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ARTICLE INFO ABSTRACT

Keywords: The diversity of vascular plant taxa in Europe is threatened. National red lists are valuable biodiversity con-
Conservation gaps servation tools that provide us with information on the proximity of a taxon to extinction. However, there are
Europe _ still differences in the methods and implementation of these assessments across European countries, indicating
Plant conservation . . . . . ees .

Red lists gaps in conservation efforts at national and regional levels. To address these disparities, we conducted a study in

which we compiled data from the most recent national red lists of vascular plants in European countries,
including some countries from the eastern part of the Mediterranean biodiversity hotspot. Our results confirm
concerns that the conservation status of European vascular flora is not fully mapped. We also found that this
knowledge is not evenly distributed across European regions. There were differences in the availability of red
lists, the regularity of updates, and the implementation of assessment methods. Countries that assessed their
entire flora had a higher proportion of threatened taxa than countries that assessed only a portion of the flora.
This highlights the risk of overlooking the conservation status of less known taxa when assessments are limited to
specific taxa. Financial capacity was found to be a critical factor influencing the extent of these shortcomings.
Our study has shown that countries that assess their entire flora have, on average, higher national spending on
environmental protection within their overall economies. This information is critical for developing effective
biodiversity conservation strategies across Europe and for addressing the threats faced by vascular plants in the
region.

Threatened taxa
Vascular plants

1. Introduction abandonment of traditional practices of land use, unsustainable live-

stock ranching, overexploitation of natural resources (e.g., unsustain-

Major threats to the world’s biodiversity are escalating at an un-
precedented rate, affecting the fitness and distribution of organisms,
leading to the rapid decline and extinction, sometimes even before they
are discovered. This is mainly due to the anthropogenic climate change,
habitat loss, urban development, agricultural intensification,
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able forest management, overharvesting) and biological invasion
(Hochkirch et al., 2023; Maxwell et al., 2016; Tedesco et al., 2014). Of
the worlds’ flora, 45 % of the known species and three in four unde-
scribed species are at a risk of extinction (Antonelli et al., 2023). The
response of European vascular flora is not an exception and is heavily

Received 7 October 2023; Received in revised form 22 March 2024; Accepted 29 March 2024

Available online 10 April 2024

0006-3207/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:edy.fantinato@unive.it
www.sciencedirect.com/science/journal/00063207
https://www.elsevier.com/locate/biocon
https://doi.org/10.1016/j.biocon.2024.110568
https://doi.org/10.1016/j.biocon.2024.110568
https://doi.org/10.1016/j.biocon.2024.110568
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

P. Glasnovic et al.

affected by the ongoing global biodiversity crisis. Of the 20 thousand
species of vascular plants native to Europe, almost 45 % are estimated to
be threatened with extinction and this estimate matches with global
level predictions (Holz et al., 2022; Bilz et al., 2011). To tackle the global
challenge for stopping or reversing biodiversity loss, enforcing conser-
vation strategies has become a global, continental, and national priority
(CBD (Convention on Biological Diversity), 2010) and implementing
action plans at local level was essential. Consequently, gathering in-
formation on the status and trends of biodiversity by assessing the
extinction risk of taxa at national level through monitoring programs has
become increasingly important to support decision makers in setting
conservation actions and policies.

Several documents address the conservation status of vascular
plants, outlining appropriate conservation policies in reference to na-
tional and European Union legislation (e.g., The Habitat Directives) and
international agreements (e.g., Bern Convention, Convention on Inter-
national Trade in Endangered Species of Wild Fauna and Flora or
CITES). Concerns about the risk of extinction of the European and global
flora were clearly articulated in the various targets of the Global Strat-
egy for Plant Conservation (GSPC) under the Convention on Biodiversity
(CBD, 2010). Despite ambitious plans to halt biodiversity loss by 2020,
we ultimately failed to meet this deadline (Bachman et al., 2018).
Subsequently, new deadlines have been proposed for the near future
(CBD, 2022, 2021). However, the lack of coherence in plant conserva-
tion actions and policies is a constant but rarely addressed problem in
Europe (Fiser et al., 2021). There are significant differences between
European regions in terms of financial resources allocated to biodiver-
sity conservation actions (Adamo et al., 2022) and a clear correlation
between the number of threatened or declining species and various
indices of economic inequality (Mikkelson et al., 2007). In Europe, the
southern European peninsulas (Iberian, Apennine, and Balkans) harbour
most of Europe’s plant diversity, with the broader Mediterranean basin
representing one of the global biodiversity hotspots (Myers et al., 2000).
However, inadequacies have been identified in the provision of appro-
priate conservation measures and policies in regions recognised as
hotspots of plant diversity and endemism, such as the Balkan Peninsula
(Vasilijevic et al., 2018). Therefore, closer look at the state of the art in
these areas is essential in comparison to other regions and hotspots.

Despites the recognition that the International Union for Conserva-
tion of Nature’s (IUCN) Red List of Threatened Species (henceforth ‘red
list’) is the most comprehensive resource for providing global level as-
sessments for extinction risks of animals, fungi, and plants, it only covers
a small and biased subset of known biodiversity (Bachman et al., 2019;
Rodrigues et al., 2006). Using a series of numerical thresholds in
conjunction with population parameters of taxon, the assessment eval-
uates the conservation status at species, subspecies, variety, or sub-
population levels by assigning a red list category. Although red listing
process does not involve prioritization of taxa, a complete and more up-
to-date red list gives an overview and helps identifying taxa deemed to
be priorities for conservation and captured them at early stage of their
extinction risk (Bachman et al., 2019). Although the red list is far from
perfect and complete, it remains as a critical indicator of the health of
the world’s biodiversity providing scientifically rigorous evidence to
enable decision making in conservation (IUCN, 2023; Rodrigues et al.,
2006).

The red list assessment process has been developed over the last two
decades, but the real understanding of its advancements has lagged as it
is often assumed the red list categories are still based on experts’ opinion
(Rodrigues et al., 2006). IUCN (2012) has developed guidelines to
empower regions and countries in conducting conservation assessments
within geographically defined areas, enabling more focused conserva-
tion efforts. Although there were similarities of red list categories be-
tween global and national conservation assessments for most animals
and plants, differences were notable for some species (Brito et al., 2010).
For example, taxa that are listed nationally as threatened are not
assessed globally or reverse; and taxa that are considered as not
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threatened globally but are nationally threatened or reverse. Whilst the
comparison between global and national assessments remains a priority,
the global scale trends may not always correlate with local trends.
Therefore, more geographically focussed assessments are required to
address conservation needs at local level. Consequently, national red list
assessments have become increasingly important alongside global as-
sessments for developing country or sub-country level conservation
strategies for species (Zamin et al., 2010), especially among signatory
parties of CBD who are agreed to monitor their own progress towards
biodiversity targets including those set for the Kunming-Montreal Global
Biodiversity Framework (CBD, 2022).

The European Red List of vascular plants is a review of the conser-
vation status of 1.826 selected plant taxa native to the European conti-
nent (Bilz et al., 2011). Already a brief review of the assessment reveals a
geographical inequality, largely neglecting the species-rich Southeast
Europe (Bilz et al., 2011). Consequently, this gap was partially filled by
the assessments of the European medicinal plants (Allen et al., 2014),
lycopods and ferns (Garcia Criado et al., 2017), trees (Rivers et al., 2019)
and selected endemic shrubs (Wilson et al., 2019), which considered all
countries in Southeast Europe. Nevertheless, only 16 % of all European
vascular plant taxa have been assessed in the IUCN Red List (Holz et al.,
2022), which is remarkably lower than the global level, varying between
21 % and 26 % (Bachman et al., 2018).

Red list data meet important political, social and scientific needs in
biodiversity conservation and are often used to guide natural resource
management at different levels, in the development of national policies
and legislation and can make an important contribution to strength-
ening multilateral agreements (Rodrigues et al., 2006). However, most
often red list assessments do not have direct legal implications (Rossi
et al., 2016). Although there are well-established guidelines for con-
ducting extinction risk assessments, differences between national red list
assessments persist, highlighting gaps in conservation in individual
countries and at different levels. Despite increasing efforts to follow
IUCN recommendations, some countries still apply their own criteria to
create red lists (Maes et al., 2019). The need for expansion of taxonomic,
spatial, and temporal coverage through new and repeated assessments
has been recognised (Bachman et al., 2019). These updates provide
more insight when they contribute new knowledge through detailed
evaluation (e.g., especially those previously assessed through expert’s
judgement or using opportunistic data) and capturing more up-to-date
data (e.g., taxonomic concepts, distribution, and population data).
There are also notable differences between countries in the frequency of
updates. Only regularly updated red lists can provide a valuable warning
and monitoring system for rapidly emerging conservation issues
(Rodrigues et al., 2006). Finally, although one of the objectives of the
IUCN is to progressively assess the extinction risk of all taxa (Rodriguez,
2008), most national red lists still contain a limited and incomplete
number of taxa compared to the national flora.

Europe’s national red lists have already been the subject of research
to assess the extinction risk of different groups of organisms at the
continental scale, such as threatened plants across Europe in relation
with their distribution ranges (Holz et al., 2022), orchids across Europe
(Kull et al., 2016), and European butterflies (Maes et al., 2019). Also,
European national red lists were used for estimating the Red List Index
(RLI) for monitoring trends in the overall extinction risk of a set of taxa
overtime (e.g., Finland - Juslén et al., 2013; Spain - Saiz et al., 2015); to
identify primary threats for native and also endemic flora (Italy -
Orsenigo et al., 2021, 2018); and in predictive modelling at ecosystem
scale e.g., to identify main factors shaping plant species assemblages and
community diversity in riparian ecosystems (Slovakia - Slezak et al.,
2022).

To elucidate their implications on overall biodiversity conservation,
there is still a need to assess strengths and shortcomings in the use of red
lists as effective conservation tools by reviewing the current progress,
exploring the taxonomic, spatial and temporal gaps in assessments,
unlocking the variability and highlighting the trends both within and
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across countries and understanding the likely causes for inherent dif-
ferences. Therefore, the overall aim of the study was to identify differ-
ences in conservation approaches between countries by analysing the
national red lists of European and Eastern Mediterranean countries as
these are key documents used for nature conservation. We envision our
findings to be used as a knowledge base for formulating a roadmap for
future red listing in Europe. Specifically, the aim was set to threefold: (i)
identify differences in assessment approaches (e.g. the number of taxa
assessed or the red list categories used), (ii) investigate whether national
red lists that consider only part of countries floras have a weaker con-
servation significance than those in which the entire flora has been
assessed, and (iii) assess what factors (including socio-economic char-
acteristics) may have led some countries to assess only part of the na-
tional flora, while others have assessed the entire flora. We retained the
focus of the study to Europe, but where necessary specific regions or
geographic ranges are included and/or described in relation to the
similarities in type of climate and vegetation or their rich biodiversity (e.
g., eastern Mediterranean). For example, the Middle East, and Turkey in
particular, is considered one of the most species-rich areas in the world
in terms of vascular plants. Together with other 14 M-biodiversity rich
countries, Turkey comprises 50 % of the world’s vascular plant phylo-
genetic diversity (Tietje et al., 2023). As an area that connects Europe
with the wider Mediterranean region and Western Asia, and as a
member of European integration, we decided to include it in this anal-
ysis together with some neighbouring countries. Also, the comparison of
national and sub-national level red lists against the global assessments
and technical or methodological differences in assessments were
considered out of scope of the current study.

2. Material and methods
2.1. Data compilation

To provide a detailed overview of the current status of national red
lists of vascular plants in Europe and to identify differences in their
assessment approaches, we compiled data from the most recent national
red lists of vascular plants of European countries together with some
countries from the eastern part of the Mediterranean biodiversity hot-
spot, namely Turkey, Lebanon and Israel. Alternatively, in the case that
red lists have not been published at the national level for a given
country, we have gathered red lists at the regional level where available.
The list of complete references is available in supporting information
(Appendix A). Compiled data included the country/region to which red
list belongs to, taxonomic name and their respective assessment cate-
gories, as well as other available meta data (year of publication, format
and availability, categories with their definition). In the present study,
we have not resolved the taxonomic differences between the compiled
lists. We observed that some national red lists included non-native taxa,
but often only as NA (Not Applicable) or NE (Not Evaluated). In some
red lists, both neophytes and archaeophytes were considered as non-
native; in other instances, archaeophytes were treated as autochtho-
nous taxa. However, we have not eliminated non-native taxa provided
on red lists. As a result, some red lists may be either over or under-
represented with non-native flora.

Most of the information utilized in this study was sourced directly
from the original red list references. However, to gain a comprehensive
understanding of the implication of national red lists on conservation
practices in each country, we sought the assistance of national partici-
pants involved in the COST action ConservePlants: An integrated
approach to conservation of threatened plants for the 21st century (Fiser
et al., 2021). ConservePlants is a European network of scientists and
other stakeholders actively involved in various aspects of plant conser-
vation. Using a structured questionnaire, we conducted a survey and
asked participants in the COST action to answer three multiple choice
questions about the publication of the red list of vascular plants in their
country: How often is the red list of vascular plants published? What are
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the legal implications of the publication of the red list of vascular plants?
What are the financial implications of the publication of the red list of
vascular plants? By exploring these key issues, we aimed to improve our
understanding of the broader implications and practical applications of
red list assessments for plant conservation efforts. The complete set of
questions can be accessed in Supporting Information (Appendix B).

In addition, for each country we have described the level of con-
servation efforts from the financial perspective by collecting four
different descriptors, namely (i) the mean value in millions of euros of
national expenditure on environmental protection, (ii) the mean value
in millions of euros of investments on environmental protection, (iii) the
mean value of the percentage (calculated on gross domestic product
(GDP)) of national expenditure on environmental protection and (iv) the
mean value of the percentage (calculated on gross domestic product
(GDP)) of investments on environmental protection in the total econ-
omy, calculated using available data from 2014 to 2021. According to
Eurostat  (https://ec.europa.eu/eurostat/cache/metadata/en/env_ac_
epea_esms.htm; accessed 06 January 2024), national expenditure on
environmental protection measures the resources used by resident units
to protect the natural environment in a given period. It is calculated as
the sum of expenditure on environmental protection activities and in-
vestment for environmental protection activities, including net transfers
to the rest of the world. Moreover, investments of total economy (gen-
eral governments and corporations) specifically refer to investments in
the provision of environmental protection services. Investments made
by corporations to manage their own environmental impacts are also
included. The data were retrieved from https://ec.europa.eu/eurosta
t/data/database (accessed 06 January 2024). The selected descriptors
cover expenditure and investments on the protection of various natural
assets across nine identified categories including biodiversity and
landscapes.

2.2. Data harmonization

Because not all countries use the IUCN (2019) recommended cate-
gories or use modified IUCN categories (Fig. 1D), we harmonized the
categories based on available definitions and expert opinion, to match
those used by the IUCN guidelines (Appendix C). Although one of the
main aims was to analyse the differences, the harmonization process was
essential to identify patterns in red listing among counties against their
entire flora. After harmonization, we considered the following cate-
gories: extinct (EX), extinct in the wild (EW), regionally extinct (REX),
critically endangered (CR), endangered (EN), vulnerable (VU), near
threatened (NT), least concern (LC), data deficient (DD). For the pur-
poses of this analysis, the category rare (R), although an old IUCN
category, was analysed on its own, not joint under any other currently
valid IUCN categories. The categories not evaluated (NE) and not
applicable (NA) contributed to the total flora in countries where this has
been assessed, so we decided to keep them in the analysis. A final
category, “undefined”, was used when harmonization was not possible.
To determine the proportion of national flora assessed, we collected data
on the total flora of countries from various national sources or alterna-
tively according to expert opinion (Appendix D). According to ITUCN
guidelines, taxa in CR, EN and VU categories are considered as
‘Threatened’ with a high risk of extinction.

2.3. Data analysis

To recognize geographical patterns arising from information
collected we created cartographic visualization per country or region
using the spatial tools of ESRI ArcGIS, ver.10.7. To describe the differ-
ences at the geographical level, we utilized descriptive statistics for both
individual countries or regions analysed and major geopolitical di-
visions, namely EU and non-EU countries. For specific information
regarding the categorization of individual countries within each group,
refer to Appendix E.
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To understand how red lists listed with the entire flora differ from red
lists that assessed only part of the flora, particularly those referred as
threatened (CR, EN and VU), we analysed the data using multivariate
analysis, considering countries, number of taxa per assessment category
relative to total size of the national or regional floras, and percentage of
the flora assessed. We applied Ward’s algorithm to assess similarities
and hierarchical clustering pattern between national red lists. Consid-
ering the number of groups revealed by cluster analysis, the total
number or percentage of taxa per category, we analysed the multivariate
distribution within countries and the contribution of each category by
applying principal component analysis (PCA). PCA for the two principal
components explaining most of the total variation (PC1 and PC2) were
visualized on the PCA biplot. The contribution of each variable was
calculated as the product of their loadings and the explained variance of
the principal components. Multivariate analyses were performed using
the R packages “stats”, “FactoMineR”, and “factoextra” (Alboukadel and
Fabian, 2022; Francois et al., 2023; R Core Team, 2023).

We used different regression models to understand the relationship
between singular threat categories (critically endangered, endangered
and vulnerable) or their sum (threatened) to the total number of taxa
considered in the national red lists. When using the number of red-listed
taxa we employed robust linear models (RLM), while for data expressed
as percentage on total flora, we calculated simple linear models (LM).
Coefficients and their statistical significance, along with standard error
and t-value, were calculated. The regression models were computed
using the R core package “stats” and R package “sfsmisc” to compute the
F test for RLM (Martin et al., 2023; R Core Team, 2023). We examined
whether the model assumptions of a linear response were met by ana-
lysing the residuals.

To test whether countries where the entire flora was assessed differed
from countries where flora was only partially assessed in terms of
expenditure and investments on environmental protection, we per-
formed a one-way PERMANOVA using the Euclidean similarity index
with 9999 randomizations and Tukey test comparing the mean value in
€ million and the mean value of the percentage (on GDP) of national
expenditure on environmental protection and of environmental pro-
tection investments in the total economy. PERMANOVA was performed
using the adonis function in the R package “vegan” (Oksanen et al.,
2019).

3. Results
3.1. Status of red lists at national level

Overall, we compiled 42 data sets for red lists from 41 countries
(Fig. 1A). The full list of assessed national red lists with values per
category is summarized in Appendix E. These were gathered from digital
(web pages, databases, spreadsheets, pdf documents, published litera-
ture and reports) and non-digital (hard copies of books and reports)
resources either in native languages and/or English. The process was not
straight forward and we encountered several challenges. Since there is
no national red list for Belgium, we have considered the red list of the
vascular flora for Flanders and Wallonia separately. For Bosnia and
Herzegovina, we only considered the assessment of the red list of the
Federation of Bosnia and Herzegovina, as the red list for the Republika
Srpska does not exist. For Serbia, only the Red Book of taxa classified as
threatened with extinction or critically endangered is available. Red lists
are missing for some of the Balkan countries: there is no national red list
for Montenegro, and the national red list of Northern Macedonia is
under development. Since only a few taxa were assessed at the time of
our data compilation, we decided not to include it in the analysis.

There were substantial differences between countries but minor
differences between groups of countries regarding the publication year
of the red lists (Fig. 1B and Table 1). There are differences among
countries in the format of available data (Fig. 1C). Most new red lists are
available as websites, often accompanied by a publication. However,
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there are still many red lists that are only available in the form of pub-
lications (e.g., journal articles, monographs), either digital or printed.
Most countries use standard or modified IUCN categories, with only two
countries using their own categories (Germany and Latvia; Fig. 1D).

Finally, we received responses from 43 experts in 41 countries
working in the field of plant conservation. Appendix B provides an
overview of the of responses, indicated by country. For 9 of the 41
countries or regions with red lists, the frequency of publication was
reported as regular, in <5 years, 25 countries update their red lists
irregularly in >5 years, while 7 countries have only one edition. We
obtained diverse and heterogeneous responses regarding the legal and
financial impact of the red lists. In 19 cases, red list results led to
conservation-related legal recommendations, while in 16 cases, there
were no legal implications. The results helped improve national and
regional conservation actions in 10 cases and were legally binding for
conservation measures in 7 cases. From a financial perspective, red list
results facilitated funding applications for some or all listed taxa in 18
and 6 cases, respectively. However, funding actions remained unaf-
fected in 17 cases, and mandatory funding was required in only 2 cases
for all or some listed taxa. These findings highlight the varying legal and
financial consequences associated with red list assessments.

3.2. Red lists of complete vs. partial flora assessed

A total of 12 red lists, accounting for 27.3 %, encompasses the
assessment of the complete national or regional flora (Fig. 1E and
Table 1). Within EU countries, this percentage rises to 32.1 % of the
assessments, whereas for non-EU countries, it stands at 21.4 %. In
addition, countries of Eastern Europe (Latvia, Lithuania, Belarus,
Ukraine, Moldova, Romania, Bulgaria, Serbia, the Federation of Bosnia
and Herzegovina, Kosovo, Croatia and Slovenia), Southern Europe
(Portugal, Spain, Greece), and Eastern Mediterranean (Turkey, Lebanon,
Israel), but also one country of Northern Europe (Iceland), have a low
proportion (<25 %) of their flora in the red lists compared to the
countries of Central, Western and Northern Europe (Fig. 1E). Conse-
quently, a larger percentage of threatened taxa results in countries
where a larger proportion of the total flora has been assessed (Table 1,
Fig. 1F).

The division of the red lists into two groups based on the
completeness of the assessed flora (Appendix F) also yielded strong
support in statistical tests. Hierarchical clustering analysis showed that
the subdivision based on flora completeness is the most suitable
approach (Fig. 2). Furthermore, this subdivision is consistently sup-
ported by the principal component analysis. When examining the dis-
tribution of red lists by category percentage, countries with complete
assessments are positioned at the opposite end of the gradient compared
to countries with partial assessments. This gradient can be well
explained by the direction and increasing contribution of the number of
taxa in each threat category (Fig. 3). The pattern becomes even more
evident when considering the total number of taxa per category. In this
case, the gradient towards a larger red list size becomes even more
pronounced. Red list size aligns with the vectors defined by the contri-
bution of the number of taxa in each threat category (Fig. 4).

The response of individual threat categories or their cumulative
counts against the total counts on assessed flora was effectively captured
by six of the eight robust regression models. There were significant
positive relationships between the number of endangered, vulnerable, or
total threatened taxa and the percentage or total number of red-listed
taxa. However, for critically endangered taxa, no significant relation-
ships were observed (Fig. 5, Table 2).

Countries where the entire flora was assessed and those where it was
only partially assessed differed in terms of expenditure and investments
on environmental protection. Significant differences between countries
with total assessment and countries with partial assessment were found
by PERMANOVA (F = 7.536; p = 0.009). Specifically, countries in which
the entire flora was assessed had higher mean values (in millions of
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Table 1
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Summary statistics generated for the metadata considered in the study across all assessed countries/regions, as well as for different regions based on geopolitical and
administrative similarities. It should be noted that the overall analysis considered the absence of National red lists for two countries, namely Montenegro and North
Macedonia. For specific information regarding the categorization of individual countries within each group, please refer to Table S5.

% countries/regions with
red list assessments

% countries/regions with
total flora assessed

% flora assessed as threatened
(min, average, max)

% total flora assessed
(min, average, max)

Publication year (min,
median, max)

All countries/regions 95.4 27.3
assessed

EU-countries/regions 100 32.1
assessed

Non-EU countries/ 87.5 21.4

regions assessed

(1989) 2015 (2022) (2.7) 45.9 (100) (1.74) 14.8 (40.1)

(1989) 2015 (2021) (4.4) 50.4 (100) (3.10) 16.5 (40.1)

(1999) 2015 (2022) (2.7) 32.3 (100) (1.74) 10.1 (25.5)

1]

a s categories

Red listed

Counlries

calegones

REX
Thieateaed
Ungefined

Countnes

Fig. 2. (A) Distribution of all red list categories per country adjusted according to latest IUCN classification. (B) Distribution of red list categories per country with
threat categories (CR, EN and VU) summarized into Threatened. Countries were classified according to Ward’s classification into two main groups: complete flora
included in the red list (Red listed = 1) or part of the total flora included in the red list (Red listed <1).

euros) of national expenditures on environmental protection (p = 0.016;
Fig. 6) and environmental protection investment of total economy (p =
0.019; Fig. 6) than countries in which the flora was only partially
assessed. No significant differences between countries with total
assessment and countries with partial assessment emerged when
considering the percentage (on GDP) of national expenditure on envi-
ronmental protection and of environmental protection investments in
the total economy.

4. Discussion

Our results confirm the concern that the conservation status of the
European vascular flora is not fully addressed. We also found that efforts
on conservation assessments are not evenly distributed across European
regions. There were marked differences in the availability of red lists,
the regularity of the updates and the implementation of the assessment
methodologies. The goals of the Global Strategy for Plant Conservation
(CBD; Convention on Biological Diversity, 2010) address the challenges
posed by threats to global plant diversity. A particular concern among
the goals is to assess the conservation status of all known plant taxa, as
far as possible, to guide conservation action. It had become clear that the
increase in conservation activities was not in line with the targets to be
achieved by 2020 (Bachman et al., 2019, 2018). Therefore, plant

conservation goals under the post-2020 biodiversity framework focus on
progressing and redoubling efforts to document the conservation status
of unassessed plants. This will eventually enable better conservation
decisions and conservation of the most threatened taxa (CBD (Conven-
tion on Biological Diversity), 2022, 2021).

The IUCN Red List is provided in a comprehensive and freely
accessible database that is easy to update (https://www.iucnredlist.
org). National red lists, on the other hand, come in a variety of for-
mats either in native language or in English, from convenient online
databases, scientific publications, commercially available printed books,
to legislative documents available in government portals. The most
recent red lists are usually available online, as websites or as publica-
tions, but they are not always freely available. In some cases, only
printed versions are still available. It should be highlighted that the
efficient communication of information is fundamental to the proper
support of conservation decisions (Seavy and Howell, 2010). Impor-
tantly, the notable heterogeneity of red list formats hinders the acces-
sibility of information to conservationists and to the scientific
community outside the country boundaries. Moreover, our results
showed a great diversity with respect to the age and regularity of pub-
lication, as also reported by Holtz et al. (2022). There are no clear
geographical inequalities regarding the age of issuing individual red
lists. In an internal survey we conducted among experts in the field of
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Fig. 3. Results of principal component analysis shown on the first two axes for the percentage distribution of Red List categories by country (indicated by acronyms).
Each country is represented with the cluster symbol according to Ward'’s classification into two main groups: the whole flora included in the Red List (Red listed = 1;
cluster 1) or part of the whole flora included in the Red List (Red listed <1; cluster 2). The arrows indicate the direction and contribution of the influence of the

number of taxa within each Red List categories to the overall variability.

plant conservation within the COST Action ConservePlants (CA 18201) -
we found that only 10 of 41 countries or regions with red lists that
participated in the survey had regular updates (every 5 to 10 years) of
national red list assessments. Only regularly updated red lists can pro-
vide valuable warning and monitoring tools for detecting emerging
conservation issues (Rodrigues et al., 2006). Also, despite the increasing
efforts by IUCN to stimulate countries to follow their recommendations
(e.g., the publication of freely available Guidelines), some countries still
apply their own categories and criteria to create red lists, which is not
the case only in plants but in other taxonomic groups as well (Maes et al.,
2019). At the geographical level, we found that many countries from
Eastern and Southern Europe and the from the Eastern Mediterranean
have a very low proportion of the total flora included in the assessments.
In addition, the red list assessments are completely missing for some
countries (e.g. Montenegro, North Macedonia). Worryingly, these
countries are in areas considered as hotspots of European plant diversity,
such as the Mediterranean basin and the Balkan Peninsula. In this way,
some of the endemic taxa that are unique to the countries are completely
excluded from any extinction risk assessments. This can be already
noticed by the complete absence of taxa from some Balkan countries in
the IUCN European Red List of vascular plants (Bilz et al., 2011). The
socio-economic status of countries in relation to proper conservation
policies plays a major role in red listing. As stated previously, a clear
relationship exists between the amount of threatened or declining taxa
and various indices of economic inequality (Mikkelson et al., 2007). In
an analysis of EU LIFE funding patterns, it has been shown that south
European countries, albeit usually richer in biodiversity, received less
funds for conservation actions than northern countries with a generally
lower diversity (Adamo et al., 2022).

Although red list data are often used to inform conservation man-
agement practices (Rodrigues et al., 2006) it is important to note that
they do not necessarily carry direct legal consequences (Rossi et al.,
2016) or to prioritize conservation actions (Mace et al., 2008; Mace and
Baillie, 2007). It is ultimately up to individual countries to determine
how they will use this information to shape their conservation policies
and practices. Beside red lists, there are other documents (particularly at
national levels) declaring protected and strictly protected taxa that are
not identified with extinction risk assessment but with more regulated
conservation measures (Brito et al., 2010; Fenu et al., 2017). As a result
of an internal questionnaire distributed among COST Action Conserve-
Plants participants (CA 18201), we found that out of 43 participating
countries, only 11 can confirm that red list assessments lead to legal
consequences at the national level on at least on some group of species.
In most cases (19 out of 43) red list assessments maintain only their
recommendation role to support legal actions for conservation or imply
in national or regional conservation actions (14 out of 43). In the Eu-
ropean context, in recent decades much attention has been paid to na-
ture conservation policies adopted and implemented in member or
candidate countries of the European Union. The main focus of European
nature conservation has been on the implementation of the Habitats and
Birds Directives. While red lists are drawn up at national (or regional)
level and cover a broader spectrum of biodiversity, providing a more
comprehensive overview of a country’s conservation priorities, the Bird
and Habitat Directives operate at supranational level within the Euro-
pean Union and focus on specific taxa and habitats. Considering the
Habitat directive, at the level of plant conservation, this primarily means
achieving objectives related to taxa listed in Annex II and in some cases
in Annexes IV and V. However, the listing of taxa in the Annexes does not
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Fig. 4. Results of principal component analysis presented on the first two axes
for the overall distribution of Red List categories by country (indicated by ac-
ronyms). Each country is represented with the cluster symbol according to
Ward’s classification into two main groups: the whole flora included in the Red
List (Red listed = 1; cluster 1) or a part of the whole flora included in the Red
List (Red listed <1; cluster 2). The size of the symbol corresponds to the number
of taxa included in the national Red List. The arrows indicate the direction and
contribution of the influence of the Red List categories to the total variability.

fully reflect their extinction risk: some currently listed taxa have a
relatively low extinction risk, while some other, currently not included
in the Annexes, should arguably be considered of higher conservation
concern (Amos, 2021; Moser et al., 2016). In addition, a total of 592
vascular plant taxa are listed in Annex II of the Habitats Directive. Given
the 6987 taxa listed in Europe’s national red lists across 37 countries as
threatened (Holz et al., 2022), we can conclude that <10 % of Europe’s
threatened flora is classified as a priority for conservation in Habitat
Directive. One possible reason for the incomplete red list assessments in
certain countries from the biodiversity-rich European southeast,
particularly those aspiring for EU membership, is the prioritization of
actions aimed at fulfilling EU commitments.

One of the important issues arising from our results is the relevance
of the inclusion of countries’ whole floras in the assessments. Almost
three quarters of the European red list assessments have been conducted
for only a selected number of taxa. When comparing total assessments to
partial ones, we found a greater proportion of threatened taxa in the first
group. However, there are also countries or regions that include a very
large number of taxa in the assessment (e.g. Sweden, Czech Republic,
Wallonia). Although they do not consider the entire flora, a similar
pattern can be recognised with a large proportion of taxa considered
threatened. By assessing a limited number of taxa only, we thus risk
overlooking the conservation status of less attractive or taxonomically
problematic taxa. It is generally observed that more conservation
concern is paid to the more charismatic taxa, especially animals
(Colléony et al., 2017). However, similar biases are found also in plant
conservation. This is clearly evident in the tendency for morphological
and colour characteristics to have a significantly greater influence on the
selection of wild flowering plants to be studied than characteristics
related to ecology and rarity (Adamo et al., 2021). The same was
observed in the overview of the EU LIFE funding patterns, where more
funding was allocated to more attractive plants, regardless of their
extinction risk (Adamo et al.,, 2022). The lack of taxonomic and
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Fig. 5. Results of the robust linear models (RLM) applied to fit the relationship
between percentage value of Critically endangered, Endangered, Vulnerable
taxa and their sum (Threatened) and the percentage of total flora (left). Results
of linear models (LM) applied to fit the relationship between total number of
Critically endangered, Endangered, Vulnerable taxa and their sum (Threatened)
and the total flora (right). The summarized results of each model are shown
in Table 1.

distribution data, together with data on the biology of species, is iden-
tified as one of the main factors preventing adequate conservation
(Aronne et al., 2023; Whittaker et al., 2005). However, financial capa-
bilities play an important role in determining the extent of these
shortcomings. In this study, we have shown that countries in which the
entire flora was assessed have higher mean values of national expendi-
ture on environmental protection within the overall economy. Inter-
estingly, these are also the countries with the highest GDP (gross
domestic product), so one could argue that the differences may be the
result of cost differences. However, according to Jacobsen and Hanley
(2009) the demand for biodiversity conservation increases with the
wealth of a nation, leading countries with a high GDP to engage more
intensively in conservation measures, as shown by the fact that the
entire flora in these countries was assessed.

Red lists are valuable tools for biodiversity conservation, providing
us with information on severity of threats to all or selected taxa that have
been considered in the assessment. They are an important warning and
monitoring system for biodiversity. The extent to which conservation
measures are derived from the assessments and implemented is another
matter. But even without legal status, the red lists are already a success
story in Europe, as they (usually) cover a larger number of species within
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Table 2
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Summarized results of the robust linear models (RLM) applied to fit the relationship between percentage value of Critically endangered, Endangered, Vulnerable taxa
and their sum (Threatened) and the percentage of total flora (Red listed (%)). Summarized results of linear models (LM) applied to fit the relationship between total
number of Critically endangered, Endangered, Vulnerable taxa and their sum (Threatened) and the total flora (Red listed (total)).

Red listed (%)

Red listed (total)

Estimate Std. error t value P Estimate Std. error t value P
Threatened 2.22 0.492 4513 <0.05 5.057 0.070 1.366 <0.05
Critically endangered 1.752 1.733 1.011 >0.05 2.536 2.332 1.087 >0.05
Endangered 4.005 0.914 4.383 <0.05 5.208 1.586 3.284 <0.05
Vulnerable 5.057 0.989 5.113 <0.05 4.165 1.134 3.673 <0.05
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Fig. 6. Differences between countries where the flora was completely assessed (yellow boxplots) and countries where the flora was only partially assessed (light blue
boxplots) in terms of expenditure on environmental protection (in millions of euros and percentage on GDP) and environmental protection investments of the total
economy (in millions of euros and percentage on GDP). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article.)

a group, unlike the Habitats Directive or other international conserva-
tion protocols, which only consider selected taxa. As Parties to the CBD,
countries should work to achieve the shared objectives and targets of the
Global Strategy for Plant Conservation. National conservation priorities
should be established to ensure an assessment of the conservation status
of as many known plant taxa as possible. To provide meaningful warning
tools, assessments should be repeated regularly using standardized and
comparable methods. Through the storage and presentation of these
results in ready and usable systems, with quick and easy access, would
ideally support the future implementation of strategies and effective
conservation measures for the European vascular flora.

4.1. Implications for practice

Red lists fulfil important political, social, and scientific needs in
biodiversity conservation and avoid subjective judgement of a particular
taxon. National red lists often serve as a readily available resource for in-
country decision makers to achieve systematic and defensible biodi-
versity investment decisions. However, the major shortcomings of using
incomplete, inconsistent, and/or outdated red lists are the bias in de-
cisions making especially during species-based conservation programs
and the inability to visualize and quantify the impact of threat to
biodiversity across a biogeographic range (e.g., Europe) due to the
narrow taxonomic, spatial, and temporal coverage. This demonstrates
the need for thoughtful decision making when using red lists during

inherent trade-offs between taxa (e.g., red listed vs. non-red listed). As
this study shows, red lists that cover a preselection of taxa can under-
represent the full range of taxa threatened with extinction in a country.
There is an urgent need for national, regional, and local policy makers
and professionals to focus and allocate resources on red listing of the
complete national flora by using IUCN recommended standards and
update them at regular intervals. Findings of our study can be used as a
knowledge base to formulate a roadmap to close the gap and variability
inred listing along with capacity building and resource allocation within
and across countries, through a coordinated framework and network of
partnerships.
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