Abstract

This work is based on a review of current scientiiierature describing problems of different

kinds of using GIS technologies in plant genetsorgces (PGR) research. The first part of this
work is focused on introduction to basic principti#susing GIS and the most used computer
tools for PGR management, such as DIVA-GIS andaMap. There is described the process of
creating of maps and analyses from different kimfisgermplasm data. The second part
describing using GIS in concretes case of study,biggest attention was given to problems of

PGR conservation and use.
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Abstrakt

Tato prace je fghledem sotasné ¥decké literatury, jez seémuje moznostem nejzngjSiho
vyuziti GIS technologii p hledani rostlinnych genetickych zdioPrvnicast prace je zathena

na zakladni principy pouziti GIS technologii, porumst je téZ ¥novana nejpouZivasim
pocitatovym progranim; DIVA-GIS a FloraMap. Na zakl&ddat popisujicich geneticky
material, je mozno vyt¥ét mapy nebo tyto data daléznym zpisobem analyzovat. Zaklady
téchto postuf jsou téz nastémy. Druhacast této prace se zabyva pouzitim GIS technologii
v konkrétnich odbornych studiich, n&j$i pozornost je énovana pé& o zachovani rostlinnych

genetickych zdrdj a jejich naslednému vyuziti.

Kli ¢ova slova GIS, rostlinné genetické zdroje, zdroj genetickétaterialu, p&e o zachovani,



Foreword

Plants provide the raw materials we rely upon fuvdf fiber, medicine and industrial
products. Quite significant number of plants isettiened; mainly by human activities, for
example by environmental pollution, deforestatiarattle breeding, spread of intensive
agriculture etc. On the other hand, humans alswigeoprotection of plant genetic resources,
including the protection of wild species, plant plgtions and traditional crop varieties where
they have evolvedir{ situ conservation), and collections of germplasm ineppamks and
botanical gardenek situ conservation). Plant germplasm is a natural resowf genetic
materials that is conserved in the form of seeliverplants, representing current, obsolete and
primitive crop varieties, wild and weedy relativelscrop species. Germplasm of wild species
are collected or donated from around the world, #md material is conserved, but also
available to a broad scientific community for basesearch and development into crop
cultivars. Information associated with germplasroeasions is as important as the actual plant
material held in gene banks. This information idelsl various types of data, such as passport
data, describing the identity; and characterizadod evaluation data, describing germplasm.
Data associated with germplasm are geo-referenaed, therefore can be analyzed in
conjunction with other location data, from whatewagiditional source. For example climatic,
vegetation and soil data from the study region banused to estimate the distribution and
phenology of the taxon concerned.

In this work, is described how spatial analysighe geo-referenced data generated by
the process of conservation and use genetic resguusing geographic information system
(GIS), can feedback to enhance and facilitate thecgss, and indeed add value to the
germplasm collections. This work starts with figrt, which is about introduction to GIS
technology and the second part is focused on thaeru of key stages of the genetic resources

management process.



1. Introduction

1.1 Geographic Information System

Geographic information systems (GIS) were creatadtlee basis of connection of
traditional disciplines like cartography and ge@drg and modern disciplines like electronic
computing and remote sensing. A GIS can be simgiiyed as ‘a tool for managing information
of any kind according to where it is located’ (Temsi, 1999)lt is a database management
system, which simulate spatial data in graphicenfare. maps, and related, logically attached,
non-spatial, attribute data, i.e. the labels anscudgtions of the different areas within a map.
Different kinds of information are geographicallaggged (“georeferenced”) and displayed
together on a single mapy the combination of two or more data sets it asgible to view
relationships between selected social or biophldiaetors crops, livestock, forests, soils,
waterways, climate, topography, population distidy income patterns, education levels,
roads, land tenure, administrative boundaries,sanon.In shortcut GIS is tool for analysis and
reanalysis, making and remaking maps, mixing andcimag different kinds of information
depending on what is of interest.

The main elements of a GIS atata sources, data input, verification and editidgta storage,

retrieval and management, data manipulation andlysig, and output.

DATA SOURCES

There are two types of data, spatial and attributech are input into a GIS. Both types
of data are encoded into a GIS database formataie@tone of successful GIS implementation
is establishment and maintenance of a robust $piatiabase. The most common general sources
for spatial data areanalogue maps, aerial photographs, sensing imagesit data samples
from surveys, existing digital data files

Some regional or global scale datasetsavailable from organizations such as the Food
and Agriculture Organization of the United NatioffAO), the United Nations Environment
Programme’s Global Resource Information DatabasBER/GRID), the International Soil
Reference and Information Centre (ISRIC), the Wo@dnservation Monitoring Centre

(WCMC), the US Geological Survey and the internadloagricultural research institutes



(IARCs) of the Consultative Group on Internatiodgricultural Research (CGIAR).Attribute
data has an even wider variety of data sources.té&xtyal or tabular data than can be referenced

to a geographic feature, e.g. a point, line, oaacan be input into a GIS.

DATA INPUT

There are four basic methods for inputting spadata into GIS, which can be used
singly or in combinationmanual digitizing, automatic scanning, coordinasometry, using of
existing digital data.

Majority of GIS spatial data entry are done by nardigitizing, with using ofligitizer.
Which is an electronic gadget comprises a tablenuypleich the map or drawing is placed
hand-held magnetic pen traces spatial featurkse coordinates of selected point are sent to the
computer and storedOne of the most desirable functions of GIS is tinditg of data
transforming during digitizing proces®igitizing can be done in different modes, suchaas
point mode(single points are recorded one at a timejfraam modda point is collected on
regular intervals of time or distance, e.g. everyn8ters) and @&paghetti mode (lines are
digitized by indicating a start point and an enchpcetc.

The biggest advantage of current scanning techresag the ability of capturing spatial
features from map at a rapid rate of speed. Theralao a lot of disadvantages such as high
acquisition costs, problems with text and symbgcbgnition, need of a substantial amount of
manual editing to create a clean data layer ktcshortcut, scanners work best when the
information on a map is kept very clean, very sirmgahd without graphic symbology.

Coordinate geometry is very costly and labour isie® This input technique is used for
creating very precise cartographic definitions ofgerty, and accordingly is more fitting for
land records management at the cadastral or mahisgale and it is seldom used for natural
resource applications in GIS.

The technique of using of existing digital databscoming more and more popular
because spatial data, like digital maps or regi@amal global scale datasets etc., can be easily
found in a wide range of government and privatercesl It is also possible to used data from
CAD system. Because of wide variety of existing data formatsaswdeveloped data
exchange/conversion software, which is easily abéel on the market.

The most time consuming operations are input, ahggriinking and verification of the
data, they take 60 to 80% of time, which is neddetbmplete the project. During the encoding



of spatial and non-spatial data can arise manyskfderrors so it is necessary to make data
editing and verification.

DATA STORAGE

There is difference between storageeotor and rastr file. Vector files store geographi
data as points, lines or polygons. Polygons reptemeas of different sizes and shapes where a
particular attribute is equal throughoiihe raster data model has become the primary §patia
data source for analytical modeling with GIS. Tlaster data model is well suited to the
quantitative analysis of numerous data layers. daolifate these raster modeling techniques
most GIS software employs a separate module spaityfifor cell processing. Each individual
cell is assigned a value for the variable beingistlt Examples of vector data include maps of
roads, or administrative zones. Typical raster sitainclude satellite images, elevation (so
called Digital Elevation Models) and interpolatdunate data. Each type of data has advantages
and disadvantages. However, modern GIS packagelsaraite both types of data, and analyses
can be made across the two data types.

There are two basic types of storage, lokal (dggkand linked (server). Local storage is
used for storing of individual files, like MicrodoDffice files (doc, .xlIs, etc). This is not very
useful for multiuser applicaton or enterprises.kieith or server storage is used for data storing in
centralized DBMS (Database Management System).atlkantage is that users can connect to

link whatever data they need, so in this way itpgurs multi-user work.

DATA MANIPULATION AND ANALYSIS

The main criteria using to define a GIS, is itsafafity to transform and integrate spatial
data. The spatial processing system (to manipulate‘'where’) and database management
system (for the ‘what’) of a GIS allow the usertong together diverse datasets, make them
compatible, and combine and analyse them. A distinchas been made in describing the
analytical capabilities of GIS between determigisind statistical methods.

Deterministic functionalities provided by GIS indki network analysis, three-dimensional
modelling and projection algebra. Spatial analystdudes the tabulation or mapping of basic

summary statistics for data in areas of intereste¥ant tools include query facilities,



Boolean operations on attributes, map overlay ifesl and buffer creation. More complex
statistical approaches to the investigation, comparand modelling of geographical patterns,
includes spatial correlation, pattern and trendlyag and interpolation techniques such as

kriging.

DATA OUTPUT

There are several ways of outputting data from GI&playing data on the screen is the
most common way of outputting data from a GIS. ti#rqnis probably the second most common
way of data output. Printed maps allow such maaiputs as selecting areas or layers for
output, and changing scale and colour. The outplit&IS analyses can also include tables,

graphs and animations.

There are 2 most important computer tools for gpainalysis of plant genetic resources
data, DIVA-GIS and Flora-Map.

1.1.1. DIVA-GIS

DIVA-GIS was created for scientists who cannot affageneric commercial GIS
software, or do not have the time to learn howde i, and for others who require a GIS that is
specifically designed for genetic resources worke DIVA-GIS software allows analysis of
genebank and herbarium databases to elucidateigesailogical and geographic patterns in the
distribution of crops and wild species. Analytidainctions implemented in DIVA include
mapping of richness and diversity, distribution wseful traits and location of areas with
complementary diversity. DIVA helps improve dataaliy by assigning coordinates, using a
large digital gazetteer. DIVA can also extract @tedata for all terrestrial locations, which can
be used to describe the environment of collectitas s

DIVA-GIS version 1.4, was developed at the Inteoval Potato Center (CIP) in
collaboration with the International Plant GendRiesources Institute (IPGRI), and with support
from the System-wide Genetic Resources Program F§GRis available free of charge from
the CIP website (http:// gis.cip.cgiar.orBase-map data (e.g. administrative boundariesidé)t

for use with DIVA are also provided for use withMA via the Internet.



DIVA is allowed to import genebank databases iniclgdpassport, characterization and
evaluation data, using latitude and longitude &el&ometimes are latitude and longitude
unknown. In this case DIVA can assign the most lyikeoordinates only from locality

information.(such as department, province and pharee).

DIVA DESKTOP

Screen is made up of a map and its allied legendag is created using themes, what are
geo-referenced databases. Each theme on the distedsin the legend. With the themes such as
altitude, national boundaries, main rivers and teqgities, can be made up map of the world. To
manage the content of the map three menus areablaifile (file and project managment,
exporting data and maps, printingeme (inspecting and managing individual themesgw
(managing the map, e.g. zooming in and out)

There are also three additional menus, such agsasalools and help. The functions in

these menus are discussed in more detail below.

DIVATOOLS

Lack of coordinate data in genebank or data inaoyuyrseriously complicates spatial
analysis of genebank data and make the resulttialiiee The task of improving the data quality
can be easier made by DIVBIVA can assign coordinates to accessions that laalcecality
description but no coordinates, and can help vet# accuracy of accessions that do have
coordinates. The best system for the digital notatof geographic coordinates is decimal
degrees. Whereas the sexagemal system contains emmymbBymbols and letters (e.qg.,
12°34712??S) the decimal system only has a nurabémo letters, with the sign indicating the
hemisphere (+ =N or W, - =S or E) (e.g., -12.570@&cimal degrees should be stored with 4 or
5 decimals. At the equator, one unit of the fowtdtimal (0.0001 degrees) equals about 10
meters (less at other latitudes; not affected byitode). That should be precise enough,
although in some countries people can use diffele@®PS (Global Positioning System) during
collecting and have precision at the meter level. those cases, 5-digits would be
better.(Hijmans, 2001)

There is often lack of coordinte data in genebamitalobses, especially in older
collections. For example, only 9% the accessidnsiomajor genebanks of the United States

Department of Agriculture genebanks have coordmalbat means that there is opportunity for



assigning coordinates to at least another 41%eohttessions (most accessions with coordinate
data will also have a locality description).Thees de used searching for the locality names on
maps or in gazetteer. This is a list of names ofyggphic features and the coordinates of their
locations. Digital gazetteers can facilitate seagh

DIVA is available to assign the coordinates to lties. The user defines an input file
that should ideally have the following fields indimg where the accession was found: country,
first and second administrative subdivision andaifwo locality names. For both locality names
one can indicate the distance and direction froencthllecting site to that locality. Then is used a
digital gazetteer (the database of foreign geogcafdature names from the U.S. National
Imagery and Mapping Agencyor searching the locality and assigning its cowates to the
accession.

When assignment of coordinates to all records mspdete, data are imported to create a
shapefile. This kind of file format is used to despdata on the map. All the user has to do is
specify a .dbf file, and the two numerical fieldstihat file that contain the altitude and longitude
data.

When is shapefile made from a genebank databage sdmetimes full of errors, like
spots on the wrong continent or falling in lakebe3e questionable locations are easy to mark
and correct. However, there will also be other rsrrithan cannot be spotted so easilly. By
simultaneously checking the accessions databasemratiministrative boundaries database, a
new (temporary) database is created. For eachsagneshis new database contains the location
names according to the genebank datalzagtaccording to the administrative boundaries
database. These names should be the same, andssangtomes probably reflect errors (or name
or boundary changes!). By extract tool are assing@dronmental data points. This can be
useful because traits can be related to ecologaraditions at the places the collections occurred.
Currently, monthly mean data for minimum and maximtemperature and precipitation are

included, but in future versions of DIVA more eronmental variables will be available.

DATA ANALYSISWITH GRIDS

Most of the various DIVA analyses are based onsgrigly these grids is world divided
into equal sized changeable cells. Potential calimr is then executed on each of the cells.
Equal-sized cells are compared more objectively #i@as such as countries or administrative

region. This is one of the reason why is usingrafggmore and more popular.



The number of observations in each grid cell camdétermined. Irrelevant points in the shape
file may be excluded by (de)selecting thre basis of their value for a specific field ireth
database that describes the points.

There are three methods how can be the numberbseination determinate into grid
cell: The‘Circular Neighborhood’nverse Distance-Weighted’ and ‘Simple’ methodg. tBe
circular neighborhood option is calculation made dccircle with its center in the middle of a
grid cell and specified radius. By using IDW methack inverse distance-weighted values
assigned to the four nearest grid cells. By thenpde‘method are points selected into the grid
cell they fall in. The weakness of this methodhatta point that is on the border between grid
cells is randomly assigned to one grid cell onlgeThearness of the point to other grid cells is
irrespected.

The function number of different values calculaties number of distinct classes of a
certain variable that occurs in each grid celinéans that input database can be consisted of the
locations where different wild species are obseridr database field that indicates the species
names can be selected and the number of diffeqsties per grid cell will be produced.
Number of diversity indices is also calculated dach grid cell. From input database is selected
a field for which a diversity index is calculated.

The complementary site selection procedure tryetmgnize sets of grid cells that are
complementary to each other, it means to captanexamum amount of diversity in as few cells
as possible. This procedure is based on the aigoiitescribed by Rebelo (1994). While the first
cell choice is easy — the cell with highest sped@sness — the selection of the following cells
depends on the previously chosen cell. This is umedhe species in the cell with the second
highest number of species may also be presentifirdt cell. This is a non-linear optimization
problem. Rebelo (1994) developed a procedure thlatilates an approximate optimal solution,
and this has been implemented in DIVA.

This procedure is used again and again. The vdleaah grid is calculated repetitively,
based on the observations in that cell, and irtioglao the observations in the cells already
selected. If there are two or more cells with thee value, one is selected at random. Therefore,
this procedure can lead to slightly different résul every time.

Statistics for each grid can be calculated, whenrthmerical variable is selected from
the accession database. With Bistribution Statisticfunction, statistics for each unique value
(class) of a multi-state variable can be calculatedexample, for each species in a database of

wild relatives in a given genepool.



POINT-BASED DATA ANALYSIS

Point-based approaches, such as the Spatial jpgGfs Diversity (SID) software which
was described by Nelson (1997), was implementeDIWA like an alternative to the use of
grids. Diversity indices are calculated based boladervations lying within a user-defined circle
about each point. The results are assigned toottaion of the central observation and output to

a database. The results can then be mapped adaiWAn

FREELY AVAILABLE DIVA-GISDATABASES

Country-level database is free to download fromp:htis.cip.cgiar.org. These databases
can be completed by genetic resources data théteamg mapped and analyzed. Also shapefiles
with data on administrative boundaries, country riozwies and first and second level
administrative subdivisions for most countries available via internet. There are grids for all
countries, including data such as altitude, landec@and population density. And many more
public domain databases are freely on internet.

DIVA is probably most useful for analysis of disuition data covering larger areas, such as can

be typically obtained from genebanks.

1.1.2. FloraMap

FloraMap (Jones and Gladkov, 1999) is another @[8ication. This one was developed
by CIAT primeraly for the prediction of the distution of organisms in the wild, when little or
nothing is known of the physiology of the speciegolved, so that analytical or symulation
models cannot be used. This is important to planetc resources (PGR) workers because data
on the geographic distribution of species are aftgant and it would clearly be useful to be able
to use what little is known to identify areas whargpecies has not been previously recorded, but
where is might still be expected to occur. FloraMegsumes that the climate at the points of
observation and/or collection of species (herbargpacimens, germplasm accessions etc.) is
representative of the environmental range of tigamsem. The climate at these points is used as
a calibration set to compute a climate probabifitpdel, which is then used to assess the
likelihood of other sites being climatically suitalfor the species.
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THE BASE CLIMATE DATA

In FloraMap analyses are used climate data frormitite grid (similar to 18km at the
equator). The grids were educed by interpolatimmfrthousands of meteorological stations.
Thirty-six climate variables are used: 12 monthlgrages for temperature, rainfall, and diurnal
temperature range. Temperature is standardised eletation using NOAA TGP-006 digital
elevation model (DEM) and a lapse rate model. Rdlirdnd diurnal temperature range are
independent of elevation.

A 12-point Fourier transformation is applied falagtation geographic differences in the
timing of major season. It rotates the climate data common time frame to make them directly
comparable.The climate of a location in the Nomhidemisphere may be very similar to that of
a location in the Southern Hemisphere but witheddhce in the beginning of the rainy season.
The phase angle of the first frequency for thefedlimnd temperature records are combined as a
function of latitude and the resulting angle issudicted from each climate record.

Climate grids for Latin America and the CaribbeAfrjca, Asia, Europe and USA are

available for using in FloraMap.

COMPUTING THE CLIMATE PROBABILITY MODEL

The 36 climate variables described above are dixstacted for the pixel in which each
accession in the input file is located, and priatimponents analysis (PCA) is carried out on
the resulting data. PCA recognizes new variabledimensions (principal components) related
to the original variables. The PCA is performedtba variance-covariance matrix since the
Fourier analysis has already transformed the vimsailo comparable scales. FloraMap then fits a
multivariete normal distribution to the principabraponents scores of the accessions (the usel

specifies how many dimensions to include)

MAPPING AND EXPORTING THE PROBABILITY SURFACE

For each pixel in the selected continent is catedlgorobability of belonging to the
multivariate normal disribution. The final reswdta probability surface for the continent(s) under

considerationThese probability surfaces are ESRI® Shapefilesh wach pixel defined as a
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square. They are available for other GIS applicatidor carrying out further analyses and

producing individually crafted output maps.

FLORAMAP DESKTOP

Map Window is used for displaying map and for mangghe map layers, including
probability surface and accession points. Studgsaoan be specified by roads, rivers, cities and
political boundaries of Latin America, Africa angiA. All these are displayed as a background
to the probability layer. The principal componentmdow is used for checking the principal
components analysis. Choice of components and madgability limits are under user‘s control,
by using convenient sliders or by entering the @aliesired. A scatter diagram indicates the
distribution of the accession points in any combarmaof the principal component dimension.
The cluster analysis tool provides access to sey@merful techniques to investigate the
possibility of clustering. After find of clustehé user can point and select a cluster and cadculat
the probability model for those accessions onlpeating the procedure for each cluster. The
climate diagram can be displayed in Cartesian tarpmordinates and can show the data either

by real date or in rotated form.

DIFFERENT USES OF FLORAMAP

The primary use of FloraMap is predicting the disttion of plants and other organism
in the wild from very limited distribution data. @paring such predicted distribution with
localities where accession data were collectedbsaniseful to germplasm collectors trying to
identify gaps in existing collections. For examptmes at al. (1997) had some success with wild
Phasoleusn South America.

The software’s analytical facilities with data, whiare used in prediction of distribution,
also allow the ‘retro-classification‘ of accessiombis process was coined by Steiner and Greene
(1996), and it is the process of obtaining datalsrlaying the locations of the sites on different
thematic base maps of the appropriate scale adéchgeaff the map attributes. Steiner and Green
(1996) used in retro-classsification the Lotus exibn of the US National Plant Germplasm
System (NPGS)

12



The most important applications ardiecking data quality, predicting climatic adaptatian
other areas, identifying groups of accessions wdistinct climatic adaptations (ecotypes),
comparing climatic adaptation

For identifying errors in data is used the PCA tsratliagram. Any accessions that are
obviously outliers in the PCA diagram should becokieel for any inaccuracies in the latitude and
longitude information.

The model describing the climatic adaptation ofgpecies is usually applied only to the
putative region of its distribution in the wild. WiFloraMap is possible to apply the model to
other place in the earth. For example, the distioinuof species that are grown as forages and are
native to Africa can be used to predict where timéyht be expected to yield a good response on
introduction into South America or Southeast Asidreros et al. (2000) presented a study of
adaptation of South American fruit species in Mexamd Jones et al. (2000) a study of cross-
continental climatic adaptation Desmodium

The clustering tool allows the user to investigdite existence of groups of accessions
with distinct climatic adaptation within a collemti. When such group is defined, individual
probability of distribution has to be fit to thecassions in each group in order for the model to
work correctly. The PGR workers exploit the pod#ibiof groups association with genetic
differences of significance for genetic resourcesservation or use. Climatic groupings could
be used in developing core collections. For PGRkeusr is very useful to compare the climate
adaptation of selected groups of accessions. Flapaias used in conjunction with data on
collection of wild Arachis species to define and compare the climatic adaptadf different
species. Users interested in adaptation to paatialimatic conditions would then know which

of the species are most suitable for their purposes

FLORAMAP LIMITS

Though climate is widely considered to be one @& primary determinants of plant
distribution, it is not the only one. FloraMap takeo account of factors such as soil, dispersal
mechanism, natural vegetation, human interventiomysical barriers etc. The probability
surfaces can be imported into other GIS, where tagyby overlying with other geo-referenced
information to refine the analysis.

FloraMap does not provide a once-and-for-all solutiAs more distribution data become
available, the results of the analysis can changeifisantly, in particular if the original
accessions were in some way a climatically biasedb$e of the real distribution of the species

13



2. Aim of the thesis

These days it is more and more common to use cargpidr the simplification of work,
or to achieve precision results. The aim of thiskaserves to act as a review of the potential of
using of geographic information system (GIS) innplgenetic resources research. One of the
biggest advantages of these technologies is bahptssibilities of cooperation with other
scientists through already generated databasethambssibility of perform all parts of research
single-handed. This work provides some useful mfation describing the whole process of
using the GIS whereby it is possible to choosentlost suitable technique for everyone who is

interested in plant genetic resources research.
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3. Methodology

This work is based on a review of current scientifierature describing problems of
using GIS technologies in plant genetic resourd@SR) research. Electronic databases of
scientific literature, such as ISI Web of knowled&pringer link and Science were used to
create a collection of 26 scientific articles. Tdasticles were used as resources of information
for creating summary of advantages, disadvantages passibilities of using GIS in PGR
research. The first part is focused on introductmbasic principles of using GIS and the most
used computer tools, such as DIVA-GIS and FloraMdq@ second part describing using GIS in
concretes cases of study.

In individual searching were used these keywordsS, ®IVA-GIS, FloraMap, plant

genetic resources, germplasm, in situ; ex situ@wmasion, biodiversity.
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4. Results and discussion

4.1 Useof GISin plant genetic resources conservation

In the process of using GIS in plant genetic resesirconservation are most important
these componenet€Ecogeographic surveying, Field exploration, Designanagement and

monitoring of ‘in situ‘ reserves, Germplasm evailaat Use of genetic resources.

4.1.1 Ecogeographic surveying

Herbarium specimens, germplasm accession passtastfebld notes, maps and relevant
literature, these are the sources of informatioeded for ecogeographic surveying. This
information describe ethnobotany, ecological adaptia geographic distribution and genetic
diversity of a plant group. Along with informatiatescribing climate, geography, ecology and
the human settings of study regions is possiblelém date, place and kind of collecting
germplasm and choose the best place to establisétigereserves and how to monitor and
manage them. On the earth are places with diffdrieiversity so it is logical that some places
are of higher priority for collection or consenati than others. Ecogeographic surveying is
focused on identification these geographics arasas likely to contain germplasm of interest,
areas with high environmentally, taxonomically oengtically diversity, areas which are
complementary to each other, areas with dangereoktic erosion and areas which are still

under-represented or even missing in conservafforte
AREASWITH ASSUMED OCCURRENCE OF GERMPLASM OF INTEREST

GIS technologies might be very useful in searcluhgreas where a species has not been
previously recorded but where they probably ocEust, they explore the areas where a species
has been found, then estimate the conditions fouroence. By using software (e.g. FloraMap)
are extrapolated and displayed areas with therdiftdevel of similarity with areas of collection.
Another possibility of application of GIS is objea prediction of the full distribution of species
from incomplete point distribution maps, based @neicological preferences. Most often these

methods have been used at the species level, Imtpitssible to utilize them in the level of
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botanical varieties, groups of similar accessionul{wariate analysis based on e.g.
morphological characterization) or farmer-recogdizandraces. A species being chosen for
conservation may be related with specific habitagetation, land use and landform. In locating
these features may be used combination of GIS téobies such as satellite and radar imagery.
Is also possible to spot the isolated areas oivatilbn, but only when these areas are larger than
the resolution of the remote sensing system. Getiimd analyzing satellite imagery could be
costly and time-consuming work however some ussfftware is available online on the
Internet. One of them was developed for FAO Gldbfdrmation and Early Warning System, it
is called WINDISP and is using for display and gsisl of satellite images, maps and associated
databases. Also another data derived from sataliteces such as some ecosystems and lanc
use data are available to download from the Inter@emetimes materials with very specific
characteristics need to be conserved. GIS can elareas where material with required
adaptation might be expected to occur, this proisebased on agricultural censuses, specialized
surveys and crop experts. Geostatistical methodst@fpolation can describe the spatial pattern
of variation in genetic, morphological and agrononaits among population. Analysis of
genetic boundaries can show the areas with prevafmcific traits and identify areas that are
relatively homogenous but different from each ofioeithe characters being study.

A. Jarvis et al. (2005) describe the using of Gi6gdredicting occurrence of germplasm
of interest in study about natural occurrenc&apsicum flexuosur8endtn. in Paraguay. They
selected preferred areas for germplasm collectyngddel based on combination of a prediction
of potential distribution on the basis of climatidaptation determined from previous collecting
sites; a map of preferred habitat of the speciegtwis a forest margins; and a map of areas
accessible by road.

The first step was collating the database of harbarspecimens and germplasm
accession from the US National Plant Germplasm eBystand also the determination of
geographic coordinates for each observation. Fedipting the distribution o€. flexuosumn
Paraguay was used FloraMap together with climatata dfrom observations from 130
meteorological stations in Paraguay, for examplathlyg averages for temperatures, rainfall and
diurnal temperature range. The result of this aigalys a map of potential climatic envelope
where an organism could exist, but it does not aetéor factors such as edaphic preferences,
dispersal mechanism, anthropogenic impacts or gmabhabitat preference@igure 1.)
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Figure 1. Example of projection of species distfidiu

(Capsicum flexuosum in Paraguay, Jarvis, 2005)

The second step was identifying areas of potentsiitable habitat. For location of
forests in Paraguay was used International Geosgiesphere Program (IGBP) Land Cover
Classification together with using of data set fradmited Sates Geological Survey (USGS)
Global Land Cover Characteristics project, whicliréely available on the internet. Five forest
land-covers such as deciduous broadleaf foresidul®aes needleleaf forest, evergreen broadleaf
forest, evergreen needleleaf forest and mixed forese used to create a single coverage of
forests in Paraguay.

(Figure 2.)

The third step was to locate roads and a 4-km bufé@e region by using the Digital
Chart of the World. This step selected areas wbeltection is deemed feasible.

(Figure 3.)
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Figure 3.Example of projection of areas defined as beingss&ible to plant collectors.

(Capsicum flexuosuim southern Paraguay, Jarvis, 2005)
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The result of the modelling refers an area of 6d60are km in south-eastern Paraguay
whereCapsicum flexuosur@endtn. is predicted to occ(Figure 4.)
In time of 15-22 March 2002, 20 sites were visitadl explored foCapsicum flexuosunand
five new natural population . flexuosunwas found. Germplasm samples from these natural
populations have been deposited in US Nationaltf@nmplasm System (NPGS) for long-term
ex situconservation on behalf of the Paraguayan natian#iorities. Of these one accession
(WWQC 146) has been increased and assigned & IRtemduction number (Pl 631154) in
NPGS Germplasm Resources Information Network (GRTKEin situ conservation status @f.

flexuosunin Paraguay is threatened by habitat destruction.
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Figure 4.Example of projection of priority areas for colliect.

(Capsicum fexuosuin southern Paraguay, Jarvis, 2005)
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AREASWITH HIGH DIVERSITY

Some sites on the earth are more interesting mnt@axic or genetic diversity than others.
Diversity is one of most important factor in genatsources work. Study of diversity starts by
separating the target area into a number of smatlees, for each of which a measurement of
diversity can be calculated. Ideally areas of eghalpe and size, such as grid cells are the best
Sometimes is used presence or absence of speciewedstigate patterns in the taxonomic
diversity in different grid cells. For calculatiai morphological diversity of cultivated species
of interest are using diversity measurements basedorphological characters or molecular
markers. In this process can be very useful DIVAGoftware, which calculates diversity
indices for all the cells in user-defined grid giMatitude, longitude and characterization data for
a set of accessions and maps the results.

Another method for mapping diversity is ‘point-bd'senethod approach used by Spatial
Intraspecific Diversity (SID). SID is able to readordinates of each accession point after that is
drawn a circle of user-defined radius around itcéssion points lying within this circle are used
to calculate diversity within the defined radiusjng the Shannon-Weaver or Simpson index.
The result is allocated to the spatial locatiomlodervation. The advantage of this method is easy
interpolation and modeling of the point-based valdwersity.

Various studies used different environmental patarseas a substitute for species
diversity. One example of GIS application in th@seblems is calculating with topographical
data for predicting of the richness of the rarecegse This is being applied at the intraspecific
level in a study of relationship between environtaband human diversity and genetic diversity
in cultivated groundnut in Ecuador and GuatemalenBPGRI and CIAT were participated on
this study.

Use GIS in these problems was described by X. 8eh&n et al. (2007) in study of
Distribution, diversity and environmental adaptataf highland papayad/ésconcelleapp.) in
tropical and subtropical America. The gendasconcelleais the largest within the family
Caricaceae, holding 21 species, often collectiealled highland papayas because many of them
occur at higher altitudes. Five of tB& species
(V. horovitziana, V. omnilingua, V. palandensis, pdichra, V. spruceijare included in the
IUCN Red List of Threatened Species and requireciapemonitoring attention for their
conservation. The process of measurement of dtyeasid distribution olVasconcelleapecies
was composed from several steps. Firstly, the numbebservations was tabulated per species
and per country. Then was selected an indicat@bohdance or rarity of a particular species

21



which was the area of occupancy, defined by Intevnal Union for Conservation of Nature
(IUCN). The area of occupancy was calculated byrupsing a

2 x 2 km grid over the study area, followed by d®iaing the number of grid cells occupied by
each species (by DIVA-GIS) and by converting thesan effective areas by multiplying the
number of occupied cells by 4 square km. Third stegs to estimate the extant of the
distribution area for each species by determinhegaverage distance between all possible pairs
of collection points of each species. The last stap to map observed species richness by using
the point-to-grid richness analyses tool in DIVASGusing a 1 x 1° grid (111 x 111 km at the
equator). The circular neighborhood option, witB°adiameter was applied to eliminate border
effects due to the assignation of the grid origin.

The result of this study was a more detailed viéwhe geographic distribution of each
Vasconcelleaspecies. Areas with the highest richness\asconcelleaare in Ecuador, there
were found 16 of the 21 species, in the seconceplaih 9 species are Colombia and Peru. In all
other countries, five or less species have beeleatetl. The Andes of northwestern South

America represent the center of diversityalsconcellea. (Figure 5.)

Figure 5 Example of projection of species richnebhe darker areas indicate the highest
potential richnesgvasconcelleapecies in Latin Americanaximum value: 11 species,
Scheldeman, 2007)
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COMPLEMENTARY AREAS

Two areas may have equal richness or diversityxd br morphotypes, but the ones in
one square may be similar to each other, whiletheromay be more different. Other things
being equal, the second area would be the highesecwation priority. One way of optimal
targeting of conservation effort is using multiede statistics to classify or ordinate spatial init
according to the species found there, on the lstharacterization or evaluation data, or in
terms of environmental conditions. Another appro&cimethod of iterative procedure based on
choosing the smallest number of spatial units shaheach species is placed in at least one unit.
This method with complementary DIVA-GIS analysisiadso be very helpful in problems of

selecting potential biodiversity conservation areas

UNDER-CONSERVED AREAS

GIS with its ability of superimposition of digitahaps is used to identify individual
species, species-rich areas, or vegetation typesth under-represented or even not representes
in existing databases of protected areas or arbasewgermplasm collection has already been
adequately carried out. Global datasets of prae@eeas are available from the World
Conservation Monitoring Centre (WCMC). Identifyiegogeographical gaps in existing ex situ
germplasm collections is more and more importaot.example the coarse-grid collecting of the
past 25 years is replaced with a more targetees;dgnnd approach

Checking and assigning of genebanks coordinateslisasssed by Hijmans (1999). In
this study was used data set from a case studyldmpatatoes from Bolivia. This database
compose of records from 18 expeditions from a geoiomore than 40years so it is not surprise
that was found that more than 50% of the access$iadsrror. The process of checking
coordinates has 3 parts; finding errors, deterngitie cause of error and assigning coordinates.
By GIS can be detected three kinds of errors sa@dteessions in impossible places, e.g. oceans;
accessions in unlikely places, e.g. unlikely aftépaccessions in the wrong place according to
passport data. The first two kinds of errors aresed by wrong coordinates and can be detected
by visual inspection of data. This method is uslata on wild potato species of Bolivia from the
Intergenebank Potato Database. Three suspiciolztad locations are branded with question
mark. After clicking on the point, the Identify téts window is shown. This window include
information about the point such as locality dggevn which indicates that the point should be
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located in Las Delicias, in the Department of Piptalshough on the map the point is located in

the Department of Santa Cruz. ( Figure 6.) Thedioates in the database, and thus the location

on the map, are therefore likely to be wrong. Thilttype of error is typically due to wrong co-

ordinates and/or wrong names and can be detedteglawerlay analysisnethods.
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Figure 6 Example of projection of sites, where germplasm eaected (black dots).

(wild potatoes in Bolivia, Hijmans, 1999)

It is more difficult to determine causes of errttan to spot them. The causes of errors

include incorrect reading of maps, sometimes cabgeatliplicate locations names and confusion

about the coordinate system. The most common cafiserrors in database are perhaps

topographical mistakes. If a name in the genebat&bédse does not correspond with the name

in the administrative boundaries database, thisdcbe due to wrong coordinates or to wrong

names in the genebank database. Another error eamdre in assigning and digitizing

coordinates, such as switching of latitude and itodg, typing the wrong hemisphere or typing

two digits in a number in the wrong order. If amoeris due to a wrong name in one of the
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databases, this is often caused by difference @flisgp or by typographical mistakes. These
errors are easy to trace and correct by inspeatpitabetical lists of the names in databases.
The different kind of errors and the difficultiesdetecting and correcting them, highlight
the importance of more precise bookkeeping by gkrsnp collectors and curators. One of the
main reasons is that checking and improving thedinates of germplasm database is tedious

and time consuming.

ENDANGERED AREAS

Many areas in the world are threatened of genetisi@n, so it is logical that these areas
are high priorities for conservation. Remote semsian be used to document changes in the
extent and characteristics of forests, wetlandseuds, different land use types, cropping, etc.
Remote sensing imagery together with agricultuesiscises, news reports and fieldwork can be
used as sources of information for predicting geregbsion based on specific indicators that are
associated with genetic erosion, for example désatton, soil erosion, extension of agriculture
into increasingly marginal areas, etc. These iridisacan be assessed by observables, for
example decreasing development of vegetation (meaddoy NDVI), increasing outmigration
and the appearance of new field in marginal arhef which can be managed by GIS.

These problems were described by L. Willemen e{2807), between 2001-2002, 285
farmers in 50 communities in the Ucayali region everterviewed to carry out a field survey.
The survey included questions on the socio-econaiti@ation of the farmers, their farming
practice, cultural background, and current agngeltrends. Then were farmers asked about the
number of distinct cassava varieties grown at iime tof survey and about the observation of
losses of varieties in the recent past. All survegults were summarized per community.
Coordinates were surveyed using GPS, other spddial were extracted from different digital
sources, for example thematic maps of the regidh thie main roads, rivers, urban areas, and
geomorphology layers was provided by The Instilgdnvestigaciones de la Amazonia Peruana
(HAP), and the Centro Internacional de Agricultdmnapical (CIAP) provided deforestation map.
In total, 295 cassava samples, the representaiivhé€ morphological diversity at community
level, were collected and then useddarsituconservation in Pucallpa and deposited in Peruvian
national genebank.

The genetic erosion could not been measured direatlthe field because of a lack of
baseline and time series data. The presence on@bsé genetic erosion was assessed by asking

farmers whether they had noticed any disappearahearieties in the last 5-10 years, and then

25



were defined a genetic erosion index for each conitywuDIVA-GIS was used for spatial data
processing. Results showed correlation betweentigegr®sion and possession of livestock. By
new settlers has been land in Ucayali region turinéal pasture. Communities where a high
number of farmers buy a planting material on theketaalso reported loss of varieties. Position
of community is another factor involving the genetrosion index is. Communities closer to the
main road to Lima have clearly noticed more varless than settlements further away. Road to
Lima is an important link to markets, so farmershiese areas are pressured to adopt commercia

agricultural practices.

4.1.2 Fieldwork

Fieldwork is practical part of ecogeographic stu@yS technology can be useful in this
part of genetic resources conservation throughdiénelopment of field aids and providing
information on the planning optimal time of fielgNs.

For filedwork are most important maps showing fex{gpecific or combination of them)
of interest. Unluckily sometimes these maps areanatlable or the available maps are unwieldy
to use. GIS can be used to create maps showingeXample moisture, temperatures or
ecogeographic gradients in the areas of interest.

Another problem could be timing of field visit. Beecse of difficult timing of field
exploration simultaneously with appropriate stafjeegetation is often used satellite imagery.
The advantage of satellite imagery is in providifaga on the state of vegetation with relatively
short time thereby collectors could be more preigaming field visit. Data can be analyzed to
provide surveillance of the state of crops and tage over the growing season. With satellite
imagery is also possible to evaluate the stabdityohenology in areas across the year. Areas
with most predictable phenology were regarded tgkdst priority for field visit, because of the

greater likelihood of finding seed of species aérast for collection.

4.1.3. Design, management and monitoring of situ reserve

In designing of protected areas is applied theiapanhalysis in GIS to questions of
optimal size and shape or zonation. This type pfiegtion present the challenge of integrating
data on the human population, such as demographig-seconomy or culture, with data on the
biophysical environment and on other target taxon developing a zoning plan for a reserve,

buffer zones or core can be used information orispeaichness, distribution and abundance of
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endangered species, disturbance and distributiotimider resources within a forest etc. The

beginning is the definition of criteria being cootexl to ecological and socio-economic

sustainability, this provides that the limits oktpark will respect the natural features and that
the size of protected areas will be enough fomfivrequirements of the human population

surrounding the buffer area. By using satellitegerg, biodiversity surveys, population studies

and combinations of map are created GIS analysievelop a buffer area balancing human and
wildlife requirement.

Because of rapid rate of environmental and socmmemic changes, such as
environmental pollution or global climate changés,das important to calculate with possible
future scenarios during the reserve designing. t&tBnologies allow to select and to manage
reserve on the foundations of both current climatnt vegetations templates and different
supposition of future changes.

At the moment thain situ reserve has been established is time to implenoené $orm
of management and to monitor its results on frequeplenitude, demography and genetic
diversity of species of interest. GIS may be useddfining and implementing the management
plan.

A. Jarvins et al. (2002) described a geographippr@ach to identifying biodiversity
hotspots and prioritizing regions for conservatiosing peanuts wild relatives as a case study.
The closest relatives of the peanut include 26 rdest wild species of the genusrachis
section Arachis all endemic to south-central South America (BalivArgentina, Brazil,
Paraguay an Uruguay). In this study were used 3®‘regferenced germplasm accession and
herbarium specimens. The germplasm accession data abtained from SINGER and GRIN.
For predicting the distribution cArachisby climatic models was used FloraMap. The lack of
accessions (less than five) in eight species mibantit was not possible to carry out a sensible
principal components analysis (PCA), so these spagere omitted from the analysis. Some of
these species have been identified as possibl@pitogs of the cultigen. So it is underlining the
need for further collecting and conservation effort

The result is the map of two main high diversitga®, one in the southern part of the
Department of Santa Cruz and the other in northtemesParaguay. This semiarid region
contains natural savanna where populations of Wilgchis are most often found. Germplasm
collection locations were overlaid on this map ahdw that no geo-referenced accessions exist
from the region of interest in Paraguay and in Iseut part of the Department of Santa Cruz.
These places were also considered as a possiole @l@rigin for the cultigen, and thus the best

place forin situ conservation.
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4.1.4. Germplasm evaluation

The ability to find best areas for each access®raikey step in both germplasm
multiplication and evaluation. The regenerationaansust afford suitable conditions for any
requisite triggers for the different stages of pldevelopment, such as occurrence of pollinators
providing flowering and seed production or lackpafst and diseases. GIS is able to identify
potential areas for regeneration by overlappingate and distribution maps for pests, diseases,
pollinators and wild relatives. The environmentlod areas of regeneration is compared with the
environment of the areas of collection. There is/\adten used FloraMap. Areas of collection
are carefully investigated for determination of threque requirements of individual accession.
This information is also used in germplasm evatmaby definition both ecological optimal and
stress locations. The other application of GlShisargeting and predicting the potential impacts

of promising germplasm.

4.1.5. Genetic resources

The objective of conserving germplasm is for ibeused. The lack of data on accession
and the large size of collection can significarfficlilty using of conserved materials. GIS can
identify interesting germplasm and show diversitucture within the collections. GIS may also
help with improving the quality and quantity of tleeality data associated with collection and
completing passport data. By using of publishe&wen online maps and collectors’notebooks
can be determinate the latitude and longitude bwiliocality name. When localities are marked
on the paper maps, digitizing of maps is used $timating latitude and longitude.

Also available passport data can be inaccurateidRgta visualization by GIS can show
obvious errors in latitude and longitude data tasgllike bad position of accession.

Another data checking is doing by comparing logatiescriptions in passport data with GIS
datases of administrative boundaries. Retroclassifin of the collection areas is focusing the
attention on the most promising material for thegiecific purposes. Combination of germplasm
location and soil maps is possible to identify adates from plant collection what can be
adaptated on e.g. alkaline soils. Because of exges time-cosuming measurement of some
traits is often done only a ‘core’ collection, whitepresented the genetic spectrum in the whole
collection. The materials describing the core abiten can be applied in the identification of the

rest of the collection. Agroclimatical conditionsthe collection area are one of the most often
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using criteria in process of classifications. Faarmaple regional history of crop, length of
growing season, photoperiod, soil type and moistegame are used together with passport data
to characterizations growth habit. GIS is also fuglm predicting the likely impact of the use of
germplasm.

R. J. Hijmans et al. (2003) described the extentviich taxonomic, geographic and
ecological factors can predict the presence oft fralgerance in wild potatoes. They used data
collected in 12 countries in the Americas, covenmgst of the distribution area of wild potatoes.
The coordinates of accessions were checked andléwfrattested accessions from 87 species
were used. Mean frost tolerance was calculated speeies and series. By using DIVA-GIS was
created a map of the mean and maximum observetl thlgsance. The mean minimum and
maximum temperature during the year, and duringetienated growing season were calculated
for each accession. Results show a significantcasan between species and frost tolerance, 5
species have a frost tolerance score of more 9@®apecies have a score of 82% or higher.
Highest frost tolerance was f&olanum acaule which is also one of the most common and
widespread wild potato speci€s; albicansand forS. commersoniiAlso significant association
between species was proved, the highest frostatoder have serie&caulia, Commersoniana,
and Megistacroloba Areas with high mean level of frost tolerance obaBons constitute area
from central to south Peru, and a small part oaeelt northern Bolivia; and area stretching
south and east from Paraguay into adjacent ArggnBnazil and Uruguay, and small area in
central Chile. (Figure 7). Species and series &ffea frost tolerance are much stronger than
effect of temperature. The map of areas with mesmnmam temperature below 3°C within the
area where wild potatoes occur is not a very gaediptor of the level of frost tolerance in wild
potatoes from these areas. (Figure 8) The mapatlyridentifies the Central Andes and parts of
Chile, but misses the lowland area of Argentina dnajuay, withS. commersoniiand wrongly
predicts the southwestern USA as an area with fobstant wild potatoes. All these information
could be used in searching the most fitted spdoiesach area, and with it can save time and

money in using of genetic sources.
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Figure 7.:Example of projection of the mean (A) and maximBhgbserved frost tolerance,
percentage non-damaged tissue ( wild potatognars, 2003)
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5. Conclusions

The use of GIS opens the way for new approacheglamt genetic resources
management. GIS should significantly enhance thst-effectiveness of conservation efforts,
and facilitate use of germplasm by breeders andrstiHowever, GIS technology has not been
used by plant genetic resources conservation prggrathe extent of its potential. The reason is
quite high price of GIS hardware, software and datad also its difficult obtainability and
complex using. Another complication could be wejgiheésources limitation, especially in
developing countries.

It is true that the current revolution in GIS teology is putting both the data and
analytical tools within the reach of many, but @ed not mean that the plant genetic resources
conservations community will simply wait for thekaology to come to its aid. On the contrary
the community needs to take positive action itsglthe international, regional and national
levels. Another important step that could help widdoption of GIS by plant genetic resources
programs are web-based tools, where maps and amtessnts can be manipulated on-line with
easy-to-use, browser-based and graphical interf@tgshe key role of process of GIS adoption
plays access to data. GIS afford an ideal envirohmathin which is possible to manage and
analyze data from number of different sources. Ganks should create linkage with
institutions, which already have GIS capacity, sashnational statistical and natural resources
institute, mapping and survey departments and matapcal services. With available data and
tools for their managing, is possible for everybadyuse GIS in many cases of plant genetic

resources study.
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