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OPEN - An expert curated global legume
patapescriptor  Checklist improves the accuracy
of occurrence, biodiversity and
taxonomic data
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: The Legume Phylogeny Working Group’s Taxonomy Working Group was tasked to create a community

. endorsed global legume checklist that will serve as a primary source of taxa for biodiversity data

. platforms and legume-related research. The checklist was published in June 2021, recognising 772

‘' genera and 22,360 species. It is disseminated through the new Legume Data Portal as part of the

. Global Biodiversity Information Facility (GBIF) hosted portal initiative. The process that was followed to
. publish and disseminate the checklist and its content is described here. The impact of the work by the

: Taxonomy Working Group are quantified by comparing the published checklist with the GBIF taxonomic
. backbone. A total of 44,157 names overlapped with the GBIF taxonomic backbone while 30,456 names

. were added, which enabled more accurate name matching of 61,235 legume occurrences. Continuous

: improvement to the World Checklist of Vascular Plants (WCVP): Fabaceae checklist will allow the GBIF

. taxonomic backbone and other checklist managers to converge to a consistent and comprehensive list

. of legume taxa globally over time.

. Background & Summary

: Scientific names are central to biodiversity communication and applied research because they link all types of
. data to make related information about species discoverable. Species checklists capture names of organisms
. that are organised into higher levels of classification, e.g. genera, tribes and families. Many online resources
: are available to keep track of taxa in the form of checKklists, for example the African Plant Database (http://afri-

: canplantdatabase.ch), Catalogue of Life (COL, https://www.catalogueoflife.org), World Checklist of Vascular
. Plants (WCVP)! and World Flora Online* Plant List (https://wfoplantlist.org/plant-list) while other platforms
: such as the Global Biodiversity Information Facility (GBIF, https://www.gbif.org) and GenBank (https://www.

. ncbi.nlm.nih.gov/genbank) use taxa from these checklists to index and share linked biodiversity data. However,
. keeping abreast the continuous changes in taxonomy as a result of an improved understanding of species limits
. and relationships using molecular and evolutionary methods and the discovery of new species may be difficult.

: Accurate record-keeping of accepted names and their synonyms is critical but challenging and relies heavily on
. input, often from the same small pool of taxon experts.

: The legume systematics community has a strong history of collaboration to increase understanding of
. Fabaceae (or Leguminosae, Article 18.5°) evolution and to improve the classification system. This is evident
. in the International Legume Conferences held since 1978, the publication of over 14 volumes of the series
© Advances in Legume Systematics®, the establishment of the International Legume Database and Information
. Service (ILDIS, https://www.ildis.org)** and of the Legume Phylogeny Working Group (LPWG)*. The
. International Legume Database and Information Service (ILDIS) was a leading example globally of a taxon spe-
: cific online resource that contained a checklist with full synonymy, categorical data on geographic distributions
* and life-history traits® but since the early 2000s, limited work has been done on maintaining and expanding the
. database. It was highlighted that a new online species-information system is needed*, an idea confirmed at a
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Fig. 1 An overview of the workflow that was followed to update and publish the World Checklist of Vascular
Plants (WCVP): Fabaceae checklist. Contributors, coordinators and the editor communicated back and forth

to update legume taxa in the WCVP database. Content in the WCVP database were cross-referenced with the
International Plant Name Index (IPNT). Data within the WCVP database were disseminated through various
online platforms. The legume component of the WCVP database was published as a Darwin Core Archive in
ChecklistBank from where it was integrated into the Global Biodiversity Information Facility (GBIF) taxonomic
backbone and published online through ChecklistBank (https://www.checklistbank.org/dataset/2304/about) on
the Legume Data Portal (https://www.legumedata.org) and the GBIF portal®.

LPWG meeting held in May 2020 (https://www.legumedata.org/beanbag/67/67content). As a result, the LPWG
Taxonomy Working Group was established to create a community endorsed consensus global checklist that can
serve as a primary source of legume scientific taxa to support research (including work planned on phylogenom-
ics, occurrences, traits and a contribution towards the Open Tree of Life*) and to benefit online resources that
link data using names and subsequently taxa (Fig. 1).

A collaboration was set up between the LPWG Taxonomy Working Group and the Royal Botanic Gardens,
Kew, to review and update the existing legume component of the World Checklist of Vascular Plants (WCVP).
The first updated WCVP legume checklist (vers. 2021; hereafter referred to as the WCVP: Fabaceae checklist)
was edited by an international cohort of legume taxonomists and published on ChecklistBank (https://www.
checklistbank.org/dataset/2304/about), an open collaborative checklist repository and taxonomy resource led
by GBIF and COL.

In 2021 GBIF initiated a hosted portal pilot program for showcasing occurrence data of specific scientific
communities or regions. In collaboration with Canadensys (www.canadensys.net), a GBIF Associate Participant
Node, a legume data thematic portal was created and is reported for the first time here. The main component
of this GBIF hosted portal is a view of Fabaceae GBIF occurrence (observation and specimen) data. The LPWG
used this opportunity to showcase legume information (https://www.legumedata.org), including sharing the
WCVP: Fabaceae checklist®” and to develop a community resource. Concurrently, this gave GBIF an opportu-
nity to measure the community needs and increase GBIF data quality by facilitating automatic taxon updates to
improve the GBIF taxonomic backbone® as well as the taxonomy of its collaborator, COL and other international
initiatives like World Flora Online’ for which the LPWG is considered the recognised Taxon Expert Network?.

This paper is aimed to (1) explain the workflow that was followed to update and publish the community
endorsed legume checKklist, (2) to define the checklist’s content, (3) to outline data dissemination of the checklist
on the new Legume Data Portal and other portals, and (4) to describe the integration of the legume checklist
into the GBIF taxonomic backbone and consequently measure improvements of occurrence data in GBIF to
illustrate the importance of taxon expert curation of checklists.

Methods

An explanation of the steps that were followed to set up the taxonomist network that curated the checklist is pro-
vided along with the data flow and publication of the checklist. A detailed description is provided outlining the
data content of the first published community endorsed consensus legume checklist” along with an evaluation of
the impact of checklist improvements on biodiversity data using GBIF occurrence data as a case study.
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Starting list of taxa and updates. The LPWG Taxonomy Working Group had to find the most up-to-date
checklist to use as a starting point in generating a global community endorsed checklist. The WCVP is actively
maintained by the Royal Botanic Gardens, Kew in four steps®: (1) Recording of accepted names and synonyms
(A-Z workflow), (2) endorsement of the list by a taxon expert community, (3) recording of geographic distri-
butions, and 4) maintaining the checklist by updating with new names when they are validly published. Since
this is an actively curated checklist, it was decided to use the WCVP list as the starting list by collaborating with
the Royal Botanic Gardens, Kew and maintaining the legume checklist within this environment. The LPWG
Taxonomy Working Group and the Royal Botanic Gardens, Kew joined forces by connecting at step 2. This list has
the added benefit of regular cross-checks with the International Plant Name Index (https://www.ipni.org) and an
editor (Fig. 1) with an in-depth knowledge of the scientific naming rules®. The start list included a total of 85,811
taxa (Supplementary Table 1) and updates were made based on published literature, taxonomic expertise, and, as
needed, the study of type specimens (physical specimens, images of type material on e.g. Global Plants on JSTOR,
https://plants.jstor.org). Taxonomic statuses used included accepted, artificial hybrid, illegitimate, incomplete,
invalid, misapplied, orthographic variant, synonym or unplaced. The term ‘unplaced’ refers to any taxonomic
status, other than ‘accepted;, that could not be confirmed or verified by an expert. In the case of conflicting taxon-
omies that existed simultaneously, the coordinator mediated between the respective groups to engage with one
another to reach consensus through discussion and consultation. Although no case was referred to the arbitration
committee for decision, such a committee exists (elected by the community and with members representing all
major groups within the family and across all continents) to evaluate the case by (1) determining if the implemen-
tation of a particular taxonomy will create taxonomic instability, (2) attempt achieving philosophical consistency
when defining lineages, or (3) by voting as a last resort.

Network of legume taxonomists and the data. The LPWG Taxonomy Working Group created a net-
work of coordinators and contributors (taxon experts) to check and verify taxa. In total, 37 coordinators [at least
one for each subfamily, and for each tribe in the Papilionoideae subfamily] were tasked with finding experts to
participate. The checklist along with instructions were circulated via the LPWG network to taxon experts who
then volunteered to assist with taxon verification, starting in July 2020. A total of 80 taxonomists from 24 coun-
tries participated in the process®”.

The legume component of the WCVP was prepared in .xlsx format and included 19 fields of data or associ-
ated fields that were used to sort the synonyms under their respective accepted names (Table 1). A ‘comments’
field was used to record corrections (and comments) made by the contributors and the ‘verified’ field to add the
name of the taxon expert who checked and corrected or verified the data.

The multiple xIsx files with taxon verifications and corrections were collated manually by the coordinators,
consolidated where multiple contributors worked on the same group, and submitted to the WCVP editor at the
Royal Botanic Gardens, Kew who then conducted a comprehensive nomenclature assessment, following the
International Code of Nomenclature*’, before incorporating updates into the WCVP database. At the end of
May 2021, all corrections were incorporated and the new list was reviewed by the community to publish a first
updated checklist in June 2021.

Workflow of data publication. Once corrections in the WCVP database were captured, the legume com-
ponent was extracted and published as the WCVP: Fabaceae checklist in a Darwin Core Archive on ChecklistBank
(https://www.checklistbank.org/dataset/2304/about, Table 2) and integrated into the GBIF taxonomic back-
bone!?. The WCVP: Fabaceae checklist was used as the source dataset in the Legume Data Portal (https://www.
legumedata.org) and as the priority dataset in the GBIF taxonomic backbone for the family. Consequently, since
June 2021, all GBIF verbatim names of occurrences that form part of Fabaceae are indexed using the taxonomic
interpretation of the LPWG Taxonomy Working Group'®!!. However, GBIF also receives many names from other
sources, e.g. Plazi (https://plazi.org), International Union for Conservation of Nature (https://www.iucn.org).
Therefore, even though using the WCVP: Fabaceae checklist as its core dataset, the GBIF taxonomic backbone is
augmented by other taxonomic datasets that add names currently not covered by the WCVP: Fabaceae checklist.

Data in the WCVP database are continuously made available online through the WCVP website (https://
wevp.science.kew.org) where individual records can be searched or where the entire dataset can be downloaded
as the WCVP quarterly download (a link which allows one to download the complete checklist stored in the
WCVP database) and the Plants of the World Online portal (https://powo.science.kew.org)°.

The LPWG Taxonomy Working Group is recognised as the Taxon Expert Network of legumes for the World
Flora Online. The WCVP: Fabaceae checklist is also shared with the World Flora Online for incorporation
into the World Flora Online Taxonomic Backbone!? which will take place after every major update to the
WCVP: Fabaceae checklist (initially on an annual basis). As the Taxon Expert Network for legumes, the LPWG
Taxonomy Working Group will also be responsible to resolve queries related to taxa in the World Flora Online
Taxonomic Backbone, which in turn will help to make the WCVP: Fabaceae checklist comprehensive.

GBIF Hosted portals: the legume data portal. The Legume Data Portal provides up to date taxonomic
information resulting from work done by the LPWG Taxonomy Working Group. It also includes descriptive
information for the family and subfamilies, occurrence data, background information about the working groups
within the LPWG, access to The Bean Bag (a community newsletter) and other news. The WCVP: Fabaceae
checklist, published on ChecklistBank, is visualised in the Taxonomy page using a JS React component library
from Catalogue of Life (https://github.com/CatalogueOfLife/portal-components). This widget shows all data,
including synonyms, present in the WCVP: Fabaceae checklist and allows substantial browse and search capabili-
ties. Future updates to the WCVP: Fabaceae checklist data will be deposited to ChecklistBank and the widget can
be directed to the updated taxonomy.
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Field name

Definition/Purpose

sort_name

Identifier associated with the accepted_name

plant_name_id

World Checklist of Vascular Plants identifier

ipni_id International Plant Name Index identifier

family Family name associated with the taxon_name

subfamily Subfamily name associated with the accepted_name

tribe/clade Tribe/clade name associated with the accepted_name

rank The level within the hierarchical ranking system where the taxon belongs

taxon_status

The status of the use of the taxon_name, based on taxonomic opinion as a label for a taxon

taxon_name

The genus name, specific epithet and, where applicable, infraspecific epithet to form a monomial, binomial or
trinomial name with its authorship

place_of_publication

The protologue citation of the taxon_name

volume_and_page

The protologue volume (where applicable) and page number of the taxon_name

first_published

The protologue year of publication of the taxon_name

geographic_area

Geographic coverage of the taxon_name

nomenclatural_remarks

Nomenclatural notes related to the taxon_name

accepted_plant_name_id

World Checklist of Vascular Plants identifier associated with the accepted_name

acc_ipni_id The International Plant Name Index identifier associated with the accepted_name

The genus name, specific epithet and, where applicable, infraspecific epithet associated with the accepted_

accepted_name SR . . H o ]
pted_ name to form a monomial, binomial or trinomial name with its authorship

comments Corrections or comments recorded by the contributor

verified Name of the contributor who corrected data or verified that the data for the record are accurate and correct

Table 1. Definitions for each field in the starting list of legume names extracted from the World Checklist
of Vascular Plants. The dataset was checked, corrections noted in the ‘comments’ field and the name of the
contributor(s)/taxon expert(s) who updated or verified the details of the particular record captured in the
‘verified’ field. A complete list of taxa is available in Supplementary Table 1.

One of the main features of the hosted portal is the occurrence search of the entire GBIF Fabaceae dataset.
The majority of GBIF occurrences are indexed based on the WCVP: Fabaceae checklist; however, as noted ear-
lier, there are occurrences that match taxonomic names not in the WCVP: Fabaceae checklist but from other
taxonomic resources. Therefore the taxonomy of the occurrences in the Legume Data Portal is not identical to
the taxonomy presented in the Taxonomic page of the Legume Data Portal. It is expected that further rounds
of expert curation will lessen these differences because the WCVP: Fabaceae checklist will continually grow to
become more comprehensive. The goal is for each taxon to be assigned a single accepted name with the nomen-
clatural statuses of all synonyms flagged accordingly'®. The increasingly comprehensive checklist will over time
enable more accurate indexing and linking of taxa associated with GBIF occurrences.

Data improvement evaluation. To determine the impact of the work done by the LPWG Taxonomy
Working Group, three data comparisons were made (Fig. 2). Firstly, a comparison was made between the starting
checklist (Supplementary Table 1) and the WCVP: Fabaceae 2021 checklist’. ChecklistBank metrics were used to
calculate the total number of records for accepted genera, species, subspecies, varieties, forms, and synonyms and
is available on GitHub (https://github.com/jhnwllr/The-World-Checklist-of-Vascular-Plants—Fabaceae). These
values were compared between the start checklist and the published checklist to determine the total number of
differences in names recorded by the LPWG Taxonomy Working Group.

Secondly, the WCVP: Fabaceae’ checklist was compared with the GBIF taxonomic backbone!®!®. This
allowed quantification of three values: (1) the number of new names introduced from the WCVP: Fabaceae
checklist” into the GBIF taxonomic backbone!®!3, (2) the names in common between the WCVP: Fabaceae
checklist and the GBIF taxonomic backbone, and (3) the number of names in the GBIF taxonomic backbone not
included in the WCVP: Fabaceae checklist.

Thirdly, an analysis was done to quantify the effect of the taxonomic updates on occurrence data''* in GBIF
as a result of the improvements in the GBIF taxonomic backbone!® with the WCVP: Fabaceae checklist”. Each
GBIF occurrence (specimen or observation) arrives in GBIF with a taxonomic name, the verbatim (source/
original) name. During the indexing process the verbatim name is matched to the GBIF taxonomic backbone.
In the best case scenario, the verbatim name matches an accepted name in the GBIF taxonomic backbone and
is then used as the GBIF interpreted name. If the verbatim name matches a synonym in the GBIF taxonomic
backbone, the accepted name is derived from a lookup table and is used as the GBIF interpreted name (Fig. 2).
The verbatim name is maintained.

In some cases, even with approximate string matching, there is no match of the verbatim name to an inter-
preted name in the GBIF taxonomic backbone. In this case, the algorithm used in the building of the index iden-
tifies the name to the next higher taxonomic level. For example if an occurrence has a verbatim name of Acacia
xyz, which is not recognized in the GBIF taxonomic backbone, that occurrence is given the interpreted name
of Acacia and no species name is inferred. Likewise occurrences with unmatched generic names would identify
the record to family level and unmatched infraspecific names (e.g. subspecies, varieties, forms) would identify
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Field
index | DwC term Note
0 taxonID World ChecKklist of Vascular Plants identifier
1 family The full scientific name of the family in which the scientificName is classified
2 genus The full scientific name of the genus in which the scientificName belongs
3 specificEpithet The name of the first or species epithet of the scientificName
4 infraSpecificEpithet :{he name of the lowest or terminal infraspecific epithet of the scientificName, excluding any rank
esignation
L The genus name, where applicable, associated with the specificEpithet and infraspecific epithet to
5 scientificName Do - - ) . : .
form a monomial, binomial or trinomial name without its authorship
6 scientificNameAuthorship | The authorship information for the scientificName formatted according to a standard convention®
7 taxonRank The taxonomic rank of the most specific name in the scientificName
. The status of the use of the scientificName based on taxonomic opinion, linked to a specific
8 taxonomicStatus .
taxonomic reference that defines the concept
9 acceptedNameUsageID World Checklist of Vascular Plants identifier of the associated accepted name
World ChecKklist of Vascular Plants identifier of the associated name one level up in the taxonomic
10 parentNameUsagelD .
hierarchy
11 originalNameUsageID World ChecKklist of Vascular Plants identifier of the associated basionym
12 namePublishedIn A refe'rence3 for the publication (protologue citation) in which the scientificName was originally
established
13 scientificNameID International Plant Name Index identifier
14 wfolD ‘World Flora Online identifier

Table 2. The field index numbers, their related Darwin Core terms and definitions that define the fields in

the WCVP: Fabaceae checklist. The checklist is available for download as a Darwin Core Archive through
redirection from ChecklistBank’s About page (https://www.checklistbank.org/dataset/2304/about), Zenodo’ or
the Legume Data Portal (https://www.legumedata.org).

the record to species level. Similarly if a verbatim name has more than one potential equally best interpreted
matches, it identifies the next higher level taxonomic name.

Data Records

Legume checklist data. The published version of the checklist includes a total number of 87,822 names
and is accessible through ChecklistBank (https://www.checklistbank.org/dataset/2304/about), the GBIF website®
(https://www.gbif.org), Zenodo’ and Legume Data Portal (https://www.legumedata.org). The complete checklist
is available as a Darwin Core Archive that consists of three files: 1) An EML metadata file'> (eml.xml), 2) a DwC
archive descriptor file (meta.xml) and, 3) a taxon file with all taxa (wcvpFabaceae_June2021_withWFOIDs.txt).
The field names (Darwin Core terms) in the taxon file are provided in the meta.xml file and are listed in Table 2.

Technical Validation

The LPWG Taxonomy Working Group decided that taxon experts (contributors) would evaluate checklist data
for their taxon groups of speciality. Corrections in the checklist are implemented based on published literature
that is supported by sound evidence, often the work of these taxon experts themselves. When contentious names
arose, they were addressed in collaboration with other experts to ensure that decisions were taken in a consistent
manner within the context of the taxon group in question. Global collaboration is critical in maintaining a com-
munity endorsed checklist and therefore connections were established to link taxon experts that were not yet
working together. An arbitration committee was set up in case conflicts needed to be evaluated by an objective
group of experts, but this committee has yet to intervene in taxonomic decisions.

Corrections were submitted to the WCVP editor who performed a quality assessment of all the proposed
updates*’® before incorporation into the WCVP database. The editor could correspond with the contributors
where questions arose before changes were made in the database. Once all corrections were recorded, a checklist
was made available to the contributors for review before it was finally published.

In the first round of updating the legume checklist, not all taxonomic groups were addressed. Table 3 pro-
vides a summary of the total number of genera (excluding unplaced genera) recognised within each subfamily
along with the respective percentages of genera evaluated to before June 2021.

Data comparison 1. Data comparison 1 (Fig. 2) was carried out between the starting list of names
(Supplementary Table 1) and the WCVP: Fabaceae checklist’. A summary of the checklist data is provided in
Table 4, showing the total number of records, the number of accepted species, subspecies, varieties and genera
as calculated before and after the checklist was evaluated by the contributors. In total, 2,228 differences in total
numbers of accepted taxa and synonyms were recorded in the updated checklist, recognising 772 genera and
22,360 accepted species.

Data comparison 2. In 2019, the Fabaceae component in the initial GBIF taxonomic backbone included
49,656 names (Fig. 3a). In total, 44,157 of these matched names in the WCVP: Fabaceae checklist and a further
10,277 matched names from other data sources (e.g. names coming from the International Legume Database
and Information Service (ILDIS)®, International Plant Name Index, Plazi). In 2021, after the WCVP: Fabaceae
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Fig. 2 Three comparisons made with data from the published WCVP: Fabaceae checklist. a. A comparison
between the starting checklist from 2020 and the WCVP: Fabaceae checklist” (https://www.checklistbank.org/
dataset/2304/about) published in June 2021 to determine the number of new names to the dataset recorded. al.
A pie chart showing the composition by rank of accepted taxa in the published checklist. a2. A pie chart showing
the composition by rank of synonyms in the published checklist. b. A comparison of the GBIF taxonomic
backbone before!® and after!? the incorporation of the WCVP: Fabaceae checklist. c. A comparison of GBIF
occurrence name matches (verbatim names vs GBIF interpreted names) before!* and after!! incorporating the
WCVP: Fabaceae checklist into the GBIF taxonomic backbone.
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Number of | % of genera
Subfamily genera verified
Caesalpinioideae 149 3
Cercidoideae 14 100
Detarioideae 76 87
Dialioideae 17 100
Duparquetioideae 1 0
Papilionoideae 515 45

Table 3. The percentage of genera (excluding unplaced genera) within each subfamily of the Fabaceae that have
been verified in the WCVP: Fabaceae checklist in its first round of evaluation by the legume contributors (taxon
experts).

checklist was included in the GBIF taxonomic backbone'?, a total of 95,474 names were recorded. Of these,
30,456 names were newly introduced through the WCVP: Fabaceae checklist while 10,584 names (including
fossil taxa) came from other sources that were not yet captured in the WCVP: Fabaceae checklist. Fossil taxa were
not included in the analysis. A total of 69 genera in the GBIF taxonomic backbone had more than 250 new name
matches as a result of the WCVP: Fabaceae checklist import (Fig. 3b). Not all of these genera have been curated
by the LPWG Taxonomy Working Group yet and the big improvement may be due to continuous work that was
carried out by the editor of the WCVP in collaboration with legume taxon experts before the LPWG Taxonomy
Working Group was established.

The discrepancies in number of names in these different taxonomic lists point to the multiplicity of tax-
onomic datasets in the community that are not aligned. To alleviate this problem, the list of names not yet
accounted for in the WCVP: Fabaceae checklist can be displayed on the Legume Data Portal and forwarded to
the legume community for curation, therefore developing a cycle of data improvement. However, unpublished
names coming from observations and herbarium specimens should be omitted. It is anticipated that after a few
rounds of expert curation the WCVP: Fabaceae and GBIF taxonomies will converge. At each cycle, a snapshot of
GBIF occurrences will be taken and the improvement of the occurrences quantified to measure the value of the
expert taxonomic work. By making explicit the logical quantity of records that were improved and ones that had
their identifications linked more accurately, the work of taxonomists can be measured, in part, to justify future
resource investment in taxonomy.

Data comparison 3. In the previous two comparisons, improvements within the WCVP: Fabaceae check-
list and the GBIF taxonomic backbone were measured. In the third comparison, occurrence data (consisting
of observations and specimens) were revised as a result of the updated WCVP: Fabaceae checklist and GBIF
taxonomic backbone. This was an automated process and did not include curation of individual occurrences by
experts.

The GBIF taxonomic backbone was originally constructed from the COL checklist, which was built mainly
from data in the International Legume Database and Information Service (ILDIS), World Wide Wattle (http://
worldwidewattle.com) and World Plants (https://www.worldplants.de). After the GBIF taxonomic backbone
was updated!® with the WCVP: Fabaceae checklist’, a total of 61,235 occurrences that previously matched to a
higher taxonomic level'® were improved!! and now match to species level or below based on the identification
recorded with the occurrence. Of these 42,681 occurrences that matched at the genus level now match to species
level or lower while 3,931 occurrences that matched at species level now match to a variety or subspecies level.
Family level matches of 14,623 occurrences were improved to match at species rank or lower. This means that
previously the verbatim name was not in the GBIF backbone or that there were conflicting names (scientific
names with different authorities or concepts) that were now refined and allowed more accurate assignment of
the interpreted name at a lower taxonomic level (Figs. 2c, 4). A total of 59 genera were recorded for which 60 or
more occurrence records, at various levels, were improved and linked to a lower taxon level as a result of a more
comprehensive, curated checklist (Fig. 4).

Even after this taxonomic update, there are still about 250,000 legume occurrences in GBIF that are only
identified to a higher taxon level (i.e., are not matched as accurately as they could be). However, more than 56%
(about 140,000 occurrences) of these higher rank matches are varieties or subspecies that are moved to species
level rank due to missing names, misspellings or missing authorships in the GBIF taxonomic backbone. The
other 110,000 occurrences may be improved in their matching at species level through ongoing taxonomic work
by the LPWG Taxonomy Working Group. This total includes occurrences published to GBIF that have been
assigned only a genus name by the provider, lacking a specific epithet. It will be impossible to improve these
matches unless the source data are curated and become more accurate.

By targeting efforts on resolving the missing taxa that result in the identification to genus (or family) level,
the LPWG Taxonomy Working Group can have the strongest impact on GBIF occurrences with a result of
all (or most) occurrences matching to an accepted species as a LPWG Taxonomy Working Group goal. This
contribution of the LPWG Taxonomy Working Group will also provide data publishers with a source of high
quality taxonomic data for improving their databases and speeding up reidentification of occurrences. The more
comprehensive the GBIF taxonomic backbone becomes through taxon expert curation, the better the matching
algorithm will work to assign interpreted names. This will prevent higher taxon level identification of occur-
rences and increase the accuracy and specificity of data associated with each taxon. The changes in matched
occurrences reflect the taxonomic effort by the LPWG Taxonomy Working Group.
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2020 | 2021 Difference
Genera 770 772 2

Species 22441 | 22360 | 81
Subspecies | 1697 | 2087 390
Varieties 2540 | 3047 507

Forms 21 18 3
Synonyms 56824 | 58069 | 1245
Total 2228

Table 4. Summary of the number of accepted genera, species, subspecies and varieties, and synonyms,
excluding unplaced taxa. These differences in total numbers of accepted taxa and synonyms were recorded in
the checklist (Supplementary Table 1) that was circulated for evaluation by contributors (taxon experts) in 2020.
The updated version (WCVP: Fabaceae checklist”) was published in 2021. The difference in numbers for each
category and the total number of differences recorded are listed.

Overall, these data comparisons have shown that through collaboration a group of taxonomic experts can
efficiently arrive at better quality data for downstream research and applied uses. We illustrate the challenges of
conciliating taxa across multiple taxonomic databases and of maintaining synchronised databases that capture
conclusions from new taxonomic research. We reiterate the importance of working together to arrive at cleaner
taxon databases to aggregate multiple sources of data about biodiversity. This is particularly critical for large
families such as Fabaceae, whose size, diversity, economic and ecological importance make it an ideal case study
for demonstrating the role of good taxonomy and accompanying databases for accurate research and biodiver-
sity assessments.

Future work. Collaborative research requires everyone to share the same understanding of a particular taxon
concept. These concepts are captured in the community endorsed, consensus checklist that will provide the basis
for ongoing collaborative work on phylogenomics, occurrences (species distributions), traits and to contribute
towards the Open Tree of Life (www.opentreeoflife.org) through the work planned by these four working groups
under the umbrella of the LPWG*.

The first goal of the LPWG’s Taxonomy Working Group is to create a single definitive, community-endorsed
checklist, which was achieved here, in part. This is an attempt to avoid further and unnecessary duplication of
efforts. Many components of the checklist has not yet been verified, e.g. Caesalpinioideae and Papilionoideae
subfamilies, which will require repeating the workflow presented in Fig. 1 and expanding the community to
include other taxonomists interested to contribute to this ambitious task. Legume taxon experts are invited to
contact the author for correspondence to become part of the checklist verification initiative. A list of genera
already verified are available in Online-only Table 1. The remaining genera are in various stages of being veri-
fied or in some cases, lacking experts, e.g. for some genera in tribes Phaseoleae (pers. comm. Alfonso Delgado
Salinas) and Trifolieae (pers. comm. Ana Paula Fortuna). Also, none of the Caesalpinioideae have been veri-
fied as the majority of taxon experts are currently working on the next two editions of ‘Advances in Legume
Systematics’ (https://phytokeys.pensoft.net/issue/3247/) dealing with the taxonomy of this subfamily. Once
taxon changes have been published, an effort will be made to verify and capture these updates in the WCVP:
Fabaceae checKklist.

Further modifications for genera already checked will have to be maintained in the checklist as new research
results become available. Continuous updates to the WCVP: Fabaceae checklist based on queries received from
biodiversity data platforms and other users will also help to maintain an accurate checklist. A second goal is
therefore to capture names from other online platforms like the GBIF taxonomic backbone, TROPICOS, COL
and the World Flora Online Plant List that are unaccounted for in the LPWG: Fabaceae checklist to ensure
comprehensiveness, similarly as to what was done for the Cactaceae' and Dianthus L.1” checklists prepared for
the Caryophyllales Network. Workflows may be revised following changes in collaboration agreements among
online checklists and biodiversity data portals and with the increasing availability of online tools.

Usage Notes

The published WCVP: Fabaceae checklist is available through several entry points in open access. These entry
points include the Legume Data Portal (https://www.legumedata.org), ChecklistBank (https://www.checklist-
bank.org/dataset/2304/about) and Zenodo’, from which the data can be downloaded, and the World Checklist
of Vascular Plants"® and POWO? (https://powo.science.kew.org) where the data can be visualised.

The legume checklist usage information.  As the legume checklist originates from the WCVP database,
a similar format is followed here as recently defined’. Each data record has one of the following taxonomic sta-
tuses (taxonomicStatus): Accepted, artificial hybrid, illegitimate, incomplete, invalid, misapplied, orthographic
variant, synonym or unplaced. Statuses other than accepted and unplaced all point to an accepted name identifier.
Records are associated with IPNI and WFO identifiers where these are available.

Legume data portal. On the Legume Data Portal (https://www.legumedata.org), a Taxonomy tab pro-
vides entry points to the latest published checklist through the ‘Browse’ or ‘Advanced search’ options. The portal
also provides background information on the checklist, the six subfamilies and static lists of genera within each
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Fig. 3 Number of legume names in the GBIF taxonomic backbone before and after updates were introduced
through the WCVP: Fabaceae checklist. a. A total of 44,157 names existed in both the GBIF taxonomic
backbone and WCVP: Fabaceae while 10,277 names (including fossil names) were not captured in the WCVP:
Fabaceae checklist. A total of 30,456 names were added from the WCVP: Fabaceae checklist’ into the GBIF
taxonomic backbone! while 10,584 names were newly introduced into the GBIF taxonomic backbone through
other taxonomic sources after the 2019 snapshot of the GBIF taxonomic backbone was taken. b. Genera with
more than 250 newly matched names'®!* after the WCVP: Fabaceae checklist was incorporated into the GBIF
taxonomic backbone.
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Fig. 4 Genera with more than 60 newly matched occurrences after the WCVP: Fabaceae checklist was
incorporated into the GBIF taxonomic backbone. These occurrences previously identified to a higher
taxonomic rank'"'* because of name mismatches at lower ranks.

subfamily using information from the latest published checklist that will be maintained manually. A citation
showing the version number is provided at the top of the ‘Browse’ and ‘Advanced search’ pages that should prefer-
ably be used when data from the checklist are included in any publication. A link directing the user to the source
of the data is listed at the end of the citation. The checklist can be downloaded in a text file format (.txt) or in Word
format (traditional style checklist).
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ChecklistBank. The latest version, as well as future versions, of the WCVP: Fabaceae will be available on
ChecklistBank. The legume checklist is published within ChecklistBank and provides access to its metadata on
the About page. There are also pages for Download, Browse and Search as well as an Import page that displays
some statistics of the WCVP: Fabaceae checKklist. Searches can be carried out on individual taxa from the Search
or Browse pages without having a GBIF account or being logged in, but to download a subset or the entire check-
list, the user must have a GBIF account and should be logged into the ChecklistBank portal using the GBIF
account credentials. The checklist can be downloaded in the following formats: DwCA, text tree, ColDP, Newick
and dot. Alternatively, users can access a URL on the About page that will redirect them to an address that will
allow the complete download of the checklist in DwCA without having a GBIF account. The checklist DwCA with
World Flora Online identifiers is also available from Zenodo” for download.

The browse function within the ChecklistBank and Legume Data Portal (https://www.legumedata.org) oper-
ate in exactly the same way and use the same data source. Here one can search individual records within the data-
set or browse through the list of accepted genera, species and infraspecific taxa. Although synonyms are not listed,
it is possible to search for a synonym, which will provide the accepted name of the associated synonym. When
selecting a name in the list, a taxon summary page will open and display additional information (protologue
citation, taxonomic status, associated accepted name or synonyms, basionym and classification information).

Other biodiversity data portals. Most biodiversity data portals rely on the same pool of taxonomic
experts to provide clarification on the use of scientific names. Our goal is to create a primary data source for all
legume taxa and to serve these to other online platforms, including the World Flora Online”!%. Queries regard-
ing taxa that are not part of our checklist should be communicated to the LPWG Taxonomy Working Group for
consideration. In turn, feedback will be provided to help other systems improve their legume taxon backbones.

Code availability
Code used to determine statistics for the WCVP: Fabaceae checklist is available on Github (https://github.com/
jhnwllr/The-World-Checklist-of-Vascular-Plants-Fabaceae).
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