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Abstract

Area-based approaches have long dominated biodiversity conservation and have been rein-
forced by the Kunming—Montreal Global Biodiversity Framework. The important plant
area (IPA) approach is a leading framework for the spatial conservation prioritization of
plants and fungi, but over 20 years since its launch, its application and conservation out-
comes remained unevaluated. Through systematic mapping and semistructured interviews
of key informants, we evaluated IPAs globally. We investigated where and how the frame-
work has been applied, to what extent identification has led to plant conservation, how
IPAs ate perceived by plant conservationists and researchers globally, and key opportuni-
ties and challenges for IPAs. We reviewed over 140 relevant sources, spanning scientific
publications, reports, websites, and databases, and interviewed 47 key informants. Most
publications focused on developing guidance or identifying IPAs. Sixty-four percent of
informants were awate of IPAs that had been incorporated into conservation processes,
with broader benefits of IPAs also highlighted, such as generating botanical data. Over-
all perception of IPAs was positive; they were seen to provide a unifying focus for plant
conservation and as maintaining a flexible and inclusive approach. Opinions were split on
the effectiveness of IPA programs in engaging broader stakeholders or incorporating local
ecological knowledge. Key themes affecting participant perceptions and lessons learned for
bridging the research—implementation gap were found. Informants recommended that IPA
programs globally seek more ambitious and targeted funding; tailor stakeholder commu-
nications; invest time in cross-sectoral stakeholder engagement; clarify relationships with
key biodiversity areas; and create a single central hub for IPA information. With plants
underpinning all terrestrial ecosystems, improved outcomes will have broad benefits for
biodiversity protection, particulatly as new IPA programs are launched in some of the most
biodiverse countries in the world.

KEYWORDS
area-based conservation, IPAs, protected areas, spatial prioritization, tropical important plant areas

Numerous methods have been developed to support such tar-
gets, with important plant areas (IPAs) representing a leading

Global efforts to protect biodiversity have largely focused on
area-based conservation measures. This was recently reinforced
by the Convention on Biological Diversity’s (CBD) Kunming—
Montreal Global Biodiversity Framework (GBF). Its targets
recognize the need for participatory biodiversity-inclusive spa-
tial planning and aim for at least 30% of the earth’s surface to be
effectively conserved by 2030 (the “30%30 target”) (CBD, 2022).

spatial consetrvation approach for plants and fungi.

The IPA concept first emerged in 1995, incentivized by the
success of the important bird area (IBA) approach (BirdLife
International, 2014; Byfield, 1995; Smart, 1995) (Figure 1).
Aiming to establish a network of the best sites for plant con-
servation throughout the world, IPA guidelines were published
in 2002 that contained 3 globally consistent criteria for IPA
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FIGURE 1 Key milestones in the development of important plant areas.

identification: critetion A on threatened species, ctiterion B on
exceptional botanical richness, and criterion C on threatened
habitats (Anderson, 2002). These have been extensively applied,
supporting the implementation of the CBD’s Global Strategy
for Plant Conservation (GSPC) and featuring in the strategies of
leading botanical organizations, such as Plantlife International
and the Royal Botanic Gardens, Kew (CBD, 2012; Plantlife,
2023c; Royal Botanic Gardens, Kew, 2021). Initial IPA identi-
fication and conservation efforts were primarily undertaken in
Europe and the wider Mediterranean region, often coordinated
by Plantlife. In 2017, the criteria and guidelines were updated
(Darbyshite et al., 2017). This coincided with the launch of the
tropical IPA program. The new guidelines built on the origi-
nal European-focused criteria for a more global approach and
incorporated plants of socioeconomic or cultural importance
for the first time (Royal Botanic Gardens, Kew, 2016).

The key biodiversity area (KBA) concept also emerged during
this time. The KBA Standard unites approaches for the identi-
fication of important sites for different subsets of biodiversity
(IUCN, 2016). This includes the criteria for IBA and Alliance
for Zero Extinction (AZE) being used to inform a standard-
ized methodology and quantitative thresholds. While remaining
a separate entity, all AZE sites now also qualify as KBAs (AZE
Secretatiat, 2024), and many IBAs have been designated as KBA
sites.

The updated IPA guidelines recognized the benefits of a sin-
gle global standard, highlighting the alignment of certain IPA
and KBA criteria and the potential for IPA data to feed into
plant-based KBA identification (Datrbyshire et al., 2017). How-
ever, the IPA approach remains distinct. Reasons include the
greater diversity of plants relative to other organism groups
requiring different approaches and thresholds. Additionally, in
contrast to the KBA Standard’s focus on international priorities,
the TPA guidelines consider national and subnational conserva-
tion assessments and recognize the link between biodiversity
and human livelihoods; socially, economically, and culturally
useful plants are potential IPA triggers (Darbyshire et al., 2017).

Following decades of coordinated efforts and extensive work
on the identification of conservation sites based on IPA criteria,
a systematic evaluation of approaches, outcomes, and experi-

Results of first
regional IPA
identification program
(Central & East

Europe)

Revised criteria for
global IPA approach
published

ences has yet to be undertaken. Most literature appears to focus
on site identification, with little published evidence on how this
has or can lead to conservation action and sustainable man-
agement. This seemingly reflects the research—implementation
or assessment—implementation gap highlighted for other area-
based conservation approaches, such as systematic conservation
planning (Adams et al., 2019). However, the goals and methods
of each conservation method are distinct.

We synthesized and conducted a critical review of the global
IPA approach to answer the following research questions: where
and how has the IPA framework been applied; to what extent
has identification led to plant conservation action; how are IPAs
perceived by plant conservation practitioners and researchers
globally; and what ate the key opportunities and challenges for
IPAs to achieve positive conservation outcomes?

Drawing out key lessons learned from IPAs will help inform
future area-based plant conservation efforts. With plants under-
pinning all terrestrial ecosystems on Earth, this will have
broader benefits for the protection of biodiversity and ecosys-
tem services across the world. We also anticipate that our
findings will be of relevance to other global area-based conser-
vation schemes, such as KBAs and AZFEs, and our methods will
provide a framework for their evaluation.

METHODS

To comprehensively review and evaluate IPA application and
outcomes globally, we applied 2 approaches for data collec-
tion: systematic mapping of IPA literature and semistructured
interviews targeting key informants involved with IPAs globally.

Systematic map

The method of systematic mapping was developed to collate,
describe, and catalog evidence relating to a topic of inter-
est (James et al, 2016)—in this case, IPAs. We searched for
relevant publications with the search term important plant area in
English, Spanish, Italian, and French (Figure 2) in Web of Sci-
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EN: "important plant areas" OR “important plant area"

IT: "aree importanti per le piante" OR "area importante per le piante"

ES: "areas importantes de plantas" OR "areas importantes para
plantas” OR "areas tropicales importantes de plantas"

FR: "zones importantes pour les plantes” OR "zones importantes de
plantes” OR "zones tropicales importantes pour les plantes"

Search terms

v

Database searches
Web of Science (113)
Google Scholar (457)

n =564

57 duplicates removed |«

Screening 1 (title only)
n =507

356 screened out €=

Country-specific search

Other sources
terms

Targeted organisational
sources and country-specific
searches on Scholar and f i
search engines (61) Amgﬂ:ﬁﬂ;gt’g}ma
Snowball sampling (26) interest]
n =287

In EN and the relevant
official language (9
languages total):

[}

Screening 2 (title and abstract)
n =238

Screening 3 (full text)
n =165

77777 ,| 34 duplicates removed
' 38 screened out
| 21 sweened ot |

v
Records included in review
n =144
Representing 71 countries

FIGURE 2
English; FR, French; ES, Spanish; IT, Italian).

ence and Google Scholar in April 2023. Searches were restricted
to items published from 1995 to 2023, and results from Google
Scholar were filtered to include a maximum of the 200 most
relevant studies for each language. To include relevant gray liter-
ature, the organizational websites of Plantlife International and
the Royal Botanic Gardens, Kew, were searched. Based on the
countries listed on Plantlife’s Global IPA Map (Plantlife, 2023b)
and Kew’s tropical IPA Explorer (Royal Botanic Gardens, Kew,
2023b), targeted country-specific searches were undertaken in
English and the official language of the country in Google
Scholar and in the search engines Ecosia and Google (Figure 2).
Further sources were identified opportunistically through the
citations of studies reviewed and suggestions by interviewees.

Results were imported to Endnote (version 20), and dupli-
cates were deleted. All results were subject to a 3-stage screening
process (Figure 2). Publications in English, Spanish, and Italian
were read in the language of publication. Other languages were
translated using online document translation services. Although
this may have resulted in a less detailed review of texts in cer-
tain languages, it was deemed important to include all available
sources to reflect the global application of IPAs.

The first stage of screening was based on the title only, the
second stage on abstracts (or equivalent), and the third stage
on full texts. We applied the following eligibility criteria. For
inclusion, sources had to cover methodological approaches or
guidelines for IPAs, identification of IPAs, conservation or pol-
icy actions related to IPAs, or monitoring and assessment of
existing IPAs. Sources were excluded if important plant area, ot
the translated equivalent, was not used in relation to the IPA
approach; there was only passing mention of an IPA made as
part of taxonomic notes, checklists, and so forth; or the full text
was not available. For each publication included in the system-

Flowchart of systematic search strategy and screening results for peer-reviewed and gray literature on global important plant areas (IPA) (EN,

atic map, set variables were extracted for analyses (Appendix
S1).

Interviews and surveys

Semistructured interviews were conducted from July to August
2023 and targeted key informants with knowledge and experi-
ence of IPAs. Potential participants were identified from authors
of relevant publications in the systematic map, members of the
Global IPA Network coordinated by Plantlife, recommenda-
tions from collaborators, and snowball sampling, We invited
101 people for an interview. We followed the ethics policies of
King’s College London for human subject research. Participants
were presented with an explanation of the purpose and aims in
a participant information sheet and provided written consent
before the interview. Identities of participants are anonymized
in the results (Appendix S2).

An interview guide was created with questions covering the
following topics relevant to the study objectives (Appendix
S3): participant’s background and experience (e.g, sector,
involvement with IPAs); approaches to and outcomes of
IPA identification; perception of IPA program; conservation
action and community engagement; and key opportunities and
challenges for IPAs.

Two pilot interviews were conducted to assess the suitabil-
ity of the interview guide, following which minor amendments
were made. Most interviews were by video call; some were
delivered in a written format based on participant preference.
The interview was designed to be flexible, allowing for the
elicitation of specialist knowledge on key topics and for
questions irrelevant to the respondent to be skipped. Verbal
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interviews were recorded and notes were taken. We conducted
47 interviews, primarily in English, with a few in Spanish, that
lasted 25—70 min. All responses from verbal and written inter-
views were collated and curated in Microsoft Excel; answers
wete anonymized.

Data analyses

The interview guide included open-ended and closed questions.
Open-ended, qualitative data were managed and analyzed in
NVIVO. We used thematic analysis to assess responses fol-
lowing key principles outlined by Watts (2013) for reading and
coding data and selecting extracts for analysis. Pertinent litera-
ture and findings from the systematic map were then used to
support the discussion and interpretation of interview results.

Closed questions represented participants’ perception of IPA
effectiveness through questions presented on a Likert scale.
Nominal questions were used to determine conservation action
and community engagement. Responses were extracted for data
management, analyses, and visualization in R 4.2.0 (R Core
Team, 2022). Before combining responses from verbal and
written interviews, a Mann—Whitney test was applied, a non-
parametric test suitable to compare 2 independent groups with
ordinal data (Lep$ & Smilauer, 2020). This showed no statisti-
cal difference for any of the Likert scale or nominal questions
(p > 0.05), which were therefore combined for analyses.

The package likert (Bryer & Speerschneider, 2016) was used
to analyze the frequency of rankings and visualize results. We
explored the effect of participant background on scores given
for each question on IPA effectiveness (with the nonparamet-
ric Kruskal-Wallis test [Leps & Smilauer, 2020]) and overall
perception of IPA effectiveness (with a one-way analysis of
variance fitted to the sum of participant scores). The effect of
sector and IPA location were tested as potential explanatory
variables for nominal responses to whether IPA identification
led to conservation processes or community engagement. We
used ggplot (Villanueva & Chen, 2019) to visualize data and
tidyverse (Wickham et al., 2019) to manage data sets.

RESULTS
Systematic map

A total of 651 results were returned from the sources searched,
with 564 from scientific databases and 87 from organizational
websites and targeted searches (Figure 1). The screening process
resulted in 144 publications being included in the final review.
Of these, 119 were in English and the others were in a variety of
languages, most commonly French (# = 7), Spanish (» = 6), and
Russian (# = 5). Most studies wetre conducted at the national
(n = 64) and subnational (# = 56) scales (Table 1). Italy was
associated with the highest number of publications (# = 12)
(Figure 3). Overall, and at these scales, most studies focused on
IPA identification (z = 97). Studies relevant to the global (# = 6)
and regional scales (7 = 18) primarily focused on publishing IPA

tools and guidance. In line with global IPA guidelines, 105 stud-
ies covered plants and fungi in their broad sense, 24 focused
on vascular plants only (including studies on specific species or
genera), and 12 focused on either algae, bryophytes, fungi, or
lichen only.

Regarding conservation action, 67 records (47%) recom-
mended conservation interventions for IPAs. Of these, 22
(15%) reported interventions that had been implemented or
attempted (Table 1). In general, implemented actions could
be grouped as inclusion in legal or policy mechanisms, aware-
ness raising or community engagement, monitoring activities,
or establishment of conservation or sustainable management
plans.

Graphical representation of the data showed 2 main peaks in
the number of IPA-related records: the first around 2008-2012
and the second in recent years since 2017 (Figure 1). Regres-
sion results showed that, overall, there was a significant increase
in the number of records published, with an estimated 7.6%
increase per year since 1995 (p < 0.05). Western Europe was
associated with a significantly higher number of publications
than other continents (p < 0.05), but that number decreased
over time, in contrast with all other continents (full results in
Appendices 54 & S5).

A key output of the systematic map was a searchable data
set that organized all available records on the identification and
protection of IPAs worldwide included in our review. A sim-
plified version of this is available to download from Figshare
(https://figshare.com/articles/dataset/Publications_from_
Global_IPA_Review/24645360?1ile=43310670) (Kort, 2023).

Interviews and surveys

Interviews were undertaken with 47 key informants, 32 via
video call and 15 through an equivalent written survey. Most
participants were identified through membership in the Global
IPA Network or were known to us through our involvement
with IPAs (72%). The remaining participants were identified by
their authorship of relevant studies in the systematic map or
through snowball sampling,

During the time of their involvement with IPAs, partici-
pants worked in research or academia (53%), nongovernmental
organizations (NGOs) (34%), government (6%), and other
sectors (7%) (including implementation agencies and conser-
vation membership organizations). The majority were based
in western Europe (40%) or eastern Europe and central Asia
(28%). However, their experience of applying the IPA process
was more evenly spread across continents (Figure 4), including
eastern BEurope and central Asia (36% of participants), Africa
(21%), Mesoamerica and South America (13%), western Europe
(10.6%), North America and the Caribbean (9%), and the rest
of Asia (6%) (remaining 4% of participants were involved with
global-scale policy and conservation).

The mean result across 6 Likert scale questions on IPA effec-
tiveness showed a generally positive perception (Figure 5), but
scores varied among indicators. Participants were overwhelm-
ingly positive about the IPA criteria in identifying the most
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TABLE 1  Categorization of records included in the systematic map of important plant areas (IPAs).

Topic Category Count (z = 144)
Publication type Journal article 60
Report 39
Web page 14
Conference proceedings 13
Book or book chapter 13
Pamphlet or newsletter 3
Thesis 2
Study scale National 64
Subnational 56
Regional 18
Global 6
Language® English 119
French 7
Spanish 6
Russian 5
Ttalian 4
German 2
Other 3
Continent” Western Europe 46
Asia 28
Aftica 26
Eastern Europe and central Asia 26
North America and Caribbean 11
Global 6
Mesoamerica and South America 6
Important plant area Applying criteria for IPA identification 97
focus® Tools and guidance 44
Monitoring and assessing 16
Use in policy and practice 15
Other 2
Useful plants included Yes 18
No 78
NA 48
Other designations Yes 81
overlapping No 5
NA 60
Conservation Yes 67 (22 of which
interventions mentioned
implementation)
No 49
NA 28

“Studies published in more than one language counted multiple times.

bCountries assigned to continents based on International Union for Conservation of Nature statutory regions modified to combine south and east Asia and west Asia as Asia. Studies relevant
across continents counted multiple times.

“Studies covering different IPA topics counted multiple times.
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FIGURE 3  Geographic coverage of publications on important plant areas (IPAs) reviewed and countries where interview participants have been involved with
IPAs. Records and interviews are counted multiple times if multiple countries were included, and whole countries are highlighted even if study was relevant at the

subnational scale.

W Africa
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FIGURE 4 Number of publications per year and location. Countries are assigned to continents based on a modified version of the International Union for

Conservation of Nature classifications. Studies in more than 2 continents are counted multiple times.

important sites for plants (Question C) (75% of responses were
effective or very effective) and adding value to other inter-
national area-based conservation efforts (Question F) (70%).
Opinions were more split on their effectiveness in engag-
ing stakeholders beyond tesearch and conservation (Question
B) (39% of responses effective or very effective vs. 39%
of responses ineffective or very ineffective) and accounting
for local context and local ecological knowledge (Question
D) (37% vs. 28%). Questions B and D were also ranked

significantly differently based on the continent in which par-
ticipants had IPA involvement (/7 = 11.8, p < 0.05 for B;
H = 162, p < 0.01 for D). Question B on effectiveness
in engaging broader stakeholders was viewed most negatively
by those with experience applying IPAs in western Europe
(100% of responses negative), and question D, on incorporat-
ing local knowledge, had lower scores from those who had
worked in eastern Europe and central Asia and the rest of Asia

(Figure 5).
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Enabling and
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conservation
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Overall mean

(b)

Western Europe

North America and
the Caribbean

Mesoamerica and
South America

Eastern Europe and
Central Asia

Asia

Africa

Response

1 Very ineffective
Ineffective 20%
Neutral
Effective

W Very effective

75%

19% 12%

70%

55%

25% 34%

41%

39% 23%

39%

37%

6% 43% 51%

100 50 0 50 100
Percentage

B. Engaging other stakeholders (e.g., decision makers, local
communities)

100%- 0%
25% 25% - 50%
17% 33% 50%
47% - 33% 20%
0% 0% - 100%
30% _ 20% . 50%

Western Europe

North America and
the Caribbean

Mesoamerica and
South America

Eastern Europe and
Central Asia

Asia

Africa

D. Accounting for local context and local ecological
knowledge
I

20% 60% 20%

o N - e

17% 33% - 50%
I
o - o "

0% 30% - 70%

100 50 0 50 100
Percentage

FIGURE 5 Likert scale ranks for (a) each indicator of important plant area (IPA) effectiveness and (b) indicators ranked significantly differently by participants
grouped by continent of IPA involvement (negative scores, IPA very ineffective or ineffective; neutral scores, neither effective nor ineffective [center]; positive

scores, IPA effective or very effective).

85U801 7 SUOWILLOD 8AIEaID 3 |qeol(dde 8y} Aq paueob a1e Sao e YO ‘8sn Jo S8jnJ 10} Ariq1TaUIIUO AB|1M UO (SUOI IPUOO-PUR-SLLBYW0D" A3 1M Ale1q 1 [BuUO//SdNY) SUORIPUOD pue SWB | 8U 89S *[GZ02/60/6T] Uo ArigiTauluo AB|IM ‘9L A ETO0L I0O/TTTT OT/I0pW00 A3 1M Arelq1jBu|U0"01quUOy/SARY WO} papeojumoq ‘0 ‘6ELTEZST



8of 14 ‘“@j

Kor ET AL.

Most patticipants reported that they knew of examples where
IPAs were incorporated in conservation designations or other
in-country conservation processes (7 = 30; 64%). Twenty-three
participants (59%) were aware of local IPA conservation action
or community engagement. Although the former were not
related to location or sector, participants from the NGO sec-
tor were significantly more likely than other groups to be awate
of community engagement (/7= 9.7, p < 0.05).

Qualitative data revealed a wide range of reasons for the
scores assigned and answers given. Across the effectiveness
indicators, 8 key themes emerged from inductive coding. When
discussing the incorporation of local ecological knowledge,
stakeholder engagement, enabling conservation action, and
conservation outcomes, the most common themes were linked
to existing conservation agendas (relevant at the national and
global levels with IPA impact dependent on the number of
competing conservation initiatives); NGO and civil society
involvement (often highlighted as crucial for continued momen-
tum and successful conservation and engagement outcomes);
tailored communication to the stakeholders in question; and
capacity of initial identification team (importance of community
engagement widely acknowledged, but skills and institutional
aims of participants from the research and academic sector
often not able to meet this).

In identifying the best sites, adding value to other global ini-
tiatives, and engaging stakeholders in botanical research and
conservation, the most common themes included the IPA pro-
gram’s central goal (seen to provide a simple message and
unifying global focus for plant conservation); data availability
and data sharing (highlighted in terms of data gaps for identifi-
cation and a need for a centralized database on existing IPAs);
flexibility complexity, and standardization (views contrasted on
the ease of IPA criteria application and whether they should be
more closely unified with other global initiatives); and breadth
and inclusivity (provided through the IPA criteria incorporat-
ing broad taxonomy; ecological scales; and social, economic, and
cultural values).

Interview participants were asked to describe what they
saw as key opportunities and challenges for IPAs to support
plant conservation. The factors that emerged from coding
responses to this query were grouped into 5 key themes: strate-
gic context, stakeholder engagement, guidelines and criteria,
postidentification momentum, and knowledge and capacity.

DISCUSSION

IPAs are a leading global area-based conservation approach
for plants and fungi and support targets of the CBD’s GSPC.
Before our research, Plantlife International’s Global IPA map
listed 52 countries with IPA identification completed or in
progress (Plantlife, 2023a). However, as with other similar
global initiatives, details were dispersed and a systematic effort
to establish key lessons learned was lacking,

Through systematic mapping and semistructured interviews,
we found that 76 countries had engaged with the program to
date, either at a national or subnational scale and sometimes

as part of regional programs. We used out research questions
as the focus of the “Discussion.” The findings should be seen
within the limitations of this study’s scope, where all participants
already had some level of involvement with the IPA program,
and the evaluation of effectiveness was based on publications
and self-assessment rather than independent analysis of IPA
sites.

Application of IPAs

The systematic map showed the wide geographical application
of IPAs. This was reflected in interview participants’ view that
the program’s clear central aim provided a unifying focus for
botanists and helped to raise awareness of plant conservation.
One participant explained: “the global vision gives the real value
... I've been working on plants and botany for the last 25 years
and I think it’s the only project that really puts plants in front
of everything” However, not all participants shared positive
views on IPAs’ ability to raise interest. Some were concerned
that few people beyond those directly involved are aware of the
scheme, and some highlighted persistent plant blindness within
and beyond the conservation community.

Most of the 97 records that centered on IPA identification
followed the European-focused guidelines published by Ander-
son (2002) or the revised global guidelines by Darbyshire et al.
(2017). The ability of these criteria to effectively identify the best
sites for plant conservation was scored positively (Figure 5).
This was largely attributed to their basis in sound scientific
principles, flexibility, and inclusivity (taxonomic breadth, incor-
poration of national priorities, approaches at species and habitat
levels, and inclusion of plant uses). However, some participants
mentioned struggling with “cumbersome” criteria application.
This was more common among those working independently
of projects coordinated by Plantlife or Kew. A participant work-
ing on IPA identification in South America called for stepwise
instructions and code for data analyses to be published and
for a greater exchange of knowledge between countries to be
facilitated. There was also some confusion surrounding the dis-
tinction between IPAs and tropical IPAs. However, a participant
involved in establishing the tropical IPA program explained that
tropical IPAs are increasingly viewed as falling within the wider
Global IPA Network and that projects are dropping the 7, as
in recent publications (Darbyshire et al., 2023; Murphy et al.,
2023).

‘Two gaps recurringly highlighted in IPA guidelines were how
to define site boundaries and how to prioritize sites. The latter
was a particular problem in high-biodiversity areas. A partici-
pant in South Africa explained that “in our country, we have
thousands [of IPAs]...we’ve had to decide that [prioritization]
ourselves.” This was reflected in literature, where records clas-
sified as tools and guidance commonly designed scoring criteria
or amended IPA thresholds to fit their national or regional
context (e.g, Alves et al., 2016; Bou Dagher-Kharrat, 2018;
Hamidah et al., 2020). For the delimitation of site boundaties,
the IPA guidelines contain only high-level suggestions, contrast-
ing with the KBA Standard, which dedicates a section to this
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(IUCN, 2016). However, because global generalizations can be
hard to apply in site-specific contexts, numerous participants
conversely highlighted the flexibility of the IPA approach as a
key benefit.

Literature on IPA identification and interview participants
also commonly mentioned data limitations and that occurrence
records are often biased toward specific locations or taxonomic
groups (e.g., Kor & Diazgranados, 2023; Yahi et al., 2012). In
many cases, this was overcome through strong reliance on rele-
vant experts in the identification process (e.g., Chamchumroon,
2008; Radford et al., 2011). South Africa provided an interest-
ing case study in which a lack of data previously prevented IPA
identification (von Staden & Lotter, 2015), but the huge growth
in biological records through citizen science initiatives made this
identification possible.

The literature we reviewed commonly listed climate change
as a threat to IPAs and their features (Hamilton, 2008; Mon-
tana Plant Society, 2023; Plantlife, 2021). This is a problem for
all area-based conservation approaches; the static boundaries of
protected areas are at odds with the dynamic response of species
to climatic changes (Hannah, 2008). However, this was raised by
only one interviewee, who suggested the need to move toward
concepts of functional habitats and work more closely with hor-
ticulturists and ex situ conservationists. Greater consideration
of functional diversity in conservation prioritization has been
more broadly suggested in conservation literature; however,
estimating functional and phylogenetic metrics is motre com-
plex than species-based measures and would inevitably involve
trade-offs (Cadotte & Tucker, 2018).

Changes through time

There was an overall increase in the number of IPA-related
sources published per year since 1995. However, this increase
has not been consistent (Figure 4; Appendix S5). The first
peak (2010-2011) represented an initial wave of IPA identifica-
tion projects and outputs across Europe and the Mediterranean
region, often coordinated by Plantlife. The latter peak (2017 to
date) followed the launch of the tropical IPA program by Kew in
2016 and the publication of new global guidelines in 2017 (Dar-
byshire et al., 2017). This also explained the geographic shift of
publications through time, from an initial focus on Europe to
other continents.

More subtle changes were revealed in interview responses.
One of the main updates in the 2017 guidelines was the inclu-
sion of socially, economically, and culturally important plant
species as potential triggers under IPA criterion B (botanical
richness) (Darbyshire et al., 2017). This seems to have vastly
altered participants’ perception of the effectiveness of IPAs
in incorporating local ecological knowledge. Participants from
European countries (who applied the original 2002 criteria)
overwhelmingly scored this indicator negatively, in contrast with
positive scores from respondents in the rest of the world (largely
undertaken since 2017) (Figute 5). This shift reflects wider
advances toward socioecological approaches in conservation
(Virapongse et al., 2016) and was linked to the expansion of

IPA application to the Global South. A participant involved in
developing the updated guidelines explained, “it’s really impot-
tant for us working in the developing world, as species which
are important for conservation is such a rarefied concept

. But once you start talking about conserving socioeco-
nomically important species ... people are really gripped by
that.”

Despite this enthusiasm, challenges to incorporating local
context and knowledge were highlighted, with a major factor
being a lack of capacity and relevant skills. First, those leading
the identification process are primarily botanical experts with
limited community engagement experience. This makes it diffi-
cult to gather plant use data in a sufficiently systematic manner
to inform IPA identification, demonstrating that even with the
best intentions the nature of area-based conservation hinders
the incorporation of different knowledge systems (Wyborn &
Evans, 2021). Second, there is often continued reliance on intet-
national expertise. A participant from Mozambique explained:
“I understand that the criteria were developed to account for
local context, but in some countties, this is challenging ... In my
opinion, if the process is not 100% led from the national level,
then there will be some distortion of the local context. This is
not just about the criteria per se but the reality of some coun-
tries.” In light of this, ongoing efforts at capacity building were
mentioned, with many tropical IPA projects including training
and in-country capacity building (e.g.,, Royal Botanic Gardens,
Kew, 2023a). Following the earlier IPA-Med project (Radford
et al.,, 2011), a botanist in Tunisia mentioned subsequent train-
ing of university students: “we learnt [conservation skills] from
the training we got on ... projects starting with IPA identifi-
cation, so we try to transmit this knowledge.” Participants also
highlighted the ability of IPAs to intetrest early career scientists
in plant conservation.

From identification to conservation action

Academic literature on other area-based approaches, such
as systematic conservation planning, is often skewed toward
methodological studies and provides little evidence on con-
servation outcomes (Mclntosh et al., 2018). Results from our
systematic map indicated the same trend in IPA literature.
Most sources focused on identification, and only 15% reported
conservation interventions (Table 1). This contrasted with inter-
view results, in which 64% of respondents knew of examples
of IPAs being incorporated into conservation designations or
other in-country conservation processes. There are various
potential explanations for this difference. First, publications
tend to be led by authors from research institutions, who are
more likely to be involved in the data-heavy step of IPA identi-
fication, whereas resulting conservation action is more likely to
be led from NGO and policy spheres, where publication is not
an institutional priority (Sinclair et al., 2018). Second, potential
participants contacted may have been more likely to consent
if they had a more active engagement with the IPA process,
potentially skewing interviewees toward those involved in IPA
consetrvation outcomes.
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Similar types of conservation interventions were highlighted
by literature sources and interviewees. However, the latter men-
tioned them in more countries and in greater detail. We grouped
the types of conservation action found to arise from IPAs into
4f categories: legal protection, nonstatutory policy and manage-
ment, community-based conservation, and generation of data
and knowledge.

Legal protection

Statutory protection of IPAs was most common in eastern
Europe, where they informed the identification of Natura
2000 sites, a network of protected areas designated under the
European Union’s Habitats and Birds Directives (EEA, 2023).
Therefore, despite no longer always being referred to as IPAs,
many sites are under legal protection in, for example, Croatia
and Macedonia (Radford & Ode, 2009). One participant men-
tioned that the central and eastern Europe IPA project “helped
transition countries show they had a conservation network.”
However, in western Europe, other protected area systems
were established before IPA identification. A participant in Italy
explained that in attempting to engage political stakeholders in
IPAs “most of the time it was ‘we don’t need it, what is it for? We
already have Natura 2000 or other protected areas’,” a sentiment
closely echoed by Spanish respondents.

This contrast highlights the importance of existing conser-
vation agendas. The IPAs were often seen as superfluous by
stakeholders in countries with numerous existing conservation
approaches but were thought to support biodiversity goals in
some areas with less history of spatial conservation planning;
This was also raised at the global scale in relation to the broader
recognition of KBAs compated with IPAs. Beyond Europe,
Guinea and Bolivia provided examples of tropical IPAs that
have been or are being incorporated into protected area sys-
tems. A key enabling factor highlighted was preexisting or early
and persistent involvement of stakeholders, including political
stakeholders and in-country NGOs.

Nonstatutory policy and management

Although some participants believed a lack of automatic legal
protection meant IPAs were ineffective for conservation action,
others saw this as a strength: “in the UK, I see it almost more
of an opportunity... as we already have a lot of ... protected
land. The issue is getting them better managed.” An example
of IPAs influencing policy and management without statutory
protection was provided by the British Virgin Islands and the
Province of Saskatchewan, Canada, where IPAs are factored
into planning decisions through inclusion as a layer in the GIS
portals of relevant authorities. Additional uses of IPA spatial
data include combining it with other environmental criteria
to develop sustainable management advice for large commer-
cial landowners (conservation NGO in Turkey) and using it to
inform ex situ conservation strategies through targeting seed
collection in multiple countries.

Management interventions were more easily enabled when
IPAs overlapped with existing conservation sites, with site man-
agement plans providing a clear means through which plant
species conservation could be established. There were also
examples of IPA inclusion in regional conservation strategies.
One interviewee highlighted the Montana Plant Conservation
Strategy (USA), and a reviewed paper mentioned the inclusion
of important fungi areas in the Tuscan Biodiversity Action Plan
(Italy) (Perini et al., 2014).

Community-based conservation and NGO
involvement

The community-based conservation initiatives mentioned took
a range of forms, from passive engagement via talks and leaflets
to active volunteer networks for monitoring IPAs and their
species (e.g, Murphy & Richards, 2022; Sanchez et al., 2019).
In some cases, community conservation highlighted in litera-
ture was revealed to be inactive by interviewees, such as the
IPAnet project in Turkey (Obanet, 2015). Most examples of
conservation in the systematic map were in sources other than
peer-reviewed articles (i.e., reports, web pages, and conference
proceedings), contrasting with the overall characteristics of the
literature reviewed but reflecting the fact that such initiatives
were significantly more likely to be mentioned by interviewees
from the NGO than research sector.

The importance of in-country NGO involvement was most
cleatly voiced by a participant from Macedonia, the country
with perhaps the longest running example of active community-
based IPA conservation. Although IPA identification (Radford
& Ode, 2009) and the subsequent Natural Networks of Places
and People project (Plantlife, 2013) wetre undertaken over a
decade ago, the interviewee described ongoing plant monitot-
ing and lobbying for IPA site protection by civil society groups,
adding that “IPAs...is something they’re proud of...[local
partners] are now doing the job by themselves.” Crucial to
building this momentum was the work of individuals from the
Macedonian Ecological Society: “connecting with lots of peo-
ple...visiting people who lived or worked in IPAs... You stay
in contact with one person who is passionate about [conser-
vation], he finds another one....a really spontaneous snowball
effect and a continuation of that collaboration.” The impor-
tance of persistence was also stressed by a patticipant in Tunisia,
who shared that efforts to change local agricultural practices
to benefit endemic plant species were successful only after
“many, many sessions with raising awareness.” In the United
Kingdom, IPA community engagement has largely continued
to be led by the NGO Plantlife, often through more formal
projects. For example, community engagement activities and
wider awareness campaigns following IPA identification led
to much greater recognition of the temperate rainforests of
the British west coast, in turn enabling alliances with other
conservation NGOs and further increasing overall impact and
awareness.

Meanwhile, for tropical IPAs, one participant explained: “as
a research institute we are judged more on our [academic] out-
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puts, and working more with stakeholders would take time...
The most important thing to allow for this is engaging with
socioeconomic NGOs.” In Bolivia, such collaborations have led
to the establishment of value chain networks and the ongoing
development of a certification scheme to support conservation-
through-use approaches involving Indigenous and local com-
munities. A similar outcome was achieved in the Himalayan
region of China, part of the first-ever IPA identification effort
based on useful (specifically medicinal) plants (Hamilton &
Radford, 2007). By connecting local communities and inter-
national traders, an income source from cultivated medicinal
gardens was generated, which supported wild plant conset-
vation. An interviewee described how the project spread to
...still continuing, Conser-

<«

other nearby communities and is
vation is not a one-off thing; you need to do it forever.”
In Guinea, environmental education is a core element of
the tropical IPA project’s community-based efforts, includ-
ing the publication of a booklet for schools (Cheek, 2017)
and the recruitment of a dedicated in-country environmental
officer for outreach. In response to requests from local col-
laborators, community tree nurseries were established to grow
useful plant species, thereby minimizing the wild collection of
threatened plants from IPAs. These interventions require long-
term strategies. One participant explained that “we’re hoping
that in the following years, we can grow enough plants that
the communities can sell to reforesting projects...to give a

revenue.”

Generating data and knowledge

In addition to directly influencing conservation plans and
projects, IPA efforts have generated, mobilized, and increased
access to plant data. Many IPA literature sources described
extensive botanical data collection through targeted fieldwork
and the collation of previously disparate information in lit-
erature, herbaria, and databases. It was beyond the scope of
our study to assess how often these data have been made
publicly available. However, they have substantially increased
knowledge of the ecology and distribution of plants and
fungi across many countries, thereby supporting target 21 of
the GBF to ensure that data and knowledge are accessible
to a range of stakeholders. This has enabled the produc-
tion of verifiable checklists, species red lists, habitat maps,
and new scientific descriptions of species (e.g, Couch et al.,
2019; Khennouf et al, 2018; Radford & Ode, 2009), but
the need to create a centralized repository for such data was
highlighted by several interviewees. Other conservation-related
work has also been mobilized by IPAs. Participants from sev-
eral countries described IPA identification as the natural next
step following the national red listing of plants (del Valle
et al.,, 2003); the IPA criteria provide a standardized means
to move from species extinction assessments to area-based
conservation.

Opportunities, challenges, and
recommendations

Although interviews succeeded in highlighting more IPA con-
servation examples than literature, the examples often focused
on one or a few sites, indicating that many identified IPAs have
not directly led to documented conservation outcomes. This
was often attributed to a lack of resources, support, and momen-
tum postidentification. Even in Italy, the country with the most
IPA-related literature and ministerial support for IPA identifi-
cation (Blasi et al., 2009), support has dwindled. A respondent
said, “after 5 years there was no more money and people have
to find money.” Although community-led efforts for IPAs in
Macedonia continue, they involve only a handful of sites, chosen
as pilots directly after identification. Therefore, although TPA
identification continues to increase globally, there is a way to
go to truly achieve the other crucial half of its primary aim to
“identify and protect a network of the best sites for plant con-
servation” throughout the world (Anderson, 2002) and to meet
GSPC targets.

This gap between identification and conservation action
is common among area-based initiatives. The assessment—
implementation gap has been highlighted for systematic con-
servation planning (Adams et al., 2019). There is some evidence
of the usefulness of KBAs in identifying sites of biodiversity
significance (Plumptre et al., 2023), but a comprehensive evalua-
tion of subsequent conservation outcomes is lacking. Literature
on ecologically or biologically significant marine areas (EBSAs)
indicates that important areas for marine biodiversity have been
identified, but few examples exist of resulting conservation
action (Harris et al., 2022).

There are therefore clear challenges associated with moving
from spatial conservation prioritization to conservation action
(Adams et al., 2019; Harris et al., 2022; Mclntosh et al., 2018).
However, with the scale of global biodiversity loss, shifting pri-
orities in conservation approaches, and momentum gained since
the launch of the tropical IPA program, there was a sense among
participants that this is a time for IPAs to gain policy recognition
and contribute to plant conservation. Drawing on themes from
this study, alongside key challenges and opportunities high-
lighted by participants, we devised 5 key recommendations for
IPAs: provide more ambitious and targeted funding, tailor stake-
holder communications, time stakeholder engagement propertly,
clarify the relationship of IPAs with KBAs, and provide a sin-
gle central hub for IPA information. Some of these are relevant
at the global scale for the overall IPA program approach, and
others are more appropriate at the project scale.

Funding should be more ambitious and targeted. Many par-
ticipants highlighted resources as a key challenge for IPAs, and
the need for more ambitious funding goals was raised across
scales. At the project scale, funding is required to make identi-
fication as comprehensive as possible, enable engagement and
conservation action postidentification, and update identified
networks with new data. To address this, tropical IPA partic-
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ipants mentioned the ability to attract philanthropic funding
when conservation, livelihood, and capacity-building outcomes
were clear. Such an approach also encourages conservation
action to be integrated into the initial aims and planning of IPA
identification, increasing their likelihood of success (Adams
et al,, 2019; Sinclair et al., 2018). At the global scale, increased
resoutces are required for a more strategic approach and to sup-
port lobbying for greater attention in conservation policy. The
need for greater ambition in leveraging large grants was raised,
such as from philanthropic commitments and closer engage-
ment with the Global Environment Facility. The people-centric
focus of IPAs was also highlighted as a differentiator from other
conservation efforts in gaining support from these sources.

Stakeholder communications should be tailored to match the
specific goal and audience. Communication challenges related
to engaging political, community, and industrial stakeholders
were repeatedly raised. This was relevant to conveying the
importance of plant conservation, sharing the outcomes of
IPA identification (“people on the ground aren’t interested in
maps”), and differentiating IPAs from traditional protected area
management (“as soon as you start talking about areas for
conservation, there is a level of defensiveness”). To engage
stakeholders, there is a need to highlight benefits of spe-
cific relevance to them. The potential power of focusing on
useful plants and more broadly placing IPAs in an ecosys-
tem services frame was highlighted. However, this should be
location specific. Adams et al. (2019) highlight the impot-
tance of considering the relevant socioecological context in
the planning and identification stage of conservation areas. To
convey the outcomes of IPA identification, messages should
be streamlined based on the intended audience. For commu-
nity engagement, relevant and engaging messaging can generate
pride in local environments. For national and local decision
makers, a participant suggested that there should first be coor-
dination among the conservation community to bring together
different spatial conservation planning initiatives for simplified
policy recommendations. Drawing on the Colombian context,
they explained: “there are more than 50 exercises on spatial
planning...How do we translate this to stakeholders? ... This
needs to be solved by the institutions leading the initiatives.”

Stakeholder engagement should happen early and be sus-
tained. This was highlighted as key to IPA projects that
successfully generated political support. Sustained engagement
included involving relevant authorities in meetings during ini-
tial identification steps and continued conversations on how
IPA outputs could feed into decision-making, Such approaches
would facilitate the assimilation of an implementation strategy
in the IPA identification phase (Adams et al., 2019). To realize
the potential of IPAs in protecting threatened plants for humans
and engaging local communities, there is a need to demonstrate
long-term commitment to local areas. This reflects the fact that
relationships of trust are fundamental in achieving community-
enabled conservation because they encourage the coproduction
of knowledge and solutions rather than viewing communities as
a focal point for input (Armitage et al., 2020).

The relationship between IPAs and KBAs should be clarified.
Although most participants thought that IPAs add conservation

value beyond other global initiatives, many acknowledged the
broader recognition that KBAs have in policy spheres. A global
spatial comparison between KBAs and IPAs is lacking, but exist-
ing analyses indicate that sites often do not overlap; 60% of IPAs
in the Mediterranean do not ovetlap with KBAs (Radford et al.,
2011). One participant desctibed closer standardization of the
programs as “the biggest, easiest opportunity for IPAs.” This
does not necessarily mean losing IPAs as a distinct framework;
rather, it means aligning IPA and KBA efforts where the crite-
ria converge and still maintaining the distinguishing elements of
IPAs. As a participant involved in IPA conception voiced, this
would prevent duplication of efforts and provide “a single mes-
sage to decision makers.... It’s not what’s best for IPA, KBA,
RAMSAR, etc., but how we can harmonize them to protect
biodiversity.”

The need for simplification and standardization of the IPA
approach itself also emerged. This was related to clarifying
differences between IPAs and tropical IPAs, for which steps
have already been taken. More importantly, the need for one
centralized platform to house all IPA-relevant guidelines, infor-
mation, outputs, and data was reiterated by multiple participants.
Although we attempted to begin this process, a key next step
would be to make all data on identified IPAs accessible and
downloadable online. The Tropical IPA Explorer portal (Royal
Botanic Gardens, Kew, 2023b) and IPA Database (Plantlife,
2023b) are good starting points, but unifying these and making
them more comprehensive could increase transparency, encout-
age more academic engagement, and support authorities in
conservation planning. Furthermore, IPA data could be inte-
grated into broader global databases for conservation areas,
such as Protected Planet (UNEP-WCMC & IUCN, 2023). This
would support more cohesion between area-based conservation
approaches and wider recognition of IPAs in conservation and
planning decisions.

We found that IPAs have contributed to plant conservation
efforts in many ways, from informing protected area designa-
tions to the planting of community tree nurseries. This suggests
that IPA practitioners are actively seeking to achieve conserva-
tion outcomes through the identification of priority ateas for
plants. However, our results also add to existing evidence of
a research—implementation gap in spatial conservation assess-
ments. The lessons learned and recommendations made are
timely as IPA application continues to grow with new national
programs launched in some of the most biodiverse countties
in the world. These lessons are also of relevance to other area-
based conservation approaches, as the conservation community
seeks to meet the targets of the GBF while delivering effective
and equitable outcomes for people and nature.

ACKNOWLEDGMENTS

We thank all participants who contributed their time and knowl-
edge for this study. L.K. was supported by a studentship
awarded by the Natural Environment Research Council (grant
number NE/S007229/1).

ORCID

Laura Kor®@ https:/ /orcid.org/0000-0003-4244-960X

85U8017 SUOLIWLIOD SAIeRID 9|gedldde ay) Ag pausenob ae Sajoile YO 9sn Jo o Joj Aeiq1 8UIjUO 431N UO (SUOIPL0D-pUe-SLLLR) W0 A3 | ImAle.q 1jpuluo//sdny) SUORIpUOD pue sWe | 8y} 8es *[5Z02/c0/6T] o Akiqiauliuo A8|Im ‘5oL AQ €T00L 1G09/TTTT OT/I0P/W00 A8 1M ATelq1|BU1|UO"01qu0d//:SANy Wou) pepeojumod ‘0 ‘65LTEZST


https://orcid.org/0000-0003-4244-960X
https://orcid.org/0000-0003-4244-960X

CONSERVATION BIOLOGY

REFERENCES

Adams, V. M., Mills, M., Weeks, R., Segan, D. B, Pressey, R. L., Gurney, G. G,,
Groves, C., Davis, E W, & Alvareszomero, J. G. (2019). Implementation
strategies for systematic conservation planning. Ambio, 48, 139—152.

Alves, C., Vieira, C., Sérgio, C., Garcia, C., & Stow, S. (2016). Selecting important
areas for bryophyte conservation: Is the higher taxa approach an effective
method? journal for Nature Conservation, 29, 105113,

Anderson, S. (2002). Identifying important plant areas: A site selection manual for
Europe, and a basis for developing guidelines for other regions of the world. Plantlife
International.

Armitage, D., Mbatha, P, Muhl, E. K., Rice, W,, & Sowman, M. (2020). Gov-
ernance principles for community-centered conservation in the post-2020
global biodiversity framework. Conservation Science and Practice, 2(2), €160.

AZE Secretariat. (2024). AZE sites as Key Biodiversity Areas. Alliance for
Zero Extinction. https://zeroextinction.org/conservation/links-with-key-
biodiversity-areas,/

BirdLife International. (2014). Zmportant Bird and Biodiversity Areas: A global
network_for conserving nature and benefiting people. Author.

Blasi, C., Marignani, M., Copiz, R., & Fipaldini, M. (2009). A thematic
contribution to the National Biodiversity Strategy: Mapping the Important Plant
Areas in Italy. Ministry of the Environment, Land and Sea Protec-
tion. www.mase.gov.it/sites/default/files/archivio/biblioteca/protezione_
natura/dpn_important_plant_areas_italy.pdf

Bou Dagher-Kharrat, M. (2018). Setting conservation priorities for Lebanese
flora—Identification of important plant areas. Journal for Nature Conservation,
43, 85-94.

Bryer, J., & Speerschneider, K. (2016). likert: Analysis and visnalization Likert items.
R package version 1.3.5. https://CRAN.R-project.org/package=likert

Byfield, A. (1995). Important Plant Areas in Turkey: A model for Europe? In
J. Newton (Ed.), Planta Europa: Proceedings of the First Eunropean Conference on
the Conservation of Wild Plants, Hyeres, France, 2-8 September 1995 (pp. 229-232).
Plantlife.

Cadotte, M. W,, & Tucker, C. M. (2018). Difficult decisions: Strategies for
conservation prioritization when taxonomic, phylogenetic and functional
diversity are not spatially congruent. Biological Conservation, 225, 128—133.

Chamchumroon, V. (2008). Identifying Important Plant Areas (IPAs) in Thailand.
Proceedings of the FORTROP II: Tropical Forestry Change in a Changing
World, 17-20 November 2008, Bangkok, Thailand.

Cheek, M. (2017). The importance of plant conservation in Guinea: A guide for secondary
school teachers. Royal Botanic Gardens.

Convention on Biological Diversity (CBD). (2012). The Global Strategy
Jor Plant Conservation: 2011-2020. https://www.bgci.org/files/Plants2020/
GSPCbrochure/gspc_english.pdf

Convention on Biological Diversity (CBD).  (2022).Kunming-Montreal
Global ~ Biodiversity — Framework.  https://www.cbd.int/doc/c/e6d3/cd1d/
daf66371920390229b116¢34/cop-15-1-25-en.pdf

Couch, C., Cheek, M., Haba, P, Molmou, D., Williams, J., Magassouba, S.,
Doumbouya, S., & Yaya Diallo, M. (2019). 7hreatened habitats & Tropical
Important Plant Areas (TIPAs) of Guinea, West Africa. Royal Botanic Gardens.
https://kew.iro.bl.uk /downloads/89df0f3f-daf9-4889-a25b-c7{f87c90e92

Darbyshire, 1., Anderson, S., Asatryan, A., Byfield, A., Cheek, M., Clubbe, C.,
Ghrabi, Z., Harris, T., Heatubun, C. D, & Kalema, J. (2017). Important Plant
Areas: Revised selection criteria for a global approach to plant conservation.
Biodiversity and Conservation, 26(8), 1767-1800.

Darbyshire, 1., Richards, S., Osborne, J., & Matimele, H. L. (2023). 7he Important
Plant Areas of Mozambique. Royal Botanic Gardens.

del Valle, E., Maldonado, J., & Sainz, H. (2003). Areas importantes para la flora ame-
nazada espaiola. Atlas y libro rojo de la flora vascular amenazada de Espana: 1axones
prioritarios. Ministerio de Medio Ambiente.

European Environment Agency (EEA). (2023). 7he Natura 2000 protected areas
network. https://www.eea.europa.cu/themes/biodiversity /natura-2000

Hamidah, M., Hasmadi, I. M., Chua, L. S. L., Lau, K. H., Faridah-Hanum,
I, Yong, W. S. Y., & Pakhriazad, H. Z. (2020). Towards identification of
important plant areas (IPA) for Peninsular Malaysia. Methodology and future
directions. Heliyon, 6(7), ¢04370.

Hamilton, A. C. (Ed.). (2008). Medicinal plants in conservation and development case
studies and lessons learnt. Plantlife International.

Hamilton, A. C., & Radford, E. A. (2007). Zdentification and conservation of impor-
tant plant areas for medicinal plants in the Himalaya. Plantlife International and
Ethnobotanical Society of Nepal.

Hannah, L. (2008). Protected areas and climate change. Annals of the New York
Acadeny of Sciences, 1134(1), 201-212.

Harris, L. R., Holness, S. D., Finke, G., Amunyela, M., Braby, R., Coelho, N.,
Gee, K., Kirkman, S. P, Kreiner, A., Mausolf, E., Majiedt, P., Maletzky, E.,
Nisingi, K. K., Russo, V., Sink, K. J., & Sorgenfrei, R. (2022). Practical marine
spatial management of ecologically or biologically significant marine areas:
Emerging lessons from evidence-based planning and implementation in a
developing-world context. Frontiers in Marine Science, 9, 831678.

International Union for Conservation of Nature (IUCN). (2016). A Global
Standard for the Identification of Key Biodiversity Areas (1st ed.). Author.

James, K. L., Randall, N. P, & Haddaway, N. R. (2016). A methodology for
systematic mapping in environmental sciences. Environmental Evidence, 5(1),
7.

Khennouf, H., Chefrour, A., Corcket, E., & Alard, D. (2018). La végéta-
tion dunaire du littoral de Jijel (Algérie): Proposition d’une nouvelle zone
importtante pour les plantes. Revue d'Feolggie, 73(3), 345-362.

Kor, L. (2023). Publications from Global IPA Review. Figshare. https://doi.org/10.
6084/m9.figshare.24645360.v1

Kor, L., & Diazgranados, M. (2023). Identifying important plant areas for useful
plant species in Colombia. Biological Conservation, 284, 110187.

Leps, J., & Smilauer, P. (2020). Non-parametric methods for two samples. In Bio-
statistics with R: An introductory guide for field biologists (pp. 92—103). Cambridge
University Press.

Mclntosh, E. J., Chapman, S., Kearney, S. G., Williams, B., Althor, G., Thorn,
J. P, Pressey, R. L., McKinnon, M. C., & Grenyer, R. (2018). Absence of
evidence for the conservation outcomes of systematic conservation planning
around the globe: A systematic map. Environmental Evidence, 7, 22.

Montana Plant Society. (2023). Zmportant Plant Areas. https://mtnativeplants.
org/important-plant-areas/

Murphy, B., Onana, J. M., van der Burgt, X., Tchatchouang Ngansop, E.,
Williams, J., Tchiengué, B., & Cheek, M. (2023). Important Plant Areas of
Cameroon. Royal Botanic Gardens, Kew.

Murphy, B., & Richards, S. (2022). Milestone: 100 new Important Plant Areas identified
in Tropical Africa. Royal Botanic Gardens, Kew. https://www.kew.org/read-
and-watch/milestone-100-new-important-plant-areas

Obanet. (2015). /PANET—Volunteer Network for the Important Plant Areas
in Turkey. http://obanettr.org/defaultasp?baslik=about_us&page=18&a=
97&b=1&c=79

Perini, C., D’Aguanno, M., & Salerni, E. (2014). Fungi and the action plan for
the conservation of biodiversity: What happens in Tuscany (Italy). Fungal
Conservation, 4, 42—44.

Plantlife. (2013). Natural networks—People, plants, places. Author.

Plantlife. (2021). Zmportant plant areas & climate change. Author.

Plantlife. (2023a). Global Important Plant Areas: About Important Plant Areas.
https://www.plantlife.org.uk /protecting-plants- fungi/important-plant-
areas/#global-important-plant-areas-

Plantlife. (2023b). Plantlife Important Plant Areas (IPA) Database. https:/ /www.
plantlifeipa.org/home

Plantlife. (2023c). Plantlife Strategy to 2030: For a world rich in plants and
Sungi. https://www.plantlife.org.uk /wp-content/uploads/2023,/03/
Plantlife_Strategy_2030_Final.pdf

Plumptre, A. J., Butchart, S. H., von Staden, L., Smith, R. ., Matimele, H.,
Starnes, T., Brooks, T. M., Baisero, D., Costa, H., & Duarte, E. (2023). Key
Biodiversity Areas are proving useful for spatial planning if the criteria are
applied correctly. Perspectives in F=cology and Conservation, 21(3), 263—-264.

R Core Team (2022). R: A for statistical computing (Nersion
4.2.2). R Foundation for Statistical Computing. https://www.R-project.org/

Radford, E., & Ode, B. (2009). Conserving Important Plant Areas: Investing in
the Green Gold of South East Europe. Plantlife. https://www.plantlife.org.uk/
application/files/1114,/8155/8367 /IPAa_SEE_report_web.pdf

Radford, E. A., Catullo, G., & Montmollin, B. (2011). Zumportant Plant Areas of the
south and east Mediterranean region: Priority sites for conservation. ITUCN.

Royal Botanic Gardens, Kew. (2016). 7he state of the world’s plants report—2016.
Author.

and envir

85U801 7 SUOWILLOD 8AIEaID 3 |qeol(dde 8y} Aq paueob a1e Sao e YO ‘8sn Jo S8jnJ 10} Ariq1TaUIIUO AB|1M UO (SUOI IPUOO-PUR-SLLBYW0D" A3 1M Ale1q 1 [BuUO//SdNY) SUORIPUOD pue SWB | 8U 89S *[GZ02/60/6T] Uo ArigiTauluo AB|IM ‘9L A ETO0L I0O/TTTT OT/I0pW00 A3 1M Arelq1jBu|U0"01quUOy/SARY WO} papeojumoq ‘0 ‘6ELTEZST


https://zeroextinction.org/conservation/links-with-key-biodiversity-areas/
https://zeroextinction.org/conservation/links-with-key-biodiversity-areas/
http://www.mase.gov.it/sites/default/files/archivio/biblioteca/protezione_natura/dpn_important_plant_areas_italy.pdf
http://www.mase.gov.it/sites/default/files/archivio/biblioteca/protezione_natura/dpn_important_plant_areas_italy.pdf
https://CRAN.R-project.org/package=likert
https://www.bgci.org/files/Plants2020/GSPCbrochure/gspc_english.pdf
https://www.bgci.org/files/Plants2020/GSPCbrochure/gspc_english.pdf
https://www.cbd.int/doc/c/e6d3/cd1d/daf663719a03902a9b116c34/cop-15-l-25-en.pdf
https://www.cbd.int/doc/c/e6d3/cd1d/daf663719a03902a9b116c34/cop-15-l-25-en.pdf
https://kew.iro.bl.uk/downloads/89df0f3f-daf9-4889-a25b-c7ff87c90e92
https://www.eea.europa.eu/themes/biodiversity/natura-2000
https://doi.org/10.6084/m9.figshare.24645360.v1
https://doi.org/10.6084/m9.figshare.24645360.v1
https://mtnativeplants.org/important-plant-areas/
https://mtnativeplants.org/important-plant-areas/
https://www.kew.org/read-and-watch/milestone-100-new-important-plant-areas
https://www.kew.org/read-and-watch/milestone-100-new-important-plant-areas
http://obanettr.org/default.asp?baslik=about_us&page=1&a=97&b=1&c=79
http://obanettr.org/default.asp?baslik=about_us&page=1&a=97&b=1&c=79
https://www.plantlife.org.uk/protecting-plants-fungi/important-plant-areas/#global-important-plant-areas-
https://www.plantlife.org.uk/protecting-plants-fungi/important-plant-areas/#global-important-plant-areas-
https://www.plantlifeipa.org/home
https://www.plantlifeipa.org/home
https://www.plantlife.org.uk/wp-content/uploads/2023/03/Plantlife_Strategy_2030_Final.pdf
https://www.plantlife.org.uk/wp-content/uploads/2023/03/Plantlife_Strategy_2030_Final.pdf
https://www.R-project.org/
https://www.plantlife.org.uk/application/files/1114/8155/8367/IPAa_SEE_report_web.pdf
https://www.plantlife.org.uk/application/files/1114/8155/8367/IPAa_SEE_report_web.pdf

Kor ET AL.

Royal Botanic Gardens, Kew. (2021). Science Strategy  2021-2025.
https:/ /www.kew.org/sites /default/files /2021-10/RBG%20Kew %0
20Science%020Strategy?o202021-2025%20%285%29.pdf

Royal Botanic Gardens, Kew. (20232). 7Zropical Important Plant Areas
(11PAs) in Uganda. https://www.kew.org/science/our-science/projects/
tropical-important-plant-areas-uganda

Royal Botanic Gardens, Kew. (2023b). Zropical Important Plant Areas Explorer.
https://tipas.kew.org/

Sanchez, D. M., Clubbe, C., & Hamilton, M. A. (2019). Identifying and Conserv-
ing Tropical Important Plant Areas in the British Virgin Islands (2016-2019): Final
Technical Report. Royal Botanic Gardens.

Sinclair, S. P., Milner-Gulland, E. J., Smith, R. J., McIntosh, E. J., Possingham,
H. P, Vercammen, A., & Knight, A. T. (2018). The use, and usefulness, of
spatial conservation prioritizations. Conservation Letters, 11(6), €12459.

Smart, J. (1995). The need to identify Important Plant Areas in Europe. In J.
Newton (Ed.), Planta Europa: Proceedings of the First Eurgpean Conference on the
Conservation of Wild Plants, Hyeres, France, 2-8 September 1995 (pp. 226—228).
Plantlife.

UN Environment Programme World Conservation Monitoring Centre (UNEP-
WCMC), & International Union for Conservation of Nature (IUCN). (2023).
Protected Planet: The World Database on Protected Areas (WDPA) and World
Database on Other Effective Area-based Conservation Measures (WD-OECM). www.
protectedplanet.net

Villanueva, R. A. M., & Chen, Z. J. (2019). ggplot2: Elegant graphics for data
analysis (2nd ed.). Measurement: Interdisciplinary Research and Perspectives, 17(3),
160-167. https://doi.org/10.1080,/15366367.2019.1565254

Virapongse, A., Brooks, S., Metcalf, E. C., Zedalis, M., Gosz, ., Kliskey, A., &
Alessa, L. (2016). A social-ecological systems approach for environmental
management. Journal of Environmental Management, 178, 83-91.

von Staden, L., & Lotter, M. (2015). Important areas for plant diversity iden-
tified and incorporated into conservation processes. In D. Raimondo (Ed.),
South Africa’s strategy for plant conservation (pp. 26-29). South African National
Biodiversity Institute and the Botanical Society of South Africa.

Wiatts, S. (2013). User skills for qualitative analysis: Perspective, interpretation
and the delivery of impact. Qualitative Research in Psychology, 11(1), 1-14.

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D. A., Francois,
R., Grolemund, G., Hayes, A., Henry, L., & Hester, ]. (2019). Welcome to
the Tidyverse. Journal of Open Source Software, 4(43), 1686.

Wyborn, C., & Evans, M. C. (2021). Consetrvation needs to break free from
global priority mapping. Nature Ecology & Evolution, 6(2), 118—119.

Yahi, N, Vela, E., & Benhouhou, S. (2012). Identifying important plants areas
(key biodiversity areas for plants) in northern Algetia. Journal of Threatened
Taxa, 4(8), 2753-2765.

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section at the end of this article.
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