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Why plant diversity and
distribution matter

Introduction

To bend the curve on biodiversity loss and enable threatened wild
populations to recover, the Kunming—Montreal Global Biodiver-
sity Framework, signed by nearly 200 parties and adopted in
December 2022 (CBD, 2022), outlines ambitious targets and goals
for the coming decades. Realising that ambition will not only
benefit biodiversity but also — directly or indirectly — all of the
United Nations Sustainable Development Goals.

However, the Framework’s success depends to a large extent on
our knowledge of plant diversity and distribution (Fig. 1). Without
it, there is an overwhelming risk that some of the global
commitments —such as protection of 30% of the world’s terrestrial
surface by 2030 — could largely disregard plants in favour of
charismatic animals, potentially putting plants at even higher risk
of disappearance if nonprotected areas become degraded (Anto-
nelli, 2023). Plant distribution knowledge will also be critical for
informing the similarly ambitious Framework targets for ecological
restoration, to ensure the right choice of native species and
provenances (Di Sacco ez al., 2021; Koopman, 2021).

In bringing together this collection of papers published in New
Phyrologistand Plants, People, Planet, we seek to explore the patterns
and processes of plant diversity and distribution at global and
regional levels, highlight current risks to plant diversity and inform
future agendas for research and conservation. The collection is also
a celebration of the first version with geographic data for all
accepted taxa of the World Checklist of Vascular Plants (WCVP;
Govaerts ez al., 2021) released by the Royal Botanic Gardens, Kew
(RBG Kew) — the outcome of over 35 years of meticulous and
collaborative work. This vast dataset, on which all the papers in this
collection are based, gives us the power to delve deeper into the
distribution patterns of species and whole groups, test specific
hypotheses of the drivers generating them, and model and predict
extinction — across the tree of life and across the globe.

The collection is based on responses to an open call for papers
exploring the WCVP dataset, which aimed to reach a diversity of
authors worldwide. It is co-released with the State of the World’s
Plants and Fungi 2023 report (Antonelli ez al., 2023) and hybrid
symposium, organised by RBG Kew, which together discuss these
papers in the overall context of current knowledge on plants and
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fungi, the threats they face, the data and knowledge gaps and the
priorities for future work. All of the featured papers are open access,
and the report is free to download. Here, we provide our views on
the broad contexts of these papers and how they relate to one
another, without attempting to summarise them as we encourage
readers to download and read them first-hand.

Data resources for understanding the world's plant
diversity

Plant names that follow modern nomenclatural rules have been
produced since the publication of Species Plantarumby Linnaeus in
1753 (Fig. 2). While Linnaeus attempted to curate his own plant
list, formally updating it multiple times, similarly ambitious
compilations that followed (such as Das Pflanzenreich) showed
themselves to be useful but quickly outdated. The WCVP started in
1988 as a response to a rapid increase in species names, alongside a
reported decrease in global biodiversity and early accounts of plant
extinctions (e.g. the 1980 World Conservation Strategy;
IUCN, 1980). The basic idea was to build and maintain an
expert-curated list of all vascular plants and in which countries they
occurred. Using the list, species could then be assessed as to their
extinction risk so that conservation actions could be taken.

The Plant List was released in 2010 and contained many gaps.
The work of many collaborators, compilers and expert reviewers at
institutions worldwide led to the completion of the taxonomic part
of WCVP in December 2019. The compilation and integration
into the WCVP of geographic data for all accepted taxa from
multiple sources (including Floras, checklists and other publica-
tions as well as specimen data) was completed in November 2021.
At that stage, all taxa had geographic data scored using the standard
codes at the level of Botanical Country (Level 3) of the World
Geographical Scheme for Recording Plant Distributions
(WGSRPD; Brummitt, 2001).

For this collection, we requested that authors use the same
February 2022 version of the WCVP (Govaerts, 2022), to increase
consistency and facilitate comparisons across studies. However, no
reference is ever complete, and the WCVP is updated continuously.
By 1 August 2023, the WCVP database included 1 423 062 plant
names, 1 007 126 at species level, representing 350 326 accepted
vascular plant species with 2 190 419 associated WGSRPD Level 3
geographical codes (Fig. 3; Govaerts, 2022).

To facilitate the use of the WCVP, an open-source R package
released in this collection — rWCVP (Brown ez al., 2023c) —
provides easy access to the latest version of the WCVP and offers
functions for taxonomic name reconciliation, geospatial integra-
tion, mapping and generation of summary statistics. Extensive
documentation and tutorials are included. r'WCVP is available on
CRAN  (https://cran.r-project.org/web/packages/rWCVP) and
GitHub (https://github.com/matildabrown/rWCVP).
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mentioned here. Species distribution data can
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Fig. 2 Vascular plant description overtime and
space. The cumulative number of vascular
plant species names over time (black line) and
in different regions (coloured areas). The
numbers are based on the recent distribution
of the currently accepted species names and
the age of their oldest synonym, excluding
hybrid taxa and names with unclear year of
publication, extinct ranges, as well as
introduced and doubtful occurrences. Regions
are the largest Biodiversity Information
Standards (TDWG) regions — Level 1. We
combined North and South America as well as
Tropical Asia and Temperate Asia, and
removed Antarctica for better visibility. As
species may occur in multiple regions, the total
increase in accepted species (black line) is
lower than the cumulative curve that includes
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The WCVP sits among a number of similar initiatives.
Schellenberger Costa et al. (2023) provide an overview of three
other major global lists of plant species. Of these, only World Plants
(Hassler, 2004-2023) includes distribution data, though not using
an international standard. The Leipzig Catalogue of Vascular
Plants (Freiberg ez al., 2020) has its origins as an update of The
Plant List, which was originally based on ¢. 70% of WCVP data.
The World Flora Online (https://www.worldfloraonline.org/;
WEFO, 2023) is a global collaborative programme to create
Taxonomic Expert Networks tasked with creating and maintaining
the data in the World Flora Online derived from the WCVP.

As pinpointed by Schellenberger Costa ez a/. (2023), differences
among these four lists do not necessarily indicate differences of
opinion in species concepts. More often, discrepancies stem from
changes in recent publications, not yet considered by the database
maintainers — a point illustrated in an assessment of the Meliaceae.
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2000 all regions (Govaerts, 2022).

They find that genuine disagreements are at the generic level, where
different, but equally valid, scientific classifications have been
published. In these cases, the accepted names differ; however, the
species concepts are the same. The four checklists provide identical
information on ¢. 60% of plant names, and some 75% of accepted
names are identical. Geographically, differences in checklists
increase from low to high latitudes. All four checklists are
committed to converge where genuine errors or gaps exist.

The drivers of plant diversity and life forms

Understanding the underlying factors that explain variation in
vascular plant diversity across spatial and temporal scales remains
one of the most important endeavours in ecology and evolution.
This does not only include taxonomic diversity (species richness)
but also functional and phylogenetic diversity, that is, aspects of

© 2023 The Authors
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Fig. 3 Global distribution and diversity of vascular plants. Global map of botanical countries coloured by the approximated number of accepted vascular plant
species in the World Checklist of Vascular Plants (excluding hybrid taxa, extinct species and ranges, as well as introduced species and doubtful occurrences).

Note the different scales for small islands and larger areas for better visibility: left scale, islands; right scale, continents (Govaerts, 2022).

diversity that more directly relate to ecosystem functioning and
evolutionary history, respectively. Several contributions to this
collection have tackled the question: what drives variation in plant
diversity across regions?

Some contributions address this at global scales or across all
vascular plants, others at continental or regional scales, or for
specific plant taxonomic groups. For example, Taylor ez al. (2023)
use a global approach to show how woody perennials dominate
ecosystems in tropical latitudes, whereas herbs increase in ecological
dominance in temperate and boreal regions, thus illustrating a
latitudinal gradient in plant form. Besides the importance of
contemporary climate to explain this pattern, the authors show that
the evolutionary history of lineages plays a role as well.
Interestingly, Sperotto ez al. (2023) do not find that climbing
growth forms influenced evolutionary diversification rates as
inferred from phylogenetic trees, at least not in Neotropical
climbers. Discrepancies in diversity across Neotropical angiosperm
lineages are therefore probably not related to specific climbing
mechanisms.

Nevertheless, a multitude of traits other than climbing growth
forms may be important for the evolutionary history, diversifica-
tion and current distribution of plant species and lineages — such as
fruit size in palms (Wolke ez al., 2023) and the photosynthetic
system in grasses (Elliott ez al, 2023). Such effects of traits on
diversity are context-specific; that is, they depend on the

© 2023 The Authors
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environmental setting in which diversification took place, such as
Africa for large fruits (Wolke ez al, 2023), Central American
rainforests for orchids (Pérez-Escobar ez al., 2023), temperature for
the evolution of annual strategies in flowering plants (Boyko
et al., 2023) and mid-Eocene conditions for the diversification and
geographic expansion of Scrophulariaceae (Villaverde ez al., 2023).

Contributions to this collection also show how building solid
phylogenomic frameworks (Villaverde ez al., 2023) and integrating
phylogenies and fossils (Coiro ez al, 2023) — in addition to
improved taxonomic and geographical information — hold the
future for more reliable and precise inferences of plant macro-
evolution.

Diversity hotspots and knowledge gaps

The most diverse, unique and often threatened biotas on Earth have
been recognised as ‘hotspots’ of biodiversity, under varying
definitions. Tietje ez 2l (2023) use the WCVP data to add evidence
to the importance of geological timescales for current biodiversity.
These authors argue that a definition of global biodiversity hotspots
ought to include information on the evolutionary relatedness of
species, because this phylogenetic diversity is more evenly
distributed across space and biomes than species richness, and
requires a greater geographical spread of areas to effectively
conserve it. Among the many biodiversity hotspots associated with

New Phytologist (2023) 240: 1331-1336
www.newphytologist.com

sdy) SUOBIPUOD) PuB SWIDL 31 99§ “[$Z0T/10/50] UO ATRIQIT SUIUO ASTIAN “SPUBHIYION UEIY00) Aq 78261 AU/ [ 11°01/10p/wiodoiav:

119)/W09° K[ 1M "

ol

AsuLOI'T suowto)) dAnea) a[qearjdde oy £q pauroAoS are sa[onIe YO (ash JO AN 10] AIIQIT dUI[UQ) AS[IA\ UO (SUODIP



1334 Forum Editorial

mountain ranges, Chang er /. (2023) demonstrate that the plant
diversity of the Hengduan Mountains, arguably the most species-
rich region in Eurasia, is driven by habitat heterogeneity and
evolutionary history related to past geological uplift.

Among the most important outcomes of the decades-long effort
to compile global inventories of plant names and distributions is a
refined vision on the remaining gaps of knowledge at global or
regional level, termed biodiversity ‘darkspots’. Ondo ez al. (2023)
have identified ¢. 30 such global darkspots, where many plant
species remain scientifically undescribed and geographic distribu-
tions are poorly documented. Focussing research efforts on ‘hot
darkspots’ — regions with high concentrations of unique and
threatened species, as well as high potential reward in terms of
scientific discoveries — may therefore be a better approach for
scientists and institutions, rather than trying to fill in every
knowledge gap we currently have.

There are several reasons why our knowledge on plant diversity
and distribution remains incomplete and is unevenly accumulated
and disseminated across regions. Maitner ¢t al. (2023) show that
digitally documented trait data remain particularly incomplete in
the Global South, pinpointing a major obstacle to understanding
and conserving plant diversity. Hotspots and Ondo ez /s (2023)
darkspots often overlap. Ramirez-Barahona ez a/. (2023) zoom into
one of these hot and dark spots — Mesoamerica — and show that
adequate and up-to-date taxonomic and phylogenetic plant
diversity information is digitally available for a surprisingly small
area of Mesoamerica. Strikingly, a quarter of all Mesoamerican
vascular plant species were last collected and digitally recorded
more than two decades ago, opening the possibility that a good
proportion of plant species in the world’s hotspots may already have
gone extinct without notice. Across the Neotropics, Lujin
et al. (2023) have characterised the timeline of the description of
tree species, the most prominent elements of most vegetation types,
and highlight the importance of expanding fieldwork and
collecting efforts while also ensuring continuity between fieldwork
and species description processes. Nicolson ez al. (2023) draw
attention to issues around the accessibility of botanical resources
and show that under a quarter of global vascular plant names are
published open access and more than two-in-five are digitally
undiscoverable. They call for article processing charges to be waived
for low- and middle-income countries and for the digital
mobilisation of data in these regions to be accelerated.

Quantifying plant extinction risk and impacts

The scientific literature on global biodiversity extinction remains
dominated by research on vertebrates. Several studies contribute to
redressing this (Bachman ez al., 2023; Gallagher ez /., 2023; Soto
Gomez ez al., 2023; Brown ez al., 2023a,b), by combining WCVP
geographical data with extinction risk data from the International
Union for Conservation of Nature (IUCN, 2022) Red List of
Threatened Species (hereafter Red List). While WCVP is
comprehensive at the species level, Red List coverage of vascular
plants is incomplete; fewer than one-in-five plants have expert
assessments despite concerted efforts to increase coverage
(Bachman ez al., 2023).

New Phytologist (2023) 240: 1331-1336
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Moreover, plant coverage on the Red List is biased. Why some
plant species and groups are more likely to be assessed than others is
poorly understood. Key factors include intrinsic traits (e.g.
woodiness), as well as cultural considerations (e.g. useful species,
Nic Lughadha ez al., 2020). Socio-economic and environmental
factors mayalso contribute: the probability of speciesendemic to one
country being assessed could be associated with national income or
levels of threat, as several species-rich countries have programmes
dedicated to assessing endemic species, typically prioritising species
considered likely threatened (e.g. Raimondo ez al., 2013; Martins
et al., 2018; Ren er al, 2019) Contrary to their expectations,
Gallagher ezal. (2023) show that levels of assessment completion for
endemicspeciesare weakly related to national income or threatlevels
and that the number of endemic species in a country is a poor
predictor of the proportion having completed assessments.

A further, particularly challenging bias in plant coverage on the
Red List is the tendency — generally acknowledged, but as yet
unquantified — for assessment efforts to focus on species most likely
to be threatened (Nic Lughadha ez 4/, 2020). Bias in the opposite
direction arises where rare and threatened species are under-
represented in the analysed dataset (e.g. Pelletier ez al., 2018; Zizka
et al, 2021). Bachman ez 4l (2023) address both biases
simultaneously, by using predictors available for the majority of
plant species, producing preliminary extinction risk estimates for
all angiosperms, with an uncertainty estimate for each prediction.
Geographic range size (estimated as the number of botanical
countries in WCVP) was the most important predictor type,
followed by human impacts and phylogenetic relationships and
then year of description. The latter is explored in detail in a parallel
study (Brown et al., 2023a), which showed that the majority of
species described as new to science after 2020 (including those yet
to be described) were threatened with extinction. This prompted a
recommendation that all plant species new to science should be
assumed to be threatened until formally assessed.

Plant extinctions at the scale suggested by Bachman ez /. (2023)
and Brown er al (2023a) are hard to imagine, but Brown
etal. (2023b) provide sobering scenarios that illustrate the potential
scale of phytogeographic changes. The effects of loss of threatened
species may outweigh the better-documented impacts of intro-
duced species (e.g. Winter et al, 2009; Daru et al., 2021) in
blurring or eroding the boundaries between global phytoregions
developed over millions of years.

The global distribution of genome size, including hypotheses
related to range size is explored by Bures ez /. (2023), whose results
are consistent with the large genome constraint hypothesis
(Vinogradov, 2003; Knight ez 4/, 2005) and with the findings of
Soto Gomez ¢t al. (2023), which support the positive relationship
between plant genome size and extinction risk reported by
Vinogradov (2003).

What has been done and what is next?

The release of a full, expert-curated list of every known species of
vascular plant, alongside their presence or absence in each of the
world’s botanical countries, has been no easy task. These 350 000+
accepted species outnumber all known mammals, birds,

© 2023 The Authors
New Phytologist © 2023 New Phytologist Foundation

9suAOI'T suowwo)) aAanear) ajqesrjdde ayy £q pauraro3 are sa[onIe YO (asn Jo sa|n1 10J AI1eIqIT UIUQ AS[IA\ UO (SUONIPUOI-PUE-SWLIA) /W0 KJ[1M"ATRIqI[aul[uo//:sdNY) SUONIpU0)) pue sWId ], Y1 298 "[$70/10/50] U0 Areiqry auruQ L3[iA\ ‘spuefIayioN aueayao) Aq 7861 ydu/[ [ 11°01/10p/woo Kapim Areiqiautjuo-yduy,:sdiny woly papeojumod ‘v ‘€207 ‘LE1869F1



New
Phytologist

amphibians and reptiles together, and by an order of magnitude.
The exploratory analyses brought together by this collection
contribute important and novel insights to scientific knowledge
and may become important references in the field.

But while there is every reason to celebrate the massive collective
achievements made to date, our knowledge on plant diversity and
distribution still remains limited. One reason is the spatial
resolution at which the WCVP currently operates — with relatively
high accuracy but low precision. While the current resolution is
informative at large spatial scales and therefore suitable for many
biogeographic and evolutionary studies, other needs — such as the
design of effective conservation actions — require work at much
finer scales, where landscape planning also needs to consider
competing demands on the use of land for food production, urban
development and natural resources exploitation. Additional areas
of development include the acceleration of species identification
and scientific discovery, and the generation of molecular and
morphological data for many more species. Looking forward, we
hope this collection will spark a new wave of interest to deepen and
broaden our understanding of plant diversity and distribution.
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