Recommended)
4 Area of occupancy Criteria B2, D2
might be derived individually from AOH maps.
4 Population size Criteria C1, C2, D1

5,7 Past population trends Criteria Al, A2

consultation.

6 Population severe
fragmentation

Criteria B1, B2

Lower bound calculated and mapped from occurrence
records in GeoCAT or any GIS software. Upper bound

Obtained from a species-specific literature search,
statistical analyses, or expert consultation.

Obtained from a species-specific literature search,
statistical analyses, analysis of habitat maps, or expert

Expert opinion, more rarely GIS analyses.

range map.
Suggested from habitats at locations of occurrence records.

Suggested from elevation of occurrence records.

Lower bound calculated and mapped from occurrence records.
Upper bound automatically calculated and mapped from area
of habitat derived from remotely sensed land cover products.
Inferred or estimated from area of habitat and population
density parameter (suggested by sRedList for available taxa,
user-defined otherwise).

Inferred or estimated and mapped from trends in area of habitat
or tree-cover automatically extracted from time series of
remotely sensed land cover products.

Inferred or estimated from area of habitat derived from
remotely sensed land cover products.

(Jain et al., 2014), providing users with a seamless and intuitive expe-
rience. This interface is underpinned by R programming (R Core Team,
2024), using the ‘plumber’ package (Schloerke and Allen, 2024) and the
‘future’ framework (Bengtsson, 2021). This architecture makes the
platform scalable and efficient in handling the complex computations
involved. The R-code for the analyses provided by sRedList is publicly
available at https://github.com/LifeWatch-Italy/sredlist-server.

sRedList is accompanied by a comprehensive documentation pack-
age (see links in sRedList home page). This includes a detailed manual
that guides users through each step of the assessment process, eluci-
dating relevant parameters to enhance transparency and reproduc-
ibility. The same information is also available through tooltips directly
embedded into the various components of the web interface to provide
information at the user’s fingertips. Further, a concise ‘cheatsheet’ is
provided as a quick reference for users to familiarise themselves with the
different features. Additionally, 15 video tutorials and 2 recorded
webinars offer a dynamic exploration of all functionalities. sRedList will
be highlighted in the official Red List training course that any new Red
List assessor follows.

The target audience of sRedList includes both new and experienced
Red List assessors and is equally relevant for first assessments and
reassessments. It can be useful for assessors running hundreds of as-
sessments (who thus need to fast-track some steps) and for assessors
running a few assessments (who will benefit from the step-by-step
guidance provided by sRedList). It was tested at multiple development
stages by Red List assessors for a wide range of taxonomic groups, and
continues to be improved through user feedback.

3. sRedList assessment workflow

The sRedList assessment workflow is designed for use early in the
assessment process, as a way to gather important data and calculate
parameters used in the assessment in a consistent and standardised way.
It starts with users defining the current range map of the species to be
assessed, followed by optional steps performing spatial analyses, and a

final step summarising the results (Fig. 1, examples in Boxes 1-2). Each
of these steps offers functionalities and outputs that assessors cannot
readily access without sRedList (Table 1). sRedList covers most of the
parameters that can be extracted from spatial data and is the most
comprehensive tool to document Red List parameters in a single work-
flow to date. Currently, it does not inform parameters that need other,
context-specific information (e.g., population reduction caused by fac-
tors other than habitat loss, magnitude of threats impacting the species,
or the highest priority conservation actions) but has been designed to
incorporate additional parameters as methods develop. Running steps
1-8 takes on average between 5 and 15 min depending on the species
group and on the choices made by the assessor. In the following para-
graphs we describe the individual steps in sRedList; more details can be
found in the sRedList documentation: https://sredlist.eu/assets/docume
ntation/sRedList_documentation.pdf. All spatial analyses and calcula-
tions are based on the World Mollweide projection (https://epsg.
i0/54009).

3.1. Step 1: range map

A user performing an assessment for a species starts by either
uploading a GIS shapefile depicting the geographic range limits, or
creating a range map directly on sRedList from occurrence records. For
reassessments, assessors can also use the range map provided in the
previously published Red List assessment, which can be accessed
directly via sRedList, and filtered by presence, origin and seasonality
attributes. Existing range maps can also be updated by combining them
with new polygons. Soon, users will also be able to manually edit the
range map and complete some map attributes directly through an
interactive tool with no GIS skills required. At this step, in the case of
national or regional Red List assessments, users can also choose to
restrict the assessment to a single country or region.

If users choose to create a new range map from occurrence records,
they are guided through a four-step process. First, users select the source
of the occurrence records they wish to use, if available (currently: Global


https://github.com/LifeWatch-Italy/sredlist-server
https://sredlist.eu/
https://sredlist.eu/assets/documentation/sRedList_documentation.pdf
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https://epsg.io/54009
https://epsg.io/54009
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Fig. 1. The sRedList workflow for species assessments. The insets in the upper and lower rows show the graphical results for each step. Coloured boxes indicate the
output of each step for assessments (purple: parameters to apply Red List criteria, light blue: supporting information or data required in Red List assessments, pink:
contextual information for assessors). GBIF “Global Biodiversity Information Facility”; OBIS “Ocean Biodiversity Information System”; NRL “National and Regional
Red Listing”; COO “countries of occurrence”; EOO “extent of occurrence”; AOO “area of occupancy”; AOH “area of habitat”; RS “Remote-sensed”. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Biodiversity Information Facility (GBIF), Ocean Biodiversity Informa-
tion System (OBIS), Red List point records from last assessment, or data
uploaded by the user). sRedList downloads and merges those records,
with the possibility to also use records from taxa regarded as synonyms
by the user. If there are >2000 records from a single selected source,
sRedList keeps a subset of 2000 records in order to minimise computing
time (in the case of GBIF records, it downloads a geographically repre-
sentative sample of records; see sRedList documentation for details).
Second, sRedList applies filters to exclude occurrence records that are
likely less reliable, such as records made before a user-defined obser-
vation year, records with a localisation uncertainty higher than a user-
defined value, records outside a user-defined geographic extent, re-
cords that are in the wrong domain (land or sea) given the species of
concern, and any records identified by functions in the ‘Coor-
dinateCleaner’ package in R (Zizka et al., 2019). Users can also add,
remove, or move occurrence records manually. Third, users specify how
sRedList should approximate the species range boundary using the point
records with options including: alpha hulls, kernels, minimum convex
polygon, or buffers around each point record or around coastline for
coastal species. The resulting polygonal range can then be buffered
based on a user-defined distance, cropped by land or sea, cropped by
elevation (e.g. to exclude mountainous areas), or merged with the Red
List range map of the most recent assessment. For freshwater species, the
range can be constructed using hydrobasin maps (IUCN, 2021a; Lehner
and Grill, 2013) following the Red List mapping standards (IUCN SSC
Red List Technical Working Group, 2021). Finally, the range polygons
generated can be further smoothed if desired. At the end of this process,
the system outputs a spreadsheet of the occurrence records used and a
shapefile of the polygon range map; both match the format required by
the Red List for range map submission.

3.2. Step 2: countries of occurrence and biogeographical realms

Once the range map is defined, sRedList derives a list of countries of
occurrence (including the subnational divisions listed by the Red List; e.
g. if a species occurs in the United States, sRedList will extract the US

states overlapping the range map) and biogeographical realms, required
and recommended supporting information in assessments, respectively.
The species’ range map generated in step 1 is intersected with country
and biogeographical realm base maps following the classifications used
in the IUCN Red List (Cazalis, 2023a, 2023b, 2023c). To generate
countries of occurrence, we automatically differentiate those with
confirmed occurrence records (presence code “Extant”) from those
overlapping with the range map but without occurrence records in the
input datasets (presence code “Possibly Extant™). Users can manually
edit the list of countries of occurrence and their presence, origin, or
seasonal attributes.

3.3. Step 3: extent of occurrence

Based on the range map, sRedList estimates the extent of occurrence
(EOO), which is used mainly in criterion Bl (but may inform other
criteria by looking at trends in EOO). Following the Red List guidelines
and previous publications (Joppa et al., 2015; [UCN Standards and Pe-
titions Committee, 2024), EOO is calculated as the area of the Minimum
Convex Polygon around the mapped range determined in step 1. Users
are reminded that EOO is based not only on confirmed occurrences, but
also on occurrences projected or inferred by the assessor. For this reason,
it is important that both projected or inferred occurrences are accounted
for in step 1 when determining the range (either by adding inferred or
projected occurrence records, or by adequately buffering the range
map).

3.4. Step 4: area of occupancy and population size

The area of occupancy (AOO) is required to apply criterion B2 (and
informs D2, as well as other criteria by considering trends in AOO). It is
calculated as the area of 2 x 2km grid cells that intersect localities
occupied by the species (Bachman et al., 2011; IUCN Standards and
Petitions Committee, 2024). sRedList estimates the minimum AOO by
considering only those 2 x 2 km cells containing occurrence records.
This typically underestimates AOO (often substantially) because of
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Box 1

Example of a new global assessment of Azteca xanthochroa (Formicidae, ants) completed with sRedList, summarising steps performed. All maps
and plots are direct screenshots from sRedList. All options are for illustration only, as users should justify any choices for real assessments. More
details can be found in Supplementary information S1. Picture by Ryan Perry accessed from www.antweb.org under licence CC-BY-SA-3.0.

1 (range map) - We combined online available occurrence records from GBIF (N = 262) and occurrence records we gathered from the
literature and personal observations (N = 8) of Azteca xanthochroa (Fig. A). We filtered out 12 records that were flagged because they dated
from before 1900, had localisation uncertainty of >100 km, fell into the sea (as the species is terrestrial), were extreme outliers (e.g., one
observation from the Netherlands, but the species is restricted to Central America), or because they were flagged by the CoordinateCleaner R
package. An alpha hull of the records was calculated (we defined an alpha parameter of 0.7/10, which the sRedList transformed into an alpha
value of 226,847; more detail in Supplementary Information S1), buffered (by 100 km), cropped to keep only the terrestrial area, and finally
smoothed (smoothing parameter = 50 %) to obtain a polygon range map used in the subsequent analyses (Fig. B).

2 (countries and realms) - The species was coded up as occurring in the Neotropical realm and in 7 countries (including 2 where it is only
“Possibly Extant” since the range map overlapped with countries but no occurrence records were known within the country): Belize, Costa
Rica (mainland), El Salvador, Guatemala, Honduras (2 subnational entities), Mexico (8 subnational entities), Nicaragua (mainland), and
Panama (Fig. C).

3 (extent of occurrence) - The extent of occurrence was estimated as 929,710 km?, which the user may later decide to round (Fig. D).

4 (area of occupancy) - Based on the distribution of occurrence records in relation to the habitat map that follows IUCN classification (Jung
etal., 2020), we considered habitats 1.6 (Forest - Subtropical/Tropical Moist Lowland) and 1.9 (Forest - Subtropical/Tropical Moist Montane)
as suitable, and 14.1 (Artificial/Terrestrial - Arable Land) as possibly suitable. Occurrence records ranged in elevation from 1 to 1646 m
(Fig. E), so we set the minimum elevation to 0 and the maximum elevation to 1700-2500 m (the true maximum limit being uncertain). Based
on these parameters, we estimated the lower bound of area of occupancy at 344 km?, which is likely to be a considerable underestimate as it
was based on few occurrence records, and the upper bound, based on the area of habitat, at between 5.0 and 5.6 x 10° km? (Fig. F)

5 (trends in AOH) - Not relevant for this species since we use trends in tree cover (step 7) for habitat trends.

6 (fragmentation) - Not relevant for the species, which has a quite continuous habitat.

7 (trends in RS products) - As the species is a forest specialist, we used trends in tree cover to estimate trends in suitable habitat. Assuming
that 3 generations were <10 years, we mapped trends in tree cover between 2012 and 2022 and found a decline of 9 %, which can be used to
inform criterion A2 (Fig. G).

8 (summary) - None of the spatial information compiled or estimated through sRedList suggested the species was threatened or Near
Threatened (Fig. H). We thus suggested the species is Least Concern based on the available information (which should be complemented with
any more direct information assessors may have).

Red List Category triggered
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incomplete surveying/sampling and limited data availability (Brooks
et al., 2019; IUCN Standards and Petitions Committee, 2024). The upper
bound to AOO is estimated as the intersection of 2 x 2 km grid cells with
the area of habitat (AOH). This approach tends to overestimate true
occupancy (Brooks et al., 2019).

To map the AOH, sRedList uses data on habitat preferences
(following the IUCN Habitat Classification Scheme: https://www.iucnre
dlist.org/resources/habitat-classification-scheme) and elevation bounds
of the species combined with land cover and elevation maps. Habitat

and elevation preferences of the species are pre-filled with data from the
most recent published assessment if available, or can be inferred from
the distribution of occurrence records over the global habitat map from
Jung et al. (2020), which follows the IUCN Habitat classification
scheme, and the MERIT Digital Elevation Model (Yamazaki et al., 2017).
sRedList then calculates AOH as the area with suitable habitat and
elevation, using the ESA-CCI land cover product (ESA, 2022), an
empirically derived crosswalk between ESA-CCI and IUCN habitat
classes (Lumbierres et al., 2022) and the MERIT DEM global elevation


https://www.iucnredlist.org/resources/habitat-classification-scheme
https://www.iucnredlist.org/resources/habitat-classification-scheme
http://www.antweb.org
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Box 2

Example of a reassessment of Thamnomys kempi (Kemp’s thicket rat, Muridae) for a national Red List assessment of Democratic Republic of the
Congo completed with sRedList, summarising the steps performed. All maps and plots are direct screenshots from sRedList. All options taken
here are for illustrative purposes only, as users should justify any choices for real assessments. More details can be found in Supplementary
information S2.

1 (range map) - We used the range map published with the last global assessment of the species and cropped it to keep only the part in the
Democratic Republic of the Congo (the species also occurs in other countries in the Albertine Rift; Fig. A).

2 (countries) - Not applicable for national Red Listing.

3 (extent of occurrence) - The extent of occurrence measured was 10,354 km? (Fig. B).

4 (area of occupancy) - We used habitat and elevation preferences from the most recent published global assessment, and a density of 41-83
mature individuals/km? of suitable habitat calculated on sRedList (a total density of 173 individuals/km? was suggested by sRedList from
Santini et al. (2022), which we multiplied by 60-80 % of mature individuals in the population, and 40-60 of the suitable habitat being
occupied). We found an upper bound of area of occupancy of 2296 km? (Fig. C) and a potential population size estimated at 43,468-86,935
individuals. As the users started from known distribution rather than occurrence records, the lower bound of AOO was not calculated.

5 (trends in AOH) - Using the generation length from the past assessment, we mapped trends in AOH in the last 10 years (as the generation
time is 1.7 years), suggesting a decline of 3 % (Fig. D).

6 (fragmentation) - We entered an isolation distance of 20 km (i.e. subpopulations distant by >20 km are assumed to be isolated) based on
our expert knowledge. sRedList identified 3 subpopulations and estimated number of mature individuals for each subpopulation, concluding
that at least 50 % of the population lives in subpopulations with <17,054-34,108 mature individuals (the uncertainty is due to uncertainty in
density estimate; Fig. E). Hence we could consider the population as “severely fragmented” only if we consider that a subpopulation of
17,054-34,108 individuals is “small” in the sense of the Red List guidelines; we thus considered the population was not severely fragmented.
7 (trends in RS products) - The human population density within the range has increased by 31 % since 2010 (especially in the Eastern part
of the range), reaching a median of 268 inds/km? (Fig. F). This may indicate that this species faces increased human disturbance.

8 (summary) - We entered some parameters manually (e.g., that there is a continuing decline in habitat extent and quality, and that the
number of locations is <10). Based on the information gathered on sRedList, the species appeared to qualify as Vulnerable in the Democratic
Republic of the Congo based on criterion B1 (Fig. G). To confirm this category, assessors are then required to investigate whether the existence
and status of any conspecific populations outside the assessment country may affect the risk of extinction within the country (IUCN, 2012a).
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map (Yamazaki et al., 2017). The ESA-CCI layer was chosen over other
global land-cover products for its large temporal scope (1992-onwards)
allowing calculation of trends in AOH (step 5). For species with a small
range (<500,000 km?), sRedList uses the ‘aoh’ R package (Hanson,
2022). For species with a larger range (>500,000 kmz), it uses an
aggregated version at a 10 km resolution of the ESA-CCI and elevation
rasters to enable fast calculation (ESA-CCI was aggregated reporting the
proportion of each land cover class in raster cells; elevation raster was
aggregated reporting the median elevation in raster cells).

Users can assign uncertainty in the habitat and elevation preferences.

For example, the suitability of a given habitat can be defined as un-
known, while minimum and maximum values can be provided for both
lower and upper elevation limits. sRedList then generates minimum
(using the strictest habitat and elevation preferences) and maximum
(using the broadest habitat and elevation preferences) AOH maps and
estimates. Currently, there is no step of validating the AOH maps, for
example, using independent data on occurrence, but this is a potential
candidate for future development.

AOH can also be used to obtain an estimate of the number of mature
individuals (relevant to criteria C and D) if a mean density of mature
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individuals within suitable habitat is provided by assessors (Santini
et al., 2019). By default, for birds and mammals, a statistical prediction
of population density per species is provided based on thousands of
empirical records compiled from published sources (Santini et al., 2022,
2023). This value is then multiplied first by a user-entered hypothesised
proportion of mature individuals in the population, by the proportion of
suitable habitat that is occupied by the species, and by the AOH to
produce a crude estimate of the number of mature individuals to inform
criteria C and D. Otherwise, if available, the user can directly input the
density of mature individuals. Since the AOH is unlikely to be fully
occupied, this approach tends to overestimate abundance. To address
this simplification, sRedList allows users to specify the likely percentage
of available habitat that is occupied. Users can also provide upper and
lower estimates for population density to estimate the uncertainty
around the population size estimate. Finally, users can overwrite the
population size estimate with their own if they have more appropriate
information available.

3.5. Step 5: trends in area of habitat

Trends in AOH can inform an estimate of the rate of population
reduction for application of criterion A2 (and can inform whether
continuing declines are ongoing for criterion B). Following the same
method for mapping AOH, sRedList also calculates trends in AOH by
comparing the current AOH (based on the most recent ESA-CCI layer)
with the AOH 10 years or 3 generations before (whichever is longer
(IUCN, 2012b)), following Santini et al. (2019). If this brings back before
1992 (the first year with ESA-CCI data), trends are extrapolated from the
calculated trends between 1992 and current times. Generation length is
taken from the previous Red List assessment if available, otherwise it can
be extracted from published data (Pacifici et al., 2013; Mancini et al.,
2024) or provided by the user, who can also edit any extracted values.

3.6. Step 6: severe fragmentation of the population

For the population to be considered “severely fragmented” (a con-
dition considered under criteria B1 and B2), the Red List guidelines state
that at least 50 % of the total population should be in small isolated
patches, and therefore may not be viable (IUCN Standards and Petitions
Committee, 2024). To assess fragmentation, users have to define the
isolation distance (i.e. a distance above which two subpopulations are
considered isolated) and the average population density; both estimates
can accommodate uncertainty bounds. Using the AOH map from Step 4,
sRedList then identifies clusters of habitat patches that can be assumed
to be connected (based on the isolation distance), with each cluster
containing an isolated subpopulation. The density of mature individuals
within suitable habitat is then used to estimate the size of each sub-
population, which in turn is used to calculate the maximum number of
mature individuals per subpopulation (subcriterion C2(a)(i); Santini
et al., 2019), and the percentage of mature individuals in one subpop-
ulation (subcriterion C2(a)(ii)). sRedList then displays a plot that guides
assessors in determining whether the population is severely fragmented
or not (based on what they consider a “small” subpopulation) for
application of criterion B.

3.7. Step 7: trends in remotely sensed products

To provide contextual information to assessors, sRedList also calcu-
lates trends in various parameters within the mapped range derived
from several remotely sensed products: % tree-cover (using Global
Forest Change tree-cover maps from 2000 to 2022; (Hansen et al.,
2013)), human modification index (using Theobald et al., 2020), and
human population density (using Global Human Settlement dataset;
(Florczyk et al., 2019)). All these products were aggregated to a ~ 5 km
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resolution (using the mean) to enable fast analyses, thus this step is more
relevant for species with medium to large range sizes (e.g., >100km?).
For each product, sRedList calculates and maps the current mean value
within the range, as well as absolute and relative trends over the last 10
years or 3 generations (if the product temporal depth is sufficient),
whichever is longer (consistent with the period considered under cri-
terion A2).

Forest loss has been widely used to inform estimates of population
decline in forest-dependent species for application of criterion A2 in Red
List assessments (Tracewski et al., 2016). Statistics on human modifi-
cation and human population density do not feed directly into Red List
criteria, but may help assessors to justify choices and application of
subcriteria (e.g., continuing decline), as well as an understanding of the
potential intensity of threats to the species.

3.8. Step 8: summarising results

In the last step, sRedList summarises all estimated parameters and
provides short justification for parameter estimates, and the corre-
sponding Red List category and criteria under which the species qualifies
seems to qualify. The user has the option to modify any parameter or
justification compiled by the platform, or to enter any other parameters
required for criteria A, B, C, and D, including number of locations and
subpopulations, population trend data (generated from an external
source), and to specify whether continuing decline or extreme fluctua-
tions are occurring. sRedList then applies these parameters to the Red
List criteria and proposes a Red List category for each criterion, and
indicates the highest extinction risk category triggered for the species.
Considering the uncertainty in the parameter estimates, a range of Red
List categories triggered for each criterion is presented.

Finally, the user can export a ZIP file that includes all outputs from
sRedList. First, csv tables including all parameters and justifications used
to calculate parameters, potential countries of occurrence, habitat
preferences, and references to cite in the assessment (related to the tools
and the data accessed via sRedList). These csv tables can be uploaded
into a draft assessment in SIS through the ‘SIS Connect’ tool (htt
ps://connect.iucnredlist.org), to which assessors must add additional
required and recommended information (e.g., description of and list of
threats or conservation actions), complete the narratives and rationale,
and finally complete the assessment review process. Second, if users
created or edited a range map on sRedList, the outputs include a table of
occurrence records used and a shapefile with the polygon range map,
both in a format that can be directly published with the assessment, or
can be manually edited before publication if needed. Third, the outputs
include a report detailing the analyses and decisions taken in sRedList (e.
g., every parameter that was selected by users) and all results (e.g., all
maps, plots, and tables). This file enables users to document how results
were obtained, explore them in more depth, and share them with other
assessors and reviewers.

4. Prioritising reassessments with sRedList

While in theory every species on the Red List should be reassessed at
least every 10 years (IUCN Standards and Petitions Committee, 2024), in
practice 21 % of assessments on the global IUCN Red List are currently
considered outdated (IUCN, 2024). In addition, some species should
ideally be reassessed more regularly than 10 years because their status
can rapidly worsen (IUCN, 2020) or quickly improve (e.g., [UCN, 2013)
because of dynamic threatening processes. A possible solution is to help
Red List assessors to prioritise species reassessments based on correla-
tive approaches (Di Marco et al., 2014; Henry et al., 2024; Lucas et al.,
2024; Zizka et al., 2021). Thus, in addition to its role in supporting the
assessment process, sRedList is also designed to help prioritise assess-
ments and reassessments. Assessor groups can use sRedList prioritisation
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tools to decide which species they will assess or reassess, for instance
when preparing an assessment workshop.

In its current version 1.2, sRedList includes a tool to help assessors
prioritise the reassessment of Data Deficient species for four groups
(odonata, amphibians, reptiles, and mammals; Box 3) based on the
methodology presented in Cazalis et al. (2023). This approach identifies
which Data Deficient species are the most likely to qualify in a data
sufficient category if they were reassessed today (e.g., because the
number of GBIF records has increased significantly since the last
assessment) and offers additional information to assessors to guide their
assessment (e.g., why the species is considered a priority for reassess-
ment, a list of recently published articles on the species, an interactive
map of occurrence records and habitat loss).

For each group, users can visualise the priority list of Data Deficient
species to reassess in a table and a scatterplot. The plot shows, for each
species, the probability of qualifying as data sufficient. Assessors can
filter this list (e.g., select species from a given family or those that were
last assessed at a given time) and order it based on particular variables (i.
e., the value for the priority index developed by Cazalis et al., 2023, or
an individual variable used to calculate that index). When selecting a
species, they can access and visualise the additional information for the
species, which can help them identify priorities and start informing their
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reassessment. They can then create their own priority list by clicking on
the species they want to reassess and download this list as a csv file (Box
3).

If fundings is sufficient, this approach could be replicated regularly
or extended to other groups in order to help reduce the proportion of
Data Deficient species. We also plan to add other tools to prioritise the
(re)-assessment of species, based on methods presented by recently
published studies (e.g., Bachman et al., 2024; Lucas et al., 2024).

5. Discussion

Over the last 20 years, considerable progress has been made in
extinction risk research, while over 100,000 new extinction risk as-
sessments have been added to the Red List. Yet, for the most part, these
two advances have been disconnected from each other (Cazalis et al.,
2022). sRedList is a new tool co-developed by extinction risk scientists
and Red List practitioners, aimed to bridge this research-implementation
gap. We developed sRedList to help Red List assessors to conduct more
rapid, more cost-efficient, more consistent, and better-informed assess-
ments (Table 1). Its ability to support global, regional and national Red
List assessments makes it a key tool for enhancing the ability of countries
to implement actions needed to meet the goals and targets of the Global

Box 3

Example of using the sRedList Data Deficient reassessment prioritisation tool. The interactivity of such tools can help the uptake of published
methods by assessors (demonstrated here with an example on DD species but this can be extended to other groups and categories; see details in

the Discussion).

1. Select taxonomic group

Users first choose a taxonomic group (in this example Odonata). For the Data Deficient species in the selected group, an interactive
scatterplot shows the modelled probability to become data sufficient if reassessed today (pDS; x-axis) and the increase in this probability since
last assessment (dpDS; y-axis; Cazalis et al., 2023). The closer a species is to the right end of the plot, the more likely it is to be currently data
sufficient, while the higher it is on the plot, the more data have become available since the last assessment. This plot also highlights species
that lost >20 % of habitat in the last 10 years/3 generations (as calculated in Cazalis et al., 2023), which could therefore potentially be

reclassified as at least Near Threatened based on this information.
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2. Filter species and identify species priority

Users can select species falling within their expertise. Here, we selected species from two odonata families (Synlestidae and Aeshnidae)
from the Indomalayan realm that were last reassessed before 2018 (N = 21).
In this example, the tool identifies the six species with the highest reassessment priority (PrioDS>90 %) following the approach described

by Cazalis et al. (2023).

(continued on next page)
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More information on Megalestes irma (last assessed in 2010)

This species is of top priority for reassessment (90-100% top priority), with a probability of being reassessed in a data sufficient
category of 0.58 and an increase in that probability since last assessment of 0.52.

4 articles in Web of Science:

Dawn, Prosenjit (2022). Dragonflies and damselflies (Insecta: Odonata) of West Bengal, an annotated list of species

ORIENTAL INSECTS: 10.1080/00305316.2021.1908188.

Xu, Qi-Han (2020). Redescription of the final stadium larva of Megalestes heros Needham from Fujian, China, with discussion
of the characters of genus Megalestes Selys (Odonata: Zygoptera: Synlestidae). ZOOTAXA: 10.1080/00305316.2021.1908188.

Payra, A., Deepak, C.K., Tripathy, B., Mondal, K., Chandra, K. (2017). New distributional record of Megalestes irma Fraser, 1926
(Odonata: Zygoptera: Synlestidae), a damselfly from Arunachal Pradesh, Eastern Himalayas, India.. Evraziatskii

Entomologicheskhi Zhurnal: 10.1080/00305316.2021.1908188.

Kalkman. Vinent J.. Gveltshen. Thinley (2016). Records of dragionflies from western Bhutan collected in October 2015.. v
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Biodiversity Framework, and to track progress towards achieving these
(SCBD, 2022a, 2022b). For example, Red Lists help countries to identify
threatened species and the urgent management actions they require
(relevant to Target 4), including the actions needed to prevent human-
induced extinctions (relevant to Goal A and Target 4). Threatened spe-
cies are also the focus of some of the criteria for identifying Key Biodi-
versity Areas (IUCN, 2016), which are used to ensure that protected
areas are targeted to ‘areas of particular importance for biodiversity’
(under Target 3). Finally, Red Lists form the basis of the Red List Index,
which has been adopted by the CBD as a ‘headline indicator’ for
assessing progress towards Goal A and Target 4 (SCBD, 2022a, 2022b).

The rigorous alignment of all methods and outputs produced by
sRedList with the Red List protocols and procedures and SIS formats, in
combination with a user-friendly, interactive, and flexible interface,
should facilitate adoption of this tool by Red List assessors. We believe
that the thorough documentation (including manuals, cheatsheets, and
15 video tutorials) allows assessors to quickly and autonomously learn
how to use sRedList. By providing easy access to data and tools for
estimating all key Red List parameters, while compiling all information
in a format that can be directly uploaded to SIS, sRedList is expected to
substantially reduce the time needed to complete an assessment, while
improving consistency and completeness. Currently, >200 assessors
have registered to the platform and have started using it for global and
national Red List assessments. By tracking sRedList usage and citations

in published assessments, as well as circulating a survey to Red List
assessors, in a few years from now we will be able to quantify its
contribution to assessments’ consistency, velocity and completeness.
sRedList could also be useful to a wider community, for instance to
create species range maps (for purposes other than the Red List) or for
students to learn about extinction risk and species distribution.

sRedList can be used for all taxonomic groups, although not all steps
will necessarily be useful to all species. For birds, for instance, which
have been assessed comprehensively several times and are one of the
most data-rich groups in the Red List, extracting countries of occurrence
or creating range maps will be less important, but updating estimates of
deforestation within the range or mapping fragmentation will expedite
and augment reassessments. Similarly, mapping the area of habitat of a
widespread, common plant species is unlikely to provide key informa-
tion for Red List assessment, but the possibility to extract the list of
countries of occurrence and elevation limits will help assessors and save
time. sRedList currently offers more value to assessors of terrestrial
species than those assessing freshwater or marine species, reflecting a
higher research attention to Red Listing of the former in recent decades
(Cazalis et al., 2022). However, assessors of marine and freshwater
species can benefit from the range map creation, extraction of countries
of occurrence, calculation of the extent of occurrence, and - in the case of
semi-aquatic freshwater species - most of the habitat analyses.

In the future, we intend to integrate new functionalities and
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modules, furthering sRedList’s coverage of assessor needs and its
applicability across a wide range of taxonomic groups. Updates could
include, for example, incorporation of additional remotely sensed data
products (e.g., different land-cover maps for Step 4-5, Normalised Dif-
ference Vegetation Index or additional pressure data from Branco et al.
(2023) in Step 7), and data uncertainty in remotely sensed and land-
cover products. We also expect additional prioritisation tools to be
added (e.g., Lucas et al., 2024; Borgelt et al., 2022; Caetano et al., 2022;
Bachman et al., 2024), which will help assessors make the best use of
their limited assessment time. Such tools should ideally not only assign
the most likely Red List category, but also indicate which criteria may be
triggered, in order to be useful for assessors (Henry et al., 2024). A high
priority for further development is to integrate functionality to run the
tool on batches of species (e.g. running all species from a given taxon at
once) in order to swiftly identify species that could benefit from a
reassessment or to rapidly assess many species.

There is also the potential to integrate new scientific methods to
support individual assessments. For example, extinction risk due to
projected climate change is difficult for assessors to estimate, but a
recent paper presents a simple, widely applicable methodology, which
could be integrated to support assessors in applying criteria A3 and A4
based on expected range shifts from climate change (Mancini et al.,
2023). Similarly, spatial methods to project expected range changes
because of changing land-use patterns (Visconti et al., 2016) and
spreading infectious diseases (Akcakaya et al., 2023) could be inte-
grated. Additionally, the use of area of habitat could be further devel-
oped, for instance by refining area of habitat by accounting for other
mapped threats (e.g., hunting; Benitez-Lopez et al. (2019)). The use of
area of habitat could also be extended to marine and freshwater species,
as methodologies are currently being developed (Turner et al., 2024;
Ridley et al., in prep) and could be integrated once fully elaborated.
Third, sRedList in the future may support features to guide assessors in
selecting the threats faced by each species (based on the IUCN Red List
Threats Classification Scheme), for instance by crossing distribution
with global threat map products (Branco et al., 2023; Jung et al., 2022).
Finally, tools to estimate past population trends using more than trends
in area of habitat would be useful, for instance using trends in occur-
rence records (Boyd et al., 2023) or non-spatial survey and monitoring
records (Akcakaya et al., 2021).

Several tools like GeoCAT or the Freshwater Mapping Application
have been built in the past to support Red Listing, however, it is chal-
lenging to actively maintain these. A key challenge of sRedList will thus
be to ensure that it is kept functioning in the medium and long-term:
fixing bugs that may appear (e.g., with R packages updates), updating
the input data regularly, updating the output format if changes are made
in SIS, or adapting it based on assessors’ feedback. Eventually, the
sRedList functionalities are planned to be directly accessible within SIS
and other national Red List portals, to simplify the assessment process.
As sRedList was built with APIs, it could easily and advantageously
become accessible from multiple portals while the analyses keep
running on a single server. It will also be important to keep the docu-
mentation up-to-date (and ideally translated into common languages),
so that assessors can always be adequately guided. In overcoming these
maintenance challenges, LifeWatch Italy, the Italian node of the Euro-
pean Research Infrastructure LifeWatch ERIC, currently supports the
operation and maintenance of the IT facilities and optimisation of the
online platform, with no predetermined end date.

6. Conclusion

The multiple methods proposed by the scientific community to
support and standardise the Red List over the past two decades have
mostly remained academic exercises. This was due to a lack of
communication and collaboration between Red List stakeholders and
ecological modellers in their development, and a lack of resources to
implement these methods in a user-friendly way at scale to promote
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their uptake. sRedList acts as a bridge between both communities,
aiming to provide the most relevant scientific methods and data to all
Red List assessors in a user-friendly way. Helping Red List assessors to
evaluate species’ risk in a fast and standardised way will ensure that the
global Red List can expand and keep up-to-date, and also support na-
tional and regional Red Lists. This is essential to inform actions to halt
biodiversity loss, and to monitor their outcomes.
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