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In order to achieve certain targets of the Global Strategy for Plant Conservation (GSPC), countries should aim to have at
least 75% of their threatened species preserved in ex sifu genetically representative collections, preferably in the country of
origin, and at least 20% of the threatened species must be available for recovery plans and restoration programs (Target 8).
Assessing the conservation value of ex sifu collections is needed in order to identify the gaps in gene banks and to
determine the baseline situation. Selection of the target species for conservation followed the Regional Responsibility
criterion, as the first-order of priority at the local level with highest ranking given to species whose distribution is endemic
to the study area. Data analysis was performed on 85 species listed in the Valencian Catalog of Threatened Plant Species
(VCTPS) stored in the Germplasm Bank Collections of Valencian Flora, Spain. Our results show that conservation value
of an ex situ collection will depend on whether the analysis is based on the representation of species (i.e. the presence or
absence of species in an ex situ collection) or based on their representativeness (i.e. how well the collected and stored
natural populations represent the “theoretical” species genetic diversity and what is the potential to produce plants for
recovery actions, summarized in the proposed index R4). For 85 species listed in VCTPS the existing ex situ seed bank
collections keep samples of 91.8% (78 species), indicating good representation. However, the criteria accounting for
number of populations collected and quality of the stored germplasm revealed that less than 50% of the listed species are
properly preserved in the ex situ collections.

Keywords: Valencian Community; ex sifu conservation; endangered plants; seed bank collections; species representative-

ness; Global Strategy for Plant Conservation

1. Introduction

Currently it is recommended to have centers dedicated to
the development of ex situ conservation programs for
endangered species in order to achieve the targets formu-
lated by the Global Strategy for Plant Conservation
(GSPC), a program of the Convention on Biological
Diversity (CBD). The strategy was originally adopted in
2002 and updated in 2010 (Sharrock & Jones 2011),
focusing on the conservation of plants and fungi (CBD
2002, 2012) to halt the loss of biodiversity. Revised and
updated, this last version (2011—-2020) provides a legal
framework and targets for accessing, conserving, and
using biodiversity in a fair and equitable manner. In
response, in 2011 Spain adopted the Strategic Plan for
Natural Heritage and Biodiversity 2011—-2017 (in Span-
ish: Plan Estratégico del Patrimonio Natural y de la Biodi-
versidad 2011—-2017), which established the basic legal
framework for the conservation, sustainable use, improve-
ment, and restoration of Spain’s natural heritage and bio-
diversity. This Plan established a series of specific Goals,
Targets and Actions for the government to fulfill. In 2014,
the Sectorial Conference on Environment approved the

Spanish Strategy for Plant Conservation 2014—2020 (in
Spanish: Estrategia Espanola de Conservaciéon Vegetal
2014—2020), which aimed to meet the targets of the
GSPC (MAGRAMA 2014).

Target 8 of the GSPC aims to achieve a comprehen-
sive program of ex sifu conservation that complements
in situ conservation through the development of geneti-
cally representative collections of threatened species.
Such a program would support ecological restoration ini-
tiatives and strengthen responses to the impacts of climate
change, unsustainable land use, and overharvesting of
plant resources. The target requires that at least 75% of
threatened plant species be conserved in ex situ collec-
tions, with high representative genetic variability, prefera-
bly in the country of origin, with collections of at least
20% of these species be available for recovery plans and
restoration programs (CBD 2012).

Several in-depth reviews of progress towards imple-
mentation of Target 8§ were based on varying interpreta-
tions of how well one species is effectively represented in
an ex situ collection. In some reviews, a species is consid-
ered well represented if at least one seed per accession is
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stored or when a living plant collection is established
(Hernandez-Bermejo 2007; Sandev et al. 2013; Sharrock
et al. 2014). However, for species that have more than one
viable population, and in the absence of genetic studies, a
single sample most probably will not be representative of
the species genetic diversity (Hernandez-Bermejo 2009).
Godefroid et al. (2011) used two variables as surrogates
for genetic diversity: (1) the number of accessions per
species, and (2) the number of seeds per accession; they
considered the threshold values recommended by the
Seed Collecting Manual for Wild Species (ENSCONET
2009; i.e. minimum conserving from five populations per
species if there are more than five, and 5000 seeds per
accession). Krigas et al. (2014) proposed to modify this
recommendation to reduce the risk of loss when seed
accessions are held in a single collection by depositing
accessions in at least two collections.

In addition, to assess whether a species is efficiently
preserved and available for restoration programs, as
required in Target 8 (2011—2020), it is essential to know
the methods of seed germination and plant propagation.
The focus and challenge for this Target is not only to
increase the number of threatened plants in ex situ collec-
tions, but also to ensure the conservation value of such
collections (BGCI 2012; Mattana et al. 2012). The critical
limitation to objectively assessing implementation success
is the lack of methodology for measuring and monitoring
progress in meeting the target (Paton & Lughadha 2011).

The Mediterranean basin hosts flora of around
25,000—30,000 plant species (Heywood 2003) and has
been recognized as one of the Global Biodiversity Hot-
spots (Myers et al. 2000; Mittermeier et al. 2004). Threat-
ened plant species are concentrated in the Mediterranean
and Balkan regions with Italy, Spain and Greece being the
countries with the greatest numbers of threatened plants.
In the European Red List of Vascular Plants (Bilz et al.
2011), 90% are single-country endemics (Sharrock &
Jones 2011). The Valencian Community of Spain is
known as one of the richest biodiversity regions for vascu-
lar plants in Europe (see Castroviejo 1986—2014).

The conservation of plant species in the Valencian
Community (Spain) has been undertaken using an inte-
grated approach developed over several decades. From
the 1980s to the present, a great effort has been made by
the Community administration and other organizations,
all of which led into the publication of the Valencian Cat-
alog of Threatened Plant Species (VCTPS) (in Spanish:
Catdlogo Valenciano de Especies de Flora Amenazada;
see Aguilella et al. 2010). The conservation includes two
components: in situ and ex situ applied in a series of steps
(see Ferrer-Gallego et al. 2013). The in situ (first step)
activities focus on diagnosis and actual status of the spe-
cies in the wild (threat detection, assessment of real situa-
tion in natural populations, georeferenced network, search
of new individuals, etc.); ex situ conservation (the second

step) is done by creating long-term collections, located at
Botanical Garden of University of Valencia, and short-
term or active collections, located at Center for Forestry
Research and Experimentation (CIEF) and Freshwater
Species Research Center, the latter’s aim being the pro-
duction of plants to be used in restoration programs; and
in situ actions (the third step) is focused on direct manage-
ment of wild populations, population translocations, etc.
The first step resulted in the creation of several Natural
Protected Areas (Valencias Natural Park) and the microre-
serve networks (Laguna et al. 2004; Fos et al. 2014).
However, passive in situ conservation through area pro-
tection is not enough due to high anthropogenic pressure
in the Valencian region, characteristic for the whole Medi-
terranean Basin (Heywood 2014), and more active conser-
vation in situ is necessary for natural populations’
maintenance and survival (Volis & Blecher 2010;
Heywood 2015; Volis 2015).

Setting conservation priorities and creating a priority
species list is a necessary and crucial component of effi-
cient conservation in general and in the Valencian region
in particular. For this purpose, several authors identified
the Regional responsibility as the first order of priority at
the local level, with highest ranking given to species
whose distribution is endemic to the study area (Gauthier
et al. 2010; Bacchetta et al. 2012; Mattana et al. 2012).
Subsequently, using this list, the sampled collections have
been organized into three groups according to their cate-
gory of threat: the first group includes ‘Catalogued’ spe-
cies, which constitute the VCTPS, and the two other
groups are the ‘Non-catalogued Protected’ species and
‘Watched’ species (CITMA 2013). Then the sampled
accessions were stored in two germplasm bank collection:
active or short-term conservation and base or long-term
conservation.

The aim of this paper is to assess these ex sifu collec-
tions in their effectiveness in meeting GSPC Target 8. For
the latter we used two assessment criteria: (1) the degree
of representativeness, based on the number of known wild
populations preserved per species to ensure a high genetic
diversity in absence of genetic studies, and (2) the capac-
ity of obtaining plants needed for in sifu actions (such as
reinforcement, reintroduction and relocation) based on the
results of viability testing of seeds stored.

2. Materials and methods

2.1. Study area. Natural populations and Operational
Conservation Units: target species

The Valencian Community hosts more than 3200 vascular
plants (Mateo & Crespo 2014), with 370 (11%) of them
being endemic to the Iberian Peninsula or Iberian-Balearic
Islands, and 64 (17%) being strictly endemic to the Valen-
cian area (Laguna 1998). In the Valencian territory there
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are 389 species protected by legal Decree 70/2009 and
Order 6/2013, which are divided into three annexes: (i) 85
‘Catalogued’ species, which constitute the VCTPS and
are subdivided into 35 ‘In danger of Extinction’ (IE) and
50 ‘Vulnerable’ (V); (ii) 141 ‘Non-catalogued Protected’
species; and (iii) 163 ‘Watched’ species (CGV 2009;
CITMA 2013). Note that these legal categories have no
correspondence with the IUCN Red List Categories,
despite the fact that they are sometimes homonymous
(e.g. Vulnerable).

Criteria for the target species and conservation priori-
ties in this paper followed regional responsibility. There-
fore, 139 species present in the Valencian Community
included in threatened lists (see section 2.4 and Table 2)
have been analyzed. In this sense, only endangered cate-
gories have been considered here. For the Valencian
(VCTPS) and Spanish Catalog of Threatened Plant Spe-
cies (SCTPS; in Spanish: Catdlogo Espanol de Especies
de Flora Amenazada; MAGRAMA 2014): In danger of
Extinction (IE) and Vulnerable (V) categories (see VV.
AA. 2004), and for assessments IUCN (Spanish Red List
of Vascular Plants, European Red List of Vascular Plants
and IUCN Red List): Critically endangered (CR), Endan-
gered (EN) and Vulnerable (VU) categories.

Determination of the conservation status of threatened
species in the Valencian Community is based on the iden-
tification and characterization of all natural populations of
a species, which are considered in this work as Opera-
tional Conservation Units (OCU). The latter is motivated
by the importance of every extant population for collect-
ing and propagating material and population demographic
studies, among other tasks (Adams et al. 2005; Iriondo
et al. 2009). These OCUs are characterized, recorded and
updated in the Biodiversity Data Bank of the Valencian
Community (BDBCV, http://bdb.cth.gva.es/).

For botanical nomenclature of species we have used
the checklist of Mateo and Crespo (2014), which mostly
follows the nomenclature of Flora iberica (Castroviejo
1986—2014).

2.2. Material origin and storage conditions

We analyzed data on collection and conservation activi-
ties for the period 1994—2014 (Ferrer-Gallego et al.
2014).

Seeds or fruits were collected when fully mature from
as many individuals as possible from natural populations
or from living plant collections (the latter method was
only performed in exceptional cases in which it was
strictly necessary to preserve germplasm). In highly
threatened populations with less than 50 individuals, all
individual plants were sampled (Banares et al. 2011;
Hoban & Schlarbaum 2014). Accessions were georefer-
enced, characterized (using such seed quality parameters
such as physical purity, moisture content, seeds number

per accession, seed morphological structures, etc.), and
recorded in a database to ensure the traceability of germ-
plasm as described by Bacchetta et al. (2008) and Ferrer-
Gallego et al. (2013). Storage conditions followed the
international standard for long-term seeds conservation
(FAO 2013). First, seeds were progressively dried in a
room with controlled atmosphere until the moisture con-
tent decreased to 10—16% (over 2—3 months), and then
seeds were ultra-dried with silica gel in airtight conditions
(1—2 months) to 5—7%. These conditions are considered
optimal for the majority of orthodox seeds. Once dried,
seeds were placed in glass containers stored at 4 °C in air-
tight conditions in a cold room (active collection) and/or
—20°C (base or long-term collection).

In addition, for species that rarely reproduce sexually
under natural conditions, or have low fecundity, vegeta-
tive materials were collected and then cultivated in the
CIEF’s nursery fields and greenhouses (i.e. Aristolochia
clematitis, Cistus heterophyllus subsp. carthaginensis,
Frangula alnus subsp. baetica and Narcissus perezlarae)
to obtain the necessary amount of seeds.

2.3.  Viability testing and germination capacity

Tests were performed at least three months after seed col-
lection and before storage. Viability testing consisted of a
germination test (see ISTA 2006) followed by non-germi-
nated seed analyses. Testing was applied to 100 appar-
ently viable seeds (well-shaped versus seeds that are
misshapen, empty, immature, or present signs of preda-
tion) per accession (or less depending of the availability
of seeds) and divided into two or four samples. Seeds
were soaked in distilled water for 24 h and then placed
into glass Petri dishes (9 cm @) lined with a moistened
deionized water filter paper disk. Seeds were visited daily
and germination was recorded when the radicle was visi-
ble. Germination testing was terminated one month after
last seed germinated. After each count, germinated seeds
were removed and transplanted to pots for development
and growth. Seeds that did not germinate were subjected
to a cut test to identify the number of fresh, moldy
(dead), or empty (undeveloped) seeds. Pre-treatments and
germination conditions were first based on standard test-
ing (20 °C; 12/12 h, darkness/light). If seeds failed to ger-
minate or the results were below 75%, new treatments
were applied based on the recommended literature for the
same genus or based on climate conditions experienced
by the species at the time of germination in the field
(Ferrer-Gallego et al. 2013). Pre-treatments required for
some species included mechanical or sulfuric acid scarifi-
cation of seeds, application of gibberellic acid (GA3;
100—500 mg/1), soaking and scalding seeds, cold stratifi-
cation at 4°C (30—90 days), or alternating warm/cold
stratification.
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Germination capacity (GC) was calculated as the total
number of seeds germinated divided by the total number
of tested seeds minus unviable (empty or dead) seeds
(Gosling 2003). Each value obtained was expressed as the
mean of four replicates and standard deviation.

Seed viability (SV) was determined as the number of
germinated seeds plus the number judged viable from the
cut-test, which is expressed as a percentage of the total
(Offord et al. 2004; Crawford et al. 2007). SV not only
provides information about the proportion of viable seeds
in the collection, but can be a more objective criterion for
assessing quality of the seed collections in comparison
with GC for species with strong seed dormancy. The
results shown are from germination tests conducted
according to the most appropriate protocol for each spe-
cies. Germination data were obtained as a part of the rou-
tine seed bank testing and therefore are not amenable to
analytic study due to heterogeneity of testing conditions.

2.4. Data analysis

Databases of germplasm bank collections from the Center
for Forestry Research and Experimentation (CIEF), Wild-
life Service’s Freshwater Species Research Center, and
Botanical Garden of the University of Valencia were com-
pared with the following local, national, and international
threatened plant species list:

(1) Valencian Catalog of Threatened Plant Species
(CITMA 2013)

(2) Spanish Catalog of Threatened Plant Species
(MAGRAMA 2014)

(3) Spanish Red List of Vascular Plant (Banares et al.
2011)

(4) Annex II of the Habitat Directive 92/43/EEC

(5) European Red List of Vascular Plant (Bilz et al.
2011)

(6) TUCN Red List (IUCN 2014)

We calculated several different indices to assess the
representation and the representativeness of species in
ex situ collections to measure the progress made on meet-
ing Target 8:

R1: Representation of threatened species conserved
in ex situ collections. Determined as the number of spe-
cies with at least one germplasm accession preserved
divided by total number of target species expressed as
percentage.

R2: Representativeness of threatened species con-
served in ex situ collections. Determined as the number
of Operational Conservation Units conserved per species
with at least one germplasm accession genetically repre-
sentative (OCUg) divided by the number of Operational
Conservation Units known per species (OCUw); R2 =
OCUg/OCUw. We have not considered setting a

minimum number of seeds stored per species as indicated
by Godefroid et al. (2011).

R3: Representativeness of threatened species con-
served according to Godefroid et al. (2011). The number
of adequately conserved in ex situ collection species
divided by total number of species with wild populations.
One species is adequately conserved if all its known popu-
lations are conserved through seedlots (at least five popu-
lations represented by at least one accession each with
5000 seeds/accession).

R4: Representativeness of threatened species, an
indicative approach to monitoring progress on meeting
Target 8 as we propose here. Determined by two assess-
ment criteria: (1) the degree of representativeness of spe-
cies by means of parameter R2, being R2 > 0.75 and (2)
the capacity of potential plants production (CPP) based on
the results of viability testing and germination capacity of
stored seeds.

CPP: Capacity to produce potential plants. An indic-
ative approach to the capacity to obtain plants from a
stored seed accession for species. Determined as the seed
viability (SV) multiplied by the germination capacity
(GC) and divided by 100; CPP (%) = (SV x GC)/ 100.

3. Results

Regarding the representation of threatened wild plants
from the Valencian Community, seed bank collections
hold 680 seed accessions of 78 species, originating from
material collected in the wild or derived by propagation
directly from an original wild source species, but only 288
accessions have more than 5000 seeds stored (Table 1).
Thus, 91.8% of Valencian threatened species have repre-
sentation (R1) and are presently conserved (see Table 2
and Figure 1). However, in terms of representativeness,
only 47.1% (40 species) of species had all their known
natural populations conserved (R2 = 1; Figure 2), and
the average R2 = 0.8 + 0.4. If we assess representative-
ness as proposed by Godefroid et al. (2011) (R3), the
results are different, and only 31.8% of the species
(27 species) are well represented (Figure 1).

The index of representativeness of threatened species
to monitor target progress as we propose here (R4)
showed that 40.0% of species (34 species) had at least
75% of their OCU conserved with its stored material
available to carry out effective recovery and restoration
works whenever needed. However, for nine species that
had all of their OCU preserved, all tested germination pro-
tocols failed, and no seeds germinated.

Germination capacity (GC) and seed viability (SV) of
the target species on average is 83.1 + 26.0 and
76.6 + 28.8%, respectively. For 23 species (27.1%), the
germination protocols are in process currently. The capac-
ity to obtain new material (CPP) from seed accessions is
on average 42.2 + 46.3% for all threatened species
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Table 2. Summary of results obtained by comparing databases of germplasm bank collections with species listed in different catalogues
of threatened species of Valencian flora (local, national and international) to assess their representation (R1) and representativeness (R2,
R3, and R4). "Only endangered categories have been considered [Valencian and Spanish Catalog: In danger of Extinction (IE) and Vul-
nerable (V); Assessment [UCN: Critically endangered (CR), Endangered (EN) and Vulnerable (VU)].

Protection category™

IUCN
Spanish Spanish Annex II IUCN IUCN
Valencian Catalog  Catalog of Red List of the European Red List
of Threatened Threatened of Vascular Habitat Red List of v.2014.3
Plant Species Plant Species Plants Directive ~ Vascular Plants (CR +
IE+V) (IE+V) (CR+EN+VU) 92/43/EEC (CR+EN+ VU) EN+ VU)
No. of threatened species in wild 85 146 1,192 572 412 10,584
No of threatened species present 85 9 65 7 5 8
in Valencian Community
No. of threatened species with ex 78 9 61 7 5 8
situ reproductive material
conserved
R1_Representation (%) 91.76 100.00 93.80 100.00 100.00 100.00
R2_Representativeness (here are 85.11 79.25 64.80 67.10 62.60 87.88
expressed the average values
of R2 for species) (%)
R3_Representativeness 31.80 75.00 33.32 57.10 60.00 50.00
according to Godefroid et al.
2011 (%)
R4_Representativeness as an 40.00 66.67 26.15 28.57 40.00 50.00

indicative approach to
monitoring progress on
meeting Target 8 (%)

mR1 mR2 mR3 = R4

Valencian Spanish Catalogue Spanish Red List European Red List IUCN Red List Annex Il Dir.
Catalogue of of Threatened 92/43/ECC
Threatened Plant Species
Species

Figure 1. Percentage of the threatened species that can be considered conserved in the germplasm bank collections of Valencian flora
using four different criteria.
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7 species
7 species  (8.2%) _,
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~

3 species
(3.5%)

3 species

HmR2 =1

m1>R2 20,75

m0,75>R220,50

®m0,50>R2=20,25
R2 <0,25
R2=0

(3.5%)

Figure 2. The frequency distribution of six categories of the degree of representativeness (R2) in the threatened Valencian flora. The
R2 is a ratio of known for the species Operational Conservation Units represented by one or more accessions in ex situ collections.

(VCTPS), and seven species have a value between 0% and
10% (Table 1).

From the SCTPS there are nine species represented in
the germplasm bank collections (R1 = 100%), and the
representativeness values for these species are R2 =
79.2%, R3 = 75.0% and R4 = 55.6%. For the three IUCN
lists, IUCN Spanish Red List, IUCN European Red List
and IUCN Red List, the species representation indices are
93.8%, 100% and 100%, respectively. However, represen-
tativeness is lower (R2: 64.8%, 62.6% and 87.9%; R3:
33.3%, 60.0% and 50.0%, respectively). All the threat-
ened plant species present in Valencian Community listed
in Annex II of DIR. 92/43/EEC are conserved in the
ex situ collections (R1 = 100%), and R2 and R3 are
67.1%, and 57.1%, respectively (Table 2 and Figure 1).

Assessment of the ex situ conservation value of threat-
ened species using the proposed R4 index yielded the val-
ues 66.7% for the SCTPS, 26.1% for IUCN Spanish Red
List, 40% for IUCN European Red List, 50% for IUCN
Red List and 28.6% for species present in Annex II DIR
92/43/EEC (Table 2 and Figure 1).

4. Discussion

Our results show clear differences between representation
(R1) and representativeness (R2, R3, or R4) when assess-
ing the conservation value of existing ex sifu collections
of endangered wild plants. In terms of representation
alone, the ex situ collections preserve 91.8% of the whole
of VCTPS, greatly exceeding the 75% proposed by the
GSPC. However, if we analyze the representativeness (i.e.
how well collected and stored natural populations repre-
sent the “theoretical” species genetic diversity and what is

the potential to produce plants for recovery actions, sum-
marized in the proposed index R4), the values are much
lower — 36.5% — and well below the required 75%. We
use the term “theoretical” because the information on the
structure of genetic variation needed for working out an
efficient collecting design for each species is rarely avail-
able (i.e. Guerrant et al. 2004; Godefroid et al. 2011; Cires
et al. 2013; Odong et al. 2013; Alonso et al. 2014; Hoban
& Schlarbaum 2014; McGlaughlin et al. 2014).
Collections that are to be used in conservation applica-
tions (e.g. in sifu actions such as recovery or reintroduc-
tion programs) must be representative of the species’
genetic diversity, and ensure that the material is available
for research and conservation activities over the long term
(Baccheta et al. 2008; BGCI 2012; Ferrer-Gallego et al.
2013; TUCN/SSC 2014; Volis 2015). Therefore, the
assessment of the utility of the ex situ collections for res-
toration programs requires considering not only the num-
ber of accessions stored, but also knowledge of the
germination capacity (GC), seed viability (SV), and
the overall capacity to produce plants (CPP). Perhaps the
most important component is seed viability testing (God-
efroid et al. 2010). It should be emphasized that the viabil-
ity values obtained for the most threatened species (IE)
are lower than for species of the V category (see Table 1).
Some endangered species, e.g. Aristolochia clematitis,
Berberis hispanica, Boerhavia repens, Centaurea alpina,
Cistus heterophyllus subsp. carthaginensis, Euphorbia
nevadensis subsp. nevadensis, Launaea arborescens or
Launaea lanifera, produce very few fertile seeds, which
can be a consequence of small population size and low
genetic diversity. As reduced seed production can result
from a variety of reasons including self-incompatibility,
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inbreeding depression, lack of pollinators, etc., collecting
fertile seeds in natural populations can be impossible
without understanding the cause and providing the neces-
sary conditions for successful sexual reproduction. Given
the heterogeneity of the source data and potential impor-
tance of such unanalyzed effects such as variation in seed
viability among populations and among years for the
same population, the values reported here appear to be pri-
marily informative. The observed mean value of
42.2 + 46.3% (CPP) indicates that on average only about
half of the collected and stored plant material can be use-
ful for the future in sifu actions.

According to Godefroid et al. (2011), the criteria to
assess the value of ex sifu conservation of threatened spe-
cies are impossible to apply in some cases. They used the
number of accessions and seeds per accession as surro-
gates for genetic diversity, and a species was considered
well represented in an ex situ collection when at least five
populations are stored in the bank with 5000 seeds per
accession. We believe that this recommendation must be
nuanced and refined because it does not take into account
the reproductive biology of the species, and such parame-
ters as the number of seeds per effective population
(reproductive adults). Examples for the Valencian flora
are Armeria fontqueri or Allium subvillosum, species with
all of their populations conserved in germplasm bank, but
seedlots never reached more than 5000 seeds due to the
characteristics mentioned above; however, the quality of
this germplasm reaches 100% germination levels. On the
other hand, there are species with few individuals per pop-
ulation but with many populations, i.e. Antirrhinum valen-
tinum (see Mateu-Andrés & Segarra-Moragues 2000), and
for these species sampling only five populations does not
appear to be an adequate collecting strategy.

The conservation of Valencian threatened species in
local ex situ collections, as demonstrated in this paper, is
still far from reaching the percentages indicating by
GSPC Target 8 (2011—2020) if two assessment criteria
are performed as we proposed here: the degree of repre-
sentativeness of species and the capacity to produce future
plants. Although we certainly understand that these crite-
ria are very difficult to achieve and require large invest-
ments, they are necessary to ensure the implementation of
ex situ conservation programs and guarantee that the col-
lection and storage of germplasm is not done to create a
Noah’s Ark. This means that the final aim of ex sifu pro-
grams should be back in situ through genetically represen-
tative plants from natural populations produced in ex sifu
conditions, thereby restoring or improving the damaged
native populations. Considering this interpretation, the
actual data fulfillment for achieving Target 8, and the data
expressed by Sharrock et al. (2014), we believe that the
GSPC goals proposed may be very difficult to accomplish.
This difficulty may be even greater in countries with high
species diversity, as occurs in the Mediterranean basin.

Our study shows that it is really essential to identify
gaps in existing ex situ collections and to establish quanti-
tative and qualitative indicators for measuring collections’
conservation utility. Defining clear criteria for evaluating
how well the threatened species are preserved in ex sifu
collections and how useful the collections are for recovery
programs is complex, with currently no consensus on the
proper criteria for assessment (Odong et al. 2013). As a
result, inappropriate analyses that lead to erroneous con-
clusions can be made, with conservation attempts not
reaching the proposed objectives, as shown here.

In this study, we provide insight on criteria used for
evaluating collections utility for species conservation
(index R4). Our findings should provide gene bank cura-
tors and researchers with the tools for making informed
choices when creating, comparing and using collections
to carry on future effective in situ actions. Assessment
must take into account seed germination and viability; if
seed viability is low and/or germination is poor or absent,
the focus of ex sifu conservation for this species must be
on studying the cause of low seed viability or poor seed
germination instead of collecting seeds that are of no use.
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