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SUMMARY

Crop wild relatives (CWR) are species closely edatio crops (including crop progenitors). They are
potential sources of traits beneficial to cropghsas pest or disease resistance, yield improvearent

stability. CWR are a critical component of planhggc resources for food and agriculture (PGRFA)
yet have received relatively little systematic @mation attention.

Many CWR species—and the breadth of genetic dityetbey contain—are under increasing threat
from anthropogenic factors such as urbanizatiobjthiafragmentation and intensification of farming
practices, but perhaps most importantly, climatange. In order to secure this vital resource for
future crop improvement, there is now a need fep sthange in th& situ conservation of CWR,
nationally, regionally and globally, as well as @msg there is adequatex situ backup of key
population samples.

In 1989, the Commission on Genetic Resources fadFRand Agriculture (CGRFA) called for the
establishment of networks @i situ conservation areas for PGRFA, for both crops awdRE The
rolling Global Plan of Action for the Conservation and @usible Utilization of Plant Genetic
Resources for Food and Agricultu(&PA) includes conservation of CWR as a prioritgaa and
Article 5 of the International Treaty on Plant Genetic Resesifor Food and Agriculture (ITPGRFA)
promotes thén situconservation of CWR.

There have been some attempts by individual casto set ujn situ conservation areas for CWR,
but no systematic effort to create national, regiar global networks of these areas. The objeaifve
this study is to provide sufficient baseline infation to allow decision-makers to strengthen effort
for the in situ conservation of CWR, including at national leved; particular, by providing the
scientific basis for selecting a number of importareas which would be relevant at the global level
Specifically, the study aims to:

Identify which important areas for CWR are alrepdyt of existing protected areas, in
particular in the centres of origin or diversifiet;

Pinpoint existing conservation gaps, in order &eas which important areas for CWR are
yet to be protected within and outside existinggeted areas;

Provide the foundations for a long-term and cofaetiive strategy for CWR conservation.

This background study addresses these issuesripdois. Part 1 is an introduction to CWR: how they
are defined, global numbers of CWR, their impor&ario humankind as gene donors for crop
improvement, threats to natural populations, howmgementary conservation can be achieved and
how CWR might be conserved situ outside of conventional protected areas. Part Zwesthe
elements of a long-term and cost-effective natistedtegy for then situ conservation of CWR,
including presentation of a methodology for thenpiag and implementation of a national CWR
complementary conservation strategy. Part 3 takgdobal approach by a) identifying important
geographical areas for tha situ conservation of a selection of 14 critical crop ggwools, b)
pinpointing conservation gaps and c¢) making recontaBons for the steps needed towards
establishing an effective complementary consermatioategy for priority species. Part 4 summarises
future needs for CWR conservation, stressing thesl fier a coordinated and collaborative approach,
and concludes with a series of recommendationsdarto improve the conservation and use of CWR
diversity. Recommendations include: establishingonal CWR conservation strategies; effecting
back-up duplication of CWR diversiggx sity improving consensus-building between biodiveraity
agrobiodiversity communities; enhancing availapilitf CWR for breeders’ use; addressing the
sustainability of CWR conservation; improving infaation dissemination; and conducting priority
CWR research activities.

2 CPGR/89/REP, paragraphs 32-37.
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This is the summary version of the background spajyer. A full version of the study which includes
a number of annexes with more background informatio the subject matter will soon be available at
http://lwww.fao.org/nr/cgrfa/cgrfa-back/en/?no_cache
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PART I: INTRODUCTION
1.1 Background

CWR are wild species that are found in natural serdi-natural ecosystems. They tend to contain
greater genetic variation than crops because theg hot passed through the genetic bottleneck of
domestication; therefore, they provide a reserebgenetic variation for improving crops (Vollbreéch
and Sigmon, 2005) and are the obvious choice fatimg contemporary food security demands
(Feuilletet al, 2008).

The genetic diversity inherent in and between B\WR populations is constantly changing in
response to their environment; therefore, CWR patpris are a component of natural ecosystems
that cannot effectively just be maintainedsitu Unique and particularly diverse populations @S
genetic resources require effectimesitu maintenance if they are to continue to meet exaioit

needs of current and future stakeholders, ancheia t global goods. However, the ecosystems in
which CWR are found are becoming increasingly uistdue to unsustainable management practices
and climate change, putting CWR populations unileatt.

There have been few studies of the likely impaatliofiate change on CWR diversity; however, Jarvis
et al.(2008) undertook a comparative study of three gepe pools. They generated climatic
envelopes foArachis SolanumandVignaand compared current distribution with the prediatnge

in 2055. Their results indicated that for the thgeeera, 16—22% of species would go extinct. The
majority of species showed greater than 50% loskstfibutional range and the range that remained
was highly fragmented, placing the extant specneleugreater threat of genetic erosion or extimctio

It is likely that many current crop varieties wiked replacement to enable them to better suitdte
and changing environments under which they wilfdseed to grow. CWR are likely to contain the
breadth of genetic diversity necessary to combataté change because of the diversity of habitats i
which they grow and wide range of conditions theyadapted to (FAO, 2008a). It is therefore of
grave concern that the study and conservation oRCiVersity has yet to be systematically
addressed. Failure to act now could have a deuagtatpact on the global economy and social well-
being.

It is estimated that between 2% and 6% of globakdmmnkex situcollections are CWR and of the
total number of CWR species, only about 6% haveamggssions conserved situ(see Section 4.3).
Apart from a few notable exceptions, such as thiéehiium Seed Bank, Kew and the Chinese
Germplasm Bank of Wild Species, Kunming, CWR diitgrisas not been a priority for germplasm
collection.

A similar assessment appliesinositu CWR conservation. CWR populations have rarely rabi
specific attention in protected area managememisplaless their conservation is coincident with
other protected area priorities. Further, in mamyntries, the conservation of CWR has fallen
between two conservation sectors; ecological ceasien efforts focus on habitats or on charismatic,
rare or threatened wild species, while agricultamaiservationists focus on crops. As a result their
conservation has been neglected (Maxted, 2003).

In response to these issues, the CGRFA calleceipabt for the development of a networko$itu
conservation areas for CWR. The GPA includes coasien of CWR as a priority area, and Article 5
of the ITPGRFA also promotas situ conservation of CWR, including in protected areas.

The objective of this study is to provide suffidisgientific baseline information to allow decision
makers to establish or strengthersitu conservation networks for CWR and other measures t
guarantee their conservation and sustainable nddangarticular to:
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Identify which important areas for CWR are alrepéyt of existing protected areas, in particular
in the centres of origin or diversification;

Pinpoint existing conservation gaps, in order geas which important areas for CWR are yet to
be protected within and outside existing proteeateds;

Provide the foundations for a long-term and cogtetife strategy for CWR conservation.

It is important to stress that this report is basedcientific research only (i.e., it does nottakcount
of socio-political factors) and has been possibie @ recent advances in access to electronicsdita
(e.g.,ex situcollections and protected area data) and the agtjglh of novel methodological
approaches to PGRFA conservation. The study aimpeotde rigorous and balanced scientific
information to decision-makers, which is meantéqblicy-relevant but also policy-neutral. It
analyses the need for increasing efforts and catiparat national, regional and global levels, d&ab
for further research where needed. In Part 3 sfrégport, which addresses global CWR conservation
needs on the basis of a selection of priority @omplexes, we have not taken into account political
boundaries in the recommendations given. Furthdividual nations have not been taken into
account in this study; therefore, not all countees highlighted. However, future research intaeoth
globally and/or regionally important crop complexell broaden the CWR situ conservation
network to include more countries and there isedrfer all countries, whether they feature in this
report or not, to develop national CWR strategses (Part 2).

We should also stress that this report does nadrcall’globally and locally important major and
minor crop complexes. The groups selected are plsashcrops of global importance for food
security and should be viewed as a preliminarycsiele of crop groups only. Our recommendations
for conservation of the wild relatives of thesepsrgan be taken as a first analysis towards
establishing a global network for thresitu CWR conservation, although further research and
intergovernmental discussion is required to enthe® systematic conservation. Further, while we
have addressed the national and global approaCkiMi@ conservation in two separate parts of this
report, an integrated national, regional and glalpglroach is needed to ensure these species are
adequately conserved throughout their range. Iticodar, regional cooperation will be important for
the success of CWR conservation initiatives.

1.2. The global and local importance of crop wild elatives

CWR were first routinely used by agricultural s¢ists to improve major crops in the 1940s and
1950s, and by the 1960s and 1970s this practicdeasds1g to some major breeding improvements
(Meilleur and Hodgkin, 2004). Almost all modern iedies of crops contain some genes derived from
a CWR and they are now recognized as a criticalureg with a vital role in food security and
economic stability for the 21st century, as weltastributing to environmental sustainability
(Prescott-Allen and Prescott-Allen, 1983; Hoyt, 898laxtedet al, 1997a; Meilleur and Hodgkin,
2004; Stolteret al, 2006).

Development in the biotechnology industries has albwed the transfer of genes from more
distantly related species, further enhancing theevaf CWR (see Hajjar and Hodgkin, 2007; Hodgkin
and Hajjar, 2008). CWR have contributed signifibatd improving food production and their value

in increasing crop yields worldwide has been edthat as much as US$ 115 billion per year
(Pimentelet al, 1997). Genes from CWR have also been usedvagmkrops in major crisis
situations; for example, in the 1970s the US maipp was severely threatened by corn blight which
destroyed almost US$1000 million worth of maize eedliced yields by as much as 50% in 1978
(FAO, 2005). The problem was quickly resolved tlgiothe use of blight resistant genes from
Mexican maize CWR (Prance, 1997).

The contribution of CWR is growing and has largedéen through the donation of useful genes coding
for pest and disease resistance, abiotic stremsatale and higher nutritional value (Hajjar and
Hodgkin, 2008). For example, single gene-contraltads have been introduced from CWR into
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crops to provide virus resistance in ri€ryza sativa..), blight resistance in potat&glanum
tuberosuni..), powdery mildew resistance in wheatificum aestivuni..) andFusariumand
nematode resistance in tomaty¢opersicon esculentulill.). Increased nutritional value of crops
has been fulfilled through the introduction of gefer higher protein content in wheat and vitamin C
content in tomato. Genes from witassica oleraced. plants have created domestic broccoli with
high levels of anti-cancer compounds (Hodgkin amjaf, 2008).

Annexe 1 of the full version provides further exdespof the use of CWR in crop improvement
programmes for 29 major crops.

1.3. Definition of a crop wild relative

CWR are commonly defined in terms of wild speclest &re relatively closely related to agricultural
and horticultural crops; therefore, a broad deabinitof a CWR would be any taxon belonging to the
same genus as a crop. This definition is intuifiaecurate and can be simply applied. However,
application of this broad definition results in tihelusion of a very large number of species thay m
be either closely or more remotely related to ttop dtself. For example, analysis of the Europezah a
Mediterranean flora revealed that approximately &3%pecies in the region are CWR and other
species of socio-economic importance (Klal, 2008a). Therefore, there is a heed to narrow the
definition of CWR so that limited conservation rasmes can be focused on priority species, either
those most closely related to the crop or thoseatteaknown to have traits required by breeders.

In the light of contemporary biotechnological adses, most, if not all, species are potential gene
donors to a crop. However, while these techniquesapidly evolving, their cost means that they are
likely (at least in the near future) to remain nesed to major crops and advanced breeding compani
or institutes, while in the majority of nationakeleding programmes, exploitation using conventional
techniques to cross crops with their close wildtrees will remain the norm. It is therefore import
that we apply an accurate definition of the relaitp between a crop and its wild relatives, so tha
conservationists competing for limited resourcey pigectively prioritize taxa for study (Kell and
Maxted, 2003; Meilleur and Hodgkin, 2004; Maxtdal., 2006).

To establish the degree of crop relatedness, ottgochevhich could be applied is the Harlan and de
Wet (1971) Gene Pool concept—close relatives bieingd in the primary gene pool (GP1), more
remote ones in the secondary gene pool (GP2), enydr@mote ones in the tertiary gene pool (GP3).
However, for the majority of crop complexes, paraely those in the tropics, too little information
available to use this concept. Maxttdl. (2006) therefore proposed an alternative solutging the
existing taxonomic hierarchy. It can be appliedédine a crop wild relative’s rank as follows: Taxo
Group l1a — crop, Taxon Group 1b — same specie®psTaxon Group 2 — same series or section as
the crop, Taxon Group 3 — same subgenus as theTagpn Group 4 — same genus as the crop, and
Taxon Group 5 — same tribe but different genusi¢ocrop. Therefore, for CWR taxa where we have
little or no information about reproductive isotatior compatibility, the Taxon Group concept can be
used to establish the degree of relationship betwe@WR and a crop. The Taxon Group concept can
be applied to all crop and CWR taxa and can be tsddfine relative CWR relatedness, as long as
the existing classification of the genus contaiméndra-generic structure.

Based on the above arguments, a working defindfancrop wild relative has been proposed by
Maxtedet al.(2006):

“A crop wild relative is a wild plant taxon thatdian indirect use derived from its relatively
close genetic relationship to a crop; this relatiop is defined in terms of the CWR
belonging to gene pools 1 or 2, or taxon groups4ldf the crop.”
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1.4. Global numbers of crop wild relatives

Recent studies have found that the actual numb€kR species of interest to the food and
agriculture community may be much larger than pmesiy recognized. For example, Ketlal

(2005) produced the first comprehensive Europednvediterranean CWR Catalogue and, using the
broad definition of a CWR (any taxon belonginghe same genus as a crop), listed in excess of

25 000 crop and CWR species that occur in the BAgditerranean region (Kedit al, 2008a). This
means that around 80% of the Euro-Mediterraneaa tlonsists of crops and their wild relatives.
More than 14 000 of these species are endemicrmpELalone.

Globally, we estimate that there are approxima&@¥Y00—-60 000 crop and CWR species (see Annexe
1 of the full version of the study). However, foougonly on those genera that contain the major and
minor food crops, analysis of data extracted fromd&bridge and Jenkins (2002) and Mabberley
(1997) gives a global estimate of 10 739 crop aWRGpecies that are of direct value for food
security. Based on the average percentages of pyriamal secondary CWR species in the sample of
14 food crop groups included in this study (Tableahd extrapolating to the 77, we may need to
conserve globally around 700 close CWR speciesowade in order to ensure that the highest

priority genetic diversity is conserved and madailable for use in crop improvement programmes.

Table 1. Numbers of primary and secondary CWR spees

Crop Crop taxon Species in Primary CWR Secondary % Priority in
genus species CWR species  genusg

Finger millet Eleusine 9 3 3 66.67
coracana

Barley Hordeum 16 1 1 12.50
vulgare

Sweet potato Ipomoea 600-700 3 11 2.00
batatas

Cassava Manihot 98 3 13 16.33
esculenta

Banana/plantain Musa acuminate 30 10 15 83.33

Rice Oryza sativa 23 8 9 73.91

Pearl millet Pennisetum 80-140 1 2 2.14
glaucum

Garden pea Pisum sativum 3 1 2 100.00

Potato Solanum 1000 6 24 3.00
tuberosum

Sorghum Sorghum 25 2 2 16.00
bicolor

Wheat Triticum 6+22 6 12 64.29
aestivum

Faba bean Vicia faba 140 1 0 0.71

Cowpea Vigha 61 1 3 6.56
unguiculata

Maize Zea mays 4 1 3 100.00

Totals 2117-2277 47 100

% 100 2.06 4.39 6.45
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1.Percentages based only on the degree of redaipof the species to the crop taxon. In thisytad
refinement of this level of prioritization was umtéken based on the degree of threat of theseespani to
include cases where tertiary wild relatives are &lsown to be important for crop improvement

Naturally, some countries harbour greater numbe@/dR than others. In general, the greater the
number of species in the country’s flora, the grettte number of CWR there will be. In those
countries with higher numbers of CWR, a greatexdtipn of resources will be needed in order to
secure populations situ(as well as in back-upx situcollections). It is not within the scope of this
report to address this issue, but it is an issat #t a global level, will have to be addresseehsure
that these vital resources are adequately consertieah their natural ranges.

1.5. Threats to crop wild relative species and getie diversity

Frankel (1970) and Jain (1975) were among thetfirdraw attention to the need farsitu
conservation of CWR (Stoltest al, 2006), realizing that the increasing threat tolC¥pecies and the
genetic diversity within them was an escalatingopgm. It is likely that virtually all CWR speciesea
currently suffering loss of genetic diversity tayiag degrees. IUCN’s 1997 Red List assessment of
plants concluded that 33 798 plant species weeatbned or extinct (Walters and Gillett, 1998) (but
this was undoubtedly an underestimate as notatit[gpecies were evaluated), while Maxeedl
(1997c¢) estimated that 25-35% of plant geneticrdityewould be lost between the ratification of the
CBD in 1993 and the 2010 Biodiversity Target date.

The main factors causing loss of biodiversity asoaiated with anthropogenic influences, including
deforestation, logging, plantation agriculture émwstry, industrialized agriculture, dryland
destruction and desertification, fire, urbanizatiomning and quarrying, invasive species, and déma
change. There are also more nebulous but equdtyn@atal threats to plant diversity, such as the
loss of traditional values or indigenous knowletiggding to lower valuation of diversity and resotta
careless destruction. Each of these threats iy likehave a significant impact on CWR diversity.
However, it is worth bearing in mind that, as pedhbut by Jain (1975), most CWR of the major crops
are found in disturbed, pre-climax communities,chhare the same habitats most subject to
increasing levels of anthropogenic change and wegin beyond what has previously been known.
Thus, CWR are likely to be disproportionally andedely impacted by current ecosystem instability
and changes to anthropogenic environments, atdeagpbared with non-CWR wild species found in
more stable climax communities.

A further threat, unique to CWR is that they anefoverlooked as an element of biodiversity.
Conservation priorities at international, regioaatl national levels are primarily established by
agencies with a focus on rare and threatened spetie fact that certain species have greater actual
or potential economic value is often seen as eele For example, in Europe, very few CWR species
are protected by the EU Habitats Directive. Notabhly four species included in the Habitats
Directive Annexes II, IV and V are wild relativeroajor food crops out of a total of 153 wild

relative species of major food crops that occuh&EU territories, and a further 13 species are
included in the minor food crop group, out of ataif 542 (Kellet al,, 2008a). The same authors
found that only 5% of the CWR species of Europefauad within Important Plant Areas.

1.6. /nsituand ex situconservation of CWR diversity

There are two primary techniques used for CWR awasien:in situ(i.e., in natural habitats managed
as genetic reserv@sandex situ(primarily as seed in gene banks, but also as et®la tissue culture

3 Genetic reserve conservation may be definedheslttcation, designation, management and monitarirgenetic
diversity in natural wild populations within defid@reas designated for active, long-term consemwatMaxtedet al,
1997b). Synonymous terms include ‘genetic reserapagement units’ (GRMUSs), ‘gene management zonddZ3, ‘gene
sanctuaries’ or ‘genetic sanctuaries’ and ‘crogmestions’.
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or cryopreserved, or as mature individuals in fedtlections). Genetic reserve conservation adson
long-term because significant resources have iovasted to establish the reserke. situseed
conservation is suitable for the majority of CWRaes, and as management interventions are fairly
minimal once seed is in the gene bank, the anrasilaf maintenance may be as little as US$5 per
year for a single accession (Smith and Liningt@87). However, the CBD and ITPGRFA both stress
the desirability ofn situconservation; primarily due to the overall needntintain ecosystem health,
but also because it has the advantage that it amagithe dynamic evolution of the CWR diversity
itself in relation to parallel environmental chaage

It is generally accepted that CWR genetic resemadd normally be established within existing
protected areas (Maxted al, 1997b; Heywood and Dulloo, 2006; Iriondbal, 2008a). There are
three important reasons for locating genetic reesewithin existing protected areas: a) these sites
already have an associated long-term conservatims @nd are less prone to hasty management
changes associated with private land or roadsiteserconservation value and sustainability are not
considerations, b) it is relatively easy to amdméxisting site management plan to facilitate gene
conservation of CWR species, and c) it means agatbvel conservation sites can be avoided, thus
evading the possibly prohibitive cost of acquirprgviously non-conservation-managed land (Iriondo
et al, 2008a).

The reason why there is a need to establish gemsicves, even within existing protected areas, is
that the majority of protected areas are estallisheonserve specific habitats or faunal elemants
not the genetic diversity of wild plant specieswrare established specifically to conserve flord an
very few specifically for CWR conservation. ThemefoCWR taxa are rarely routinely targeted for
demographic monitoring, which means that their eoretion is regarded as passive. Without
monitoring and active management, the genetic sityewithin and between individual CWR
populations could be eroded and entire populattondd even go extinct.

If our goal is to conserve the maximum genetic diig within CWR taxa, then we need to study and
monitor the genetic diversity and natural dynanoic€WR populations; otherwise, our efforts in
establishing protected areas for these taxa mayalséed. Therefore, passive conservation of CWR in
protected areas is unlikely to prove effective aotive demographic and genetic monitoring and
management of target CWR populations is requiteshduld also be noted that timesitu

management of CWR may differ significantly fromtthequired for more traditional protected areas
whose objective is commonly to sustain climax comities. For example, CWR of major crop plants
are often located in pre-climax communities (eA@gilops speltoides.ens orientalisSorghum
bicolour) (Jain, 1975; Maxtedt al, 1997b; Stoltoret al, 2006) where the site management is
comparatively intense, or the CWR may be closedpasted with traditional farming practices, in
which case, genetic reserve management would odael dssociated with maintenance of the farming
system.

IUCN recognizes six categories of protected arkaSN, 1995). Stolteret al.(2006) conclude that
some IUCN protected area management categoriebavéhsier to adapt to active CWR conservation
and are compatible with genetic reserve nomination:

Category la— Strictly protected reserves (often small) seteaaind left untouched to protect
particular species under threat.

Category II- Large ecosystem-scale protected areas maintaiséidw CWR to continue to
flourish and evolve under natural conditions.

Category I\V- Small reserves managed to maintain particulanegeor example, through
controlled grazing or cutting to retain importardgsland habitat, coppicing to maintain
woodland ground flora, or sometimes even intengtarrestore habitat of threatened CWR
species.
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Application of genetic reserve conservation in ahthe above categories of protected areas would
mean CWR taxa would be given priority for activenragement within the existing management plan
for the site.

1.7 CWR conservation outside of formal structures

Although there are obvious advantages to focuisirgitu conservation within existing protected areas,
this may not always be possible, either becausexisting network of protected areas is insuffitign
comprehensive to provide geographic or ecologicaérage, or it does not coincide with a target
taxon of restricted distribution. Furthermore, leady noted, many CWR are commonly found in
disturbed, pre-climax plant communities; therefonany may be excluded from or marginalized in
established protected areas, which more often@icoiserve pristine habitats, ecosystems or
landscapes, or animal species that are now restriotthese environments. When designing a national
CWR conservation strategy it is therefore necesiairthe genetic conservation of CWR outside as
well as inside protected areas to be consideregsd hreas include roadsides, field margins, orehard
and even fields managed using traditional agraesiltural practices. Such areas often contain large
thriving populations of CWR and can act as impdrtamridors for CWR gene flow and dispersal, and
as reservoirs to bolster genetic reserve popuktion

If such sites are to contribute to sustainalsitu conservation there is a need to establish somé leve
of protection and consistency in management. A mament agreement must be reached with the site
owner and/or manager to ensure that current sitegeament is not changed to the detriment of CWR
diversity. Such agreements are now commonplaceifat roadsides in many North American and
European countries. A well-documented example isfkimd of local management agreement is those
used in the establishment of micro-reserves invidencia region of Spain (see Laguna, 1999; Serra
et al, 2004). However, there are no known agreementmysace in the centres of CWR diversity
wherein situconservation is a priority.

Many CWR species are also found growing as weedgricultural, horticultural and silvicultural
systems. For example, the Dryland AgrobiodiverBitgject in West Asia found that many intensively
cultivated areas contain significant CWR diversityheir margins in field edges, habitat patches or
roadsides (Al-Atawnebt al, 2008). In the base of the Beqaa Valley, Lebandmch is industrially
cultivated, there are globally significant poputas of rare CWR found along the roadsides, while in
the Hebron area of Palestine and Jabal Al-Druyiia, very rare wheat, barley, lentil, pea andhbea
CWR are common in modern apple orchards.

However, in many areas of the world this group etdy CWR species is particularly threatened
because of the widespread abandonment of thestamnadi cultivation systems. Several national
governments in developed countries are respondingdviding incentives or even financial subsidies
to maintain these systems (at least partially¥eture continued cultivation and through cultivatio
maintain the wild species that thrive in such amplaigenic habitats. Such grants are unlikely to be a
practical option in many developing countries, tatre is an opportunity for the integration of on-
farm landrace conservation with that of CWR divgrsi these and other countries.

Conservation of CWR is just as feasible outsideariventional reserves as it is within fully
designated genetic reserves. However, there aantatyes and disadvantages to this approach. A
major advantage of CWR conservation outside preteateas is that the management interventions at
the site are likely to be minimal and may simplydlve maintaining current regimes, along with an
agreement with the site manager not to make maragerhanges without discussion with the
overseeing conservation officer. However, as for”C@épulations within protected areas, routine
monitoring of these sites is necessary to ensereith management is actually maintaining the targe
CWR populations. A major disadvantage of CWR coratéwn outside protected areas is that they are
more likely to suffer from changes in land ownepsaind national or local policy, as compared with
formal genetic reserves, which are likely to be enguistainable in the long-term because to abandon
them would waste the considerable resources alre@uynitted to setting them up . Therefore, special
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measures need to be in place to ensure that rezhéaks are made of unprotected sites supporting
populations of CWR (particularly of critical poptians) and ideally an early warning system should
be put in place to alert authorities of any pendihgnges in land ownership or management.

1.8 Systematic approaches to CWR conservation

There are numerous potential approaches to achi¢hvinsystematic conservation of global CWR
diversity, but three distinct (though complemen}approaches may be characterized as individual,
national and global (Maxteet al, 2007):

Individual approach- The individual approach involves an individuatpcted area or gene bank
manager actively promoting CWR conservation witheprotected area or gene bank that they
manage. By promoting the presence of the CWR diyetise manager can add an additional
dimension to the public attraction of the reseinv@ease its conservation significance, and in
times of limiting financial resources for protecteéa maintenance further underpin the value of
the site. The value could be further enhanced fegréising the presence of the CWR diversity to
potential user communities (e.g., plant breedesgarch institutes, local people), as long as any
utilization that ensues does not put the populatadmisk of genetic erosion.

National approach+ The national approach involves an individual ¢gudeveloping a CWR
conservation strategy that results in the systemgpiresentation of the nation’s CWR diversity in
anin situnetwork of genetic reserves and, as a back-up meassitustorage of genetically
representative population samples in national ban&s. The objective is to maximize the
protection of the nation’'s CWR diversity and tdklithe conserved diversity to its actual or
potential utilization. The strategy has policy licgtions for the plant conservation and
exploitation agencies that are responsible famfgementation. Critically, as genetic reserves are
likely to be established within existing protecsgdas, national PGRFA and nature conservation
communities need to work together to achieve syaiemational CWR conservation.

Global approach- The global approach involves a strategy thaidependent of national political
borders and focuses on worldwide priority crop gaemas. Using this approach, CWR diversity
can be conserved systematically via a global nétafin situgenetic reserves and in backexp
situ collections. The sites selected for inclusion giabal network ofn situgenetic reserves must
initially focus on the crop diversity that is caesied to be critical for food security. They arestno
likely to be associated with the Vavilov ‘centrégliversity’, rather than spread evenly across the
globe.

Each of these three complementary approaches aimsdrporate CWR conservation within existing
protected areas and to be truly effective needfsctadeex situduplication of theén situconserved
diversity. However, the long-term sustainabilitybmfithin situ andex situconserved diversity can

only really be assured if that diversity is seehawe value; therefore, the use of conserved CWR
diversity is an important component of the consiowmastrategy. Importantly, the individual, natibna
and global approaches outlined above should neebe as alternative approaches but rather as a
holistic matrix needed to conserve overall CWR diitg.
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PART II: NATIONAL CWR CONSERVATION STRATEGIES

There are many potential approaches to systemslfik Conservation. But as every country contains
CWR diversity, they are obliged as signatorieh®@BD and ITPGRFA, or other policy instruments,
to adopt a national approach to systematically eaesthis diversity. This section outlines how a
national approach to developing a CWR conservaiaiegy can be implemented, including both
complementaryn situandex situmeasures. For more details of the approach, seex&na of the full
version of the study.

2.1 Introduction

The steps involved in developing a national CWRtegy are illustrated in Figure 1. The application
of this model is described in Annexe 3 of the fidfsion of this study: Case study: National CWR
conservation strategy for the UK, which outlinesvitbe UK National Inventory of CWR was
prepared.

National botanical diversity

Integration with international l
ecosystem, habitat and

species conservation plans ¢ ’ National CWR inventory

l

Prioritization of CWR taxa/diversity

l

Ecogeographic and genetic analysis of priority CWR

i

Identification of threats to CWR diversity

l

Gap analysis and establishment of CWR conservation goals

l

Development of in situ/ex situ CWR conservation strategies

— .

Identification of key global CWR PAs Identification of CWR taxa under-represented in gene
banks
Establishment of global CWR reserves Establishment of targeted CWR ex situ collections

—

Conserved gobal CWR diversity

— .

Traditional, general and Research and education
professional utilization

/

Figure 1. Model for the development of national CWR strategies (Maxted et al., 2007)
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The steps shown in the model require input at trgaimizational levels: the national (conservation or
more specifically PGR authority) level for the puotion of the inventory, establishment of taxon and
site priorities and ensuring the conserved divgisitised; and the individual site level (PAs dreat
sites outside PAs that are rich in CWR diversitighsas agricultural field margins or roadsides).

Although the two levels of responsibility (natiorzald individual) are interconnected, they can hkso
seen as distinct and with quite separate goalsn@itienal CWR strategy aims to ensure the
conservation of the maximum taxonomic and geneterdity of the country’s CWR. It results in the
conservation of priority CWR taxa in key protectedas, with back-up iex situcollections. For
individual CWR protected area or gene bank managfegsaim is not only to ensure the conservation
of the maximum CWR taxonomic and genetic diverdityt, also to promote the use of the conserved
diversity.

2.2 Creating the national CWR inventory

The starting point for preparing a national CWRsgmmmation strategy is the national CWR inventory,
which is likely to be derived from a national bdtai checklist. Most countries have some form of
floristic checklist, even if it is relatively olchd not digitized. For areas where there is no aatequ
Flora or the Flora is written in an unfamiliar largje, it may be possible to make use of the Flbaa o
neighbouring region. Thus, for example, the Fldrawkey lists many of the species found in Syria.

Having identified the national botanical checklise CWR can be extracted by applying a definition

of a CWR to the taxa in the list. Broadly speakingcause the taxa found in the same genus as a crop
are by definition in close taxonomic proximity teetcrop, they may be regarded as CWR taxa. Using
this broad definition, the process of producingaianal CWR inventory is one of identifying which
genera contain crop taxa and extracting the tak@mthose genera from the national botanical
checklist.

Having established the national CWR inventory, ¢hame two routes for potential interactions with
individual conservationists:

Sites or taxa of national importance can be idedtéind appropriate conservation action taken;

Individual conservationists, whether managing qmtete areas or collecting accessionsfor
situconservation, may consult the national CWR invgnimenact appropriate CWR
conservation policies.

2.3 Prioritizing CWR taxa/diversity

A strategy is needed for prioritizing the CWR thequire most immediate conservation action.
Opinions vary as to how this prioritization shoblel done. However, there is some consensus for an
initial, simple prioritization on the basis of e@mic value and relative threat alone (Magos Bretm
al., 2007; Barazargét al, 2008; Ford-Lloydet al, 2008). Some proxy for threat may be necessary if
the taxa have not already been assessed using@i¢ Red List criteria (IUCN, 2001). For example,

a simple assessment of geographic distribution lmealysed, with endemic and narrowly distributed
taxa being given higher priority than more wideigtdbuted taxa, the assumption being that they are
more likely to be threatened. But however prioatian is achieved and whatever criteria are used, t
total number of target CWR species must be redt@wachumber that can be actively conserved using
the available resources.

2.4 Ecogeographic and genetic diversity analysis pfiority CWR
Once the priority list of CWR species is identifi¢idere is a need to collate the ecogeographic and

genetic diversity information that is availableatssist in further formulation of the CWR conserwati
strategy.
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In terms ofin situconservation, the culmination of the ecogeographit genetic diversity analysis
should be a set of areas with high concentratidtiseopriority CWR species.

In terms ofex situconservation, the culmination of the ecogeographit genetic diversity analysis
will be populations of CWR taxa containing or thbtigp contain unique genetic diversity that is not
already conserveelx sity and once identified, this material may be co#ddcnd conserved in the
appropriate gene banks. It is important to notéwHdle accessions of CWR taxa may be heldxn
situ collections, this does not mean necessarily tleat #ne genetically representative samples—a
single accession in a gene bank does not meamtbr’s genetic diversity is effectively consenesd
situ.

2.5 Identification of threats to priority CWR taxa and important CWR areas

As well as assessing threat in relation to indigldDWR taxa (in order to assist prioritization for
conservation), there is also a need to assesg thnedation to conservation planning (i.e. toridfy
those important CWR areas most likely to be thresde

Among the region’s or country’s Important CWR Ar¢hsre is a twofold requirement: first, to focus
conservation effort in areas least threatened bly factors as changes in cultivation practices| civ
strife, habitat fragmentation, over-exploitatiorergrazing, competition from exotic invasive specie
increased urbanization and of course climate chasagthat the sites selected maximize long-term
sustainability; and second, where there is a nedgect of genetic erosion or extinction of CWRatax
to eliminate or minimize the threats to CWR taxd ansure the CWR taxonomic and genetic
diversity located in the area is adequately reprteskinex situcollections.

2.6 CWR gap analysis

The assessment of taxonomic and genetic consemeiticiency effectively involves a comparison of
naturalin situ CWR diversity with the diversity that has been skd@nd conserved eithier situ or
ex situ(Maxtedet al, 2008a).

In the absence of ‘real’ genetic diversity inforioatit is necessary to employ the proxy of
ecogeographic diversity. For example, if a prio@WR species is distributed throughout a country,
and unless there is evidence to the contrarynitbeaassumed that genetic diversity is partitianed
relation to ecogeographic diversity, and sampliognfthe maximum diversity of locations will result
in the most genetically diverse samples. In thigegdisparate ecogeographic locations would
identified for the establishment of genetic ressmethe sampling of populations fex situ
conservation.

2.7 Development ofin situ/ex situCWR conservation strategies
2.7.1. In situCWR conservation

The result of the ecogeographic and gap analysidiss of Important CWR Areas known to contain
prioritized CWR species. The next step is to idgmtihich combination of these sites contains the
optimal or ‘best’ sample of CWR species in the minim number of protected areas. The first
protected area chosen is likely to be the sitedbatains the highest concentrations of actual and
predicted CWR richness. The second site selectid isne with the highest concentrations of actual
and predicted species not present in the first aitd so on (Pressey and Nicholls, 1989; Prestey,
al., 1993; Rebelo, 1994). It is also advisable to sqleatected areas located in diverse locations—for
example, in the extreme north and south of the wpuor at sea level and on high land, etc.

Determination of the actual number of specific C\giRetic reserves will ultimately be pragmatic—
dictated by the resources availableifositu CWR conservation as well as the size of the couaridy
richness of its CWR flora. For example, in UK 1&siin existing protected areas (nine in Special
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Areas for Conservation and eight in Sites of Sp&ueentific Interest) were nominated to ensure 226
or 67% of CWR taxa were conseniadsitu. As a result two thirds of the priority CWR taxan
located in the network of UK CWR genetic reserves.

As noted previously, existing protected areasi@edyl to have been established to conserve habitats
or mega-fauna rather than CWR species, so the nuofiliVR species monitored is unlikely to be
large. It is therefore important that if an exigtiprotected area is provided with the designatspaat

of a ‘network of national CWR genetic reservesg thanagement plan is amended to give priority to
active CWR conservation.

Establishing key national CWR protected areas ples/an opportunity to monitor and assess short
and longer term changes in CWR diversity as a imuiton towards the CBD’s Biodiversity Target of
a significant reduction of the current rate of Ivedsity loss at global, regional and national Ieuzy
2010 (CBD, 2002).

2.7.2. Ex situCWR conservation

Establishingex situCWR conservation priorities involves comparing @R taxon’s actual
distribution to the pattern of distribution basedsampled gene bank holdings for the same taxon.
Non-congruence between the two distribution pastevifi highlight priority areas for future colleoti
andex situconservation.

2.8 CWR utilization

The establishment and management of the nationd® @&erves is not an end in itself—genetic
conservation must facilitate utilization, eithemnor in the future. Such utilization should be
‘sustainable’ and ‘meet the needs and aspiratibpsasent and future generations’ (CBD, 1992).

The general users of protected areas are peolalegat and whether local, national or internatipnal
their support may be essential for its long-tertitisal and financial viability (in fact, in some
countries, the general public ultimately finance #stablishment and continuation of protected areas
through taxation). Design of protected areas shoddlly take into account the needs of visitors by
including visitor centres, nature trails, lecturets,

The long-term sustainability of protected areasaay be ensured through the use of the divernity i
the protected area, as used diversity is moreylilkeehttract longer-term funding for its conserwoati
therefore, interest among stakeholders in the bavdity located in the protected area needs to be
stimulated.

Professional utilization of CWR species conserved protected area is similar to professional
utilization ofex situconserved germplasm. Protected area managers sitterapt to characterize,
evaluate and publicize the germplasm that can tnedfat the site, possibly in collaboration withgao
likely to use the material. The onus is on prot@erea managers, just as it is on gene bank masager
to promote utilization of the material in their ear

2.9 Research and education

There is a real need for a better understandispeties dynamics within protected areas to aid the
sustainable management of the specific taxa, lBotad a more general experimental tool for
ecological and genetic studiesinfsitu conserved species. Research activities based onatezial
conserved should be encouraged as they provideemage for the material conserved and another
justification for maintaining the protected area.

Raising public and professional awareness of tieel b@ conserve CWR can only engender
sustainability, both for specific protected areas eonservation actions in general.
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2.10 Linkage toex situconservation and duplication

A safety back-up is heeded to ensure the conservafiCWRs conserved situ, and population
samples should be collected and deposited in agptepx situcollections. Although botbx situand

in situtechniques have their advantages and disadvanthggsshould not be seen as alternatives or
in opposition to one another—rather, the two stiigeare complementary. Similarly, taking national
and global strategic approaches to CWR conservationld not be seen as alternatives—they, along
with the individual approach, should form a hotigtiatrix to conserve overall CWR diversity. As

well as ensuring the conservation of national CVilRe@ity, the national network of CWR genetic
reserves may also contribute to a global netwoi®WR genetic reserves if they contain CWR of
global importance. Thus, some national CWR gemeserves, particularly those in Vavilov centres of
diversity, may also be designated as CWR geneterves of international importance and be part of a
global network. Conversely, it is logical that egebtected area included in a global network is als
nominated as part of a country’s national CWR genmeserve network.
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PART 3: IMPORTANT AREAS AND CONSERVATION GAPS FOR C WR

As outlined in Part 1 of this report, there are fwinary strategic approaches to systematic CWR
conservation—national and global. Having outlinesvta national approach might be taken (Part 2),
we now turn to the application of the global apploand the establishment of a global network of
CWR genetic reserves.

This section explains the justification for selagtpriority crop gene pools, how to prioritize taxa
within these gene pools and the applicatiomdditugap analysis to identify priority sites. The
intention is to provide preliminary recommendatidémsthein situ conservation of a selection of
important food crops, while also providing a platfofor further research into these and other
important crop groups in the future.

For full details of the approach and the outcorses,Annexe 4 of the full version of the study.
3.1 Methodology
3.1.1. Selection of priority crop gene pools

The crops included in this background study amnanly those that have been identified as being of
major importance for food security in one or manbregion of the world (FAO, 1997) and are listed
in Annex | of the ITPGRFA (FAO, 2001). These aiagér millet Eleusine coracanabarley
(Hordeum vulgarg sweet potatolpomoea batatgs cassavaManihot esculentg banana/plantain
(Musa acuminatpg rice Oryza sativg, pearl millet Pennisetum glaucuynpotato Solanum

tuberosuny, sorghum $orghum bicoldy;, wheat Triticum aestivuhand maizeZea mayk In

addition, we have included three further crops #natlisted in Annex | of the ITPGRFA, are
regionally important, and for which data are readiailable—cowpeaJigna unguiculaty faba

bean Vicia fabg and garden pe#@{sum sativum

This does not constitute a definitive list of seapt important food crops. However, it includes
examples of different crop groups (cereals, foguihees, roots and tubers), species with different
breeding systems (cross-pollinating, self-pollingticlonally propagated) and crops of temperate and
tropical origin (FAO, 1997); thus, lessons learirethein situconservation of these crop gene pools
will be useful for other crop groups.

A further consideration in the selection of crop@gools has been the inclusion of crop groups that
occur within each of the eight Vavilov ‘centresdifersity’:
1.  Tropical Centre (South China, India and Southea&t)A
East Asiatic Centre (Central and West China, Katrapan and Taiwan)
Central Asia and Northwest India (Uzbekistan, Kazstdn, Kirgizstan and India)
South West Asiatic Centre (Turkey, Iran and Afghtam)
Mediterranean Centre (countries bordering the Medihean sea)
Abyssinian Centre (Ethiopia)

Central American Centre (South Mexico and CentrakbAca)

© N o gk D

Andean Centre (Peru, Ecuador, Bolivia and Chile).

Therefore, the crop groups selected present a lglepgesentation of crop and CWR diversity.
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3.1.2. Selection of target species

Within each crop gene pool, the wild relatives #ua most closely related to the cultivated taxen a
generally given priority over the more distanthated species because these are the taxa that can
more easily be used in crop improvement using catweal breeding methods. However, we have
also reviewed the literature for information on km®wn uses or potential uses for crop improvement
of all species within the same genus as the crapjracases where a more distantly related taxen ha
been highlighted as a gene donor (or potential gener) these are also afforded conservation
priority. Of these prioritized taxa, those in masgent need of conservation action are given
precedence (i.e., those with a very limited gedgiamnge—often endemic taxa—and/or known to
be under threat).

Other distantly related taxa that have not yet bdentified as potential gene donors for crop
improvement may be important as gene donors ifutiiee, particularly in the light of climate

change; therefore, they should not be ignored mservation planning for crop gene pools in general
and in future expansion of the network of CWR genetserves. Widespread and common taxa may
also be overlooked, based on the assumption thatthege conservation is necessary. However, there
is a danger that many of these taxa could beconne rastricted and threatened in the future.
Furthermore, individual populations of these taxayrharbour important genes adapted to particular
environmental conditions—genes that may confer ntamb traits to improve crops in the future.

Therefore, while this study primarily targets thaeerand threatened taxa that are most closeledklat
to the crop species or that have shown promiseoin icmprovement programs, thesitu network of
CWR reserves should in the long term be expandeddare that all taxa of potential importance for
crop improvement (both closely and more distardlgted and both rare and widespread) are actively
conserved, bot situandex situ

In this study, where genetic information is avdiadnd taxa have been classified using the Genk Poo
concept (Harlan and de Wet, 1971), wild relative&P1B and GP2 are generally afforded
conservation priority, except for some specificeasagwhere taxa in GP3 have shown promise as gene
donors and/or are very rare, highly threatenedawehiestricted distributions. For those crops where
this information is not available, we have appliee Taxon Group concept (Maxtetlal, 2006), and
where applicable afforded priority to those tax¢himi TG1b and TG2. For crop genera that have not
been subclassified into sections or subgenerawaiable information on genetic and/or taxonomic
distance has been analysed to make reasoned asmsrgiiout the most closely related taxa.

In order that each crop case study in this regorbnsistent in the data presented, whichever
classification of the degree of relatedness ofatié relatives to the crop has been used, we have
presented them as being either primary, secondasgyteary wild relatives, and in each case, the
appropriate reference or explanation for the diassion is given. In cases where there are maxg ta
in the tertiary wild relative group, we have natdid individual taxa but noted the number of tan@ a
provided a reference for further information. Tanyi wild relatives are also only included to specie
level.

3.1.3. Selection of target sites

The most efficient approach to establishing CWRetjerreserves is to set them up within existing
protected areas when possible (Maaedl, 2008b). Therefore, the most appropriate proteateas
(e.g., national parks and heritage sites) in whiclocate genetic reserves need to be identified. T
achieve this, distribution data have been obtafoethe target species identified within each crop
gene pool and a GIS programme used to map theseldaig with protected area data, to ascertain
whether populations of the target species areyit@bccur within their boundaries. Using this
method, we have identified the protected areasattgapredicted to contain populations of the target
CWR; however, it will be necessary to confirm cownd truth the actual existence of a target taxon
population or populations within these sites.
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Obviously, not all the target taxa occur withinsgxig protected areas; therefore, we have also
identified high priority sites that contain (or dileely to contain) populations of target taxa thes
currently not protected.

Target taxon populations that occur within existimgtected areas should be prioritized for inclasio

in the CWR genetic reserve network on the basistitteyy have already been afforded some degree of
protection, even if only by default. However, aetsite management and monitoring is needed to
conserve the range of genetic diversity inheref@\WR populations.

If no target taxon populations occur within exigtjprotected areas, these populations should also be
immediately prioritized for inclusion in the CWRrggic reserve network on the basis that they have
not already been afforded any degree of protec@tviously, in this case, new protected areas will
need to be established; which presents a greadéienge.

For some target taxa, it may be necessary to camg@pulations both inside and outside existing
protected areas, depending on a range of ecogdugifaptors. Ideally, detailed ecogeographic
surveys should be carried out for each of the taeg@. Furthermore, in the light of climate change
projections should be made when possible to asisedselihood of the taxon’s range changing
significantly in the coming decades. When this tgpaformation is available, the possibility of

linking protected areas to allow for this migratiamd to secure suitable habitat for the continued
survival of the populations, should be investigatédwever, with limited resources and an urgent
need to afford some degree of protection to taty¥R populations, pragmatic decisions often have to
made, based on the information available to us now.

Nomination of reserves at the target locations alag be hindered by a range of socio-political and
economic factors, such as land use conflicts, ssefitand ownership, lack of local support,
insufficient funding, or lack of infrastructure andpacity for reserve establishment. However, these
issues are outside the scope of this backgroumly stind will need to be carefully investigated on a
site-by-site basis.

A further important consideration is for the esigtininent of reserves in Vavilov's ‘centres of
diversity’, or ‘centres of origin’ of crop plantas outlined above. These are the areas of the watd
are recognized as not only being the centres @fslity for crop complexes, but also the centre of
domestication too. While the establishment of nesein the Vavilov centres is desirable, this does
not negate the need for genetic reserve establighiorethe target taxa outside their centres of
origin/diversity—this has to be considered on sedag-case basis.

3.1.4. Data collation and analysis

Data were collated from a variety of sources; iditig peer-reviewed literature, books, the internet,
databases and personal communications. Nationahtasrdational protected area data were
downloaded from the World Database on Protected#\re
(http://iwww.unepwcmc.org/wdpa/index.htm). Theseadatk freely available for non-commercial use.
Geographic data were analysed in ArcGIS 9.2 andsmpagduced from the same software.

3.2. Crop case studies

For each crop included in this study, taxon datethhave been produced that provide the following
information:

Crop common name- primary vernacular name used
Crop scientific name— the crop taxon to which the CWR are related

Principle synonym(s)— commonly used synonyms
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Global, regional and local importance- a review of the uses of the crop and its socimeaic
importance

Taxonomic classification— the classification used in this study and disonssf taxonomic
issues

Wild relatives — a list of CWR classified according to their riefatdegree of relationship to the
crop (primary, secondary and tertiary wild relagive

Distribution and centre of diversity — discussion of the distribution of the crop asdaitld
relatives, outlining the centre(s) of diversity

Known uses of wild relatives in crop improvement- a review of crop breeding efforts that have
utilized wild relatives

Priority taxa — identification of the highest priority taxa foniediate inclusion in the CWR
genetic reserve network, with supporting justifimat

Priority sites — identification of the highest priority sites formediate inclusion in the CWR
genetic reserve network, with supporting justifmat

Recommendations- recommended conservation actions and requiredwgritsther research

Examples of two data sheets are presented helbimaated form. The full data sheets for all 14
crops are presented in Annexe 4 of the full versibiine study.

3.2.1. Rice

Scientific name
Oryza sativa..

Principle synonyms
Padia meyerian&oll. & Moritzi, Oryza formosan®asamune & Suzuki

Global, regional and local importance

Rice feeds half the world’s people—mainly in Aslagksoret al,, 1997)—and is the crop with the
second highest total production (after maize) (63dillion t in 2006) (FAO, 2008Db). It is the most
important food energy source in the world—demandit® is increasing at the rate of about 1.9%
annually, the number of rice consumers is likelintrease by 50% and the food requirement by 25%
during the next 20 years (Brar, 2005). The culedaAsian rice©. satival..) is spread worldwide and
is planted on a much larger scale than African @eglaberrimaSteud., which is confined almost
exclusively to West Africa and is being replaced®syan rice (Chang, 1995). Rice is produced under
a wide variety of climatic conditions, ranging frahe wettest areas of the world to the driest It i
cultivated from 53°N to 35°S in latitude around ghebe. China and India are the main growers, but
the USA and Thailand are the main exporting coast{Chang, 1995). Highest rice yields are
achieved in high latitude regions with long daygdgnand where intensive agriculture is the norm, or
in low latitude areas where there is very high is@diation. The six countries with highest riceas
cultivated and production are China (29.4 milli@ndr 19.0%/184.0 million t or 29.0%), India (43.7
million ha or 28.3%/136.5 million t or 21.5%), Inuesia (11.4 million ha or 7.4%/54.4 million t or
8.6%), Bangladesh (11.2 million ha or 7.3%/43.7iamilt or 6.9), Vietnam (7.3 million ha or
4.7%/35.8 million t or 5.6%) and Thailand (10.1lmai ha or 6.5%/29.2 million t or 4.6%) (FAO,
2008D).

Taxonomic classification

The genu®ryzaincludes two cultivated specied, sativaandO. glaberrima both of which are
diploid and are designated as members of the Argergroup (Vaughan, 1994). These two species
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show relatively small morphological differences @aah be hybridized, though hybrids are highly
sterile (Chang, 1995). There are 21 wild specidkimihe genus, possessing one of, or various
combinations of, the 9 genomes (Aggareihl, 1997; Kurata, 2008). There are both diploid and
tetraploid species, some being allopolyploid. Theereains some debate over how best to classify the
infra-specific diversity of Asian rice. sativg—the classifications produced reflect the data sources
used in their construction, but the indica, japaraad javanica terminology has been extensivelg use
within O. sativaby plant breeders (Chang, 1976). This conceptfuriiser developed by Glaszmann
(1987), who recognized isozyme groups | to VI teatibde the bulk of the primary gene pool of Asian
rice, where group | corresponds to the indica aicé group VI encompasses the japonica and javanica
(tropical japonica) types.

Wild relatives

The infra-generic classification @iryzais yet to be agreed and the situation is complithiethe
relative success of interspecific crosses, pagitylwhen embryo rescue is employed (Brar and
Khush, 1997). This makes the application of thesitaHarlan and de Wet (1971) Gene Pool concept
difficult to apply (Oka, 1991). Within the prima®A genome wild relatives, Kwoat al. (2006)

found three groupings based on Rim2/Hipa Cactaprason display. The first group of Asian species
was composed d@D. sativa O. nivaraandO. rufipogon the second group composed of the African
specie. glaberrima O. barthiiandO. longistaminataas well as the Americad. glumaepatulda
grouping previous identified by Chergal, 2002), and the third group contained the Australi
specieD. meridionalesalone. The two cultivated speci€, sativaandO. glaberrima are thought to
have originated fron®. rufipogonandO. barthii, respectively (Bautistet al, 2001); therefore, these
may be regarded as the closest wild relativesadty bn the basis of RFLP analysis, dtal. (2002)

have questioned the validity of the specific distiion betweerD. sativa O. nivaraandO. rufipogon
Overall, however, based on an extensive literatuedollowing may be identified as primary,
secondary and tertiary wild relatives:

Primary wild relatives
Oryza sativa_. f. spontanedroshev.
. nivaraS.D. Sharma & Shastry
. rufipogonGriff.
. glaberrimaSteud.
. barthii A. Chev.
. longistaminataA. Chev. & Roehrich
. glumaepatulsteud.
. meridionalisN.Q. Ng

O 0O 0O 0O 0o oo

Secondary wild relatives

O. officinalisWall.
. minutaJ. Pres|. & C. Presl.
. thizomatiD. A. Vaughan
. eichingeriPeter
. punctateKotschy ex Steud.
. latifolia Desv.

. altaSwallen

O O 0O 0O O 0o

. grandiglumisProdoehl
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O. australiensiomin

Tertiary wild relatives
OtherOryzaspecies and species£ifania PorteresiaandLeersia

Distribution and centre of diversity

The two cultivated specie®, sativaandO. glaberrima were domesticated independently from A
genomeOryzaspecies in Asia and Africa (Ogawa, 2003). Althouggmy authors have suggested
India as the centre of domestication of Asian (@@esativa, the earliest archaeological evidence is
only from 2500 BC, whereas sites in China showivatibn dated to 8500BP and there is recorded
evidence of cultivation to 3000 BC in China and@®&T in Thailand (Solheim, 1972). Asian rice was
introduced to the Mediterranean region followingXdnder the Great's expedition to India between
344 and 324 BC and to the Americas with Europe#tfese(FAO, 1998). The wild species are found
almost exclusively within the boundaries of theptes, while cultivated rice is grown as far as BD°

in China and 40° S in Argentina.

Known uses of wild relatives in crop improvement

Wild species oDryzaare important sources of genes for resistance jormtic and abiotic stresses
(Table 2) and have been widely used in rice brepdimirogression of genes from various wild
species, such &@. nivarg O. longistaminata, O. officinaliandO. rufipogon(Xiao et al, 1998) has
resulted in the transfer of a range of importaaitdr including resistance to grassy stunt virus,
bacterial blight and brown plant-hopper (Brar arftugh, 1997). Direct crosses and embryo rescue
techniques have been used to successfully prodioréadh between Asian rice and all other wild
species (excef. schlechte)i Recently, IRRI researchers have characterizeddandidate genes for
stress tolerance and nutritional and grain qualityre African species). glaberrima and five
candidate genes in 152 wild accessions (IRRI, 26D.7)idleyi, a remote tetraploid CWR species has
several useful genes for resistance to BB, tunggitow stem borer and leaf-folder (IRRI, 2004).

Table 2. Progress in the transfer of agronomicallymportant genes from wild Oryzaspecies into
cultivated rice at IRRI (Brar, 2005).

Trait Donor species

Grassy stunt resistance . hivara

Bacterial blight resistance . longistaminata
. officinalis
minuta

. latifolia

. australiensis

. brachyantha

Blast resistance minuta

. officinalis
minuta

. latifolia

. australiensis

Brown plant hopper resistance

White-backed plant hopper resistance . officinalis

Cytoplasmic male sterility perennis

. glumaepatula

Tungro resistance . rufipogon
. rufipogon

. rufipogon

OO0 OO0 O OO0OO O OO0OOO0O O
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Introgression lines under evaluation

Yellow stem borer O. longistaminata

O. rufipogon
Sheath blight resistance O. minuta

O. rufipogon
Increased elongation ability O. rufipogon
Tolerance of acidity and iron and O. glaberrima
aluminium toxicity O. rufipogon

O. rufipogon
Resistance to nematodes 0. glaberrima

Priority taxa

High priority taxa
O. longiglumis— distribution: Indonesia (Irian Jaya), Papua Neavinea
O. minuta— distribution: Philippines, Papua New Guinea
O. rhizomatis— distribution: Sri Lanka

O. schlechteri- distribution: Indonesia (Irian Jaya), Papua N&avinea

Other priority taxa

All other species in the genu®.(alta, O. australiensis, O. barthii, O. brachyhat O. eichingeri, O.
glaberrima, O. grandiglumis, O. granulata, O. lalif,, O. longistaminata, O. meridionalis, O.
meyeriana, O. nivara, O. officinalis, O. punctafa,ridleyi, O. rufipogon, O. satiya

Priority sites (high priority taxa)

Based on the analysis presented in Figures 2 ating 3pllowing locations should be investigated
further as potential sites for situ conservation of the highest priority rice wildaties:

Papua New Guinea

Tonda Wildlife Management Area (IJUCN category VddRamsar site). Data analysis indicates
thatO. minutaandO. longiglumisare found within the boundaries of this proteetesh.

Neiru Wildlife Management Area (IUCN category VHdKikori Marine Park/Reserve (proposed
IUCN site).O. schlechterhas been recorded in the near vicinity (to thevedghis site.

Bismarck-Ramu National Park (proposed IUCN sife)schlechterhas been recorded in the near
vicinity (to the north and southeast) of this site.
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Figure 2. Distribution of high priority rice wild relatives). longiglumis O. minut4 andO.
schlechter?

4 0. minutais also distributed in the Philippines, but cooadndata were not available for this study.

® Data sources O. longiglumisandO. minuta Plants of Papua New Guinea (accessed through G&eportal,
http://data.gbif.org/datasets/resource/969 04/@BRAustralian National Herbarium (CANB)
(http://data.gbif.org/datasets/resource/47 04/0B32ONSW herbarium collection (http://data.gbif fofatasets/resource/968
04/08/2008)0. schlechteriVaughan (1994) (inferred from map, p. 68).
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Figure 3. Distribution of the high priority rice wild relaté, O. rhizomatis Data source: SINGER
(accessed through GBIF data portal, http://dathaygidatasets/resource/1430 04/08/2008).

Indonesia (Irian Jaya)

Gunung Lorentz National Park (ASEAN Heritage sitéd)hough no occurrences of the high

priority taxa are found within the boundaries @ forotected areq). schlechterhas been
recorded some 30 km outside the southeast boundary.

Sri Lanka
Yala Strict Nature Reserve (IUCN category la) aathY{Ruhuna) National Park (IUCN category
I1). O. rhizomatishas been recorded within the boundaries of thesedjacent protected aréas
Wilpattu National Park (IUCN category 1. rhizomatishas been recorded within the boundaries
of this protected aréa

Weerakulicholai-Elavankulam Forest Reserve (prapdd€N). O. rhizomatishas been recorded

on the southeastern boundary of this protected @heslocation is also close to the neighbouring
Wanniyagama Forest Reserve.

Wilpotha Forest Reserve (proposed IUCN sfie)hizomatishas been recorded close to (just
outside) the eastern boundary of this protecteal are

6 0. eichingerihas also been recorded within this protected @®ardinates not available) [Data source: Australia
National Herbarium (CANB) (accessed through GBIEd#ortal, http://data.gbif.org/datasets/resourtc€8/08/2008)].
" 0. eichingerihas also been recorded within this protected @®ardinates not available) [Data source: Australia
National Herbarium (CANB) (accessed through GBIEdg#ortal, http://data.gbif.org/datasets/resourt€8/08/2008)].
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Puwarasankulam Forest Rese@erhizomatishas been recorded close to (outside) the north-
eastern boundary of this protected area.

Recommendations

Despite warnings of the loss of wild rice diverskiyough habitat destruction and introgression
from cultivated populations (e.g., Akimatbal, 1999; Faret al, 2000; Gacet al, 2000; Gao,
2003), and the need for systematisitu conservation with the establishment of protectedsa
(Vaughan and Chang, 1992), there remain no genestitves that conserve wilityzadiversity.
These threats are having a serious impact on ¥kesity of the wild rice gene pool; therefore,
implementation of a network of wild rice genetiseeves is critical to global food security,
particularly in Asia where the human populatiodependent on rice as a staple food.

The high priority taxa identified in this study dhese that are of very limited distribution and
therefore likely to be in greatest threat of genetosion. The locations of these taxa require
verification by visiting the identified sites. Dé¢al ecogeographic surveys should also be carried
out to identify further locations by converting &g descriptive locations to geographic
coordinates.

Based on this study, it is possible that thredettigh priority taxa may already have been
afforded some degree of protecti@ Minuta O. longiglumisandO. rhizomati}, since data
analysis indicates that they are likely to be fowiittiin the boundaries of existing protected areas.
These data require verification and if they arantbat these sites steps should be taken to ensure
that genetic management is put in place as an@djuthe existing management plan for the sites.

O. schlechteronly occurs in Irian Jaya and Papua New Guinedtas@nalysis indicates that
none of the known locations are protected. Howegame locations are in the vicinity of existing
protected areas and it is therefore possiblehiegtrinay also be found within the identified sites.
This requires verification by visiting the sitelsnbne of the known locations of this taxon are
found within the boundaries of existing protectesha, steps should be taken to establish new
genetic reserve sites at the most suitable loation

In this study, we have focused only on the highastity taxa (i.e., those with very limited
distributions). This does not negate the needdtiveaconservation of the other priority taxa.
While these taxa have wider distribution ranges,dbes not mean that they are not under threat
of genetic erosion. Detailed studies of all theldtyzaspecies are needed in order to identify
priority locations for their conservation throughtheir range. For example, in China Gao and his
co-authors have been actively promoting the neegeioetic reserve conservation of wild rice
species, specifically to conserve population®.olifipogonin Dongxiang and Jiangxi Province
(Gao, 2003) and locate additional populations ianfiang, Yunnan Province.

With such large collections as the IRRI genebankirmesed to be more than 107 000 accessions
made up of mostly landrace or breeding materia®. cfativa, O. glaberrimand wildOryza
species, and representative species from eightagamthe tribeOryzeadqIRRI, 2008)—it is not
unreasonable to assume that as much diversityndsecefficiently collected is being conserved.
However, as Lt al. (2002) noted, geographic isolation played a sicanit role in the
differentiation of theédryzaaccessions; therefore, a fel situgap analysis study is needed.
However, parallel to this action there is a neestrisamline existing collections by identifying and
removing duplicates and particularly through depeient of a core collection (Ford-Llowd al,
1997; Jacksost al, 1997).

Far fewer samples of wild species are conseexesitu There are 4370 wild species in the IRRI
genebank (IRRI, 2008), but several of these, imetudliose wild relatives, are represented by only
a handful of accessions. Major collections alsseteriChina, India, the USA, and Japan and at the
Africa Rice Centre (WARDA), but the relative undepresentation of wild species is duplicated

in mostex situgene banks worldwide. Before further collectingleaned, the priority for these
species is to determine what new genetic divefadgitional alleles) might be added to existing
collections by carefully planned germplasm acquaisét of different species (Hawkesal, 2000).
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3.2.2. Wheat

Scientific name
Triticum aestivuni.

Principle synonyms

T. hybernuni., T. machaDekap. & Menab.T. sativunmLam.,T. sphaerococcurBercival,T. vulgare
Vill.

Global, regional and local importance

Wheat is grown in almost all areas that are cropercept the humid lowland tropics. Rain-fed winter
wheat dominates agricultural production in Eurdpe,USA, Ukraine and southern Russia, while
spring sown wheat predominates in semi-arid canitiof Canada, Kazakhstan and Siberia. Bread
wheat {Triticum aestivunsubspaestivum forms the most widely cultivated taxon of a graip
closely related cultivated wheat species, includidvgum or macaroni wheéf. turgidumsubsp.
durum), grown primarily in the drier areas of the Mediémean Basin, Australia, India, the former
USSR, Argentina and the central plains of the US4 Ganada; the less widely cultivated emnier (
turgidumsubspdicoccon which is currently cultivated in Morocco, Spais(urias), the Carpathian
mountains on the border of the Czech and Slovakhiegs, Albania, Turkey, Switzerland and Italy;
einkorn [T. monococcursubspmonococcumwhich is primarily cultivated in Ethiopia, but #&so
grown as a minor crop in India, Italy and the nagéistern parts of the eastern Mediterraneanand
timopheeviwhich is cultivated in restricted areas of theriB@aucasia (Feldmagt al, 1995; Dubiret
al., 1997). The largest wheat-producing countrie0@62were China (104.5 million t), India (69.4
million t), USA (57.3 million t), Russian Federati¢45.0 million t), France (35.4 million t) and
Canada (27.3 million t) (FAO, 2008b).

Taxonomic classification

The tribe Triticeae of the family Poaceae is ecapally the most important of the grass family, &s i
contains numerous important crop and forage spéeiesats, barleys, ryes and others) (Feldetan
al., 1995). The wheat genugiticum L., comprises a series of diploid, tetraploid &edaploid forms
that have arisen by hybridization and introgres$ietween various closely relat€dticum and
AegilopsL. species. For example, bread wheat is thoughate originated as a natural hybrid
between the amphidiploid emmgriticum turgidum(AABB genome) withAegilops tauschifsyn.Ae.
squarrosa (DD genome) (McFadden and Sears, 1946). Linnaéts3jIrecognized bothriticumand
Aegilops which comprise the core gene pool of the wheet$wo distinct genera. Subsequent
taxonomists have failed to agree on the precigandiion between the two genera, but van Slageren
(1994) argued for their retention, with the cultectaxa and their closest wild relativesTiiticum

and the wild forms irAegilops The genudriticum is composed of six species—two diploids, two
tetraploids and two hexaploids (van Slageren, 198bjle Aegilopscomprises 22 species, inclusive of
ten diploids, ten tetraploids and two hexaploidafkers and van Slageren, 1998).

Wild relatives

There is some disagreement between taxonomistsluwg@recise delimitation of GP1, GP2 and GP3
in the wheat gene pool. One interpretation is inaposed by van Slageren (1994):

Primary wild relatives

Triticum aestivunsubspcompactum
subspmacha
subspspelta
subspsphaerococcum

T. monococcuraubspaegilopoidegwild einkorn)
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subspmonococcunfcultivated einkorn)

T. timopheevisubsparmeniacum
subspdurum
subsptimopheevii

T. turgidumsubspcarthlicum
subspdicoccoideqwild emmer)
subspdicoccon(cultivated emmer)
subspdurum
subsppaleocolchicum
subsppolonicum
subspturanicum
subspturgidum

T. urartu

T. zhukovskyi

Secondary wild relatives

All Aegilops species (particularle. biuncialis, Ae. columnaris, Ae. crassa, Aandyica, Ae.
geniculata, Ae. juvenalis, Ae. neglecta, Ae. spE®) Ae. tauschii, Ae. triuncialis, Ae. umbellalat
Ae. ventricospandAmblyopyrum muticum

Tertiary wild relatives
Several species dfgropyronandElymus and other more remote members of the tribe Eidic

Distribution and centre of diversity

The primary centre of natural distributionTaiticum andAegilopsis Transcaucasia, the Fertile
Crescent and the eastern Mediterranean regionscuitieated wheats spread from this region in
Neolithic times (Zeven, 1979) and established sgagncentres of variation in the Hindu Kush, China
and Japan, and probably the African Sahara. Theldison of the cultivatedriticum species is

heavily influenced by humans—the hexaploid speaiefound worldwide in drier and cooler regions,
the tetraploid species are found throughout theitdednean Basin, Transcaucasia and Ethiopia, and
the diploid species are more restricted to thehreastern Mediterranean (Kimber and Feldman,
1987).Aegilopsspecies have a much wider distribution, extendirmum-Mediterranean and into
Central Asia, as well as Transcaucasia and thdd-€rescent (van Slageren, 1994).

Climatically, Triticum andAegilopsspecies are limited to areas with hot, dry sumraatswinter
rainfall, while away from the sea they can alsddud in dry continental areas with colder winters.
The entire altitudinal range of the taxa is frorB04near the Dead Sea) to 2700 m, but most species
are much more specific and are most commonly fdtord 500-1200 m (van Slageren, 1994).

Known uses of wild relatives in crop improvement

The history and extent of the use of CWR for whegtrovement is unrivalled (Hodgkin and Hajjar,
2008). McFadden (1930) was the first to transfairdble traits via inter-specific hybridization to
wheat when he introduced disease resistance frameenvheat. Examples of beneficial traits
introduced to wheat from related wild species idelyellow rust resistance (Mcintoshal., 1966;
Penget al, 1999; Milletet al, 2008), leaf rust resistance (Kerber and Dyck 91 9ll et al, 1988;
Mcintoshet al, 2003; Maria®t al, 2008),Septoria stemrust, powdery mildew, eyespot and other
disease resistances (Jalgerl, 1979; Milleret al, 1987; Lagudah and Appels, 1993; Mujeeb-Kazi
and Hettel, 1995; Mujeeb Kaet al, 2001), hessian fly-resistance (Cox and Hatcthé84), greenbug
resistance (Wellst al, 1982), cyst nematode resistance (Deldtes., 1993), root knot nematode
resistance (Raupgt al, 1993), grain protein content (Avivi, 1978; Hoigiaonet al, 1999), water-
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logging tolerance (Villareadt al, 2001), sprouting suppression (Xiu-&nal, 1997) and quality-
desirable glutenins improvement (Williaghal, 1993; Peaet al, 1995).

Wheat wild relatives still hold additional potetityauseful traits for resistance to biotic and alsio
stress (the latter particularly important in tineé<limate change), and for technological and
nutritional quality (Milletet al, 2008). Many useful traits have been transfefma Aegilopsspecies
to wheat; however, there remains much that cartitieed, particularly inAegilopsspecies not
previously evaluated and with the aid of advanceteoular characterization (Schneia@ral, 2008).

Priority taxa

High priority taxa
T. monococcursubspaegilopoides
T. timopheevisubsparmeniacum

T. turgidumsubsppaleocolchicum
subspdicoccoides
subsppolonicum
subspturanicum

T. urartu

T. zhukovskyi

Other priority taxa (Maxtecet al., 2008c)
Ae. bicornis
Ae. comosa
Ae. juvenialis
Ae. kotschyi
Ae. peregrine
Ae. sharonensis
Ae. speltoides
Ae. uniaristata

Ae. vavilovii

Priority sites

A recent study oAegilopstaxa diversity (Maxte@t al, 2008c¢) identified two particular hotspots
containing between 12 and Mgilopsspecies—the first in western Syria (covering Daguas
Homs, Hama, Idlib and Halab provinces) and Northeabanon (North, Central and East Bekaa
Valley), and the second in northern Iraq (Ninawd Arbil provinces). The same study undertook
complementarity analysis on &egilopsdataset of 9866 records and identified the five 2400 km
grid cells required to capture all 22 species eAbgilopsgenus (Figure 4), giving the most suitable
sites to implement complementary genetic resermea@wation for thé\egilopsgene pool.

In the current study, distribution data for higlopity Triticum species obtained from NPGS and
GBIF were plotted (see Figure 5), showing Turkeyhasmain centre of diversity of the taxa, with
Iraqg, Iran, Georgia, Azerbaijan, Syria, Lebanormadtand Palestine also containing populations of
high priority taxa. A more complete data set ol#dithrough a detailed ecogeographic survey would
most likely reveal further locations of high prigrtaxa; for example, Armenia and central Israel ar
known centres of wild wheat diversity, but this\ reflected in these data sets.
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Figure 4. Location of five complementaiegilopsspecies diversity hotspots (Maxtetal, 2008c).
Total numbers oAegilopsspecies present in each shown, as well as adalitayilopsspecies not
found at other sites in brackets.

Based on the data presented in Figures 4 and ¥ltbeing sites/locations are important for
thein situ conservation of wheat wild relatives (see Figure 6

Qal'at Al Hasn, Homs province, Syria. Maxggtdal. (2008c) identified this location as the best
option for a single reserve fAegilopsas it has the highest concentration of taxa (1dyvéver,
there are currently no protected areas in theitycamd a recent study (Keisaal, 2008) found

that this area is being developed for tourism vapydly and is highly threatened. Designation and
site protection is a priority.

Ham, Baalbek-Hermel province, Lebanon. The siteegsablished as a genetic reserve under the
recent Global Environment Facility funded regigmaject on: ‘Conservation and Sustainable Use
of Dryland Agrobiodiversity in West Asia’ (http:/Amw.icarda.cgiar.org/gef.html) though the
current level of active conservation is unknown.

Central Israel, possibly within Eshqgol (Habsor)iblzdl Park (IUCN category V), Ha Besor
Nature Reserve, Karmiyya Nature Reserve, Kurkav&@m Nature Reserve, Lahav Darom
Nature Reserve, Lahav Zafon Nature Reserve or &eyydt Nature Reserve (all IUCN category
IV). Although these sites have fewer toAalgilopsspecies, they do contain additional endemic
species.

Uludag National Park, Bursa province. There a#e@ilopsspecies present and two additional
species to those found in West Asia.

Erebuni State Reserve, Yerevan, Armenia. The 88d&ve was established in 1981 near
Yerevan in the foothills of the Ararat concavitydahe south-western slope of Voghjaberd upland,
specifically to protect wild cereals (Avagyan, 2D08he site was also included as a genetic
reserve within the recent Global Environment Fgdilinded regional project orin’ Situ
Conservation of Crop Wild Relatives Through Enhdriogéormation Management and Field
Application’ (http://mww.cwr.am) though the currdavel of active conservation is unknown.

Khashuri near Thilisi, Georgia. Data analysis iatgs thal . turgidumsubsppaleocolchicunand
T. zhukovskyoth occur at this location. This is the only lamaof T. zhukovskyghowing in this

analysis and one of two locations of wildturgidumsubsppaleocolchicungthe other location is
in Azerbaijan). The location does not appear tprbgected, though it could fall within the
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unknown boundaries of Nezdi Nature Sanctuary (IWatégory IV) and the Borjomi Nature
Reserve (IUCN category Ia) is also close by testheghwest.

Urfa, Turkey, 16—18 km east of Siverek. Data anglsisows this location to contain populations
of T. monococcuraubspaegilopoidesT. turgidumsubspdicoccoidesandT. urartu This area is
not currently protected but the relatively geogregily close Ceylanpinar State Farm on the
Syrian border was designated as a genetic resgihe islobal Environment Facility funded
TurkishlIn situ Conservation of Genetic Diversity Project, whiohdwing a detailed survey was
found to contairf. monococcunT. dicoccoidesAe. speltoidesar.speltoidesAe. speltoidesar.
ligustica Ae. tauschjiAe. crassgAe. juvenalisAe. vavilovij Ae. triuncialis Ae. biuncialisAe.
triaristata, Ae. caudatpAe. columnarisAe. umhellulatpAe. ovataAe. cylindrica along with
Hordeum spontaneurtl. bulbosumotherHordeumspp. anddvenaspp. (Karagtz, 1998). The
current level of active conservation within the $& unknown.

Arbil, Irag, 1 km northeast of Salahadin and 4 lartimeast of Shaglaw@. monococcuraubsp.
aegilopoidesT. timopheevisubsparmeniacunandT. urartuhave been recorded at these
locations, which are currently not protected.

Bakhtaran province, Iran. PopulationslotimopheevisubsparmeniacumT. urarty, T.
monococcursubspaegilopoidesandT. turgidumsubspdicoccoidesave been recorded in this
province. Data analysis indicates that none ofttesa are currently protectesity, except
perhaps foll. monococcuraubspaegilopoideswhich is on the edge of Bisotun Protected Area
(IUCN category V and World Heritage Convention)isT$ite and the neighbouring Bisotun
(Varmangeh) Wildlife Refuge could however contampylations of all these taxa. Searches are
required. To the southwest, searches in Ghalagdded Area (IUCN category V) should also be
carried out. Critically, populations @f timopheevisubsparmeniacunandT. urartuappear not

to be protected in this vicinity.

El Begaa, Lebanon, between Kfarkouk and AlhanonococcuraubspaegilopoidesT.
timopheevisubsparmeniacurmandT. turgidumsubspdicoccoideshave been recorded at this site,
which is currently not protected.
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Figure 5. Distribution of high priority wheat wild relativegg riticum spp.). Data sources:
monococcunsubspaegilopoidesT. timopheevisubsparmeniacumT. turgidumsubspdicoccoides
subsppaleocolchicumT. urartuandT. zhukovsky+ USDA, ARS, National Genetic Resources
Program. pcGRIN. National Germplasm Resources laaboyr, Beltsville, MarylandT. turgidum
subspdicoccoidessubsppolonicum subspturanicum— SINGER (accessed through GBIF data
portal, http://data.gbif.org/datasets/resource/12307/2008).

Recommendations

Three reserves have been established in the cémtireersity specifically to conserve wild wheats—
Ammiad in Israel (Aniksteet al, 1997), Ceylanpinar in Turkey (Ertug Firat and ,TE®D7) and

Erebuni in Armenia (Avagyan, 2008). There is a rfesztbmplement these existing reserves by
establishing additional genetic reserves in tles sitith the higheStriticum andAegilopstaxon

richness. Iran has significant unighiticum andAegilopstaxa and as it is at the eastern extreme of the
centre of diversity, further study should be deddteestablishing an appropriate site to conséiige t
diversityin situ The results presented in this study should bkdakp with further detailed
ecogeographic surveys of the priority taxa. Itdseiear from this analysis whether records .of
turgidumsubsppolonicumand subsguranicumare cultivated or wild. Further research is ned¢ded
ascertain locations of wild populations of thesata

Wheat species have been relatively comprehensuelgyed and collected fex situconservation by
the CGIAR centres, which have ensured that thevatéd wheats are systematically conserseditu
with approximately 850 000 accessions stored, mairilriticum species (FAO, 1998). However, van
Slageren (1994) comments that there is a consBalmeence of collections from central and eastern
Iran and western Afghanistan, and that it seema$y/likat the areas to the north of this area
(Turkmenistan and Uzbekistan) are also under-gelliec
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Figure 6. Priority locations for wheat wild relative genete&serve conservation.

3.3. Important areas and conservation gaps: synthiss
3.3.1. Overview of selected crop gene pools by region

Figures 7-10 show the priority locations for CWRggic reserve establishment identified in this
study in each of four regions: Africa, the Americthe Middle East, and Asia and the Far East. The
symbols shown on the maps indicate the highestityriocations forin situ conservation of the wild
relatives within each of the 14 crop case studies.

It is important to stress that the potential genetgerve locations shown in Figures 7-10 are for a
limited number of crop complexes and within théeethe highest priority CWR taxa only.
Therefore, the results of this analysis shoulddresiclered as a first step in the process of establ
a global network with a view to carrying out funthiesearch in the future.

Because of the limited number of crop gene poakided and the fact that only the highest priority
taxa have been taken into consideration, the re@rded sites are not evenly spread throughout the
regions and many countries are shown as not camggliigh priority CWR genetic reserve locations.
However, this does not mean that there are not riighity CWR genetic reserve locations within
these countries. On the contrary, as stated inlRafrthis report, a holistic approach to thesitu
conservation of CWR is needed that involves a threaged geographical approach: local (individual
protected area managers actively conserving CWRmixisting sites), national (each country
implementing a national CWR conservation strategy global (establishment of global CWR
conservation priorities). Therefore, it is vitaathndividual countries take steps to initiate oadl

CWR conservation strategies (see Annexe 2 of thedtsion of the study for details), to ensurettha
the widest range of CWR taxa are actively conseagequickly as possible. In particular, they should
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take into account species-rich areas and the edtai®@nt of multi-taxon genetic reserves where
possible.

Figure 7. Priority CWR genetic reserve network locationg\rica. For a detailed list of taxa and
sites, refer to the crop case studies in Annexitdecfull version of the study.

Figure 8. Priority CWR genetic reserve network locationsh@a Americas. For a detailed list of taxa
and sites, refer to the crop case studies in Andedfehe full version of the study.
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Figure 9. Priority CWR genetic reserve network locationshia Middle East. For a detailed list of
taxa and sites, refer to the crop case studiesimere 4 of the full version of the study.

Figure 10. Priority CWR genetic reserve network locationg\gia and the Far East. For a detailed list
of taxa and sites, refer to the taxon data shaedsinexe 4 of the full version of the study.

The sites identified are almost exclusively locatedeveloping countries, many of which may have
limited technical and financial resources to tadsponsibility for maintaining a global network of
CWR genetic reserves. As acknowledged in the ITPSERAO, 2001), the capacity of developing
countries to effectively implement their commitnm®otin situ CWR conservation will depend on the
effective allocation, particularly by developed nties, of the financial resources needed.
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There are relatively few options for the establishtrof multi-crop-complex genetic reserves for the
highest priority taxa treated in this study, prdgdiecause these taxa are of restricted distributio
range and adapted to specific ecological conditeonstherefore less likely to overlap. However,
multi-taxon sites within crop gene pools have bieentified where possible (for details, refer te th
taxon data sheets in Annexe 4 of the full versibtihe study). To maximize the efficiency of the
globalin situnetwork, the establishment of genetic reservethidhigh priority taxa treated in this
study should also be supported with further resetrenvestigate whether other CWR occur at the
same locations, which would give greater weightistification for reserve establishment. These
additional CWR taxa may be more common and widespbeit their conservatidn situis also
necessary to ensure that the widest pool of gedetirsity of CWR is protected and as a buffer for
the impact of climate change. Here, we briefly siarire the genetic reserve locations for high
priority CWR taxa for the 14 crop gene pools trddtethis study, on a regional basis.

Africa

Figure 7 shows priority genetic reserve locatiardihger millet Eleusinespp.), pearl millet
(Pennisetunspp.), garden pe&isumspp.) and cowped/{gnaspp.) wild relatives in Africa.

High priority locations foin situ conservation of the wild relatives of both fingeitlet and pearl
millet are found in East Africa—the mountainousdmrarea between Kivu Province in the
Democratic Republic of Congo, Rwanda and Burundfif@er millet and southern Ethiopia and the
Sudan-Ethiopia border for pearl millet.

The high priority garden pea wild relativieisum abyssinicurhas been recorded in Ethiopia and
Yemen, but we only found occurrence records fordpih.

There are several high priority CWR taxa in Yfighagene pool and they are widespread throughout
sub-Saharan Africa. The taxa have restricted tigions and there is little overlap between them;
therefore, opportunities for multi-taxon reservesHigh priorityVignawild relatives are limited.
However, lower prioritfvignaCWR may be present at the same sites, as well &8 G\ither crops
not included in this study; therefore, opporturitier the establishment of multi-species reservag m
arise upon further investigation.

The Americas

Figure 8 shows priority genetic reserve locatiarsdfarley Hordeumspp.), sweet potatdpomoea
spp.), cassavaManihotspp.), potatoolanunspp.) and maizeZgaspp.) wild relatives in the
Americas.

The highest priority barley wild relativelordeum chilenseccurs in central-south-west Chile and
western Argentina. The close sweet potato wildtirada, [pomoea batatagar. apiculataandl.
tabascanaare both of very restricted distribution and endetaithe coast of Veracruz and
neighbouring Tabasco (Mexico), respectively. Seveaasava wild relatives warrant conservation
action, but the highest priority taxa occur onlyhie states of Goias and Parand, Brazil. Four high
priority wild relatives of maize are concentratedinty in south—central Mexico. All of the highest
priority CWR taxa found in the Americas in thesarforop gene pools have very restricted
distributions and warrant urgent conservation ag¢timthin situandex situ

Identification of specific sites for the consereatiof potato wild relatives will involve further
research. Several species-rich areas have bedifietkim Mexico, Ecuador, Peru, Bolivia and
Argentina, and the identification of suitable gémetserve sites in these areas is recommended.
However, the majority of potato wild relatives haxgy restricted distributions, many of which dd no
overlap, and this presents a major challenge mgafin situconservation. However, it is possible
that many of these species have already been affaoime degree of protection if they are within the
boundaries of existing protected areas. A detaitedparison of distribution data with current
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protected areas is needed to begin to formulatgpropriaten situ conservation strategy for this
group.

The Middle East

Figure 9 shows priority genetic reserve locatiamrggarden peaRisumspp.), wheatTriticum spp.
andAegilopsspp.) and faba beaNi€ia spp.) wild relatives in the Middle East.

Four priority wild relatives of garden pea are idligtted in Turkey, Cyprus, Syria, Lebanon, Israel,
Palestine, Jordan, Iraq, Iran, Armenia, Azerbagiad Georgia. Four priority genetic reserve sitagha
been identified in this study, in Armenia, Syrial@yprus. However, other wildisumpopulations,

of both higher and lower priority taxa, should beliided in national CWR genetic reserve networks
as part of national CWR strategies for individualiatries.

Eight high priority wheat wild relatives (iticum spp.) are distributed in Turkey, Syria, Lebanon,
Israel, Palestine, Jordan, Iraq, Iran, Armenia,rBagan and Georgia, with some additional
populations of the more widespread taxbnmonococcursubspaegilopoidefound in Ukraine and
Serbia and Montenegro. Ten priority genetic ressites are recommended for immediate
establishment for the conservation of wheat wildtrees {Triticum spp. andAegilopsspp.). Most of
the selected sites contain multiple species—some aleady been afforded some degree of
protection as they fall within the boundaries ofs&rg protected areas, but many currently have no
known level of protection.

The high priority wild relatives of faba bean havwider overall distribution, extending west into
continental Europe and the UK. However, the mairtreeof diversity is concentrated in Turkey,
Cyprus, Syria, Lebanon, Israel and Palestine. Tigb priority genetic reserve sites have been
recommended for immediate establishment in soutBgria and eastern Syria, close to the Lebanese
border.

Asia and the Far East

Figure 10 shows high priority genetic reserve laeed for rice Qryzaspp.). The four highest priority
taxa, which are of extremely restricted distribntipare found in Sri Lanka, Indonesia (Irian Jaya)
Papua New Guinea and all require urgent conservatiention.

In this study, we have focussed only on the highastity rice wild relatives (i.e., those with yer
limited distributions). Further research is neettelbok in detail at the distributions of othergaity
taxa in the genus. While these other taxa havendidé&ribution ranges, this does not mean that they
are not under threat of genetic erosion. On théraon it is widely accepted that wild rice genetic
diversity is being lost through habitat destructiond introgression from cultivated populations.
Therefore, detailed studies of all the widdyzaspecies are needed in order to identify priority
locations for their conservation throughout thainge.

Asia and the Far East is also the centre of digiob of banana/plantain wild relatives in the genu
Musa Priority locations foin situconservation of this genus are not shown in Fig@reecause
distribution data were not readily available foabysis. However, ten priority banana/plantain wild
relatives have been identified in this study. Tbegur in India, Bhutan, China, Myanmar, Thailand,
Vietnam, Sumatra, Papua New Guinea and the PhilggpiThe highest priority areas forsitu
conservation based on the known distribution rardéise priority species are Assam (India), Bhutan,
Papua New Guinea, Sumatra and the Philippinesh&urésearch is needed on the priority taxa to
order to ascertain theimn situconservation status and identify genetic reseies $or inclusion in the
network.
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332 Strengthening cooperation for the situ conservation of CWR

The systematic establishment of networks of CWRetiemeserves will require the strengthening of
international cooperation in order to be effectiwel efficient. There are a few generic
recommendations that need to be considered imabesd:

Consultation with crop-based expert#t would be wise to engage in a dialogue wittpdrased
specialists for each of the 14 crop case studaggaped to confirm that they support the sites/areas
recommended for the establishment of CWR genet@rves. This is hecessary because of the
variability in the quantity and quality of infornna available when preparing the case studies. For
some case studies, such as finger mité(sinespp), cassavallanihotspp.) and pearl millet
(Pennisetunspp.), limited data were available, while for ofheuch as wheatiticumand
Aegilopsspp.), faba bearv(cia spp.), cowpeaVignaspp.) and maizeZgaspp.), significant data
sets were available.

Crop case study extensiermhe crop case studies provided in this studyccbelused as a
template for other crops, including each of theGRFA Annex | list of Crops Covered Under the
Multilateral System, so that over time a globalvwek could be extended from those sites
identified in this study to provide a comprehensigévork ofin situgenetic reserves that
conserve the world’'s CWR diversity.

Financing genetic reserve location and implemeateti As already noted, global network sites
are almost exclusively likely to be located in deping countries, many of which may have
limited technical and financial resources to tasponsibility for maintaining the genetic reserves.
As acknowledged in the ITPGRFA (FAO, 2001), thesisuon developed countries to work with
developing countries to help conserve CWR diverSiterefore, a funding mechanism should be
put in place to help meet the cost of genetic vedecation and implementation, so that the
additional cost does not fall solely on develogingntry economies.

Harmonization of crop case studies with nationalRC@énservation strategiesAs already
stressed in this study, the effective global comgletary conservation of CWR diversity must
involve efforts at national level, both to effdot tconservation of the priority CWR taxa identified
in the global crop case studies but also to impfemational CWR strategies, which will take a
floristic approach and consider national prioritiElse publication of the current study and
subsequent inclusion of situconservation of CWR in theecond Report on the State of the
World’s PGRFAandGlobal Plan of Actiorshould go a long way towards meeting this need,;
however, there is a need to plan ahead for thagiwowof arenas for specific dialogue between
those involved in the establishment and manageofemtworks, both through face to face
communication at meetings and via electronic maafes tools dedicated to providing such an
arena, as well as access to guidance documenteatadts could be made available.

Protected area manager dialogu€ o avoid the substantial costs of purchasing si®s, genetic
reserves should be established within the bourglafiexisting protected areas where possible.
However, existing protected area management pldinsesd to be amended to permit thesitu
genetic conservation of CWR diversity; therefdneyé will be a need for a dialogue between
those with overall responsibility for managing algll network of CWR genetic resenasxd
individual protected area managers. It is likebt this dialogue will need to involve or be
mediated by the National PGRFA Coordinators.

Guidelines foiin situgenetic conservation of CWR diversityo ensure the efficient and effective
in situgenetic conservation of CWR diversity, genetic nsenanagers will need to be supplied
with guidelines on how to adapt current managepiants to allow for genetic conservation of
CWR. Iriondoet al.(2008a) already offers such generic guidance it be thought

appropriate to supply more specific guidelines &zithe specific needs of CWR genetic reserve
managers. A practical manual providing the mininguidance needed would be beneficial.

Training for CWR genetic reserve managei/hether the reserves are established within or
outside of existing protected areas, training séree managers and staff will be beneficial, in
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addition to the provision of the guidelines sugegstbove. Genetic reserve management training
will be a particular requirement in developing cioies where the bulk of a global network is
likely to be located.
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PART 4: CONCLUSIONS AND RECOMMENDATIONS

CWR genetic diversity is currently far from secufehis critically important group of plants is to
provide the basis for future exploitation, the intia¢e issue that must be addressed is the
development of a systematic CWR conservation gjyafEhis strategy needs to encompass both

situ andex situtechniques, link the conserved diversity to actwalotential utilization to ensure its
sustainability, and include an element of awarenaising (among both the public and professional
stakeholders) to ensure the profile of CWR is dhesed their conservation is no longer neglecte@. Th
strategy will require coordinated efforts at nagibmegional and global levels and will need a
coordinated approach between the professional PGaigmature conservation communities.

Critically, because theison d’étrefor CWR conservation is primarily actual or potehtise in crop
enhancement, the utilization of CWR diversity isaslamental as the maintenance of the genetic
diversity itself. Therefore, the onus is on thesmwation community to ensure that when CWR
diversity is conserved, it is also available foe,uSWR diversity needs to be characterized and
evaluated and its availability promoted to the shatder community.

Although a systematic approach to global CWR corstizm has not yet been widely adopted, the
importance of CWR has been recognized in a numbaternational policy and legislative
instruments—most notably, the Global Plan of Acfionthe Conservation and Sustainable Utilization
of Plant Genetic Resources for Food and Agricul{@@A), the ITPGRFA and the CBD Global
Strategy for Plant Conservation (GSPC)—as welkg#onal policy instruments such as the European
Strategy for Plant Conservation (ESPC).

These instruments provide the formal policy framdufor action, but a commitment from individual
nations to act both at the country level and ctillety at regional and global levels is now urgegntl
needed to put in place practical measures to s€&\R diversity. Some key recommendations for
action follow. This report has highlighted specHites or areas where genetic reserves need to be
established for the highest priority wild relativi#she 14 crops treated in this study and coutthfo

the initial basis for developing a global netwofkGWR genetic reserves. However, after selectirg th
best sites in terms of taxon and genetic divergiyesentation, there are many factors that will
require resolution, such as:

Identification of the agency that will be respotesitor developing and overseeing a global
network once established, including on-going mainitpof the effectiveness of the individual
sites;

Negotiation with national protected area agenci@sdude their site in a global network and to
ensure that CWR genetic diversity is appropriateiynaged within these sites;

Investigation of the best options for conservingCYalxa outside of protected areas, either by
establishing new genetic reserves or encourag@igabnservation in an on-farm context, as
appropriate.

The analysis and efforts should be expanded tadiecthe wild relatives of other major and minor
food crops, focusing first on crops that are magticant in terms of global food security and $sleo
that are particularly critical on a local leveldgome of the poorest sectors of society. We recordmen
that a full analysis of the kind undertaken for tiase studies undertaken for this study is undentak
for all ITPGRFA Annex 1 crop complexes to ensui #nglobal network encompasses the wild
relatives of the full range of global priority fo@ehd agricultural crops. However, given that the
global estimate for the number of highest prioGWR species may be as low as 700, there is an
imperative to identify and effectively conservegberitical species to underpin future world food
security and to ensure that the conserved diveissityade available globally for use in crop
improvement programmes. In the long term, a glokalork should aim to conserve multiple taxa in
the same sites where possible. Even if a more comand widespread taxon is found at a site
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identified for the conservation of a less commotig the value of the site will be vastly increaged
both taxa can be actively conserved. It is impdnten to lose sight of the fact that many of theeno
common and widespread taxa may become more restiitfuture; particularly in response to
climate change.

The success of a global network of CWR geneticrvesavill depend on a number of parallel and
supporting activities to ensure that full and coenpéntary conservation of high priority CWR is
effected. Some key recommendations in this resgrecthighlighted below.

4.1 Establish national CWR conservation strategiefor individual countries

Each country should be encouraged to systematiadtlyess conservation of their native CWR
resources, with establishment of priority genetigerves andx situduplication of CWR diversity put
in place (see Part 2).

4.2 Effect back-up duplication of CWR diversity exsitu

Complementary conservation (i.e., conservationgubithin situ andex situtechniques) is perhaps
more critical now in the face of climate changeftsiy ecosystems and habitat loss than ever before
There is an urgent need to ensexesituback-up duplication of the conserviedsitu diversity in
appropriate national, regional and global gene bahke ancillary benefit of establishing systematic
collections will be the improved availability of GR\diversity for utilization.

4.3 Improve consensus-building between the biodivsity and agrobiodiversity communities

As any attempt to implement a global network of C\@éRetic reserves is likely to be focused on
existing protected areas, the biodiversity and lsigiversity communities will need to work much
more closely together. Therefore, we strongly rememd that consensus-building activities be
undertaken between the two communities, such aaation of joint conferences, collaboration in
research and conservation projects, working ort fmiblications and establishment of joint national,
regional and global conservation committees.

4.4. Enhance CWR availability for breeders’ use

There is an urgent need to ensure that informatbmeerning CWR diversity, its conservation and
actual or potential utilization is made readily idadale to the widest stakeholder community.

Specifically, to help improve access to CWR divigrir breeders’ use, there is a need to: promote
the use of CWR diversity for crop improvement; depestrategies to ensure more reliable
identification of wild species in gene banks; im@rdCWR characterization and evaluation; employ
virtual or predictive characterization of CWR aciens using ecogeographic data and GIS
techniques; build genomic databases of known ugefuts in the range of CWR; and improve
techniques for transferring traits between species.

4.5. Address the sustainability of CWR conservation

Greater efforts are needed to ensure that CWReaognized as a distinct component of national,
regional and global genetic resources in PGR cwaten policy, as well as in both agrobiodiversity
and biodiversity conservation and utilization sttaes.

It is critical that specific provision for the cargation of CWR diversity is made by national, oewil
and international funding bodies, linked to thesmmation of both PGRFA and wild species and
habitats in general. Given that most of the sitesiified as part of a global network are in depilg
countries, there is a need for developed courntimiestablish a funding mechanism to provide support
to developing countries to assist them in the locaand establishment of genetic reserve sitesrand
managing the sites. Developing countries also rediriancial support to study, describe, conserve
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and utilize their CWR diversity. Linked to the fimang of CWR diversity conservation, there is a
requirement to ensure the equitable sharing obémefits that arise from CWR diversity exploitation

To promote sustainabie situ CWR conservation there is a need to encourageaanilidte stronger
legislative protection of protected areas. Thigagicularly important for protected areas in Vauvil
Centre’s of Origin/CWR hotspots or those that bgltma global network of CWR genetic reserves.

There is also a need to increase professional anlit@awareness of the importance of conserving
CWR diversity and of the direct link between CWRaisity maintenance and food security.

4.6. Improve information dissemination

There is an urgent need to ensure that informatdmeerning CWR diversity, its conservation and
actual or potential utilization is made readily iédale to the widest stakeholder community. Pravidi
access to such information is critical, both fopsorting effective and sustainable complementary
CWR conservation, and to encourage and facilitegeuse of CWR genetic diversity for crop
improvement.

There have been some recent notable initiativeeciah improving the management of and access to
CWR information. These include the Crop Wild Relatinformation System (CWRIS —
http://www.pgrforum.org/cwris/cwris.asp) (Kadt al, 2008b) and the CWR Global Portal
(http://www.cropwildrelatives.org/). However, liraid financial resources means that the sustainabilit
of such systems is not guaranteed. This reinfdiemseed for sufficient financial support to be
available for the full range of CWR conservatiotimaties, including the provision of information
management systems that lie at the heart of alareation and use activities.

4.7. Conduct priority CWR research activities

There are a number of particular areas of resdbattare needed to improve our knowledge of where
to target CWR conservation efforts, how to cons@WR that are found outside of protected areas,
the causes of loss of CWR diversity, how climatende is likely to impact on CWR populations, how
to involve local communities in the conservation aise of CWR, and addressing the taxonomic
issues that underpin CWR conservation and usaiiniis. The methods and tools are widely available
to undertake such research (e.g., gap analysis|.Redssessment, climate change modelling);
however, there is a need for greater injectioresburces to implement these research methodsefor th
benefit of CWR conservation and use.
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CONCLUDING REMARK

Climate change presents a new degree of thredvlbalgood security. CWR contain the genetic
diversity that can at least partially mitigate ttfiseat, yet CWR themselves are in turn threatened.
Knowledge, experience and techniques are avaitalddequately conserve and use CWR diversity
for the benefit of humankind—all that is requirealanis the will to act.
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