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Abstract In Argentina, species of the genus Tri-

chloris represent an important native forage resource

adapted to drought and salinity. The capture and

identification of adaptive traits associated with such

conditions require long-term collection and charac-

terization efforts. Ecogeographical land characteriza-

tion (ELC) maps constitute an easy and useful tool to

evaluate ecogeographical representativeness in estab-

lished collections, allowing for the design of new

collecting strategies. In the present study, an ELC map

was generated from ecogeographical variables closely

associated with the adaptation of the target species.

For each ELC map category, the accessions preserved

at the Trichloris genebank of the Facultad de Ciencias

Agrarias-Universidad Nacional del Litoral were com-

pared with external presence data. After the identifi-

cation of the ecogeographical gap, a collecting

expedition was designed. Collecting indices showed

a significant improvement in the ecogeographical

representativeness of the collection to the extent that

accessions had a high probability of containing abiotic

adaptation genes. The results emphasize the useful-

ness of ELC maps and the importance of planning

collections through ecogeographical approaches.

Keywords Collecting strategies � ELC maps �
Germplasm � Native plant genetic resources �
Trichloris

Introduction

Native plant genetic resources (NPGR) come from a

long and natural selection process of adaptation to

specific environmental scenarios. The conservation

and sustainable utilization of NPGR (i.e., native wild

species) have become particularly relevant for range-

land rehabilitation (Greco and Cavagnaro 2005;

Quiroga et al. 2009), for the identification of genes

associated with resistance to biotic and/or abiotic

stress (Rao and Hodgkin 2002; Bhullar et al. 2009)

and, in some cases, for domestication. Effective

protection of these resources requires long-term

collection, conservation and characterization pro-

grams (FAO 2010).

In this context, several organizations interested in

NPGR conservation have focused efforts on increas-

ing the number of accessions of native species in
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genebanks and improving the representativeness of

existing collections (Oliveira et al. 2010). In addition,

new methods for determining representativeness in ex

situ conservation strategies were recently developed

(Parra-Quijano et al. 2012a; van Zonneveld et al.

2012; Phillips et al. 2014).

Determining the genetic representativeness (GR) of

a species in a germplasm collection implies knowing

the genetic variability of the collected population and

the rest of the populations that occur in nature.

Unfortunately, a priori knowledge about the entire

species’ genetic variability is not possible to assess,

unless all species populations were previously sam-

pled. On the other hand, it is possible to know where

non-collected populations occur from sources other

than germplasm collections, for example, biblio-

graphic references, floras, botanic databases and

herbarium vouchers. Based on this, some studies have

evaluated representativeness from an ecogeographical

approach (ER) as a complement or alternative to GR

(Parra-Quijano et al. 2012c). To determine an ER, it is

necessary to characterize the target collection ecoge-

ographically, and the rest of the non-collected popu-

lations in parallel. Ecogeographical characterization is

based on analysis of the environmental information of

the site where an individual or a population grows

(Steiner and Greene 1996) extracted from freely

available ecogeographical data with the geographical

coordinates.

The assessment of ER is directly related to the

process of abiotic adaptation and indirectly related to

phenotypic and genotypic aspects (Parra-Quijano et al.

2012b). The relationship among environmental con-

ditions, genes and phenotypic expressions as a conse-

quence of natural selection and local adaptation

(Greene and Hart 1999) provide a biological basis

for ER studies. Therefore, in the absence of genetic

information of species, the spatial data combined with

ecogeographical information is an approaching to GR

in ER terms. It is an appropriate way to understand and

study phenotypic and genotypic representation in

germplasm collections. In this sense, Parra-Quijano

et al. (2012a) and Phillips et al. (2014) propose the use

of ecogeographical land characterization (ELC) maps

as a valid approximation of genetic diversity to

generate a conservation strategy of crop wild relatives.

A set of tools based on Geographic Information

Systems (GIS) are currently available (Guarino et al.

2002) for the analysis of ex situ collections.

Furthermore, the ease access to biodiversity georefer-

enced datasets at the global level and ecogeographic

information allow a large variety of studies. The

development of ELC maps (Parra-Quijano et al.

2012a), gap analysis (Ramı́rez-Villegas et al. 2010;

Maxted et al. 2011), and species’ distribution models

(Herrera Campo et al. 2011) make it possible to detect

biases in ex situ collections and subsequently identify

where to focus collection efforts. Any of these

methods can improve collecting activities and reduce

costs, whereas the captured variation can be consid-

ered a representative sampling of the species’ adaptive

range.

In arid and semi-arid rangeland, numerous native

grasses constitute the main forage resource (Greco and

Cavagnaro 2005). In Argentina, 75 % of the area is

associated with arid (60 %) and semi-arid (15 %)

rangelands (Fernández and Busso 1997), of which

13.9 % also show salinity problems to varying degrees

(FAO 2000).Within these areas, the species of the

genus Trichloris (Chloridoideae, Poaceae) are an

important component of rangeland, notable for their

forage quality (Wainstein and González 1971; Kunst

et al. 1995) and resistance to extreme environmental

conditions such as drought and salinity (Aronson

1989; Greco and Cavagnaro 2003; Lloyd-Reilley

2011a, b). Trichloris is an American genus represented

by only two species: T. crinita (Lag.) Parodi and T.

pluriflora E. Fourn., both of which are C4 perennial

grasses (Parodi 1919; Rúgolo and Molina 2012). In

Argentina, T. crinita grows in the arid, semi-arid and

wet environments belonging to the Monte and Chaco

Phytogeographical Provinces (Ragonese 1956; Covas

1978; Cabrera 1994), whereas T. pluriflora occurs in

the Chaco Phytogeographical Province in semi-arid

and wet conditions (Bordón 1981). Therefore, the

optimized collection of both species would enable the

capture of the maximum existing variability, which

could be used in programs of domestication and/or

identification of genes associated with stress tolerance.

The genebank belonging to the Facultad de Cien-

cias Agrarias of the Universidad Nacional del Litoral

(FCA-UNL) currently contains 31 accessions of T.

crinita and 21 of T. pluriflora, corresponding to

populations collected in Argentina. The criterion

followed to collect these accessions was to select sites

to be explored based on consultation of herbarium

vouchers in the country, bibliographical citations of

Argentine flora and contact with experts in the genus.
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The aim of this study was to improve the ecogeo-

graphical representativeness of the Trichloris collec-

tion in the FCA-UNL genebank through the design of

germplasm collections by the development and use of

an ELC map. Another objective was to identify

collecting sites where populations occur under special

abiotic pressures. Finally, after visiting selected sites,

some indexes were calculated to assess the perfor-

mance of the proposed methodology.

Materials and methods

Obtaining and processing occurrence data

Georeferenced presence data of the species were

obtained from the Global Biodiversity Information

Facility (GBIF) database (http://data.gbif.org), from

the genebank of the Instituto Argentino de Investi-

gaciones de Zonas Áridas (IADIZA) (Lemes 1992),

and the SF ‘‘Arturo E. Ragonese’’ Herbarium of the

FCA-UNL. The location of these external presence

data was evaluated for inconsistency in the geo-refer-

encing, for instance, in the case of marked inconsis-

tency between the locality description and coordinates

of the collecting sites, or detecting when coordinates

fall inside urban centers. Accordingly, this data were

not included in the study. For non-georeferenced pre-

sence data for which the collecting site was specified in

detail, coordinates were assigned individually through

georeferencing tools (Google earth, http://google.com/

earth). External presence data were converted into

vectorial (point) shapefiles and subjected to further

revision to remove and correct geographical inconsis-

tencies and redundancies, obtaining a total of 303

points for T. crinita and 88 points for T. pluriflora.

Likewise, vectorial shapefiles (point maps) were

generated for the accessions of the FCA-UNL gene-

bank, generating 31 points for T. crinita and 21 for T.

pluriflora.

Generation of the ELC map

ELC mapas tool (Parra-Quijano et al. 2014) was used to

construct this map and is part of the CAPFITOGEN

toolkit (http://www.planttreaty.org/capfitogen). Experts

were requested to select the main ecogeographical fac-

tors related to the abiotic adaptation of the genus

Trichloris from a total of 120 environmental variables

(105 variables from various sources available in the

ELC mapas tool, and 15 additional variables specifically

considered for the work frame of present study).

Therefore a survey among botanists, geneticists and

ecologists experts on Trichloris was performed and a

reduced list of variables obtained.

Subsequently, ECOGEO tool (Parra-Quijano et al.

2014) was applied to extract ecogeographical variables

(listed above) from sites (points) where species occurs.

ECOGEO produce a matrix of ecogeographical char-

acterization. A bivariate correlation analysis was per-

formed to detect which variables are highly correlated

with others. In order to reduce redundant information,

from groups of correlated variables, two of them (as

maximum) represented each group. The final list of

variables selected was organized in the following

components: (a) bioclimatic component: mean diurnal

temperature range, temperature seasonality, annual

precipitation and de Martonne aridity index,

(b) edaphic component: topsoil sand, silt and clay

fractions, pH, cation exchange capacity (CEC), work-

ability and soil limitations, soil sodicity and salinity, and

(c) geophysical component: latitude, slope and annual

incident solar global radiation. Then ELC mapas tool

(Parra-Quijano et al. 2014) was utilized to obtain an

ELC map for Argentina specifically for Trichloris

species considered. Some additional variables non-

included by default in CAPFITOGEN tools (de Mar-

tonne aridity index, workability and soil limitations,

sodicity, salinity and annual incident solar global

radiation) were adapted and added to the ELC mapas

tool specifically for this analysis. Details about final

variables utilized to obtain the ELC map are shown in

Supplementary Table 1.

ELC mapas tool (Parra-Quijano et al. 2014) basi-

cally follows the ecogeographical land characteriza-

tion procedure (Parra-Quijano et al. 2012a). Therefore

ELC mapas conducted a cluster analysis per compo-

nent (described above) and determined objectively

(without researcher intervention) the number of clus-

ters to be considered. For the present study, the

partitioning around the medoids clustering method was

used, which in turn, uses the silhouette method for the

interpretation and validation of the number of clusters

(Kaufman and Rousseeuw 1987; Rousseeuw 1987).

Subsequently, the clusters of each component were

combined to produce the final number of categories of

the ELC map of Argentina. Additionally, the ELC map

as tool produced an ELC map of Argentina with a
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5 9 5 km cell resolution, which reflect the ecogeo-

graphical categories previously obtained that repre-

sent adaptive scenarios for the target species.

Assignment of ELC map categories

The ecogeographical category corresponding to the

each presence point of Trichloris species were

extracted by overlapping the point maps (FCA-UNL

genebank and external presence data) on the ELC map

using the tool ‘‘extract values by point’’ from DIVA-

GIS (http://www.diva-gis.org). Thus a table with

complete presence points (genebank plus external

presence data) and their corresponding ecogeograph-

ical categories was obtained.

Comparison of observed versus expected

frequencies

To evaluate the ER of the genebank, observed

frequencies (i.e., genebank) and expected frequencies

(i.e., genebank plus external presence data) of eco-

geographical categories were compared. The Chi

squared test (a = 0.05) was applied to compare both

frequencies (Hijmans et al. 2000).

Additionally, ecogeographical categories were

grouped into classes by quartiles as a function of the

total presence data frequency (genebank plus external

presence data) for each species. Thus, four frequency

classes were differentiated: low (below the first

quartile), mid-low (between the first and second

quartiles or median), mid-high (between the second

and third quartiles) and high (above the third quartile).

Low and mid-low classes (corresponding to the least

frequent map categories for the species) were consid-

ered as marginal environments of their distribution,

whereas mid-high and high classes (corresponding to

the most frequent map categories) represent the most

suitable habitats for the species.

The number of categories and the observed distri-

bution in the genebank before and after a planned

collecting mission in 2013 were evaluated for each

species. The proportional distribution as the percent-

age of each category in the ELC map was also

considered in the frequency comparisons to detect

cases of bias according to category availability.

Criteria for planning a collecting mission

From the initial analysis of ecogeographical represen-

tativeness, priority was given to non-collected sites

corresponding to under-represented or non-repre-

sented ecogeographical categories of Trichloris col-

lection, which coincide with the limit of the species

distribution in arid and semi-arid environments in

Argentina. These sites were visited in February 2013,

within the framework of one collecting mission of

multi-species of the Program of Documentation,

Conservation and Valuation of Native Flora (PRODO-

COVA according to its initials in Spanish) of the UNL.

In this expedition, areas with low anthropic interven-

tion were preferentially visited.

New evaluation of collection representativeness

After the collecting mission, a new comparison of

frequencies was performed and the following were

determined: (a) collection efficiency index (CEI),

determined by the ratio between the number of

collected populations (CP) in terms of the number of

visited sites (VS) (CEI = CP/VS 9 100) and (b) the

effective size increase (ESI) of the collection, deter-

mined by the number of new accessions (NA) in terms

of original accessions (OA) or collection size

(ESI = NA/OA 9 100).

Furthermore, the class map was compared to the

Argentine Ecoregions map (available at www.

ambiente.gov.ar) where the studied species occur, to

evaluate the results obtained and compare them to

those of others (Ragonese 1956; Covas 1978; Bordón

1981; Cabrera 1994).

Results

ELC map generation

The ELC mapas tool generated 46 ecogeographical

categories, whose distribution can be observed in

Fig. 1a, whereas the mean values of the original

variables for each category are presented in

b Fig. 1 Graphic representation of the ecogeographical land

characterization (ELC) map structure and categories. a ELC

map for Trichloris (46 categories), b categories with the

presence of T. crinita (21), c categories with the presence of

T. pluriflora (13), d categories visited during the collecting

mission in 2013 (the solid line shows the itinerary covered and

the dots represent the sites where populations were collected)
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Supplementary Table 2. Species are not present in all

categories. Trichloris crinita is present in 21 catego-

ries (Fig. 1b), whereas T. pluriflora is restricted to

only 13 categories (Fig. 1c).

b Fig. 2 Point distribution maps. a External presence datasets of

T. crinita, b external presence datasets of T. pluriflora,

c Facultad de Ciencias Agrarias of the Universidad Nacional

del Litoral (FCA-UNL) collection of T. crinita, d FCA-UNL

collection of T. pluriflora

Fig. 3 Distribution frequency among ELC map categories

(axis x). Black bars correspond to the percentage of external data

occurrence (expected frequency), whereas grey bars correspond

to the percentage of genebank accessions (observed frequency).

Rhombuses correspond to the proportional distribution of each

category on the ELC map. a Trichloris pluriflora, b T. crinita

(prior to the collecting mission), c T. crinita (after the collecting

mission)
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Comparison of observed versus expected

frequencies

The distribution frequency of genebank and external

presence data are shown in Fig. 2.

As has already been mentioned, the distribution

frequency per ecogeographical land characterization

map category showed different patterns according to

the species and data sources. The Chi squared test

(a = 0.05) revealed a good fit of the Facultad de

Ciencias Agrarias of the Universidad Nacional del

Litoral (FCA-UNL) genebank to the expected distri-

bution for each species (p \ 0.0001). However, his-

tograms (Fig. 3a, b) revealed ecogeographical gaps in

the FCA-UNL collection, which are larger for T.

crinita (Fig. 3a).

Classification by quartiles revealed that T. crinita

collection has greater representativeness deficiencies

compared to T. pluriflora regarding the number of

categories represented (Table 1). Until 2013, from the

total of categories in which species occur, 42.8 % was

represented by T. crinita and 61.5 % was represented

by T. pluriflora. Thus, priority was given to the

improvement of the representativeness of the T. crinita

collection. As can be observed in Table 1, only 15.4 %

of low class categories for T. crinita are represented in

the genebank (13 % of the accessions for this species).

Therefore, we focused collecting efforts on categories

represented by external sources but non-represented or

sub-represented on FCA-UNL genebank (ecogeo-

graphical gap), in our case, within low and mid-low

frequency classes.

Planning and developing the collecting mission

After the detection of ecogeographical gaps in the

germplasm collection of T. crinita, priority was given

to exploring areas corresponding to categories that

represent limited zones of species distribution in arid

and semi-arid environments of Argentina. A total

itinerary of 4,000 km was covered, where not only T.

crinita populations (Fig. 1d), but also other species

prioritized in PRODOCOVA were collected. At each

site where T. crinita seeds were collected, 10 m

distance between the plants sampled was considered to

avoid the duplication of genotypes. Greco and Cav-

agnaro (2005) and Cavagnaro et al. (2006) propose

that Trichloris species are autogamous or apomictic,

thus priority was given to the collection of a larger

number of individuals and a small quantity of seeds

per individual, to capture the greatest possible vari-

ability. Between 40 and 50 plants were sampled per

population (Whyte 1958; Allard 1970).

Table 1 Results of the evaluation by class and species of genebank accessions

Frequency distribution classesa

Low (under

first quartile)

Mid-low (between first

and second quartile)

Mid-high (between

second and third quartile)

High (over

third quartile)

T. crinita

Total number of categories 13 3 3 2

Categories represented until 2013 2 (15.4)b 2 (66.6)b 3 (100)b 2 (100)b

Categories represented after 2013 6 (46.2)b 3 (100)b 3 (100)b 2 (100)b

Number of accessions until 2013 4 (13)c 10 (32.2)c 7 (22.6)c 10 (32.2)c

Number of accessions after 2013 9 (22.5)c 11 (27.5)c 9 (22.5)c 11 (27.5)c

T. pluriflora

Total number of categories 8 2 1 2

Categories represented until 2013 3 (37.5)b 2 (100)b 1 (100)b 2 (100)b

Number of accessions until 2013 7 (31.8)c 9 (40.9)c 2 (9.1)c 4 (18.2)c

a Classes were elaborated from the total presence data (genebank plus external sources) according to their frequency distribution of

categories
b Numbers in parentheses express percentage values of categories represented in the genebank regarding the total number of

categories present for each class
c Numbers in parentheses express percentage values of accessions present in each class regarding the total number of accessions
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New evaluation of collection representativeness

Categories represented after the collecting mission are

presented in Fig. 3c. Successful seed collecting was

achieved for nine out of 17 explored sites, obtaining a

CEI of 52.9 %.

Table 1 shows that 66.7 % of the categories where

T. crinita occurs are represented in the genebank after

collecting, an increase of 23.8 %. Representation of

categories that belong to the low frequency class

increased by 30.8 %, and the increase reached 100 %

for the mid-low class. Consequently, the ESI of the

collection was 29 %.

Regarding the ecogeographical categories in which

species occur, Fig. 4 shows how the highest frequency

classes cover a similar area to the ecoregions where

such species were mentioned by Ragonese (1956),

Bordón (1981) and Cabrera (1994).

Discussion

The indices analyzed show that the use of the

ecogeographical land characterization maps in the

design of the collecting strategy significantly

improved the ecogeographical representativeness of

T. crinita in the FCA-UNL genebank. The collection

efficiency index had to be interpreted carefully,

because several species, not only those belonging to

the genus Trichloris, were given priority within the

framework of the collecting mission in 2013. Never-

theless, this index could be improved with the

systematic use of localized sites from other sources

in future expeditions, as herbarium vouchers or

species databases (i.e., sites where are mentioned the

species but its germplasm wasn’t collected). In the

future, this strategy can be applied to represent all the

ecogeographical categories where the genus Trichloris

is present. The T. pluriflora collection of the FCA-

UNL genebank has a high representation of the low

and mid-low classes, which corresponded to 72.7 % of

the genebank accessions. This is because the initial

objective of its collection was to represent the western

limit of its distribution (i.e., aridity limit). When this

type of strategy is used (i.e., identifying and collecting

only for some interesting adaptive traits), sampling

might become disproportionate and biased against

highly frequent ecogeographic categories for the

species. This phenomenon, which biases toward

common or rare environments, is frequent in gene-

banks that normally accumulate different kinds of bias

in their collections (Hijmans et al. 2000). According to

the collecting aim, the biases could be toward common

environments if collecting is carried out in preferred

adaptive scenarios based on abundance data or species

distribution models (most suitable habitats), or toward

rare environments if the target is collect germplasm

with interesting adaptive traits on the limit of species

distribution (habitats less suitable). For T. pluriflora,

representativeness of low and high classes should be

improved by future collecting activities.

Ecogeographical land characterization maps have

proved to be a useful tool in other biodiversity studies

performed by Parra-Quijano et al. (2011, 2012a, b).

The results of the present study have shown how the

ELC map allows the determination of the natural

environmental variation of species, providing guides

to the representation of distribution limits at the same

time that less redundant collections are obtained. As a

result, collecting activities can be focused on sampling

abiotic stress-tolerant genotypes. At the same time, the

use of ELC maps avoids the collection of similar

adaptive scenarios (and hence, might over-represent

common genes), especially if compared to the use of

species distribution models for the same purpose. The

latter predict habitats potentially suitable for the

occurrence of species (Pearson 2010), leading collec-

tors to the environments that species prefer (i.e.,

ecogeographical categories belonging to the mid-high

and high classes in the present study), which are

generally well represented in the established collec-

tions. The use of abiotic variables and the objective

criterion for the determination of the final number of

environmental groups (i.e., ecogeographical catego-

ries), allow reliable ELC maps to be obtained, despite

the large size of the study area, leaving the selection of

variables related to the species adaptation (Parra-

Quijano et al. 2012a) open to subjectivity. The results

of representativeness analysis using the ELC map

approach can change according to some parameters

such as scale, input layers (ecogeographic variables)

or output map resolution. Special attention should be

Fig. 4 Maps showing distributions of high, mid-high and mid-

low frequency classes and ecoregions from the Argentine

Ecoregions map where Trichloris species occur. a Frequency

classes for T. crinita, b ecoregions for T. crinita. c frequency

classes for T. pluriflora, d ecoregions for T. pluriflora

c
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given to cases where the information about species and

available variables do not have an adequate quality or

support. In this sense, contributions of the experts

were highly useful since their knowledge was the basis

of the ecogeographical variable selection process.

Contrasting ELC maps with previous ecoregion maps

(usually not focused on particular species) can provide

additional support to ecogeographical representative-

ness analysis. In our case, high frequencies of species

occurrence are in accordance with the ecoregions

recognized by different authors as niches for both

species (Ragonese 1956; Bordón 1981; Cabrera 1994).

Plant populations growing in marginal environ-

ments constitute an important source of genes asso-

ciated with tolerance to abiotic stress. Thus, with the

improvement in the representativeness of the low and

mid-low classes of the T. crinita collection of the FCA-

UNL genebank, accessions have been incorporated

with potential genes of high value in the breeding for

tolerance to abiotic stress (Aronson 1989; Greco and

Cavagnaro 2003).

The results of the present study confirm that ELC

maps combined with other tools, such as species

distribution modeling and gap analysis, could be used

routinely in evaluation of conservation status, assess-

ment of the representativeness of genebank collec-

tions, and in the design of collecting strategies (Parra-

Quijano et al. 2012b). It is also important to conduct

interdisciplinary work within these types of studies, as

a method to increase the efficiency of resource use and

to avoid errors that subsequently influence the deci-

sion-making processes. Thus, a key factor in this type

of study is the participation and cooperation among

botanists, ecologists, plant breeders and specialists in

geographic information systems.

This work is a previous step for a further morpho-

logical and molecular characterization to validate the

proposed collecting methodology in Trichloris.
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Maxted N, Castañeda Álvarez NP, Vincent HA, Magos Brehm J

(2011) Gap analysis: a tool for genetic conservation. In:

Guarino L, Ramanatha Rao V, Goldberg E (eds) Collecting

plant genetic diversity: technical guidelines—2011 update.

Bioversity International, Rome. ISBN 978-92-9043-922-6.

http://cropgenebank.sgrp.cgiar.org/index.php?option=com_

content&view=article&id=390&Itemid=557. Accessed 18

March 2013

Oliveira MF, Nelson RL, Geraldi IO, Cruz CD, de Toledo JFF

(2010) Establishing a soybean germplasm core collection.

Field Crops Res 119:277–289

Parodi LR (1919) Las Chlorideas de la República Argentina.

Revista Facultad de Agronomı́a y Veterinaria de Buenos

Aires 2:231–335

Parra-Quijano M, Iriondo JM, Torres E (2011) Chapter 6:

Strategies for the collecting of wild species. In: Guarino L,

Ramanatha Rao V, Goldberg E (eds) Collecting plant

genetic diversity: technical guidelines-2011 update. Bio-

versity International, Rome, Italy. ISBN 978-92-9043-922-

6. http://cropgenebank.sgrp.cgiar.org/index.php?option=

com_content&view=article&id=390&Itemid=557. Acces-

sed 18 March 2013

Parra-Quijano M, Iriondo JM, Torres E (2012a) Ecogeograph-

ical land characterization maps as a tool for assessing plant

adaptation and their implications in agrobiodiversity

studies. Genet Resour Crop Evol 59:205–217

Parra-Quijano M, Iriondo JM, Torres E (2012b) Improving

representativeness of genebank collections through species

distribution models, gap analysis and ecogeographical

maps. Biodivers Conserv 21:79–96

Parra-Quijano M, Iriondo JM, Torres E (2012c) Review.

Applications of ecogeography and geographic information

systems in conservation and utilization of plant genetic

resources. Span J Agric Res 10(2):419–429

Parra-Quijano M, Torres E, Iriondo JM (2014) CAPFITOGEN

Tools. Programme to Strengthen National Plant Genetic

Resource Capacities in Latin America. Version 1.2. FAO,

Rome. ISBN 978-92-5-108493-9. https://docs.google.com/

file/d/0B-4W7NMFAn9ceHRVVlE5V2pyQW8/edit?pli=1.

Accessed 20 Aug 2014

Pearson RG (2010) Species’ distribution modeling for conser-

vation educators and practitioners. Lessons Conserv

3:54–89

Phillips J, Kyratzis A, Christoudoulou C, Kell S, Maxted N

(2014) Development of a national crop wild relative con-

servation strategy for Cyprus. Genet Resour Crop Evol

61:817–827

Quiroga E, Blanco L, Orionte E (2009) Evaluación de estrate-

gias de rehabilitación de pastizales áridos. Ecol Aust
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