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Abstract

Conserving species from extinction requires risk assessment and ranking for
conservation priorities. The IUCN criteria of extinction risk are currently
accepted globally, but only a small fraction of species were evaluated. When
assessing species’ extinction risk, sufficient information, in particular rate of
population decline, is often partial or missing. Here we utilized the red list of
Israeli endangered plant species, which prioritizes them for conservation, and
evaluated their local extinction risk using IUCN criteria for local assessment.
We found a relatively high similarity between the Israeli red number value
and the TUCN assessments. Most pronouncedly, the habitat vulnerability
index, used in the Israeli method, is correlated with the IUCN parameter of
extinction rate in the last decade. We conclude that in the case of Israel, priori-
tization ranking of endangered species based on locally available information
is a powerful tool for conservation even when some species information is
lacking, facilitating local decision-making. This finding may apply also to other
countries using a local assessment system.
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immediate outcome is an increase in species extinction
worldwide, at a rate exceeding the natural background

Global biodiversity is threatened by several human-
induced processes, including habitat destruction, inva-
sion of alien species, and climate perturbations (Butchart
et al., 2010; Keil et al., 2015; Novacek, 2001). The

extinction rate (Barnosky et al., 2011). This extinction
affects ecosystem functioning and severely reduces eco-
logical services (Keil et al., 2015). Therefore, great efforts
are being made worldwide to conserve natural
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ecosystems and protect species from extinction (Balmford
et al.,, 2005; Chandra & Idrisova, 2011; Goble &
Scott, 2006). Preserving a species in its natural habitat
(in-situ) is the preferred conservation strategy, and it may
preserve the species as well as the ecosystem (Chandra &
Idrisova, 2011; Heywood & Dulloo, 2005). However,
when habitat loss or any other perturbation prevents in-
situ conservation, other conservation methods should be
applied ex-situ (IUCN/SSC, 2013; Manchikanti, 2016).
Even when a plant population exists in its natural habi-
tat, extinction may occur due to low genetic diversity and
lack of gene flow, leading to reduced mate diversity
and increased inbreeding depression, which leads to neg-
ative population dynamics and eventually to extinction
(Aguilar et al.,, 2008; Frankham et al., 2014). In situ
actions to preserve the ecosystem such as the establish-
ment of protected areas and corridors, may be insufficient
to compensate for population decrease, requiring addi-
tional conservation actions such as reintroduction of spe-
cific plant species (Guerrant & Kaye, 2007, IUCN/
SSC, 2013; Kaye, 2009; Maschinski & Albrecht, 2017;
Shemesh et al., 2018).

The first step of species conservation is defining
which species is requiring conservation. While identify-
ing ecosystems under risk and their prioritization is
straightforward and has been done on multiple scales
(Berg et al, 2014; Duraiappah et al, 2005; Etter
et al., 2020), evaluating the conservation status and prior-
ity of an individual species requires further knowledge
(Sapir et al., 2003). The categorization criteria of the
International Union for the Conservation of Nature
(TUCN) red list are accepted as the most comprehensive
method to evaluate the global extinction risk of a species
(Bachman et al., 2018; Betts et al.,, 2020; Keller &
Bollmann, 2004; Rodrigues et al., 2006). The TUCN risk
of extinction evaluation consists of five criteria: (1) reduc-
tion in population size; (2) reduction in geographical
range; (3) small population in decline; (4) extremely
small populations; and (5) quantitative analysis that indi-
cates high probability of extinction. Defining the extinc-
tion risk category for a species only needs to match one
criterion, but most assessments require knowledge on
population decline rate in the last decade or an estima-
tion on future decline (IUCN, 2012; IUCN Standards and
Petitions Committee, 2019; Schatz, 2009).

Only a small fraction (8%) of the ~2.2 million
described species have been evaluated for extinction sta-
tus by the JTUCN. Among plants, the fraction is higher
(17%), and the estimated fraction of endangered plant
species is 43% (IUCN, 2024). Assessment of endemic spe-
cies is of great importance because their global distribu-
tion falls within a single country, where local
conservation is also global (Gallagher et al., 2023). In

many countries, however, a local system that uses
categories other than the IUCN assessment is practiced
to evaluate extinction risk, as in Peru, Chile, Ethiopia,
Australia, New Zealand, Island, and Israel (Gallagher
et al., 2023; Schatz, 2009).

Assessing species’ extinction risk might be crucial for
setting conservation priorities. Yet, the threat categories
developed by the TUCN are not always sufficient to deter-
mine conservation priorities (IUCN, 2012; ITUCN Stan-
dards and Petitions Committee, 2019; Mace &
Lande, 1991). Moreover, for most IUCN evaluation cri-
teria, a decline rate—either calculated or estimated—is
needed, and these data are not always available. The
absence of data and knowledge on distribution changes
of many plant species limits the ability to create a conser-
vation priority list. Efforts to estimate extinction risk
(when data are insufficient), including, for example,
machine-learning methods (Walker et al., 2020), are still
not widely used and require validation.

To leverage the risk assessments for the prioritization
list, additional information is needed, not necessarily
related to the probability of extinction. While IUCN cate-
gories usually define the extinction risk globally, with
some corrections applied for local assessment, prioritiza-
tion at the local scale should take into account local cir-
cumstances and constraints and requires information that
is not usually acquired when assessing extinction risk only
(TUCN, 2012; Mace & Lande, 1991). Local assessments
may include fine resolution data and be more accurate,
based not only on population history (which is not always
known), but also on analyzing the current situation and
potential coming risks, connectivity of the local popula-
tions to the global population, genetic variation of periph-
eral population, and probability of success of local
conservation actions. Hence, local prioritization may play
an important role in conservation management, planning,
and policy (Gauthier et al., 2010).

Few methods have been proposed to evaluate the pri-
ority of species for conservation locally, using spatial
scale (rarity), habitat vulnerability, and feasibility of con-
servation as parameters (Brooks et al., 2006; Gauthier
et al., 2010; Sapir et al., 2003; Wilson et al., 2009). To our
best knowledge, there is no quantitative evaluation of the
advantage (or disadvantage) of a local priority list, com-
pared to a list based on extinction risk only. In many
cases, local priority lists were interpreted into TUCN
extinction risk categories without reevaluating using the
IUCN system (BGCI, 2021).

In this work, we propose that comparing a list of eval-
uations based on IUCN extinction risk criteria and a local
prioritization list can improve decision making for con-
servation, providing a tool to make a knowledge-based
policy for conservation, even in cases with insufficient
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data. Here we utilized the Israeli list of endangered plant
species as a case study, evaluated species’ extinction risk
(using IUCN categories with local applications), and
compared it to their prioritization rank based on the
method developed for Israeli flora (Sapir et al., 2003;
Shmida et al., 2011; Shmida & Pollak, 2007).

The Israeli red list of endangered plant species is a list
of plants ranked for prioritization of conservation. It is
based on an evaluation of all rare plants of Israel, using
“red number,” an additive index developed for local eval-
uation (Sapir et al., 2003). Each rare plant species was
scored for five parameters: (1) rarity; (2) vulnerability;
(3) attractivity; (4) endemism; and (5) peripherality (Sapir
et al., 2003). Briefly, rarity ranks species by their relative
distribution, where the lowest number of sites (1 km?)
receives the highest rank. Vulnerability ranks the species
according to the probability of the habitat extinction, or,
if known, the rate of population decline. Attractivity
ranks the species by their flower/inflorescence size,
which corresponds to both illegal harvesting and public
awareness. Endemism gives the highest rank to narrow-
endemic species, and peripherality adds value to species
on the margins of their global distribution.

The Israeli red list has been accepted by Israeli policy-
makers and is used by the Israeli Nature and Parks Author-
ity (INPA). The red number priority ranking is used as the
base to prioritize plant conservation actions because most
of Israel's flora was not assessed for the IUCN criteria until
this study. Two of the parameters of the Israeli red number
are homologous to IUCN criteria: The first is the rarity
parameter, which is equivalent to AOO and EOO (Area Of
Occupancy and Extent Of Occupancy respectively). AOO
and EOO are two alternative measurements to estimate the
geographical distribution of a species, both can be used in
the IUCN assessment to infer population decline in one cri-
terion, and to evaluate population size in another criterion.
The second is the vulnerability parameter, representing the
estimated or calculated decline rate in population size
between 1964 and 2006 (Shmida & Pollak, 2007), is equiva-
lent to the population decline criterion in the IUCN sys-
tem. IUCN criteria do not consider endemism,
peripherality, or attractivity (IUCN Standards and Petitions
Committee, 2019). In this work, we examined whether the
above-mentioned differences drive differences between
extinction risk (IUCN) and local prioritization ranking (the
Israeli red number) and to what degree they affect selecting
plants for conservation acts.

2 | METHODS

The red list of Israeli endangered plants comprises over
400 species (the list is updated every year, changing the

Ajournal of the Society for Conservation Biclogy

accurate number of endangered species) (Sapir
et al., 2003; Shmida et al., 2011; Shmida & Pollak, 2007).
Previously, few species were assessed for their ITUCN cat-
egory of extinction risk (Sapir & Fragman-Sapir, 2017),
but these are only a small fraction of the species, and this
evaluation was limited to Mediterranean monocots.
Moreover, most of these species are not listed in the
Israeli red list because they are locally common and do
not meet the threshold of rarity criterion (Sapir
et al., 2003). We assessed 157 species from the Israeli RES
list using IUCN criteria for local extinction risk
(IUCN, 2012). These species assessed are those for which
we had sufficient data from current (last ten years) sur-
veys. At the time of the assessment, up-to-date surveys
were available mostly for endemic or sub-endemic spe-
cies. Hence, IUCN regional evaluations of these species
are equivalent to global assessments.

For the assessment, we used updated data on popula-
tion distribution. These data consist of both historic dis-
tribution and wupdated information gained through
extensive surveys performed between 2013 and 2020 and
included newly found populations, as well as data on
populations validated as extinct. All the data were pre-
sented on a 1 x 1 kilometer grid, hereafter called sites,
each site has a present/absence data and year of data col-
lection. These data were used to calculate some of the
variables that are essential for TUCN extinction risk
assessment: AOO (the area within its “Extent Of Occur-
rence” which is occupied by a taxon, calculated using
present data from past and current surveys) and EOO
(the area contained within the shortest continuous imagi-
nary boundary which can be drawn to encompass all the
known, inferred, or projected sites of the present occur-
rence of a taxon), extinction rate during the last decade
(percentage of extinct sites between 2010 and 2020, if
available), and total extinction (percentage of extinct sites
out of all sites). The latter was used as a quantitative eval-
uation of habitat loss with expert opinion to predict the
possible rate of future extinction.

To compare categorization by extinction risk and pri-
oritization, we tested for categorical association between
the assignment of a plant to any of the IUCN categories
and their ranking according to the red number, using »*
test and looking at Pearson residuals contribution to the
significance of the association. For all plants assessed in
both methods (IUCN extinction risk and Israeli red num-
ber), we performed a principal component analysis
(PCA) in order to find the best explanatory variables for
the assessments. The explanatory variables used for the
PCA were the variables used to assess IUCN assessment
and those used to calculate the red number, and are the
following: —AOO (area of occupancy, the number of cur-
rent sites; negative sign shows the parameter arow in
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FIGURE 1 (a)Contingency table of IUCN categories and the Israeli red number for 157 plant species. Israeli red numbers range from
0 (LC) to 7.4, where species ranked >2.6 are included in the Israeli red list for conservation (marked in red frame in the table). Red number
values are according to Shmida and Pollak. Sizes of the circles represent the number of species in each combination of the red number and
TUCN category. (b) Pearson residuals contribution to the significance of the association. Blue circles denote positive contribution and red
circles denote negative contribution. The size of the circles represents the contribution of each combination of red number and IUCN

category to the association found.

PCA will indicates smaller AOO hence rarer), —EOQO
(extent of occupancy, the smallest range between the far-
thest sites; negative sign shows the parameter arow in
PCA indicates smaller EOO hence smaller range), extinc-
tion rate in the last decade (percentage of extinct sites
since 2010), total extinction (percentage of all extinct
sites), endemism, vulnerability, and attractiveness criteria
(Shmida & Pollak, 2007). All the analyses were done
in R, using the package ‘chisquare’ (R Core Team, 2013).

3 | RESULTS

3.1 | Extinction risk assessment

Out of 434 plant species on the Israeli red list (as of 2021,
when assessment was done), we assessed the local extinc-
tion risk according to the IUCN criteria for 157 species
(see Appendix). This list includes all the endemic and
sub-endemic species of Israel, as they were the first in the
survey for updated distribution, as well as many species
with a wider distribution for which data were available
for accurate assessment. Among these species, 37 are
endemic to Israel, 39 are sub-endemic, that is, endemic to
Israel and a neighboring country, and 81 species have a
wider distribution, assessed based on their distribution in
Israel only. Of the 157 species assessed, 22 (14%) were

assessed as Least Concerned (LC), 4 (2%) as Near Threat-
ened (NT), 17 (11%) as Vulnerable (VU), 34 (22%) as
Endangered (EN), and 80 (51%) as Critically Endangered
(CR). See Table S1 for detailed assessments of all species.
We did not assess extinct species from Israel in this study
(see Sapir et al., 2003).

We found a significant association between the spe-
cies rank according to the Israeli red number (Israeli red
numbers range from 0 to 7.4, where species ranked >2.6
are included in the Israeli red list for conservation) and
their TUCN categories (y*4s = 89.8, p < .05; Figure 1a).
When looking at Pearson residuals, the highest contribu-
tion to this association was by species assessed as LC in
IUCN criteria, which were more likely to rank lower
in their red number. Similarly, species assessed as CR in
IUCN criteria were more likely to rank higher in their
red number. These matches in the low and high ends
determined the overall association between the assess-
ments, while the intermediate values of red numbers and
IUCN criteria of EN and VU did not match (Figure 1b).

The first two principal components in the PCA
explained 27.8% and 20.9%, respectively, of the variation
among species. PCA results revealed that habitat vulnera-
bility is grouped in the same direction with extinction
rate in the last decade and with total extinction rate, sug-
gesting a positive correlation. These variables are the best
explanatory factors for a large group of species evaluated
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FIGURE 2 Ordination of 157 species assessed for Israeli red number and IUCN extinction risk categories. The species are colored by

their category of risk (IUCN assessment): LC (least concern) in dark green, NT (near threatened) in light green, VU (vulnerable) in yellow,
EN (endangered) in orange, and CR (critically) in red. The variables used in the ordination are the Israeli red number, —AOO (area of
occupancy, the number of current sites; negative sign shows the arow indicates smaller AOO hence rarer), —EOO (extent of occupancy, the
smallest range between the farthest sites; negative sign shows the arow indicates smaller EOO hence smaller range), extinction rate in the
last decade (percentage of extinct sites since 2010), total extinction (percentage of all extinct sites), endemism, vulnerability, and

attractiveness criteria.

as CR (Figure 2). Another group of species assessed as
EN and CR are explained mostly by a small value of
AOO and a small value of EOO. Assessment of species as
EN is partially explained by endemism and attractive-
ness, but these criteria had a low contribution to loading
on PC1 and PC2 (Figure 2).

4 | DISCUSSION

In this study, we aimed at testing the usefulness of local
or regional prioritization lists of species for conservation
when information for JUCN assessment is insufficient.
We have utilized the Red List of Endangered Plants in
Israel and reassessed these species using the IUCN cri-
teria, based on updated information. We found that the
Israeli local prioritization list is highly associated with
the risk assessment using IUCN criteria on a local scale,
even when different parameters were used for each
assessment method. The two lists were similar in

assessing both low-risk species and species under strong
threat of extinction, but the intermediate values of the
red number did not necessarily correspond with the
intermediate IUCN ranks. Rather, species with high red
numbers were ranked in the higher extinction category,
and plants ranked with low red numbers were least con-
cerned, according to IUCN criteria.

Among the 157 species in the Israeli red list assessed
for IUCN criteria, 14 were assessed as LC by the IUCN
method. Few of these species are endemic species to
Israel, such as Iris vartanii Foster, Cyperus sharonensis
Danin & Kukkonen, and Ferula daninii Zohary, and this
increased their red number while their population sizes
are relatively high and the extinction rate is low. Another
possible explanation for this incongruence is other spe-
cies that are extremely rare in Israel, but population sizes
are large and stable, for example Achillea falcata L. and
Clinopodium graveolens (M.Bieb.) Kuntze. Four species
from the Israeli red list were assessed as NT because their
population size is stable, despite being endemic to Israel

85U80 |7 SUOWIWOD aAeaID (o (dde au Aq peusencb afe el YO 8sn Jo Sa|nJ Joj AriqiT8UIUO 8|1 UO (SUORIPUOD-pUe-SW.SY W00 A3 [ AReiq 1 [pul|uo//Sdny) SUOIPUOD pue sWi 18U} 89S " [202/2T/zz] Uo ARiqiTauliuo (1M ‘pess| aueiyood Aq G9zZET 2dso/TTTT 0T/I0p/woo A3 1M Afeiq 1 jeuljuo01quody/sdny wo.y pepeojumod ‘2T ‘¥202 ‘vS8v8.Se



60f8 Wl LEY— Sonservation Science and Practice @

LEBEL VINE ET AL.

journal of the Society for Conservation Biology

(Vicia cypria Kotschy, Erodium subintegrifolium Eig, and
Limonium galilaeum Domina, Danin & Raimondo), or
relatively rare (Avena clauda Durie). Overall, this sug-
gests that endemism is not a factor affecting the
extinction rate.

This test case of the Israeli red list indicates that
extinction risk alone might not be sufficient for conserva-
tion strategy. Endemism, for example, is a very important
factor to prioritize species for conservation acts in Israel,
as well as the rarity of the species in Israel, even if the
population is stable and large. This reflects the local con-
servation policy that highlights the importance of
conserving local populations, as is also the case with
endemic species in Italy (Orsenigo et al., 2018). Attempts
to prioritize conservation based on extinction risk in
Greece used phylogenetic diversity and evolutionary dis-
tinctiveness (Kougioumoutzis et al., 2021). Another
example is Sardinia, where priority is given to species
growing in an area rich with endemic species, where
IUCN criteria are insufficient for creating an operative
prioritization list (Bacchetta et al., 2012). Other factors
for evaluation mentioned in the literature include cul-
tural value on the plant, economic value, ecological ser-
vices, and the cost and effectiveness of conservation
actions needed (Berg et al., 2014).

The examples above of local priority lists take into
consideration parameters beyond the parameters of the
IUCN. The common to all the above-mentioned lists is
that extinction risk by itself seemed insufficient for priori-
tization for conservation. The need for a list that takes
into account local decision-making parameters can par-
tially explain why many countries choose to assess their
flora in a local system other than the IUCN method
(Gallagher et al., 2023; Schatz, 2009). Another reason
might be that IUCN assessments, if done comprehen-
sively and following all the required instructions, are
time-consuming and resource-intensive, leading to cost-
effective methods to accelerate the extinction risk assess-
ment process (Bachman et al, 2018; Le Breton
et al., 2019; Verspagen & Erkens, 2023).

IUCN assessments, usually require species-specific
data (Verspagen & Erkens, 2023). One of the Israeli red
list unique criteria, namely, habitat vulnerability, was
found to be associated with population decline. We con-
clude that habitat vulnerability can serve as a good indi-
cator of species population decline. This may facilitate
assessing species in other regions when information on
population decline is lacking and collection of informa-
tion is time-consuming. Habitat loss and degradation, as
part of human-induced destruction, are the main reasons
for species extinction (Butchart et al, 2010; Keil
et al.,, 2015; Novacek, 2001; Orsenigo et al., 2018). The
IUCN has developed a tool for assessing the risk of

collapse at the ecosystem level (Keith et al.,, 2015;
Rodriguez et al., 2015), but this tool does not include
evaluation of specific habitats. When performing an
IUCN risk assessment, it is possible to infer population
decline from a reduction in habitat quality (IUCN Stan-
dards and Petitions Committee, 2019). That is why in
local red lists that include calculated habitat loss as a
major factor, as in the Israeli red list, local assessment
can be a good representative for species extinction risk.
On the other hand, some of the criteria for local prioriti-
zation in the Israeli red number may require reconsidera-
tion in the future, as the threats to plants change with
time. For example, attractiveness is currently important
for conservation because it increases public awareness
and can serve to use endangered species as flagship spe-
cies which, in turn, help to conserve their habitat (Clucas
et al., 2008; Simberloff, 1998). Attractive species can also
suffer from collection and harvesting, and that distur-
bance is addressed in the IUCN risk assessment when
calculating species threats (locations) or calculating spe-
cies generation length (IUCN Standards and Petitions
Committee, 2019). In Israel, attractiveness was used as
the major criterion for the initial list of species conserva-
tion acts (Paz, 1981; Sapir et al., 2003), because these spe-
cies were massively collected in nature. Nowadays,
thanks to successful educational campaigns, collecting
ornamental attractive species in the wild has ceased
(INPA, unpublished data), and the weight given to this
criterion should be reconsidered.

To further assess the values of prioritization lists,
compared to IUCN criteria, we suggest expanding this
comparison by assessing the IUCN criteria for additional
species of the Israeli flora, including un-evaluated plants
from the red list and including common species. This will
enable us to reassess the power of the correlation found
here and to test whether species that are not under risk
according to the Israeli red list are also exempted from
the species in risk by TUCN criteria. It is essential to
obtain the most current and accurate information on
non-rare, non-endemic species of Israel and make a local
IUCN extinction risk assessment based on quantitative
data and analyses.
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