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Pedepar. YV crarTi NpeACTaBICHO OCHOBHI MIIXOMH 10 MOJACIIOBAHHS €KOCHUCTEM 3a JIOIIOMOTO0
GIS-texnounoriit. Ilokazano, mo reoindopmaniiiHi cUCTEeMH [O3BOJSIOTH 30epiraTu,
CHCTeMaTH3yBaTH 3a NPOCTOPOBHM IPHHIMUIIOM 1 aHaji3yBaTd iH(pOpMalilo, SKa CTOCYETHCS
010THYHUX Ta a0IOTHMYHHX MapaMeTpiB ekocucTeM. OIHMCAHO METONMKH MOJCIIOBAHHS peibedy
3eMHOI IOBEpPXHi, JIOBrOTPUBAJIOIO MOHITOPIHTY CTPYKTYpHU Ta (QYHKIIOHYBaHHS EKOCHUCTEM,
CTBOPEHHSI MOJIENIEH €KOCHCTEM HIDKYMX 1€papXidHuX piBHIB. HaMideHO NUISIXM IMONAIBIIOro
PO3BHUTKY MeTONiB 300py Ta aHamizy gaHuX. CTBOpPEHO MOMENI CTIMKOCTI MIKpOOpTaHi3MiB 10
TOKCHYHHAX MeETaliB Ha Oioreorpadignomy momiroHi o. 'amiames (Galindez), moneni po3nomimy
MIrMEHTOBAaHUX (OPM Ta CHIBBIJHOIIEHHS KUIBKOCTI IMIIMEHTOBAaHMX 1 HEMIrMEHTOBAHUX
MIKpOOpraHi3mMiB y ckeiabHUX OioneHosax. Buxopucranus GIS-TexHonoridi 103BOJIHIO
MPOZEMOHCTPYBATH IIUPOKE PO3MOBCIO/PKEHHSI METAIPE3UCTEHTHUX MIKpOOpraHi3miB Ha Gioreo-
rpadiuHOMY TIOJIITOHI, TX TMPHCYTHICT Y MOXaX, O3€PHUX Mylax, IPyHTaX, a TaKOK HasBHICTb
MrMeHToBaHUX (opMm OaxTepiif, MIKpOMINETiB, APLAOKIB y OiOleHO3aX BEPTHUKAIBHUX CKEJb.
IToxazano, o Bukopuctanus GIS-texHomoriit 103B0IsI€ BUSBUTH JUITHKA, HAXOUTBII TEPCIICKTHBHI
JUTS TIOITYKY TIPOIYIEHTIB 010JI0T19HO aKTHBHHUX PEYOBHH.

Kurouogi cioBa: I'IC, ArcGIS, MmonentoBaHHs, aHTAPKTUYHI €KOCHCTEMH, EKCTPEMO]ITbHI MIKpO-
OpraHi3Mu.

Peepar. Ha cerogusmHuii JileHb KOMILICKCHOE H3yYeHHE NPHUPOAbI AHTAPKTUKHU SIBISICTCS
MIPUOPUTETHBIM HANpaBlIeHUEM HcciaeqoBaHIH. OMHAKO MOJECTHUPOBAHNE CTPYKTYPHI W (DYHKITHIHA
9KOCHCTEM IIO-TIPSKHEMY TaJIeKO OT 3aBEPIICHHS M MOITOMY OCTACTCS CTPATETHUECKH BayKHBIM.
OnTuManbHBIM CPEACTBOM MOJICIUPOBAHUS SIBISIIOTCA TeOMH(OPMAIMOHHBIE cUcTeMbl. OHHU
MO3BOJISIIOT  000011aTh MH(OPMALMIO 0 TPOCTPAHCTBEHHOMY IPHUHILMUIYY W aBTOMAaTHYECKH
BKJIIOYaTh B KOMIUICKCHBIH aHAJU3 MIMPOKHH CHEKTp aOMOTHYECKHX IapamMeTpoB (BBICOTY Haj
YPOBHEM MOpsI, SKCIIO3MIIUIO, YKIOHBI U T.J.). Lleapio paboThl SIBISIETCS YCOBEPIIEHCTBOBAHHE
METOJJMYECKHUX TIOJXO/IOB JUIS CHUCTEMATH3allMk M aHaiu3a MHPOpPMAIMU 10 OMOTHYECKHUM H
a0MOTHYECKNM TIapaMeTpaM, MOJCTUPOBAHMSA AaHTApKTUYECKHX OHKOCHCTeM cpenctBamu GIS-
TEXHOIIOTHUIl.

MopenupoBaHUe IKOCHCTEM OCYIIESCTBIBLIOCH B [Ba 3Tana. Ha mepBoM 3Tarre BEITONHSIIACE PaOOThI
[0 CO3[aHUI0 TOYHOW Momenu peibeda o. [amuanmes (Galindez). s mMomenupoBaHus 3eMHOM
TTOBEPXHOCTH UCIIONIB30BAHHUCH KapThl, 3D-Moznenn penbeda u pacTpoBble (POTOCHUMKH, CO3/1aHHBIC
cnenpamuctamu 3A0 ECOMM u HanuoHanbHOTO aHTApKTHYECKOTO HAy4HOTO IleHTpa (B
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2002-2004 r., 2009 1.). Ha BTOpOM 3Tame OCymIeCTBISCTCS BU3yadH3alus 3HAYCHUH W TPCHIIOB
W3MECHEHUS OWMOTHYECKHX W aOMOTHUeCKHX mapameTpoB. J[ms cOopa cOOTBETCTBYIOMICH
nHPOPMALIMH B Mpeeax 30Hbl BHYTPEHHET0 OCTPOBHOTO mieibda (pazmepom 30 x 60 kM) 1 Ha O.
lannune3 mpoBOIUTCS KOMIUIEKCHBIH MOHHMTOPHMHI IapameTpoB 3kocucTeM. OTOop 00pasuos
BBIMOJIHSACTCS IO CETH TOYEK IMOCTOsIHHOTO HaOmronenus (Ooxee 200 Touek), TOYHO
MO3UIMOHMPOBAHHBIX HA MECTHOCTH. 3aTeM MPOUCXOIUT H3ydeHHe o0pas3loB OuoJoramw,
XHUMHKaMHU, IrcoJIoraMu. HOJ’Iy‘IeHHBIe Ka4€CTBCHHBIC U KOJIMYCCTBCHHBIC XapPAKTCPUCTUKU XPAHATCA
B TabnuIax reo0a3bl JaHHBIX B cocTaBe reonHpopmannonHoi cucteMbl ArcGIS ot kommanmm ESRI.
Busyanusaiysi MOJy4YeHHBIX JaHHBIX OCYIIECTBISICTCS CPEACTBAMHU HpuiiokeHus ArcMap c
pacumpenuem 3D Analyst, n300paskeHUSI HAKIIAABIBAIOTCS APYT HA IPYTa B BUJIE CIIOCB.

Jdnst ynobctBa 00paOOTKM JaHHBIX HAaMU BBEJCHO IOHSATHE <JIOKAJIbHAS HKOCHCTEMa». OTO
MIPUPOJIHASI CHCTEMA, BKITFOYAIOIIasi ONOTHUECKUE U a0MOTHYECKHE KOMIIOHEHTBI, KOJTMYECTBEHHBIC U
KaueCTBEHHbIE XapaKTEPUCTUKU KOTOPOW IMOJydYeHbI NPU HW3y4eHHH ojHoro odpasua. B GIS
nmapaMeTpPhbl TOKAJIBbHBIX OKOCUCTEM IPUBA3BIBAIOTCA K TOUCUHBIM O6’beKTaM, HE UMCIOIIIUM IJIOIIaau.
Mogens JOKaTbHOM D3KOCHCTEMBI — 3TO TOYKa OTOOpa OOpas3oB C BU3YaTW3UPOBAHHOMN
Oouonormueckoil wmH(opMarmel, HaHECCHHas Ha KapTy, moBepxHOCTh TIN, reorpadpudecku
MPUBSI3aHHYI0 pacTpoByio (ororpaduio. Mojenn BKIIOYAIOT TaKUE CIOU: MOJEIb 3EMHOM
MIOBEPXHOCTH, CTPYKTYpHBIC JIEMEHTHI Janamadra (MUKpOO3epa, pacTHTENbHbIE COOOIIecTBa),
TOYKH 0TOOpa 00pasuoB. Pe3ymbrarel aHanm3a oOpas3loB (HanpuMmep, MMOKa3aTeld yCTOWYNBOCTH
MHUKPOOPraHnu3MoB K TOKCUYHBIM MeTaJ'IJ'IaM) 1/1306pa)1<a10Tc;1 COOTBCTCTBYIOIIMMHU CUMBOJIaMH Ha
TouKax oTOOpa. Momenu oTpakaroT CBA3M MEXKIy JKUBBIMH OpPraHM3MaMH, UX yCTOWYMBOCTH K
9KCTPEMAIbHBIM a0MOTHUECKUM (haKTOpam; pa3MeIleHNe JIOKATbHBIX SKOCHCTEM [0 OTHOIICHHIO K
JIPYTHUM MPOCTPAHCTBEHHBIM OOBEKTaM, BBICOTY SKOCHCTEM HAJl YPOBHEM MOPSI, OPHEHTAIUIO I10
CTOPOHAM CBETa U KPYTH3HY CKIIOHOB, HA KOTOPBIX PACIIOIOKEHBI JIOKAIBHBIC YKOCUCTEMBI, U T.]I.
Takoit cmoco® MOJENMPOBAHMS IO3BOJISIET BBISBISATE W HABIIHO OTOOpa)kaTh CBSI3H MEXKIY
N3y4aeMbIMH [TapaMeTPaMH.

Hawmu coznansl 3D-mMonenu 1 KapThl pacpeaeIeHuss MUKPOOPTaHU3MOB, YCTOHUUBBIX K TOKCHYHBIM
MeTaiIaM (PTyTh, XpOM, KaJMHUi, MEIb U 1p.) Ha Ouoreorpaduyeckom moaurose o. lanmuumes. OHu
JIEMOHCTPHUPYIOT BEICOKYIO YCTOWYHBOCTH MUKPOOPIaHU3MOB K TOKCHYHBIM METalJIaM, IIUPOKOE pac-
MPOCTPaHEHNE METAJUIPE3UCTEHTHBIX MUKPOOPIaHU3MOB Ha OHoreorpaduaeckom MoIruroxe, ux npu-
CYTCTBHUE B MXaX, JIMIIANHUKAX, 03EPHBIX HIIaxX, mouBe. CO3MaHbl TAKIKE MOJIEIN PACTIPOCTPAHCHUSI
MUTMEHTHPOBAHHBIX (OPM MHMKPOOPTaHM3MOB B HAacCKaJbHBIX OwoneHo3zax. OHM MO3BOJSIOT
CPaBHHUTH KOJIMYECTBO APOXIKEH, MUKPOMHIETOB, OakTepuil B paziIM4HBIX 00paslax, Mokas3arh
HaJIM4nue M pacupeAacjICHUC MUIMCHTUPOBAHHBIX MHUKPOOPraHM3MOB. VkazaHble MOJCIIN MOTYT
WCIIOJIb30BATCSl JUISl BBISIBJICHUS YYacTKOB, HauOoyiee IMEepCHEeKTHUBHBIX /IS BbIJCICHHUS
MIPOMBINIICHHO TEPCIEKTHBHBIX MUKPOOPTaHU3MOB.

B nanpHeiiieM miaHupyeTcs 0000IIeHHe TaHHBIX TOUSUHBIX 3aMEPOB U CO3JaHUE MOJIENel mpu-
POZIHBIX KOMIIJIEKCOB, MMEIOIINX TUIONIAb (3JIEMEHTAPHBIX JIaHAmAadToB, 3KocucTeM). Brinenenue
9JIEMEHTAPHBIX JaHAmadToB OyIeT OCYyIIEeCTBISITHCS C MCIOJIb30BAaHUEM AAHHBIX 110 XapaKTepy
penbeda, THIIAM TOPHBIX TOPOA, JaHAmAadgToOoOpas3ylomuM BUAAM M JIPYTUM CTPYKTYpPHBIM
XapaKTEPUCTUKaM MPUPOAHBIX CHUCTEM. HJ'[aHI/IpyIOTCH CO31aHHuEC KJ'[aCCI/I(I)I/IKaLII/II/I 3JIEMEHTAaPHBIX
naHamadToB ¢ UCIOIb30BaHNEM (DAKTOPAILHO-IKOJIOTHUECKIX MATPHIL, IeTalIbHOE KapTHPOBAHUE
AJIEMEHTAPHBIX JAHAIIA(TOB. DTO MO3BOJIUT MOJHOCTHIO Pa3elUTh TeppUTOpHIo 0. [annHae3 Ha
MPOCTPAHCTBEHHBIC CIUHUIIBI, CTPYKTYPHBbIE M (YHKIHOHAIBHBIC XapaKTEPUCTHKH KOTOPBIX
BIIOCJICZCTBUM OyIyT COINOCTABIISIThCS MEXKAY cOoO0W. PasBuTHE ceTH TOYEK IMOCTOSHHOTO Hal-
JIFOZICHUSI [1eJIECO00Pa3HO OCYIIECTBITE C UCTIONb30BaHNEM KapThI 2JIEMEHTapHbIX JIaHIa]TOB.
I/I?:y'-IeHI/Ie BBIJCJICHHBIX 3JICMCHTAPHbBIX J'IaH}lIJla(l)TOB 6y)1eT OCYIIECTBJIATLCA C UCIIOJIB30BAHUEM
9KOCHCTEMHOTO IT0JIXO0/1a, NPH KOTOPOM 0c00O0e BHHMAHHE YICISIETCS 3aKOHOMEPHOCTSIM (yHK-
UOHUPOBAHUS TIPUPOAHBIX CUCTEM. DTO MO3BOJIUT YCTAHOBUTH (DYHKI[MOHAJBHBIC CBSI3H MEXKIY
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9KOCHCTEMaMH Pa3JInYHBIX HePAPXUUECKUX PAHTOB. B pesynbrare OyayT CO3[aHbl TEOPETUUECKHUE
MOJICIIN CTPYKTYpbl M (DYHKIMA HHTETPHUPOBAHHBIX MAKPOCHCTEM, BKJIFOYAIONIUX HECKOIBKO
B3aMMOJICHCTBYIONINX IEMCHTAPHBIX JAHAMA(QTOB. DTH MOIEIH MPOAEMOHCTPUPYIOT BIHSHUC
JKHBBIX OPIraHU3MOB Ha INI00aIbHbIE OMOr€OXHUMHUUECKUE [IUKIIbI K BEKTOPHBIE TOTOKHU JIEMEHTOB B
AHTapKTI/IKe, II03BOJIAT OLCHUTH BO3ﬂCﬁCTBHe n100anbHBIX KIMMATUYECKUX W3MEHEHHH Ha
AQHTAPKTHYECKHE YKOCHCTEMBI.

B nacrosiee Bpemst Ha 0. ["annHze3 npoBoANTCS U3yueHne JTaHAMAa(THBIX KOMIIJIEKCOB Pa3JIMIHbIX
paHroB Metonom JanamadtHoro npodunuposanus. B 2008 . HaHeCeHbI HAa KapThl OTACIbHBIC
KOMIIOHEHTBI JIaHAIapTHOTO KOMILIeKca 0. [amumuge3 (makponanmmradTa). biamkaiiei
CTpaTerMYecKy BaXXHOM 3ajgadeil sBIsETCS CO3/JaHME TOYHOW KpyImHOMAacHmTaOHOH
6uoreorpaduueckoi kKapTel nmojurona o. l'anuunes. Takast kKapTa MO3BOJIHUT MPUCTYMUTH K CO3IAHHIO
MIPOTHOCTHYECKUX HHTETPUPOBAHHBIX MOJIEJIe HA3E€MHBIX IKOCHCTEM Ha BCEX HEepapXUvecKux
YPOBHSIX HX OpTaHH3aI1H.

Kawuessie caoBa: ['MMC, ArcGIS, MomenmpoBaHHe, aHTApKTHYECKHE DJKOCHUCTEMBI,
9KCTPEMO(MIIEHBIC MUKPOOPTaHU3MBI.

Abstract. The article presents main approaches to ecosystem modeling with using of GIS-
technologies. It was shown that geoinformation systems allow to store, systematize on the spatial
principle and analyze information related to biotic and abiotic parameters of ecosystems. Methods of
long-termed monitoring of ecosystem structure and functioning, earth surface relief modeling,
developing models of ecosystems of lower hierarchical levels were described. Ways of further
development of methods for collecting and analyzing data were contemplated. Models of the
microorganisms resistance to toxic metals on the biogeographical polygon on island Galindez and
models of pigmented forms distribution and a ratio of quantity of pigmented to non-pigmented forms
of microorganisms in rock biocoenoses were created. Wide distribution of metal-resistant
microorganisms on the biogeographical polygon, their presence in mosses, lichens, sludge, soil and
presence of pigmented forms bacteria, micromycetes, yeasts in biocenoses of vertical cliffs were
shown. It was shown that usage of GIS-technologies allows to identify the areas, which are the most
perspective for searching of producers of biologically active substances.

Key words: GIS, ArcGIS, modeling, Antarctic ecosystems, extremophilic microorganisms.

1. Introduction

Owing to unusual geographical location of the continent, Antarctic ecosystems have unique
properties, such as wide spectrum of extreme abiotic factors, high resistance of organisms to their
actions, low species diversity and accordingly simplified structural-functional organisation. This
means that ecological relationships between separate groups of living organisms are more clearly
defined and more accessible for research than in ecosystems of other continents. Therefore, Antarctic
ecosystems — very felicitous object for researching and modeling different natural phenomena and
processes, such as complex resistance of living organisms to extreme abiotic factors influence, as well
as global climatic changes influence on ecosystems.

To date the complex research of Antarctic nature is a priority direction of investigations,
including SCAR projects (Polar Research. .., 2008). Classification of Antarctic continental ecological
environments, in which geological and climatological data are generalized, was devised by New
Zealand scientists (Morgan et al., 2007). Regional classifications can be combined with continental
classification for the purpose of its detailing and informativity increasing. However, detailed
landscape-climatic investigations for the present are rare. In order to receive new data, a
comprehensive research of natural-territorial complexes (landscapes) on is. Galindez is carried out.

The using of a systems approach during the Antarctic nature studding is typical for works of
many biologists, however modeling of ecosystems structure and functions as before is not
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consummated and therefore is strategically significant (Polar Research..., 2008). The main goals of
biological investigations of National Antarctic Scientific Center of Ukraine (NASC) are a complex
research of Antarctic biota, impact of abiotic factors on it and impact of Antarctic biota on
biogeochemical cycles. The last goal is very important as far as global warming and anthropological
impact on Antarctic nature can lead to change of trends and Antarctic ecosystems evolutionary rate,
level of biogeochemical activity of organisms (Kpacnios, 1994, 2001; Xepuxun, 2003; Bypkosckuii,
2006). Especially actual is a research of structure and functions of microbial communities, their
resistance because biogeochemical cycles are fulfilled by microorganisms (3aBap3un, 1993, 2004).

For developing of a complex characteristic of Antarctic ecosystems (landscapes) it is necessary
to generalize data about abiotic factors (climatological, geographical, geological etc.) and structure
and functions of biocenoses. These include the microorganisms resistance to action of extreme
factors, their species composition, distribution, population characteristics. At complex analysis it is
important to take into account the geographical attitude of points and objects (e.g. islands, areas with
different vegetation types etc.) where measurement or sampling was carried out.

Therefore, the most optimal method of obtained data systematizing is geoinformation systems.
They can be used for information storage, allow to generalize data by spatial principle and create
integrated multilevel models of Antarctic ecosystems (Zeiler, 1999; IToctpoenue 6as3..., 2002;
ArcGIS 9. ArcMap..., 2006). An application of GIS-technologies will provide carrying out of
complex scientific researches by Ukrainian scientists at the level of international standards
(Uccaenosanus. .., 2008).

The purpose of the work is methodological approaches improvement for systematization and
analysis of information on biotic and abiotic parameters, Antarctic ecosystems modeling with the help
of GIS-technologies.

2. Materials and methods

2.1.Area of investigations

The main objects of the complex research are Antarctic terrestrial ecosystems (landscapes).
There were separated out three fixed areas of investigation: 1) zone of inner island shelf (30 x 60 km);
2)is. Galindez; 3) the biogeographical polygon on is. Galindez (fig. 1).

Zone of inner island shelf is a part of western shore of Antarctic peninsula and its inner island
shelf from is. Cruls to cape Rassmussen from west to east and from is. Booth to is. Lippmann from
south to north. It includes 14 islands and 3 objects on Antarctic peninsula shore: cape Tuxen, cape
Rasmussen and mountain Waugh.

Island Galindez (fig. 1, b) is the main polygon of ecosystem (landscape) researches. Structural
and functional relationships in biocenoses of island, abiotic factors (relief, hydrological regime,
climate, geological material and substrata composition, etc) are investigated. Representative parts of
island were described in the capacity of model ecosystems.

The biogeographical polygon is situated on is. Galindez on northern, the most warm, cliff. It
includes Antarctic subpolar oasis with high biodiversity and a part of relict glacial top of is. Galindez
with algal-bacterial criocenoses (fig. 1-4).

2.2. Monitoring of ecosystems parameters

In the range of inner island shelf zone a complex monitoring of ecosystems parameters
(climatic factors, composition of rocks and soil-like substrata, abundance, species composition,
population characteristics) is carrying out. Selection of native samples is implementing on net of
points of regular monitoring. Laying of points began in 2002, now net includes more than 200 points
(fig. 2). With the help of GIS-technologies points, which situated on the biogeographical polygon, are
positioned accurate within 1 m. Some of them are marked with pales with numbers. On the station and
after transportation to Ukraine research of samples is carrying out by biologists, chemists, geologists
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and other. Studding of landscape complexes of different ranks by landscape profiling method on is.
Galindez is carrying out by us from 2004. At that relief, vegetation, soil and deposits also are
described.

2.3. Storage and visualization of received information

Obtained quantitative and qualitative characteristics are held in geobase table data as a part of
geoinformation system ArcGIS from company ESRI. Tables include 2 data types: spatial information,
connected with two-dimensional and three-dimensional coordinates and information about attributes
(properties, signs) of spatial objects (points, lines, polygons) (ArcGIS 9. ArcCatalog. .., 2002; ArcGIS
9. ArcMap..., 2006). Attributive information includes a complex description of points of sampling,
quantitative and qualitative characteristics of biota components, images and other.

Visualization of the attribute information is carried out with the usage of application ArcMap
with extension 3D Analyst. Received images are superimposed on each other as layers, which allow
modeling of structure and functions of ecosystems. Models include such layers: model of the earth's
surface, structural elements of landscape, points of sampling. Results of samples analysis (e.g.,
parameters of microorganisms resistance to toxic metals) are represented by appropriate symbols on
the points of sampling (fig. 3-5). For visualization of quantitative information are used proportional
symbols (cylinder, bar charts), whose size depends on the value of the attribute (fig. 3; 4; 5, c, d).
Qualitative information is transmitted by unique symbols, for example, geometric figures of two or
three types (fig. 2; 3, b). Some information (e.g., points of sampling number) is visualized with
inscriptions and annotations (fig. 3, b; 4; 5). For creation of complex inscriptions a standard facility
ArcMap — VBA expression constructing — is used (Zeiler, 1999; ArcGIS 9. ArcMap ..., 2006).
Whereas data on number of microorganisms in samples have a considerable scatter (from 10’ to 10°
cells/g of a sample), to construct easily-visible diagrams they are ranked accordingly to the order of
their concentration in samples.

2.4.Modeling of the earth surface

For modeling of the earth's surface we use maps, 3D-models of relief and raster images (Zeiler,
1999). Maps of is. Galindez and the biogeographical polygon were created by CJSC ECOMM and
National Antarctic Scientific Center in 2002-2004. Field GPS-observations and cosmic snapshots
were used (ArcGIS 9. ArcMap ..., 2006). The first large-scale (1 : 250) topographic map of the
biogeographical polygon was created in 2004 by a leading specialist of company ECOMM
D. A. Myzin during the IX Ukrainian Antarctic Expedition (UAE). Points of sampling and geodesic
fixed on the ground points of a basic network were mapped. Horizontal positioning accuracy equal to
2.5 cm, vertical - 7-15 cm.

3D model of the biogeographical polygon relief was developed on the same data array as
topographic map. It was obtained by triangulation — componentry of triangles net, which connect
points, coordinates of which were determined with the help of GPS. Continuous surface in three-
dimensional space — triangulation net (TIN) (fig. 1, ¢) — was obtained with the usage of ArcGIS
(application ArcMap with extension 3D Analyst). During modeling of ecosystem parameters TIN was
visualized by hillshading (fig. 1, a, b; 3, a) and color scale, which shows altitude range (fig. 4) (Zeiler,
1999; Byr, 2002).

Atmodeling of the earth's surface also was used a geographical anchor of raster image of cliffs
of model ecosystem “Skalodrom-2” (fig. 5). For that geographical coordinates of a reference point,
situated on the top of rock, were determined. Distances from a reference point to some other points
(well visible on rock and situated in one photographing plane) were measured on the terrain.

Then to ArcGIS (application ArcMap) was downloaded a file, which contained a basic point.
Other points were placed with the help of measured distances. Obtained by calculations points had
virtual coordinates, whereas axis z for them becomes axis y. To placed points, as to reference points
with known coordinates, were snapped photos of vertical rock. That allowed obtaining of oriented to
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Fig. 1. The biogeographical polygon on is. Galindez: a) subpolar oasis; b) is. Galindez; c)
triangulation net; d) points with measured coordinates X, y, z

Components of landscape system of the polygon: 1 — glacier “Domashniy”’; 2 — subpolar oasis;
3 — snowfields; 4 — location of Ukrainian Antarctic station Academic Vernadsky;

5 — subvertical rocky surface; 6 — soils; 7 — base pond ”Duga”; 8 — transit canals of localized
substance drain; 9 — watershed.

Model ecosystems: 1, 3 — snow-ice; 5 — rocky; 6 — edaphic.
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coordinates rock plane.

2.5. Determination of geographical coordinates of points

To obtain maps and 3D-models works on creation of two high-precision baseline geodetic
networks of'is. Galindez in whole and of the biogeographical polygon particularly ware carried out by
specialists of CJSC ECOMM and National Antarctic Scientific Center during VII and VIII UAE (2002
and 2003). Works were carried out in two stages.

At the first stage coordinates of the reference point (marker point) "SCAR GPS" in the
international system reference ellipsoid WGS84 with an accuracy of 5 mm were determined. For this
purpose dual-frequency receivers Trimble GPS Total Station 4700 and Trimble GPS Total Station
4800 were used.

At the second stage geodesic GPS-survey with the usage of single-frequency receivers 4600
LS Surveor and Pathfinder ProXRS was carried out. At a static survey observations were carried out
on stations within 1-72 hours (depending on the type of reference point). As the base station was used a
dual-frequency GPS-receiver, mounted on the marker point with known coordinates. It determined
coordinates of the marker point every second during the whole period of work. This allowed to
estimate the inaccuracy of single-frequency GPS-receiver.

In the course of laboratory works at the Ukrainian Antarctic station Academic Vernadsky with
the usage of software Trimble Geomatics Office and Pathfinder Office a differential correction of
coordinates, received by field GPS-receptacles with the using of data from the base station, was
carried out. This allowed to improve the accuracy of determinate coordinates up to 10 cm
(“sabdecimetric" accuracy).

Determination of geographical coordinates of points of sampling on the biogeographical
polygon on is. Galindez was carried out in a similar way with an accuracy of 1 m. The most part of
work was completed in 2006 and 2008 by specialists of CJSC ECOMM and National Antarctic
Scientific Center. A portable field GPS-receiver GeoExplorer XT and a base station — a dual-
frequency module GPS Trimble 4600LS, mounted on the marker point were used.

3. Results and discussion

A considerable part of the information was obtained by examining samples, which were taken
from separate, precise positioned points. For convenience of data handling we have introduced the
concept of "local ecosystem". This is a natural system, including biotic and abiotic components,
quantitative and qualitative characteristics of which are obtained by studying a single sample. In GIS
parameters of local ecosystems are linked to point objects, which have no square.

It is obvious that parameters values of local ecosystems can characterize whole natural
territorial complexes (NTC). Characteristics (attributes) of these complexes can be obtained by
generalizing of similar information from several points of sampling, which are located thereabouts. In
GIS natural territorial complexes are represented as polygonal objects with a certain area. To describe
such NTC it is advisable to use the concept of "elementary landscape". In our understanding — it is the
smallest and the most simply constructed natural unit, which corresponds to one relief element, one
kind of soil, one type of plant community, and, of course, one type of underlying rock. Species that are
dominant at a certain area and are easily identifiable in nature are called landscape-formative
(Tanmkun, 2002). These landscape-formative forms can be mosses, algae, lichens, vascular plants.

In the case of the usage terms "elementary landscape", "landscape" it always means a section
with a certain area (a polygonal object on the map). The terms "local ecosystem", "ecosystem" are
similar in meaning, but can designate as a natural geographical complex (polygonal object), and a
system, corresponding to a point object on the map (e.g., bird's nest). Ecosystem is also sometimes
means any system, including biotic and abiotic components (e.g, Petri dish with microorganisms)
(Tamkun, 2002; 3aBap3uH, 2004; Bypkosckuii, 2000).
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The usage of the term "landscape" means "appearance" of a natural system. Therefore, the use
of a landscape approach for the study of NTC of is. Galindez will enable a separating of individual
natural units (elementary landscapes, ecosystems) in the field. Allocation will be carried out by using
of data on topography, types of rocks, landscape-types and other structural characteristics of natural
systems. Further study of elementary landscapes will be carried out with the usage of an ecosystem
approach, which focuses on regularities of natural systems functioning (I'anknn, 2002; Xepuxum,
2003).

At the present time (2008) only separate components of a landscape complex of is. Galindez
(macro-landscape) were mapped. In future developing of elementary landscapes classification with
the use of factorial-ecological matrixes (Pamenckuii, 1971; bparun, 2005) and detailed mapping of
elementary landscapes will be carried out. It will allow the complete separation of the island on spatial
units (elementary landscapes, ecosystems), functional and structural characteristics of which in future
will be compared against each other. In the sequel it is reasonable to carry out development of points
network for incessant control with the use of elementary landscapes map.

3.1. Main approaches to modeling of structure and functions of ecosystems with the help

of GIS-technologies

The structure of ecosystems corresponds to ensemble of smaller units (subsystems), isolated
by using of certain criteria. Structural parameters of an ecosystem — it's quantitative and qualitative

Points of Sampling
A 2004

@ 2007

12008

-—Snow line

Landscape Elements

[:i Ponds
[ ]Dry ponds

I L |
[ JLichens 'y g‘:“"—'}*._ ‘ | \
T =\ . BEEREEE!
EZ]Mosses J; 'ii [ \’ "@JJH;‘!!I. | | ® || 0 510 20 30 40Mt |I
Isolines [ QAN ?" o e e
| == dmeae, el | L T Y Y Y |

Fig. 2. Points of sampling on the biogeographical polygon on is. Galindez.
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characteristics of its elements. These include: species composition, biomass, organisms resistance to
the action of extreme factors, height above a sea level, amount of solar radiation, etc.

Ecosystem functions — its specific "activity” (production, consumption and decomposition of
substance) that provides a flow of energy between different structures. The functional characteristics
of ecosystem include the features of the biogeochemical cycles of elements: biological productivity,
rate of biomass overturn, production of biogenic matter, etc. (bypxosckuii, 2006).

Under the model of some object is understood another object that is different from the original,
but allows to distinguish the essential properties of the original object and to disclose them more fully.
Important for modeling properties of the research object (ecosystem, elementary landscape) are:
geographical location, height above sea level, size and shape, the values of biotic and abiotic
parameters, etc.

Modeling of structure and functions of Antarctic ecosystems carry out with the usage of GIS-
technologies. Geographical informational systems (GIS) are an ensemble of facilities (equipment,
software, personnel), which provide input, storage, processing, visualization, modeling of spatial and
associated attributive data (Zeiler, 1999; ArcGIS 9. ArcMap...,2006).

Spatial information is information linked to two-dimensional or three-dimensional
coordinates. Spatial objects — separated independent elements on the map. Small objects are
represented as points (location of bird nests, point of sampling), elongated in the form of lines
(boundary of snow). Large area objects — in the form of polygons (is. Galindez, the biogeographical
polygon, places of animals assemblage, territories occupied by a certain type of vegetation). In
addition to spatial information, GIS can store and process the attribute information — characteristics of
spatial objects (data on the quantity and species composition of living organisms, their resistance to
extreme factors, description of the sampling points, images) (Zeiler, 1999; byt, 2002; ArcGIS 9.
ArcCatalog...,2002; ArcGIS 9. ArcMap. .., 2006).

A set of tools in GIS makes possible visualizing of attributes of spatial objects, receiving of
new information by means of creation inquiries to maps and mathematical calculations. For example,
it is possible to compute area, which is occupied by some type of vegetation, a distance between
determinate points, find an object by its location (Zeiler, 1999; ArcGIS 9. ArcCatalog..., 2002;
ArcGIS 9. ArcMap...,2000).

The using of a general spatial basis (model of the earth's surface) allows to demonstrate the
distribution of any spatial objects, join attributive information of different quality. Application of GIS
for modeling of biological processes automatically allows including of wide range of abiotic
parameters (height above sea level, exposure, slope, etc.) to complex analysis and examining their
impact on biocenoses. Thus, GIS-technologies are perfect for creating models of ecosystems structure
and functions. Ecosystems modeling realizing in two stages: 1) creation of definite model of relief of
investigated territory; 2) visualization of values and trends of abiotic and biotic characteristics
changes.

Functioning of ecosystems includes internal and external components. It is connected with
presence of functional subordination of ecosystems, their hierarchy. An internal component
corresponds to processes, which occur in the limits of a given system. They sustain cycle of matter,
provide integrity and stability. An external component — functional interaction with other ecosystems,
sustaining integrity of more highly organized macrosystems (Bypxosckwmii, 2006). Accordingly,
modeling of structure and functions of Antarctic ecosystems at two hierarchical levels: 1) local
ecosystems (elementary landscapes); 2) integrated natural macrosystems, involving several
interacting local ecosystems (in particular, the ecosystem of the Antarctic oasis on is. Galindez). The
result will be the creation of theoretical integrated models of structure and functions of Antarctic
ecosystems, which demonstrate the influence of living organisms on the global biogeochemical
cycles and vectorial streams of elements. This article presents created by us models of local
ecosystems of the biogeographical polygon on is. Galindez (fig. 3-5).
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3.2. Modeling of topographic base — the biogeographical polygon

The biogeographical polygon is located on a north, turned to the sector of sun refulgence, slope
of hill of is. Galindez (fig. 1-4). It is the subantarctic moist oasis. The polygon area is equal 0,073 km’,
the highest point is 58 m above a sea level. The polygon is well warmed up, it is surrounded by glacial
formations and snowfields on a perimeter. It's characterized by the presence of high-altitude zonality
(vertical zonality), clearly expressed concentrated and plane substance drain, location in a narrow
barrier stripe genetically different air masses (cold Antarctic and warm Pacific), and, as a result, high
biodiversity and difficult landscape structure. On the polygon it is possible to observe and study
unique processes of primary soil formation, destruction of rocky breeds, successive settling the rock
surface by living organisms etc.

Coming from the tasks of concrete works, 3 model ecosystems were distinguished on the
biogeographical polygon—snow-ice, rocky (""Skalodrom 1 and 2") and soil (fig. 1, a). Microorganisms
of snow-ice communities carry out photosynthesis of organic compounds, participate in processes of
biohumus formation on the snow surface, impact on balance of greenhouse gases. Vertical rocks (15-
20 m high) are maximally subjected to the action of extreme factors: sharp daily temperature
difference, drying, cyclic "freezing-thawing", UV-radiation, toxic metals etc. Rocks are covered by a
heavy layer of biofouling and are a successful object for studding of mechanisms of multiple
resistance of organisms to the wide spectrum of extreme factors. Soil organisms participate in
vectorial streams of basic biogenic elements (carbon, nitrogen, phosphorus, sulphur etc.) and
influence on functioning of ecosystems of higher hierarchical levels.

The models of the whole biogeographical polygon and large-scale models of its separate areas
(vertical rocks) were created. Models include 2-7 layers, imposed on each other. A layer is a separate
set of associate data (for example, layer of relief model, layer of structural elements of landscape, layer
of snow bound, layer of isolines, layer of points of sampling etc.) (fig. 1-5). Layers are placed one over
other, it is possible to enable and disable them, causing appearance and disappearance of objects on a
map, that is very comfortably for the data investigation and creation of integrated models.

Reliefmodels of the biogeographical polygon

The earth's surface can be designed in GIS in several ways: as an irregular triangulation
network (TIN), as a set of isolines, and also as a raster image. The basic method of relief modeling and
location of objects in GIS are maps, which transfer gigantic volumes of information. Maps are the
main instrument for research of a spatial distribution of the objects, their placing on relative to each
other (Zeiler, 1999; ArcGIS 9. ArcMap., 2006). A creation of large-scale topographical maps is
especially important, as they are the most informing (JIutBunoB 1 11p., 2006). We have developed the
large-scale maps of subpolar oasis (fig. 2; 3, b) and is. Galindez. They allow exactly showing forms
and sizes of objects, orientation on cardinal points and height above a sea level with the help of
isolines, being in the distance one meter from each other.

3D-models of is. Galindez and the biogeographical polygon represent a triangulated irregular
network (TIN) (fig. 1; 3, a). This is a continuous surface in three-dimensional space, consisting of
triangles with common sides. At vertices of triangles are points, each of which corresponds to the
height. Since the other two coordinates are not available, unlike maps, TIN can be swivelled,
examining the shape of the earth's surface. Triangulation net models the surface with lines of inflection
(streams, ridges), it cannot display negative biases (e.g., ledges, cornices, caves). 3D-model can be
represented as a map of surface TIN, using the application ArcMap, if it is necessary to show the
orientation by cardinal points (fig. 4; 5, b) (Zeiler, 1999; byt, 2002).

On models TIN is shown with washing relief — darkening edges to create a realistic image of
the surface (fig. 1, a, b; 3, a). Darkening effect is created by calculation, taking into account the
position of the sun, which can be set. TIN surface can be visualized by using of colors, which show the
range of heights (fig. 4), slopes, exposition (orientation by cardinal points). Using of 3D-model allows
to calculate slope, exposure, height of each point, compute surface statistics (average slope, area,
perimeter) (Zeiler, 1999; Byt, 2002). Mentioned features can be used for modeling, because slopes
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gradient, quantity of solar radiation and height above sea level impact on organisms communities.

Basic structural elements of the biogeographical polygon landscape

On 3D-models and maps of the biogeographical polygon are mapped such components of
landscape system (fig. 1-4):

1. Glaciers: “upper” — glacier Domashniy; “inferior” — not great glacier, at the bottom of
polygon cliffs.

2.Rocks (average slope at the top — 12-15° at the bottom — 50-90°).

3. Microponds, an area of which is 2.5 m”. The largest pond “Duga” located at the base of the
polygon in the thermal niche of the glacier. It is fed by melt water of ice cap of the island, oasis, part of
the glacier adjacent to the cliff and precipitation.

4. Watershed of oasis.

5. Transit canals of localized substance drain. By them stones, gravel, remnants of vegetation
move to pond situated at the base of the polygon.

6. Plant communities. Lichens are located at the top of the polygon, and mosses, Colobanthus
quitensis, Deschampsia antarctica — at the bottom. Sometimes mossy fields cover large areas (10-30
m”), clumps (moss cushions) depth attains 60-70 sm. Under moss situated a soil-like substratum.

Microponds and plant communities applied on maps and 3D-model as new polygons with
irregular shape. Attributive information is shown by symbols (filling with different pattern), unique to
each class of polygons (ponds, drained ponds, lichen, moss).

Model of ecosystem “Skalodrom-2” relief

For modeling of vertical rocks relief were used raster images. Fig. 5 (b) shows a 3D-map of the
model ecosystem "Skalodrom-2". Points of sampling in Groups 1 and 2 are arranged one above the
other, i.e., have practically the same coordinates x, y. Differs only the coordinate z. Fig. 5 (b) shows
that the usage of 3D-maps does not allow to "move apart" these points. The usage of TIN of polygon
also failed because it did not have enough accuracy to show the features of the microrelief.

Therefore, to create a model the geographical anchor of raster image of a part of the earth's

surface, where the model ecosystem "Skalodrom-2" is situates, was carried out (fig. 5, a, ¢, d). Only
the top point in group 1 (T-ck-1) has real coordinates, the other 11 points have conditional coordinates.
The model does not reflect the rock orientation on cardinal points (north-south, east-west), because
photography is rotated with respect to groups of points on the map to increase visibility.
However, the model shows the orientation of the "Skalodrom-2" by vertical (top-bottom) and
horizontal (right-left). The model has a scale, on which all distances and proportions are observed. It
enables showing of microrelief features without preliminary measurements, mutual arrangement of
points of sampling. An interesting feature of this model is that unlike maps and TIN it allows to
calculate the area of biofouling (fig. 5).

Points of sampling

Points of sampling on the biogeographical polygon models and ecosystem “Skalodrom-2”
correspond to separate layers of spatial objects. On the fig. 2 all points, which were positioned in the
same year, are marked by identical signs (circles, squares, triangles).

Attributive information of points includes numbers, descriptions, results of complex analysis
(data on resistance to toxic metals, amount of pigmented and non-pigmented microorganisms, type of
substrate etc). ArcGIS facilities allow to present on models of the earth's surface (maps, TIN)
practically any attributes of points, both quantitative and qualitative indexes (fig. 3-5). Due to it
models of local ecosystems were created.

3.3. Visualization of attributive information

A model of local ecosystem is a point of sampling with visualized biological information,
inflicted on a map, surface of TIN, geographically linked raster photo (fig. 3, a). Models show the
connections between living organisms, their resistance to extreme abiotic factors; placing of local
ecosystems in relation to other spatial objects (areas covered with the certain type of vegetation,
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Fig 3. Microorganisms resistance to toxic metals on the biogeographical polygon on is. Galindez:

a) resistance to mercury; b) polyresistance to toxic metals.
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ponds, snow bound). Models reveal the height of ecosystems above a sea level, exposition and
gradient of slopes on which local ecosystems are located etc. Such method of modeling allows
detecting connections between separate parameters and evidently representing correlative
dependences. Models of structural characteristics of local ecosystems are given below.

Modeling of metal-resistant microorganisms distribution

3D-models and maps of distribution of microorganisms, resistant to toxic metals (mercury,
chrome, cadmium, copper) on the biogeographical polygon on is. Galindez (fig. 3, 4) were created by
us. For this purpose by facilities of applications ArcMap and ArcScene on points of sampling such
attributes were visualized: quantity of colony forming units per 1 g of a sample (CFU/g) in the
presence of toxic metal and in control (without metals), concentration of toxic metal in medium,
substrata type (sludge, soil and other), number of point of sampling.

Microorganisms resistance to metals (CFU/g) is shown on models by bar graphs and
proportional symbols — cylinders with different height. For their construction data were ranged. For
visualisation of substratum types were used symbols, which are unique for every class of objects
(underground part of mosses, sludge, soil). These symbols are multicolored discs with the same
diameter and various geometric figures. Numbers of points of sampling are shown with the help of
inscriptions and annotations (byt, 2002; ArcGIS 9. ArcMap.. ., 2006).

Obtained models of local ecosystems demonstrate a widespread of metal-resistant
microorganisms on the biogeographical polygon, their presence in different habitats (mosses, lichens,
pond sediment, soil). 3D-model of the microorganisms resistance to mercury (fig. 3, a) shows that the
growth of microorganisms occurs at very high concentrations of this metal in the medium (50-100
mg/l Hg2+). Bar graphs provide an opportunity to compare microorganisms resistance to mercury,
chromium, cadmium and growth of microorganisms in experiment and control (i.e. without metals) at
different points of sampling (fig. 3, b). Furthermore, the usage of bar graphs demonstrates
microorganisms polyresistance to toxic metals.

Modeling of pigmented forms of microorganisms distribution in rocky biocenoses

To obtain models by means of applications ArcMap and ArcScene on points of sampling were
visualized such attributes: type of substratum (unique symbols), quantity of pigmented and non-
pigmented forms of microorganisms (charts), number of point of sampling (inscription or annotation)
(fig. ).

A-ratio of number of pigmented and non-pigmented organisms is shown in two ways: by means
of bar and pie charts (Byt, 2002; ArcGIS 9. ArcMap..., 2006). To construct bar charts (fig. 5, ¢) data on
different forms of microorganisms quantity were ranged. Bar charts allow to compare of the absolute
number of different organisms (yeast, fungi, bacteria) in samples taken at several points, to show the
presence and distribution of pigmented microorganisms in rock biocenoses.

At construction of pie charts ranking the data has not been applied (fig. 5, d). Pie charts show
the quantitative ratio (expressed in constituents) of different forms of microorganisms from each point
of sampling. They give an indication about relative distribution of various microorganisms. However,
these diagrams do not allow comparing of absolute values of identical microorganisms quantity on
several points. Pie charts can be used for identifying areas with the dominance of pigmented forms of
microorganisms. These areas are the most promising for sampling in order to isolate strains of
potential producers of biologically active substances (melanin, carotene, flavins, and several others).
Pie charts show that on rock with relatively homogeneous abiotic conditions, biotic parameters of
ecosystems can be very different (for example, the ratio of pigmented and non-pigmented
microorganisms).
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4. Conclusion

Geoinformation systems — the most convenient tool for the systematization and analysis of
biological, geological and geographical, geodetic information. Their use has allowed to create models
of the earth's surface, to develop methods for long-term monitoring of ecosystems parameters, to
formulate the basic approaches to modeling and to create a models of local ecosystems, to identify
ways for further developing network of points of constant surveillance. With the help of GIS-
technologies was demonstrated a widespread of metal-resistant microorganisms on the
biogeographical polygon on is. Galindez, their presence in different types of habitats (mosses, lichens,
pond sediments, soil), the distribution of pigmented forms of microorganisms in rock biocenoses. It is
shown that the use of GIS allows to identify the most promising areas for the isolation strains,
producing biologically active substances.

In future we plan to generalize data on dotted measurements and create models of natural
systems, which have area, i.e., elementary landscapes (ecosystems). Relationships between
distribution, population characteristics of Antarctic organisms, their resistance to a wide spectrum of
extreme factors will be identified.

Research and modeling of processes, ensuring the cycling of elements in ecosystems are also in
plans. This will allow determining of functional connections between ecosystems of different
hierarchical ranks. Consequently theoretical models of structure and functions of integrated
macrosystems will be created. With their help will be determined the role of ecosystems in global
biogeochemical cycles and vectorial streams of elements in the Antarctic. Mentioned models are
perspective for quantitative and qualitative assessment of global climate changes impact on Antarctic
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ecosystems.

Nearest strategically important task, follows logically from the presented material, is to create
accurate large-scale biogeographical map of the polygon (is. Galindez). Such map will allow to start
creating of predictive integrated models of terrestrial ecosystems at all hierarchical levels of their
organization.
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Fig 5. Model ecosystem “Skalodrom-2": a) points of sampling on “Skalodrom-2"’; b) map of
surface of TIN of the biogeographical polygon with groups of points; ¢) modeling of different
types microorganisms quantity with the help of bar graphs; d) modeling of percentage ratio of
microorganisms of different physiological and ecological-trophic groups with the help of pie charts.
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