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Abstract The contribution of the European Native Seed Conservation Network
(ENSCONET, 2004-2009) and the ENSCONET Consortium (since 2010) towards meet-
ing the 2020 Global Strategy for Plant Conservation (GSPC) target 8 was assessed in 2017.
While the outcome was positive (62.7% of European threatened species already conserved
ex situ in seed banks), the analysis showed that it was essential to provide guidance on
which European native threatened species should be collected as a priority if the target
was to be reached by 2020. In this paper we present a priority-setting method and its result,
designed to guide collecting strategies across Europe to meet the 2020 GSPC target 8. The
result of our study is a country-based checklist of European threatened taxa to be collected
and stored ex situ across the seed banks of the ENSCONET Consortium by 2020. After
discussing the results of the applied method, the ENSCONET Consortium Steering Com-
mittee has identified some key action points to support the implementation of such a col-
lecting strategy across Europe in order to meet the 2020 GSPC target 8 for Europe.
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Introduction

The 2010 Global Strategy for Plant Conservation (GSPC) target 8a (i.e., first part of the
target) called for 60% of threatened plant species to be conserved in ex situ collections by
2010. In Europe, seed-bearing native threatened species were only partly conserved in seed
banks as shown by Godefroid et al. (2011) and Sharrock and Jones (2011). An updated
2020 GSPC target 8a now aims to conserve 75% of threatened plant species in ex situ col-
lections by 2020, preferably in the country of origin (Convention on Biological Diversity
2012).

Progress towards meeting the 2020 GSPC target 8a can be assessed by the extent of
ex situ conservation in seed banks, which is an often applied and cost-effective way of
preserving plants (Hay and Probert 2013; BGCI 2016). Some species cannot be preserved
in traditional seed banks because they do not reproduce by seed, or because their seeds
are not desiccation tolerant (Wyse and Dickie 2017), and for those species alternative ex
situ storage techniques must be identified (Li and Pritchard 2009), including cryopreser-
vation of embryonic tissue of recalcitrant seeds. In Europe, however, the vast majority of
spermatophytes are desiccation tolerant and for them seed banking is possible and should
be encouraged as a means of ex situ conservation (Riviere and Miiller 2017). Such seed
banking activities have been promoted by the ENSCONET Consortium since it was estab-
lished in August 2010 with the aim of maintaining significant levels of ex situ seed con-
servation activity for European native plant species. The Consortium builds on the suc-
cess of the ENSCONET project (European Native Seed Conservation Network), funded
under the European Commission’s Sixth Framework Programme for Research and Tech-
nological Development (FP6) between 2004 and 2009 (Eastwood and Miiller 2012). A
total of 31 institutes across Europe (29 equipped with a seed bank) currently constitute
the ENSCONET Consortium, all of which have an explicit interest in seed conservation
of European native plants. One of the successful outputs has been the establishment of
ENSCOBASE, an online database that has been storing data on European native seed
accessions since 2005 (ENSCOBASE 2017a). Contributors to ENSCOBASE are multi-
ple: currently, 24 ENSCONET Consortium member seed banks have contributed data, and
another 11 non-members seed banks have also shared their data (Table 1).

A recent analysis of seed bank holdings across Europe, as uploaded into ENSCOBASE,
showed 62.7% of European threatened species were conserved ex situ in seed banks and
concluded that the 2020 GSPC target 8a is not met (Riviere and Miiller 2017). In addi-
tion this analysis stressed the need to increase the genetic diversity of the threatened spe-
cies already banked as many species have only one to four accessions reported in ENSCO-
BASE, which may or may not come from the same population, and, therefore, may not
represent sufficient levels of genetic diversity at the species level (Brown and Briggs 1991).

With the global aim of meeting the GSPC target 8a by 2020 and increasing the genetic
representation of threatened species collected ex situ, this paper provides a strategy for
achieving the target for Europe. It also includes a checklist of those species native to
Europe that need to be collected and conserved in ex situ collections to fulfil, and if possi-
ble exceed, the requirement of the 2020 GSPC target 8a. Similar strategies for Europe have
so far only been set up at the national level (e.g., Holbling 2013) or regional level (e.g.,
Mattana et al. 2012). For our analysis we ran a priority-setting method to produce country-
based collection plans of European threatened species by 2020. The chosen priority scores
were based on the distribution range of threatened species across European countries, and
the number of their ex situ accessions (if any) in ENSCOBASE at the time of the analysis.
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Result for GSPC target 8a coverage (%)

Fig. 1 Methodology used to map ENSCOBASE holdings (as of 31/10/2017) against the combined check-
list of threatened taxa derived from the 2017.2 IUCN Red List and the 2011 European Red List of Vascular
Plants (EPM = Euro+Med, TPL = The Plant List)

Methods
Updated checklist of the threatened flora of Europe

We produced an updated version of the checklist of European threatened species following
the method described in Riviere and Miiller (2017). In order to maintain taxonomic con-
sistency, the 2011 European Red List of Vascular Plants checklist (Bilz et al. 2011) and the
threatened species (IUCN global criteria CR, EN and VU') of the IUCN Red List 2017.2
(TUCN 2017) were merged and mapped against a unique taxonomic referential made of
Euro+Med (2006) and The Plant List (The Plant List 2010) (Fig. 1).

It should be noted that although the 2020 GSPC target 8a refers to the term “spe-
cies”, for this analysis we included infraspecific taxa. This was because mapping of the

! CR: Critically Endangered; EN: Endangered; VU: Vulnerable.
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above-mentioned threatened checklists against the taxonomic referential revealed that
some species were actually synonyms of infraspecific taxa (according to Euro4+Med or The
Plant List). We have, therefore, gone beyond the limits set by target 8a and included taxa
of infraspecific ranks in our collection plan. Consequently the size of the threatened check-
list increased slightly (from 622 species to 706 accepted taxa, see below). Hereafter, when
referring to this checklist, we will use the term “the combined checklist of threatened taxa”.

Mapping ENSCOBASE against the combined checklist of threatened taxa

Following Riviére and Miiller (2017) who showed in their study that the 2020 GSPC target
8a was not met, the combined checklist of threatened taxa was mapped against ENSCO-
BASE holdings as of 31/10/2017 (Fig. 1). Since the threshold of 75% set by the target was
still not reached (see below), we developed a method to identify and prioritise the threat-
ened taxa to be collected in European countries’ by 2020.

Prioritisation for ex situ seed conservation

After compiling the list of European-native taxa that are CR, EN and VU based on the
combined checklist, all taxa were given the same “weight”, regardless of their threat cat-
egory, and no further prioritisation was made according to this criteria (i.e. CR taxa were
not prioritised over VU taxa). The reason for this was two-fold: (a) in its definition, the
2020 GSPC target 8a does not differentiate between CR, EN and VU, but considers all
“threatened” taxa which we interpret as those defined by these IUCN categories (IUCN
2001); and (b) by flagging CR taxa as higher-priority for collection, the ex situ conserva-
tion efforts of ENSCONET Consortium members would focus on such taxa until 2020—
which could mean that “less threatened taxa” may not be collected at all or may have their
collection delayed, despite their relevance for the 2020 GSPC target 8a, increasing the
probability that this target will be missed again in 2020. Consequently, we adopted a prior-
ity-setting methodology which focuses first on making progress to meeting the 2020 GSPC
target 8a and then on increasing the genetic diversity of the ex situ collections of threatened
taxa. Given that having a threatened taxon stored ex situ at least once is more relevant for
the 2020 GSPC target 8a than having it stored in multiple accessions, the main goal of our
priority-setting method was to ensure that a threatened taxon was represented at least once
in a European seed bank. However, mindful of the recommendation of Riviere and Miiller
(2017) to maximise the genetic diversity of the species conserved by ENSCONET Con-
sortium members, a minimum of five accessions per species is desirable (following Brown
and Briggs 1991). For this reason we distinguished two categories relating to the number
of accessions: the highest priority being to collect those taxa with zero accessions currently
held, and the next priority being to increase the number of accessions for each taxon to at
least five. We did not break down the category of “1-4 accessions” into four individual
categories (i.e., one, two, three and four accessions) as all taxa falling into this group will
require additional collecting to maximise their genetic diversity, although not to meet the
2020 GSPC target 8a.

2 For the purpose of this study, Europe is defined as countries west of the Ural and north of the African-
and Near East-Mediterranean coast. We therefore included countries such as Azerbaijan, Armenia, Georgia
and Turkey.

@ Springer



Biodivers Conserv (2018) 27:1873-1890

1879

Filter 1: threatened status Filter 2: one accession? Filter 4: country endemic?
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as of 31/10/2017 belong to native taxon represented in native taxon a country-
the threatened categories ENSCOBASE as of endemic?
“CR”, “VU” or “EN” of the 31/10/2017? (i.e. at least
IUCN Red List 2017.2? one accession?)
YES YES
Filter 3: five accessions?
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Fig. 2 Decision tree for the priority-setting methodology of the collection plan: retrieval of all threatened
European-native taxa from the combined checklist of threatened taxa, filtered by “at least one accession”,
“equal to or higher than five accessions” and “country endemics”

The geographic distribution of a threatened taxon (i.e., the number of countries in which
it naturally occurs) was selected as a second criterion for the priority-setting, whereby
a taxon occurring in a single country (i.e., a country endemic) was prioritised over a
taxon occurring in more than one country. It is important to note that a threatened taxon
may occur in both a European country and in a non-European country (e.g., Spain and
Morocco). For our analysis, which focused only on Europe, we considered only the Euro-
pean country in such cases, i.e. the number of countries of occurrence in the above exam-
ple was equal to “1”.

The resulting collection plan was based on four filters, summarised in a decision tree
(Fig. 2): threatened status, “at least one ex situ accession”, “equal to or higher than five

@ Springer
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Table 2 Priority scores for the collecting activities of the ENSCONET Consortium until 2020

Priority scores (1: highest Number of accessions stored in ENSCO- Number of European country(ies)

priority) BASE as of 31/10/2017 of occurrence for the threatened
taxa

1 0 1 (Country endemic)

2 0 >1

3 14 1 (Country endemic)

4 14 > 1

Top priority is given to taxa not represented in ENSCOBASE (0 accessions”) over the ones already repre-
sented (“1—4 accessions”). Next, taxa endemic to a country were prioritised over the ones occurring in more
than one country

accessions” and “country endemics”. Consequently, taxa with five and more accessions
were beyond the scope of the collection plan, and were not considered further.

For the distribution range, we compiled a list of those European countries in which the
threatened taxa of the combined checklist occur using native distribution information avail-
able in Euro+Med (2006) and the IUCN Red List version 2017.2 (IUCN 2017). In cases
of conflict between the two sources of geographical information, we retained the source of
information with the highest number of countries of occurrence. For example, we assigned
two native countries of origin for Phalaris maderensis, which according to the IUCN Red
List occurs only in Portugal, but occurs in Portugal and Spain according to Euro+Med.

Priority scores were assigned to the selected threatened taxa using the criteria listed
above, in order of importance:

Number of accessions currently stored ex situ according to ENSCOBASE As our first
aim was to collect taxa from the combined checklist of threatened taxa with “O acces-
sions” we prioritised them over those with “1-4 accessions”. Having at least one ex situ
accession of taxa which had not previously been collected was, therefore, considered a
higher priority than increasing the genetic representation of threatened taxa which had
already been collected.

Number of countries of occurrence of a threatened taxa A taxon occurring in a single
country (i.e., a country endemic) was prioritised over a taxon occurring in more than
one country.

By combining both criteria we produced a set of four scores (ranking from “1” to “4”).
The details of the scores are shown in Table 2.
Results
Mapping ENSCOBASE against the combined checklist of threatened taxa
ENSCOBASE holdings (as of 31/10/2017) were mapped against the combined checklist
of threatened taxa, which represented 706 accepted European threatened taxa. To achieve
target 8a the ENSCONET Consortium needs to collect and store ex situ a total of 530 taxa

(75% of the total). The updated analysis in this paper shows a reduced level of progress
towards the 2020 GSPC target 8a compared to that presented in Riviere and Miiller (2017)
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because of new taxa included in the IUCN Red List 2017.2 used for this study and not
stored in ENSCOBASE as of 31/10/2017. Currently 355 European threatened taxa are held
(ENSCOBASE 2017b), representing 50.3% of the total, and below the threshold of 75%
set by the 2020 GSPC target 8a. To reach this threshold an additional 175 taxa require
collection. Of the 706 accepted European threatened taxa, 351 of them were not stored
in ENSCOBASE (i.e. “0 accessions”)—collecting 175 of these would consequently ena-
ble the ENSCONET Consortium to meet target 8a. Furthermore, 196 accepted European
threatened taxa stored in ENSCOBASE are represented by only one to four accessions, and
require additional collections to maximise the genetic diversity of the stored germplasm
(Table 3).

To produce our collection plan we focused on both the “0 accessions” and “1-4 acces-
sions” taxa which represented a total of 547 taxa (351 4+ 196). The 159 taxa represented
by five accessions or more were beyond the scope of the study and were excluded from
the collection plan (Table 3). They represent, however, the segment of accessions which is
effectively conserved ex situ, i.e. 22.5% of the combined list of European threatened taxa
(159/706).

Collection plan

Based on the above results we produced a collection plan of European threatened taxa by
selecting the “0 accessions” and the “1-4 accessions” of accepted European threatened
taxa and applying the priority-settings described in Table 2.

The full country-based collection plan with priority scores can be found in Supplemen-
tary Materials S2 for the 351 taxa with “0 accessions” and Supplementary Material S3 for
the 196 taxa with “1—4 accessions”.? For example, among the “0 accessions” threatened
taxa, the country endemic Campanula sabatia is found only in Italy and is endemic to this
country. It was given a priority score of 1, whereas Anacyclus pyrethrum can be found in
five countries (France, Germany, Poland, Spain and Ukraine), and was, therefore, given a
priority score of 2. With respect to “1-4 accessions” taxa, Aethionema retsina was given a
priority score of 3 as it is endemic to Greece, whereas Phalaris maderensis, which occurs
in both Spain and Portugal (according to Euro+Med, as explained above), was given a pri-
ority score of “4”. A summary of the results is given in Table 4.

The 159 accepted taxa excluded from the collection plan (those with “equal to or higher
than 5 accessions”) can be found in Supplementary Material S4. Among the excluded
threatened taxa, the Endangered Cretan endemic Zelkova abelicea was represented
by seven accessions in ENSCOBASE, and the Critically Endangered Cretan endemic
Anthemis glaberrima by 12, both above the threshold for inclusion.

Countries covered by the collection plan

The analysis revealed a total of 44 countries with “0 accessions” taxa to collect, and 36
countries with “1-4 accessions” taxa to collect (45 different countries for the two com-
bined categories) (Supplementary Material S5). Greece, Italy, Portugal and Spain have the
highest number of taxa to be collected for both priority scores 1-2 (“0 accessions”) and
priority scores 3—4 (“1-4 accessions”) (Figs. 3, 4).

3 Not all the listed taxa produce seeds and thus might require other methods of ex situ conservation (e.g.
Artemisia pancicii which is currently tested for tissue culture in Austria).

@ Springer



Biodivers Conserv (2018) 27:1873-1890

1882

LYS SLT 90L BXE) PaUQ)BaIy) [BIO],
ON VIN 651 SUOISS300R QI0W 10 §
SoK VIN 961 SUOISSIO0R H—]
RN SLT IS¢ SUOISSa00R ()
020z 0 uerd
Uond9[[0d WnnIosuo) LTHNOISNA g 108181 DJSD 0TOT 2A2IYOE Bxe} LT0Z/01/1€ 30 se HSVHODSNH Ut
Y} 10J PAIAPISUOD BXB], 01 paxmbai exe) pardaooe Jo Joquinu [e10],  Pa1dedde Jo Joquinu [B10],  UONRIUSSaIdal 1IaY) UO Paseq BXe) pausiealy) Jo sdnoin

ued uonos[[oo Y} 03
QOUBAJ[AI JIOY) PUE ‘BXE) paudjealy) ueadoing Jo ISIOaYd paurquiod ayy jsurese sSurpjoy FSVIODSNA Surddew 10)ye paynuapt exe) pausieany) jo sdnoid oa1y) oy, ¢ d[qelL

pringer

Qs



1883

Biodivers Conserv (2018) 27:1873-1890

(%1°9¢) 9¢/€1 9% €l 9¢ 8 ¥

(%LTL) T1/8 ob1 8 1 8P 1 ¢

(%0°1€) Th/ET 98 €l w 76 4

(%6'Th) 12/6 661 6 1T LST I

syueq paas
yueq sey wnpiosuo) [ANODSNA -S9LIIUNOJ 3SAY) Sse[o sse[o

Pads wnnIosuo) LTANODSNA  2I19ym Anunod e ur SULLINdd0 ur syueq paos wnILosuo) 2100s Kyurorad ur sy 2100s Ayuiorid Aq pajsi| exe)  (S[IeIdp 10J 7 d[qe],
Jim mo_bcsoo .«O owﬁconﬁom exe) ﬁoaooom “_o JoqunN LANODSNA JO IequnN -unod Jo Iaquinu [ejo], ﬁu&@uow Jo oquinu [ejof, oomv AI0J3S \mufotn—

yueq pads wnnIosuo) LANODSNA Ue [IIM SIALNUN0D Jo 23.I1u001ad 9y} PUR Q0UILINII0 JO SIALNUNOD JY) UI SYURQ PIds wNnIosuo) LTANOISNA
Jo 9oudsard o) ‘a100s Ajuiorid 1od 9oUALINDO0 JO SALNUNOD JO Ioquinu [e10) A} @100s Ajuorid jo A10391e0 Iod eX®] paldesoe Jo roquinu [ej0) Ay} Jo Arewwng § IqEL

pringer

As



1884

Biodivers Conserv (2018) 27:1873-1890

Netherlands
Luxembourg
Denmark
Moldova
Lithuania
Latvia
FYROM
Estonia
Bosnia-Herzegovina
Belarus
Switzerland
Iceland
Georgia
Azerbaijan
Armenia
Albania
Serbia
Cyprus
Slovenia
Croatia
Romania
Bulgaria
Poland
Liechtenstein
Finland
Former Yugoslavia
Malta
Sweden
Austria
Russia
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Ukraine
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Hungary
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Portugal
Spain

Italy

Greece

European countries

o

"0 accessions" threatened taxa
listed per country

10 20

40 50 60

Number of accepted target taxa

Fig. 3 Number of “0 accessions” (priority scores 1-2) threatened taxa by country of occurrence (note: the
same taxa can occur in more than one country)

A summary of the total number of target taxa per priority score (“1”, “2”, “3” or “4”)
can be found in Table 4. The greatest number of taxa to be collected by 2020 corresponds
to priority score 1 (257 accepted taxa), i.e. taxa which do not currently have a record in
ENSCOBASE (“0 accessions”) and which are distributed in one single country.
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Fig. 4 Number of “1-4 accessions” (priority scores 3—4) threatened taxa by country of occurrence (note:
the same taxa can occur in more than one country)

Total number of countries covered and overlap with ENSCONET Consortium
seed banks

The complete list of countries per priority score (“17, “2”, “3” or “4”), as well as the over-
lap of the geographical location of ENSCONET Consortium seed banks with these coun-
tries, can be found in Supplementary Materials S6-S9. A summary of the coverage of the
relevant countries by ENSCONET Consortium seed banks is shown in Table 4.

Taxa of priority score 2 occur in the highest number of countries (42). The overlap
between the location of ENSCONET Consortium seed banks and the countries where taxa

@ Springer
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European threatened

taxa (706)
Breakdown of
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351 taxa not —_
stored ex situ 176 taxa 196 taxa stored
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and included in the scope of ex situ, and
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stored ex 159 taxa not . .

plan: situ as of effectively effectively collection plan:

175 |t|axa o 31/10/2017 conserved  conserved
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Threatened taxa to collect and store ex-situ to reach 2020 GSPC target 8a
25% of threatened taxa not covered by 2020 GSPC target 8a
Threatened taxa stored ex situ as of 31/10/2017 effectively conserved

Threatened taxa stored ex situ as of 31/10/2017 not effectively conserved

Fig. 5 Representation of the breakdown of the 706 European threatened taxa. A total of 351 taxa were not
stored ex situ as of 31/10/2017 and have been included in the collection plan (257 priority 1 and 94 priority
2), as well as a further 196 which were underrepresented ex situ (148 priority 3 and 48 priority 4) at this
date

require collection varies significantly according to the priority score, from 72.7% (priority
score 3) to 31.0% (priority score 2).

In summary, 50.3% of the 706 European threatened taxa have been stored in Euro-
pean seed banks, with data relating to the accession uploaded to ENSCOBASE, as of
31/10/2017. To reach the GSPC target 8a of 75%, 175 additional threatened taxa need to be
collected and stored ex situ within the seed banks of the ENSCONET Consortium. There
are 355 European threatened taxa that are already conserved ex situ by the ENSCONET
Consortium: 159 of these are effectively conserved (“equal to or higher than 5 accessions™),
while 196 require wider coverage of their genetic diversity (“1-4 accessions”) (Fig. 5).

Our collection plan was designed to specifically target the collection and ex situ storage
of the 351 threatened taxa not currently represented in seed banks, of which the largest
segment is represented by country-endemics (257 taxa, priority 1) versus non-endemics
(94 taxa, priority 2). The highest proportion by country of these “priority 1” and “priority
2” threatened taxa that require collection are in Greece, Italy, Portugal and Spain (Fig. 4).

There are 196 accepted European threatened taxa stored in ENSCOBASE that are repre-
sented by one to four accessions, indicating that their genetic diversity may be underrepre-
sented in ex situ collections. Since these taxa have already been collected at least once and
data lodged with ENSCOBASE, they represented a lower priority for collection than taxa
which have never been collected (“0 accessions”). Nevertheless, the collection plan aims to
increase the genetic representation of such taxa and they are therefore listed under priority
3 (country-endemics) and priority 4 (non country-endemics). The highest number to be
collected are country-endemics (148 taxa, priority 3). Here too, the same four countries
(Greece, Italy, Portugal and Spain) have the greatest number of priority 3 and 4 threatened
taxa to collect (Fig. 4). Finally, 159 taxa were effectively conserved ex situ (at least five
accessions held), representing 22.5% of European threatened taxa (159/706).
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Discussion

Our study showed that significant progress has been made towards the completion of the
2020 GSPC target 8a, with 50.3% currently conserved. In order to meet this target, the
ENSCONET Consortium needs to collect an additional 175 taxa. To this end the Consor-
tium has established this collection plan which will not only meet, but exceed, the target.
At the same time the collection plan aims to increase the genetic diversity of ex situ col-
lections of threatened taxa already conserved in seed banks by increasing the number of
accessions per taxa to more than five. Our study is, therefore, vital to plant conservation at
the European level, describing a concerted action plan to enable ENSCONET Consortium
members to achieve the 2020 GSPC target 8a.

This study has highlighted four Mediterranean countries which hold the greatest propor-
tion of the threatened taxa identified in this collection plan, namely Greece, Italy, Portugal
and Spain. These four countries with the highest number of threatened taxa to collect under
this action plan lie where the Mediterranean and Macaronesian biogeographical regions
are predominant (EEA 2017). Considering the high plant diversity of these biogeographi-
cal regions (e.g., Thompson 2005) this result is not surprising. We recommend that seed
conservation efforts should focus on these regional plant biodiversity hotspots (Myers et al.
2000).

Taxa of “priority score 1” represent the largest segment of taxa to be collected in this
new collection plan (number to be collected 257, Table 4) and they are found in 21 coun-
tries. Since 42.9% of these countries have an ENSCONET Consortium seed bank in their
territory, and 199 of these 257 priority taxa occur in countries where the ENSCONET
Consortium has seed banks (Supplementary Material S10), these taxa could potentially be
collected by the ENSCONET Consortium, and this should be a priority for the Consor-
tium’s members.

Taxa of “priority score 2” represent the third highest segment of taxa to be collected.
A total of 86 of these 94 widely distributed taxa do occur in a country where there is an
ENSCONET Consortium seed bank (Supplementary Material S11), which makes their col-
lection possible. These taxa are however spread across the highest number of countries
(42), and the presence of ENSCONET Consortium members in these countries is the low-
est (31.0%). This reveals a gap in the coverage of European countries represented by the
ENSCONET Consortium which may affect the collection of these “priority score 2” taxa
across their European range once the top priority taxa have been collected. It is recom-
mended that the ENSCONET Consortium looks to form links with institutes within these
currently unrepresented countries.

Taxa of “priority score 3” represent the second highest segment of taxa to be collected.
A total of 146 of these 148 priority taxa occur in countries where the ENSCONET Consor-
tium has seed banks (Supplementary Material S12), these taxa could, therefore, potentially
be collected by the ENSCONET Consortium. In addition, they are spread across the small-
est number of countries (8), and the presence of ENSCONET Consortium seed banks in
these countries is the highest (72.7%).These priority taxa should, therefore, be accessible
for collection once taxa of priority scores 1 and 2 have been collected.

Taxa of “priority score 4” represent the smallest segment of taxa to be collected, and 43
of these 48 taxa occur in a country where there is an ENSCONET Consortium seed bank
(Supplementary Material S13), which makes their collection possible. They are, however,
spread across the second highest number of countries (36), and there is a low presence of
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ENSCONET Consortium seed banks in these countries (36.1%). This may affect the col-
lection of these lower priority taxa across their European range.

In summary, from the above figures, taxa of “priority score 3” seem the most accessi-
ble by national collectors currently involved in the ENSCONET Consortium, while many
taxa of “priority scores 1, 2 and 4” occur in countries where there are no ENSCONET
Consortium seed banks (e.g. Ukraine or Turkey). Taxa of “priority score 17 are likely to
be collected due to the presence of either ENSCONET Consortium seed banks or mem-
bers in the countries of occurrence (199 taxa, which is above the target of 175 to collect
to meet the 2020 GSPC target 8a). Country-endemic taxa of “priority score 3” also occur
almost entirely in countries where the ENSCONET Consortium has seed banks (146/148
i.e., all but two taxa, native to Bulgaria and Hungary). Taxa of “priority scores 2 and 4” are
found in more than one country, so the likelihood for these taxa to be collected by existing
ENSCONET Consortium members remains high, especially given the occurrence of these
taxa where there is an ENSCONET Consortium seed bank (respectively 86/94 and 43/48).
Overall, the ability of the ENSCONET Consortium to collect a further 175 taxa, and thus
meet the 2020 GSPC target 8a, is high.

An analysis of the geographical distribution (at the country level) of collections held in
ENSCOBASE showed that the majority of accessions had been collected in the country
where the seed bank making the collection is located. It also highlighted that in some cases
no ENSCONET Consortium seed bank is located in the country where a priority taxon
occurs (e.g. Ukraine). Seed banks show a trend to collect and store European native taxa
that occur in their own country—accessing and collecting taxa occurring in countries not
covered by the ENSCONET Consortium poses a problem. In some areas, it will be possi-
ble for an ENSCONET Consortium member to go beyond the boundaries of its country to
collect a priority taxa, but this will incur additional costs (Li and Pritchard 2009). Another
problem lies in the fact that some taxa occur on islands, such as the Azores, and access to
those taxa may prove to be more difficult for an ENSCONET Consortium member based
in mainland Europe. For such collecting, the ENSCONET Consortium may have to rely
on existing or future collaborations with island partners, and additional funding might be
required in those instances.

Another possibility for the ENSCONET Consortium is to engage with seed banks in
countries where priority taxa occur but where the ENSCONET Consortium is not currently
present. Both of these options would help maximise the probability to collect and safely
conserve priority taxa ex situ. In addition, for taxa distributed in more than one country,
ENSCONET Consortium members from such countries will need to consult each other
prior to collecting and share their individual collection plans up to 2020 to make sure
that the coverage of these taxa is optimised in order for the overall collection plan to meet
GSPC target 8a.

In parallel, as the ENSCONET Consortium is part of Kew’s Millennium Seed Bank
Partnership (MSBP), a complementary approach would be to work through the MSBP
Data Warehouse (MSBP 2017) to access relevant collections data from countries where the
ENSCONET Consortium is not present (e.g., countries in the Caucasus). This data is freely
available to MSBP members and could, therefore, be analysed alongside ENSCOBASE
data, to track progress towards the 2020 GSPC target 8a.

As far as we are aware, the presented collection plan is unique for the European native
flora across the above-mentioned range of European countries. In a literature review of
published collecting guidelines for other continents, we could only find a regional study in
North America, (Hird and Kramer 2013) which highlighted that 35% of North America’s
5000 threatened taxa were stored in ex situ collections. Other initiatives actively working
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towards GSPC target 8a at a national level, and highlighting collection gaps, include Teix-
ido et al. (2017) in Brazil, Holbling (2013) in Austria and Krigas et al. (2016) in Greece.
We advocate for the publication of targeted collection plans similar to this one in other
world regions in order to harmonise collecting activities across the globe. We also advocate
for data collection sites like ENSCOBASE to enable regional tracking of progress which
is otherwise impossible when data is stored in individual institutions. Such initiatives
will maximise the likelihood of achieving the 2020 GSPC target 8a at regional levels, and
increase the genetic diversity of priority threatened taxa in ex situ conservation.

Conclusion

Our study describes a concerted action plan at the European level to enable the associ-
ated countries to undertake ex situ conservation in the form of seed banking to achieve the
2020 GSPC target 8a. It also demonstrates the need for collaboration between institutions
involved in ex situ conservation to meet this target. Greece, Italy, Portugal and Spain are
the four countries with the highest number of priority taxa that the ENSCONET Consor-
tium needs to focus on if it wants to achieve the 2020 GSPC target 8a and increase the ex
situ genetic diversity of priority taxa. In addition, the overlap between the European native
taxa currently stored ex situ by the ENSCONET Consortium and the location of its seed
banks show that a significant segment of priority taxa, especially those with the highest
priority (“priority score 1), could be collected and stored by existing ENSCONET Con-
sortium members. Given that 175 additional taxa are required for this target to be met for
Europe, it seems possible that the ENSCONET Consortium will succeed in this endeavour
for the European region.

This collection plan is a snapshot of the situation in October 2017 and will evolve in the
years leading to 2020 as additional collections are made and the [IUCN Red List is revised.
The collecting strategy will, therefore, need to be revised (e.g., every year after each col-
lecting season) to incorporate new datasets. Additionally, some taxa currently listed for cer-
tain countries might have gone extinct in their territories. This may be reflected in national
red lists, against which the collection plan needs to be checked. Revisions of this analysis
will, therefore, also include any new versions of the [IUCN Red List published before 2020.
After each revision the collection plan will be adjusted. A final analysis after the last col-
lecting season in 2020 will conclude whether or not the ENSCONET Consortium has met
the 2020 GSPC target 8a in Europe. We are hopeful that, with such a collecting strategy of
threatened taxa deployed across the ENSCONET Consortium, this will be the case.
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