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SUMMARY

Lake Sevan is the biggest source of water in Armenia. Its littoral zone, in addition to being
a food source and a substraterfmcrophytesalgae and invéebrates, provide refuge and
spawning habitats for both young & old organisms especially fishes. Between 1933 and
1960s, the lake level had been lowered by 20 m below the original level by increasing the
lake outflow intermittently for irrigation and eleity generation. This evidently had

ecological and economical consequences on the lake ecosystem.

Therefore, this resear@ssessed he Lakeds surface area devel
by using remote sensirdpataand GIS techniques. Landsat orthoifeed satellite images

of Lake Sevan were obtained for the years 1976, -198B, 2001, 2002, 2002007 and

2009. From 1933 to 2001, the Surface Area of Lake Sevan generally decreased due to
irrigation and electricity generation, resulting in the losshafua 182 krfi of its surface

area. There had been a general increase in the surface area from 2001 to 2009 due to the
increase of inflow of the lake through the Afgaratan tunnelstfansferring over 200 x

10° m3 of water annually Hence, a gain of abo®3 knf of surface area had been
obtained by 2009. The lowering of the walevel affected the littoral zone of Lake Sevan

and, hence its ecosystem from physical conditions to primary production and fish
community. Since the littoral zone of Lake Sevaryplaery crucial roles in its ecological
functions it is critical that one takes into account its development when one is considering
developing sustainable lake management systems. It is in this vein that this project
assessed the effects of water levettliation on the littoral zone of Lake Sevan from 1976

to 2005. Between 1976 and 2005, the Littoral Zone of Lake Sevan generally increased by
8 % (11 Knf). This shows that satellite imagery analysed through GIS is good for
monitoring long term trends in ka surface areas and littoral zones because they are
routinely availableand costeffective in terms of time and expertise as compared to

topographic maps.

The importance of assessing the accuracy of spatial data classifications derived from
remote sensop methods and used in geographic information system (&i&lyses has

been regarded as a critical component of many projects. In this project, supervised
classified QuickBird satellite imageries of bathbmersed macrophytes and leoner

types (emersed vegetation) of the Gavaraget, Tsovazard and Masrik Regions of the study



area were validated in a GIS environment. The results of these assessments were
represented by error matrices presenting the overall accuracy, the user andrproduce

accuracies in each category, as well as the kappa coefficients.

For submersedacrophytes ahe vegetation level, the overall accuracy ranging between
77-88% was achieved in all the investigation years. Alga blooms in the different years
impacted ontte accuracy of the classification. However, even through severe algal blooms
user accuracies between 55% and 95% were achieved. On the other hand, at the growth

type level, the overall accuracy was as high as over 70% and as low as below 49%.

For emerse vegetation types, predominantly high overall accuracies of more than 70%
were obtained in 2 of the investigation years. Aboveiall2008, only slight overall
accuracycould be obtainedFor reed areas, high user accuracies of more than 78% could
be obtained, while for shrubs, treeso vegetatiorand grasses in the different yearsry

different classification accuracies were attained.

The kappa coefficients for all the regions and areas of interest ranging t6@n@. 072

emphasize that thegeeements between the classified remote sensing data and the
groundtruth data are not coincidental or by chance. This promotes the fact that high
resolution remote sensing data can be reliably applied in recording submersed

macrophytes and emersed vegetadi

Landscape metrics, the quantification of the spatial structure of patches, classes of patches,
or entire patch mosaics (i.e., landscapgsjvide important information about the
composition or configuration of a landscape. Therefore, to quantitatively characterize
littoral vegetation structures, their diversity and their spatial distribution patterns landscape
metrics were calculatedThe aea metrics gave information about the irdenual
vegetation dynamics in the regions of interest and indicated the basis for change detection
during the research period. Generally, submersed macrophytes, increased in 2007 due to
increased water transpany. In 2008, the submersed macrophytes decreased drastically
due to the strong algal bloom which decreased the water transparency and therefore
inhibited the classification possibilities, thereby increasing the no data class
astronomically. However, congeng the emersed vegetation, the reeds decreased
drastically due to the water level increase during the research period.
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The landscape metrics provided an insight on how the artificial water level fluctuations are
affecting the lakeshore vegetations, thgpatial distributions and structural dynamics.
Therefore the results could serve as guidelines of the lake water level manipulations for
Lake Sevan authorities as to how fast the water level should be raised. Especially is the
die-back of the emersed maphytes a case for concern. Also, the spatial composition and
configuration of landscape elements play a crucial role in the ecological functionality and
biological diversity, therefore, their quantification through landscape metrics should be

part of anylandscape analyses and research work.

Habitat models allow the assessment of the quality of habitat for a species within a study
area. Hence, they play crucial role in the sustainable management of the resources in the
area under investigation. As sudtvo habitat suitability models (one for fishes and one

for birds) were built in a GIS environment in this project. While the Crucian Carp
(Carassius auratus Gibelio Blogtwas chosen as lead species for the fish habitat, the
Common Coot Fulica atra) and he Great Crested Greb®ddiceps cristatyswere

chosen for the bird habitat models based on expert knowledge on Lake Sevan.

Five fish habitat suitability classes were assigned in the model. There was a similar trend
in the fish habitat areas in all thendscapes in Gavaraget, Tsovazard and Masrik regions.
The habitat areas increased in 2007 and decreased in 2008. The increases in all the regions
were the same (around 43%) while the highest reduction occurred in Gavaraget (47%)
followed by Masrik (38%) ad Tsovazard (25%) respectively. Apart from the reductions

in habitat areas in 2008, there were severe decreases in the quality of the habitat areas in
all the regions of interests. The increases and decreasesasvereesult of interannual

fluctuationsdue to water level fluctuatiorend algal bloomsf Lake Sevan.

Also, for the bird habitat model, five classes were assigned. Tsovazard and Masrik had a
similar trend in habitat areas with an initial increase in 2007 followed by a decrease in
2008. Howeveg Gavaraget had reductions in 2007 and 2008. Again, in addition to the
severe reductions in the habitat areas in 2008, there were severe decreases in the quality of
the habitat areas in all the regions of interests. The changes in emersed macrophyte
vegeations and the lake water level fluctuations effected the different changes in the bird

habitat areas.
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Since the Crucian Carp is an economically important fish species in Lake Sevan, a GIS
based analysis of its habitat could play an important role ilelcesionmaking process

with regards to measure planning and control. In addition, it can serve as lead species
indicator for the evaluation of the health or state of the aquatic macrophytes. The Common
Coot and the Great Crested Grebe were found dtealidgions of interest of Lake Sevan;
therefore, they can be used as lead species indicators for the ecological health of the

aquatic emersed macrophytes.

The developed methodologies can be transferred and used in other geographically similar
areas. Theeasults produced so far can be used for large public and other organizatons
Internet, local mass media and other communication means to increase awareness creation
and supportin addition, monitoring the temporal and spatial dynamics of inland wiaters
crucial for the understanding of freshwater ecosystems. Remote sensing and GIS offer a
good way to get, display, analyse, query and assess such information of physical and
biological parameters. Thereforepasially resolved information ininterdisciplinary
combination of different methods and scientific views can add to the understanding of the

lake ecosystem.
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ZUSAMMENFASSUNG

Der Sevansee stellt die grofdte Suldwasserressource Armeniens. Seine Litoralzone bietet
neben NahrungsressourcemduSubstraten fir Algen und Invertebraten auch Selwnad
Laichgebiete fur juvenile und adulte Tierarten vor allem Fische. Zwischen 1933 und 1960
wurde der Seespiegel zur Bewasserung und Energiegewinnung um fast 20 m abgesenkt,

mit drastischen Konsequemz&ir das gesamte Seedkosystem.

Innerhalb des vorliegendne Projektes wurde deshalb mittels Fernerkundumig&1S
Techniken die Verdnderung der Seeoberflache infolge der Wasserstandsmanipulationen
dokumentiert. Hierfir wurden orthorektifizierte Lands-5zenen aus den Jahren 1976,
19871989, 2001, 2001, 2062007 und 2009 verwendet. Zwischen 1933 und 2001 nahm
die Seeoberflache um 182 km? ab. Zwischen 2001 und 2009 nahm sie aufgrund von
Zuleitungen aus dem ArpdorotanTunnelsystem (welches jahrlich meds 200 Mio m3
zuleitet) und Begrenzungen des Abflusses wieder um ca 23 km?2 Dkl
Seespiegelabsenkung beeintrachtigte die Litoralzone des Sevansees und das entsprechende
Okosystem von den physikalischen Bedingungen bis hin zu Primarproduktion und
FiscHebensgemeinschaft. Da die Litoralzone entscheidende 6kologische Funktionen flr
den gesamten See bereitstellt ist es aul3erst wichtig deren Entwicklung zu verfolgen, wenn
ein nachhaltige Seenmanagementsystem entwickelt werden soll. Entsprechend wurde
innerhalb dieser Studie auch die Flachenverdnderung der Litoralzone in den letzten
Jahrzehnten untersucht. Zwischen 1976 und 2005 nahm die Litoralzone um 8 % (11km?)
zu. Die Ergebnisse unterstreichen die Eignung der-@&#8&arbeitung von Satellitendaten

zum Monibring Seeoberflachenverdnderungen &tethenveranderung der Litoralzone

da seit den 1970er Jahren kontinuierlich bis heute Satellitendaten hoher Qualitat erhaltlich
sind, wahrend topographische Karten zu verschiedenen Zeitpunkten in vielen L&ndern

nichtverfligbar sind.

Die Validierung der Klassifikationsgute ist ein zentraler Bestandteil in
Fernerkundungsprojekten. Innerhalb des vorliegenden Projektes wurden mittels
Uberwachter Klassifikation von Quickbird Satellitenbildern ermittelte Bedeckungen von
sulmersen und emersen Vegetationsstrukturen in den Untersuchungsgebieten Gavaraget,
Tsovazard und Masrik der Litoralzone des Sevansees in einedi@¢@bung validiert.

Die Ergebnisse wruden in einer Fehlermatrix prasentiert, welche Werte zur



Gesamtgenauigkeitsowie zur Nutzer und Erzeugergenauigkeit sowie Kappa
Koeffizienten zur Beurteilung der Zufallswahrscheinlichkeit des Ergebnisses beinhaltet.

Die fur submerse Makrophyten fiir die verschiedenen Untersuchungsjahre ermittelten
Gesamtgenauigkeit liegen mit-BB8% auf einem hohen Guteniveau. Algenbltten flhrten

in einzelnen Jahren in bestimmten Gebieten zu Beeintrachtigungen der
Klassifikationsgite. Noch starker durch Algenbliten beeintrachtigt wurde die
Klassifikationsgite in einzelnen Jahren auf dem Niveau \Weichstypen, wo die
Gesamtgenauigkeiten zwischen 55% und 95% lagen. Auf Artniveau wurden hingegen
teilweise recht hohe Gesamtgenauigkeiten von uber 70% erzielt, aber auch niedrige von
unter 49%.

Fur emerse Vegetationstypen wurden ebenfalls Gberwiegend hohe Gesamtgenauigkeiten
von Uber 70% erzielt, wobei in den 2 Untersuchungsjahren die Werte allerdings stark
schwanken. Vor allem im Jahr 2008 konnten in den meisten Untersuchungsgebieten nur
geringe Gesamtgenauigkeiten erzielt werden. Vor allem fir Schilfbestande Flachen
konnten hohe Nutzergenauigkeiten von UB8% erzielt werden, wahrend fur Busche,
Baume, unbewachsene Flachen und Grasland in den verschiedenen Jahren sehr

unterschiedliche Klassif&tionsguten erreicht wurden.

Die ermittelten Kapp#oeffizenten schwanken zwischerl®und 072 sehr stark, wobei
uberwiegend Werte Uber 0.6 erzielt wurden, .d.h. die Ubereinstimmungen zwischen
Klassifikationsergebnis und Felddaten sind nicht zufallgglich konnen hochaufgeloste
Fernerkundungsdaten verlasslich zur Kartierung von submersen und emersen

Vegetationsstrukturen eingesetzt werden.

Landschaftsmal3e bieten wichtige Informationen zur Zusammensetzung und raumlichen
Verteilung von Landschaftsskturen. Deshalb wurden LandschaftsmalRe zur
Charakterisierung von Vegetationsstrukturen der Litoralzone, ihrer Vielfalt und ihrer

raumlichen Verteilung berechnet.

Flachenmale ergeben Informationen Uber die interannuelle Vegetationsdynamik in den
verschiglenen Untersuchungsgebieten und stellen die Basis fur die von Veranderungen
Uber die Untersuchungsjahre. Generell kann ein Trend zur Zunahme der submersen

Vegetationsstrukturen von 2006 nach 2007 festgestellt werden, der unabh&ngig von der
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Erhohung des Waserspiegels vor allem auf die hohe Wassertransparenz infolge der
ausgebliebenen Algenblite zurickgefihrt werden kann. Im Gegensatz dazu nahmen die
submersen Vegetationsflachen in 2008 lberall stark ab, wobei dies einerseits direkt auf die
Beschattung duft Algen zuriickgefuhrt werden kann, andererseits auch eine Folge der
eingeschrankten Klassifikationsmaoglichkeiten infolge der durch die Algenblite stark
reduzierten Wassertransparenz ist, die zu einer starken Zunahme der nodata Klasse fihrte.
Bei den emerseVegetationsstrukturen ist Gber die drei Untersuchungsjahre vor allem der

starke Ruckgang der Schilfréhrichte infolge des Wasserspiegelanstiegs auffallend.

Die berechneten Landschaftsmal3e ergeben einen Einblick in den Einfluss von
Wasserstandsind Wassrtransparenzschwankungen auf die raumliche Verteilung und die
strukturelle Dynamik der Vegetationsstrukturen der Uferzone des Sevansees. Die
Ergebnisse konnen als Leitlinie fur die zustandigen Behdrden des Sevansees dienen,
welche die Geschwindigkeit dedVasserspiegelanstieges steuern. Die raumliche
Zusammensetzung der Vegetationsstrukturen bildet die Basis fir ihre 06kologische
Funktionsfahigkeit und ihre biologische Vielfalt. Insofern ist die Quantifizierung durch

Landschaftsmalie ein essenzieller Bes&h@tlicher Landschaftsanalyse.

Habitatmodelle ermdglichen die Beurteilung der Habitateignung fir eine bestimmte
Tierart innerhalb eines Untersuchungsgebietes. Zwei Habitatmodelle, eines fir Fische und
eines fur Wasservogel, wurden innerhalb des Pregekn einer GIS Umgebung
entwickelt. Wahrend die Karausch€arassius auratus Gibelio Bloxhals Leitart fur
Fischhabitate gewahlt wurde, wurden die BlaRrdHeli¢a atra) und der Haubentaucher
(Podiceps cristatysfur die Vogelhabitatmodelle gewahlt, db@rend auf Expertenwissen

lokaler Experten am Sevansee.

Fur die Beurteilung der Flachwasserzone als Fischhabitat wurden innerhalb des Modells 5
Eignungsklassen berechnet. In allen Untersuchungsgebieten ergab sich Uber die
Untersuchungsjahre etihnlicher Trend. Die Habitatflachen stiegen von 2006 nach 2007
stark an und reduzierten sich wieder nach 2008. Wéahrend die Habitatzuwachse 2007 in
allen Untersuchungsgebieten in etwa gleich bei ca. 43% lagen, waren die Verluste jeweils
recht unterschiedlig in Gavaraget bei 47%, in Masrik bei 38% und in Tsovasard bei 25%.
Unabhéangig von den Flachenverlusten der Habitate nahm auch die Habitatqualitat stark
ab.
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Die Schwankungen kénnen sowohl auf den Riuckgang der Makrophyten, als auch auf den
Anstieg des Wassspiegels zuriickgefihrt werden.

Auch fur die Vogelhabitatmodelle wurden funf Eignungsklassen gebildet. Fir die
Untersuchungsgebiete Tsovasard und Masrik ergaben sich zeitlich ahnliche Trends mit
Habitatflachenzunahmen zwischen 2006 und 2007 und Abnamechen 2007 und

2008, wobei die AusmalRe in beiden Untersuchungsgebieten sehr unterschiedlich waren. In
Gavaraget ergab sich jedoch eine stetiger Abnahme der Habitatflachen Uber die
Untersuchungsjahre. Wie auch bei den Fischhabitaten ergab sich fur@bO8 e starke
Abnahme der Habitatqualitat.

Da die 6konomische Bedeutung der Karausche fir den Sevansee sehr hoch ist, leistet die
GIS basierte Habitateignungsanalyse eine wichtigen Beitrag zur
Entscheidungsunterstiitzung bei MalRnahmenplanungen undygkidaltrolle. Zusatzlich

kann die Karausche auch als Indikator fir die 0Okologische Funktionsfahigkeit der
submersen Makrophytenstrukturen dienen. Auch die in allen Untersuchungsgebieten
vorkommenden BlaR3rallen und Haubentaucher konnen als Leitarten fur die

Funktionsfahigkeit der emersen Vegetationsstrukturen dienen.

Die entwickelten Methoden kénnen auf geographisch &hnliche Gebiete Ubertragen
werden.Sie  kdnnen fir die Kommunikation von Entwicklungszielen zur
Bewusstseinsbildung der Offentlichkeit eingesetzerden. Die Uberwachung der
zeitlichen und rdumlichen Dynamik von Binnengewassern essenziell fur das Verstandnis
von SuRwasserokosystemen. Fernerkundung und GIS bieten gute Mittel zur Erfassung
Analyse, Abfrage, Darstellung und Beurteilung physischer hintbgischer Parameter.
R&aumlich aufgeldste Informationen aus der interdisziplindren Kombination verschiedener

Methoden kdnnen zum Verstandnis von Seetkosystemen beitragen.
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CHAPTER ONE
1.0 INTRODUCTION

1.1 Importance of Lake Sevan

Lake Sevan is the largest water body in the Transcaucasus Regions as wekiagl¢he
biggest source of water in Armenia. It is a very important source of drinking water for

Armenia and its adjoining countrie@Markosyan and Nazaryan, 2003

The Sevan basin has a unique and relatively abundant flora and fauna. According to
Barseghyan(1990) the watershed is known to contain over 1,500 species of flosavet
seedproducing plants, and more than 250 species of gpaducing plants such as mosses

and lichens. Additionally, a large number of ende(tocal varieties specific to the Sevan
Basin) and relict (representatives of old disappearing flora) species can be found in the
watershed. Many of these endemic and endangered plants have highly restricted areas of

coverage and are sensitive to changesinronmental conditions.

The importance of Lake Sevan in the economy of Armenia can scarcely be exaggerated: it is
the main source of irrigation water and provides cheap electricity, fish, recreation, and
tourism. Lake Sevan and the wetlands ofliasin are significant breeding, resting, foraging

and wintering area for migratory waterfowl and other birds. It is difficult to overestimate the
role of Lake Sevan and its basin for Armenia. The main economic activities in the basin are
agriculture and gheries. Approximately 20% of the livestock in the country is raised in the
basin. About 90% of fish catch and 80% of crayfish catch of Armenia is from Lake Sevan
(Jenderedjian et al., 2009)akeNet(2005)refers to Lake Sevan as a source of recreation,
tourism, andrrigation for the agriculture sector that accounts for 33% of Armenia's GDP. It
was further stated that 80% of the nation's valued crops are supported by irrigation.

Furthermore, hydropower provides 8% of total energy production in the country.

Comparedto its other uses, the aesthetic values of Lake Sevan are the most difficult to
qguantify, although they are extremely important. These properties create one of the most
spectacular and pleasing features of landscape on the earth. These aesthetic fejures b

out a pleasing range of emotional, spiritual andliectual responses in humans.
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Lake Sevan also plays a significant role in history of Armenians, with several villages and
towns often arising on or near the lake shores. Specific lifestyles hagped in some
locations based entirely on lakes and their resources; an example being the making of
several artefacts of the lak€he ability of Lake Sevan to store large quantities of water
helps protect the lives and property of downstream commurdtiesg rainy or spring
seasons. At the same time, its water level may rise significantly, thereby affecting people
living along the shoreline. It can also moderate the local climate by reducing the range of
atmospheric temperature fluctuations in the aphese through the absorption of large
quantity of heat with its large water volumes. Some villages and towns use theslake

waste or sewage disposal.

1.2 The Sevan Problem

In 1933, the outflow of Lake Sevan was increased for irrigation and electyaitgration
witha4Omdeep channel excavation in river Hrazd:
the lake began dropping at a rate exceeding 1 m per year till the early 1960s. To stabilize the
lake water level, two river tunne{Eigurel) were completed in 1981 (Arpad8.3 km) and

2004 (Vorotan-22 km) to redirect up to 250 million $mand 165 million nt water
respectiely into Lake Sevan each yg&hilingaryan et al., 2002; Jenderedjian et al., 2005)
Around 19 m below its original level, the lake level drawdown was stopped. At this point,
there had been a redion of the total lake surface area by 12 %, the average depth by 34.2
% as wellas the lake volume by 42.2 %he recently adopted Sevan rehabilitation program
envisions raising the total level of the lake by 6 meters within 30 yBatseryan, 2005)
Therefore, the lake level has been raised more thanldeBaeen 2003 and 20@6aribyan,

2007)submerging a lot of shore vegetation under water as shayune2.

" & 4 b :
Figure 1: Artificial Vorotan-Arpa hydro-structure transferring water into Lake Sevan
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Figure 2: Section of artificial forest submerged by rising waters of Lake Sevan

The lowering of the watdevel drastically affected the littoral zone (and especially
macrophyts) of Lake Sevan and, henadso affectingits ecosystem from physical
conditions to primary production and fish community. Macrophytes in the littoral zone, in
addition to being a food source and a substrate for algae and invertebrates, provide a refuge
habitat for young fishes, lowering their predation rates, as well as providing feeding and
spawning habitat for older age classes of some species and other orgalusimsote and

Atagi, 1997; Kalff, 2002)

1.3 ResearchObjectives

Thisresearchwas generated out of my own contribut
I nformati on Sy s twhoh sfughBdvdeglppdmegsures jfoe & dustainable

shore management of Lake Sevan

This researctocuses on the fact that shore macrophyte vegetation has changed immensely
due to the direct loss of littoral area the lowering of the lake level, the consequential
increase of shore erosion and the unstable growing conditions due to the water level
fluctuations. Therefore, many important functions of the lake ecosystem (including the
direct retention of nutrients and toxic substances during the growth period as wedl as
formation of biotic structures for biofilms for epiphytic algae and macroinvertebrates; and
for providing measures for protection and rezlepment of juvenile fishes) hadeen

severelyaffected
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Hence, thechangesetween 2006 and 2008 the aquatic macrophyte vegetation will be

used as biological indicators in order to develop measures to manage the lake ecosystem

more sustainably. Therefore, the objectives of this project are:

1.
2.

To review the relevant literature about the topic under disaussio

To review the historical devel opmen? of L
using remote sensing and GIS tools

To apply remote sensing and GIS technique
water level fluctuations on its littoral zone

To asess the accuracy of supervised classifications of QuickBird Satellite imageries of
aguatic macrophytes of Lake Sevan

To apply landscape metrics to the shore vegetation for the monitoring of changes during

the investigation period 20a808 evaluation odpecific ecosystem functions

To develop habitat models for fishes and birds monitoring of changes during the
investigation period 2008008 so as to protect these highly suitable areas for the

sustainable development of these organisms.
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CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Aquatic Macrophytes
2.1.1 Definition

Aquatic plants are described as those whose parts involved in photosynthesis are submersed
or float on the water surface either permanently or at least for several months each year
(Federal Office for the Environment (FOEN), 20@8)vadie (2008) quoting Arber (1963)
Sculthorpe(1967)and Cook (1974) defined an aquatic plansane that is normally found
growing in association with standing water whose level is at or above the surface of the soil.
Standing water includes ponds, shallow lakes, marshes, ditches, reservoirs, swamps, bogs,
canals, and sewage lagoons. Aquatic plaitisugh less frequently, also occur in flowing

water, in streams, rivers, and springs

Fedeal Office for the Environment FOEN (2005) referred to macrophytes as the
conspicuous plants that dominate wetlands, shallow lakes, and stkafh$2002)further
explained that the term "aquatic macrophytes" refers to aquatic plargselaogigh to be
visible to the naked eyeThese include the aquatic angiosperms (flowering plants),
pteridophytes (fernsiharophytesand bryophytes (mosses, hornworts, and liverworts). The
macrophytes are often the principal primary producers not orthyeitittoral zone of lakes

but also in shallow rivers, and they dominate wetlands.

2.1.2 Classification

Wetzel (1983) referencing Arber (1920) and Sculthorg (1967) stated that aquatic
macrophytes could be grouped into four general categories based on attachment. These are
submersed, emersed, floatilgaved (all three attached to the substratum) and freely
floating macrophytes. These categories are ndyni@lind in confined areas of the littoral
zone(Ramey, 2006as shown irFigure3.
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THE LITTORAL ZONE
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Figure 3: Distribution of Aquatic Macrophytes in the Littoral Zone
Source(Maine Volunteer Lake Monitoring PrograriWLMP], 2009)

Submersed plantgrow entirely or almost entirely underwater. Some submersed species
prodice flowers which are pollinated underwater or at the water surfac&{sigra nolti)

while other species have branches and leaves that reach and spread across the water just
below the surface (e.§.otamogeton pectinatuas shown irFigure4 below. Some produce

flowers that float on the surface (eNymphaea albawhile others have flower stalks that
emerge up to six inches above the water (Blgriophyllum spiatum) (Ramey, 2006)
Submersed macrophytes occur at all depths within the photic zone, but the vascular
angiosperms occur only to about 10 m. They have highly variable leaf morphology ranging
from finely divided to broadeaves. Their reproductive organs are aerial, floating or
submersedWetzel, 1983)

Myriophyllum spicatum Potamogeton pectinatus| Ceratophyllum demersum

Figure 4. Examples ofSubmersed Aquatic Macrophytes
Source(Kristinsson, 1999; Murray et al., 2006)
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Emersedaquatic plants are those rooted in the sediments and protrude up above the water's
surface. Thusemersed plantgrow out of the water (or during lewater times, in exposed
sediments). They am@oted to the bottom, but their stems, leaves and flowers are above the
water. Some emersed plants have no particular stgos leaves reaching for the skies

(e.g. Typha spp.) while others are very largeaved, with big spikes of flowers (e.g.
Sagittaia sagittifolia) as £en inFigure5. Some are small plants which grow inches above

the water (e.gBacopaspp) whiles othersare tall and leafy e.ddygrophilaspp. (Ramey,

2006) Wetzel (1983)added that these plants occur on watdurated or submersed soils,

from thepoint at which the water table is about 0.5 m below the soil surface to where the
sediment is covered with approximately 1.5 m of water. Their dejgtove organs are

aerial.

Typhaangustifolia Schoenoplectus tabernaemontal| Sagittaria sagittifolia

Figure 5: Samples ofEmersed Aquatic Macrophytes
Sourceof Sagittariaspp: (Wikipedia, 2010)

Floatingleaved macrophyteare primarily angiosperms that are anchored to submersed
sediments at water depths from about 0.5 to 3 m, but have alléheés floating on the
water's surface as shown kigure 6. Their reproductive organs are floating or aerial. The
floating leaves are either on long, flexible pet®olée.g. the water lilieNuphar and
Nymphaea or on short petioles from long ascending stems (@rgsenia Potamogeton
natang (Wetzel, 1983; Ramey, 2006)
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Nymphaealba

Persicariaamphibia

Figure 6: Floating-leaved Aquatic MacrophyteSamples
Source(Murray et al., 2006)

Freefloating macrophytes are those that are typycabit rooted to the substratum, but live

unattached within or upon the watgtigure 7). These plants occur in diverse forms and

habits ranging from large plants witbsettes of aerial and / or floating leaves and well

developed submersed roots (ekgchornia Trapa), to minute facdloating or submersed

plants with few or no roots (e.d.emnaceageSalvinig. Their reproductive organs are

floating or aerial (e.g. agic Utricularia ) but rarely submersed (e.§eratophyllun

(Wetzel, 1983)

7

%9

Wolffiaarrhiza

Lemnaminor

Spirodelapolyrhiza

Figure 7. Examples ofFloating Aquatic Macrophytes
Source(Murray et al., 2006)
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2.1.3 Ecological and Environmental Roles of Macrophytes

Macrophytesperform many functionsn water bodies. Some of the most common are

described below

Macrophytes provide food (i.e. seeds, leaves) for fishes and other wildlife. Furthermore,
they trap particles and associated nutrients, the plants and sediments forrmmgpetant
substrate for bacteria and periphyton. In addition, macrophytes serve as habitat for
substrateassociated invertebrates (zoobenthos) feeding on periphyton, detritus and
associated mircroorganisms, and their zoobenthic predators. They alsdepsoday time
refuge for pelagic zooplankton in shallow lakes. Moreover, they provide a habitat for
feeding, breeding and hiding of littoral fish and for pelagic or riverine fish species feeding
in shallow water. Finally, the macrophydeminated littoralzone serves as a habitat for
waterfowl, songbirdsamphibia, reptiles and mamma{Bloesch, 2003; Schmieder, 2004;
Fedeal Office for the EnvironmenHOEN], 2005)

Furthermore, macrophytes stabilise shorelines and sediments, and therefore can reduce
shorelineerosion through their dampening effect on wave energy. They can also reduce
water levels through increase in evapangirational water losses(Wetze|l 1983;
Schmieder, 2004)

Macrophytes are important suppliers of organic matter to inland waters, and their
decomposition can have a major effect on dissolved oxygen concentrations depending on its
abundance, the availability of light, and time of dAgain, their decomposition greatly
affects the cycling of nutrients and contaminants which in turn affects water clarity.
Decaying material produced by macrophytes accumulate in the sediments over many years
playing an influential role in making a watbody shallower. Additionally, debris from

these plants contribute to the formation of peat deposits, particularly as the lake becomes
shallower over time and aquatic plants grow more abund@métzel, 2001; Kalff, 2002;
Schmieder, 2004; Federal Office for the Environm&RQEN], 2005)

Uprooted plants can form floaty islands called tussocks that can be significant
navigational hazards and block access to parts of the waterbody. It should be noted that,
tussocks also provide bird and wildlife habitat. In waterbodies where cdooping

macrophytes e.g. water hyadinbr water lettuce, grow extremely well, these plants may
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completely cover the water body's surface and cause major habitat, recreational
(swimming), navigational, fishing and flood control problems. Furthermore, such plants
reduce the underwater light wlate, negatively adicting submersed phytoplanktddome
macrophytes (e.g. water lettuce) provide habitat for certain species of mosquitoes which in
turn cause a lot of human heaittlated problemgWetzel, 2001; Kalff, 2002; Federal
Office for the EnvironmentFOEN], 2005)

2.2 Biological Indicators (Bioindicators)
2.2.1 What are Bioindicators?

Organisms living in an ecosystem reflect the sum of the environmental factors acting on the
system suclthat plants, animals and microorganisms adapt to the conditions prevailing at a
particular site. The biological community is affected by any changes in these local factors,
influencing either the species composition (presence or absence of certain species)
specific characteristics such as population density/structure, life cycles, growth habit or
biological functions. Organisms whose biological functions are closely correlated with
specific environmental factors are known as bioindicators. Such spategsate a wide

range of factors and reveal effects that can scarcely, if at all, be recorded using conventional
methods of measurement. In particular, they provide direct evidence of biological effects.
They may indicate not only chemical aspects of watmlity but also structural features of
waterbodies and thus habitat quality. In addition, bioindicators reflect the sum of effects
over a certain period, providing information on adverse impacts occurring prior to the
investigation(Kramer and Botterweg, 1993; Federal Office for the Enwvitent FOEN],

2005) Kohler and Schneidd2003)referring toArndt & al. (1996)defined bioindicators as
6organi sms or communities of organi sms, w h
alterations of their life functions and/or by their chemical composition. Thereby it is

possible to draw conclusions concerningteemvi r onment al condi ti ons.

After much careful study, environmental scientists have determined that the presence,
condition, and numbers of the types of fish, insects, algae, and plants can provide accurate
information about the health of a specific rivetream, lake, wetland, or estuary. These
types of plants and animals are called biological indicators. Tpms@es are selected for

their sensitivity or tolerance (more frequently sensitivity) to various kinds of pollution or its
effects, e.g. metal poition or oxygen depletio(Thomas et al., 1992; United States
Environmental Protection Agency (US EPA), 2Q05)

31



According toMarkert et al.(2003) bioindicators contain information on the quality of the
environment (or a part of the environment). Furthermiegser (2001) making references

to (Blandin, 1986)and (Landres et al., 1988)stated that biodicators enable the
characteriation of the state of an ecosystem or an ecocomplex and an indication as early as
possible of their natural or provoked modifications (mainly with reference to biochemical,
cytological, physiological, ethnological or ecological variables, madt and with
certainty).Kaiser(2001)continued that these bioindicators have characteristichweieal

the presence or absence of environmental conditions that cannot be revealed in other species
or in the environment as a whole. These characteristics or changes serve to evaluate the
level of environmental contamination and the consequences fatateeof health of other

organisms or the environment as a whole

On the other hand, biomarkers are measurable biological parameters at-tingasusmic
(genetic, enzymatic, physiological, morphological) level in which structural or functional
changes ndicate environmental influences in general and the action of pollutants in
particular in qualitative and sometimes also in quantitative terms. Examples: tanning of
human skin caused by UV radiation; changes in the morphological, histological er ultra
structure of organisms or monitor organs (e.g. liver, thymus, testicles) following exposure to
pollutants(Markert et al., 2003)Also, Kaiser (2001) defined a biomarker as an indicator
organism whose change can be observed or measured at the molecular, biochemical,
cellular, physiological or behavioural level of arividual representing a larger group or
population. They also reveal the present or past exposure of the individual to at least one
pollutant chemical substance. Biomarkers are indicators of biological evaluation that
provide information on the state dfealth of individuals, whereas bioindicator species
account for thejuality of the eceenvironment.

2.2.2 Types of Bioindicators

According to United States Environmental Protection AgenUS EPA (2005) an
indicator is a sign or signal that relays a complex message, potentially from numerous
sources, in a simplified and useful manner. It further explained that an ecological indicator
is a measure or an index of measuress orodelthat characteres an ecosystem or one of

its critical componentsAn indicator may reflect biological, chemical or physical attributes

of ecological condition. The primary uses of an indicator are to characterize current status
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and to track or predict anfficant change. With a foundation of diagnostic research, an

ecological indicator may also be used to identify major ecosystem stress.

Cairns et al(1993)outlinedthree types of indicatorsamely:
1. Compliance indicators designed to verify whether the objectives of maintenance
and / or restoration of the quality of a site have been met.
2. Diagnostic indicators designed tofacilitate investigation of the cause of the
disturbances observed.
3. Early warning indicators designed to reveal the first signs of disturbarureslow
for management actions to be implemented before conditions have deteriorated to

the point where comgnce indicators are affected.

On the other handKohler and Schneidé2003)making reference térndt et al.(1987)and
Kohler (1982)stated that bioindicators (including aquatic matndes) can be used in three
ways for the assessment of environmental factors and environmental impacts. These are:
a. Indicators: These plants (individual species, groups of species or communities) are
used to provide information on the status of an ecasyste
b. Monitors: These plants allow for qualitative and quantitative assessment of toxic
effect in an environment. Reaction indicators show an impact by visible symptoms
and/or by other physiological reactions (e.g. activity of photosynthesis, respiration).
Accumulation indicators accumulate toxic substances from the environment: passive
monitors are collected from their natural habitat while active monitors are placed in
the respective environment under investigation.
c. Test species These are used under conedl environmental conditions in the

laboratory to indicate thiafluence of toxic substances.

2.2.3 Selection of Indicators

Fedeal Office for the EnvironmentHOEN (2005)stated that in order to be able to choose

good indicators, what has to belicated is taken into consideration. It was explained that

al most any species can be an indicator o f
autecology of the majority of species is m
resources are limitedand hence one must therefore select those organisms which are
potentially most useful for the particular problem in hand. It further recommended that i

organisms are to serve as bioindicators, the following conditions need to be fulfilled:

33



Our knowledgeof how the organism responds to specific environmental factors
should be as detailed as possible.

The response should be clear, gifeale and readily evaluable.

C. Use of the bioindicator should be standardizable, easily managed and financially

acceptable
Minimum intervention in the environment should be required, and use of the

indicator species should not pose ethical problems.

Additionally, Hellawell (1989) stated that, in selecting indicators for environmental

protection the following attributes may be particularly desirable. Ideal indicators should, of

course unambiguously indicate by their presence very narrowly defined environmental

parameters. This ideal is rayekalised, bugood environmental indicators

a)
b)

c)

d)

9)

h)

arereadily identifiedi taxonomic uncertainties can confuse data interpretation;
may be sampled ealy, that is, without the need for several operators or
expensive equipment, agdantitatively

have cosmopolitan distributioni the absence of species with very narrow
ecological requirements and limited distribution may not be associated with
pollution, etc.;

are associated witlabundant autecological datd this is of considerable
assistance in analysing survey results and devising pollution, or biotic, indices;
haveeconomic importance as a resource or nuisance or. gpstcies which are
economically important (fish) or are nuisances (some algae) have intrinsic
interest;

readily accumulate pollutantespecially so as to reflect environmental levels
since this facilitates understanding of their distribution in relation to pollutant
levels;

areeasily wltured in the laboratorywhich also assists in relating experimental
studies of their responses to pollutants and fields observations;

have low variability, both genetic and in their role (niche) in the biological

community.

Groups of organisms often et as bioindicators for watercoarsystems includefish,

diatoms benthic macroinvertebratéisottomdwelling animals) andquaticmacrophytes. In

ecotoxicology individual cells and multicellulaorganisms are used as bioindicatorshe

first and second steps respectiviel\standardized test systeifisellawell, 1989)
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2.2.4 Use of Bioindicators

A variety of effects can be produced on aquatic organisms by the presence of harmful
substances or natural substances in excess, the changes in the aquatic environment that
result from them, or by physicalteration of the habitat. With referenceTthomas et al.

(1992) some of the most common effects on aquatic organisms are:

a) changes in the species composition of aquatic communities,
b) changes in the dominant groups of organisms in a habitat,
c) impoverishmat of species,

d) high mortality of sensitive life stages, e.g. eggs, larvae,

e) mortality in the whole population,

f) changes in behaviour of the organisms,

g) changes in physiological metabolism, and

h) histological changes and morphological deformities.

It was further explained that, as all of these effects are produced by a change in the quality
of the aquatic environment, they can be incorporated into biological methods of monitoring
and assessment to provide information on a diverse range of watéy gssues and
problems, such as:
1. the general effects of anthropogenic activities on ecosystems,
2. the presence and effects of common pollution issues (e.g. eutrophication, toxic
metals, toxic organic chemicals, industrial inputs),
3. the common features of lg¢erious changes in aquatic communities,
4. pollutant transformations in the water and in the organisms,
5. the longterm effects of substances in water bodies (e.g. bioaccumulation and
biomagnification),
6. the conditions resulting from waste disposal and ofcteracter and dispersion of
wastewaters,
7. the dispersion of atmospheric pollution (e.g. acidification arising from wet and dry
deposition of aciforming compounds),
8. the effects of hydrological control regimes, e.g. impoundment,
9. the effectiveness of envirarental protection measures, and
10.the toxicity of substances under controlled, defined, laboratory conditions, i.e. acute

or chronic toxicity, genotoxicity or mutagenicity.
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Again, Thomas et al(1992)added that bioindicators can also be useful for:

a) providing systematic information on water quality (as indicated by aquatic
communities),

b) managing fishery resources,

c) defining clean waters by means of biological standards or standardised methods,

d) providing an early warning mechanism, e.g. for detection oidaantal pollution,
and

e) assessing water quality with respect to ecological, economic and political

implications.

2.2.5 Advantages of Bioindication

Bioindication is often able to clearly determine if a water body has healthy aquatic life. It

can also helpo determine the extent of ecological damage. Some kinds of damage may be
clearly visible, such as an unusual colour in the water, increased turbidity or the presence of
dead fish. However, many forms of damage cannot be seen or detected without detailed

examination of the aquatic biota.

Aquatic organisms integrate effects on their specific environment throughout their lifetime
(or in the case of laboratory tests, during the period of exposure used in the test). Therefore,
they can reflect earlier situatis when conditions may have been worse. This enables the
biologist to give an assessment of the past state of the environment as well as the present
state. The length of past time that can be assessed depends on the lifetime of the organisms
living in the water under investigation. Microrganisms, such as ciliated protozoa,
periphytic algae or bacteria, reflect the water quality of only one or two weeks prior to their
sampling and analysis, whereas insect larvae, worms, snails, and other macroinvertebrate

organisms reflect more than a month, and possibly several(jféemsas et al., 1992)

When biological methods are carried out by trained personnel they can be very quick and
cheap, and integrated into other studies. Compared with phgiseznical analgis, much

less equipment is necessary and a large area can be surveyed very intensively in a short
time, resulting in a large amount of information suitable for later assessment. Recent
developments in water quality assessment, especially for the purpe$uent control,

have begun to include bioindicators and tests such as bioassays (as in Germany under the

inWaste Water Levy Acto). The costs of <c¢chem
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and materials, repairs and energy consumption are enorraeus the number of different
polluting substances that now have to be legislated and controlled. In some situations
biological methods can offer a cheaper option. The advantages of bioindication, however,
do not eliminate the need for chemical analysisvafer samples. Agencies and individuals
responsible for establishing assessment programmes must integrate both methods to provide
a system which is not too expensive and which provides the necessary information with

maximum efficiency(Thomas et al., 1992)

Bioindication helg provide an ecologically based assessment of the status of a water body
and helg prioritize water bodies for proper management based on the severity of biological
damage. It can directly measure the combined impacts of any and all stressors on the
resident aquatic biota and can be used to determine the effectiveness of permit ddrerols
biological data so obtained are essential for successful aquatic life use attainability analyses
and sitespecific criteria derivations. Also, the public views the status of biological
organisms as a measure of a polludicee environment(United States Environmental
ProtectionAgency (US EPA), 2002)

Acute toxicity testing is particularly useful in cases of emergency and accidental pollution
where it can minimise the amount of chemical analysis required. When investigating a fish

kill, samples of the water are usually taki®n analysis in order to determine the cause.
However, if a toxicity test (using an aquatic organism in samples of the contaminated water)

is conducted immediately in parallel to the chemical analyses it is possible to ascertain
whether toxic concentrats are present in one, or all, of the samples taken. This initial
Ascreeningo enables the chemical | aboratory
samples and helps the water quality managers and denisikers prepare (or stop) further
action.Immediate remedial action may, therefore, be possible although the reaction of the
biota in the test does not necessarily give specific information about the type of substance

causing the toxicity, or an indication of the concentration pré3&oimas et a] 1992)

2.3 Remote Sensing

2.3.1 What is Remote Sensing?

"Remote sensing is thechnique(and to some extent, art) of acquiring information about

the Earth's surface without actually being in contact with it. This is done by sensing and
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recording eflected or emitted energy and processing, analyzing, and applying that
information”(Canada Centre for Remote Sensi@fRSY, 2007)

According to Aronoff (2005) remote sensing is Othe scie
obtaining information about objects from a distaiicekes us well beyond the limits of

human capabilities. It allows us to collect information over regions too costly, too
dangerous, or toremote for human observers to direcycess Remotely sensed data

takes many forms, including aerial photography, digitalt el | i t e i magery, an

Generally, Remote Sensing involves the process of recording/observing/perceiving
(sensing objectsor events at far awaygmote places, where theensorsare not in direct
contact with the objects or events being obserVadelectromagnetic radiatias normally

used as a physical carrier or medium through which information travels from the
objects/events to the sensors in remote sensing. The output of a remote sensing system is
usually animagerepresenting the scene being observed. A further stapagfe analysis

and interpretations required in order to extract useful information from the image. The
humanvisual systems an example of a remote sensing system in this general $erse.
more restricted sense, remote sensing usually refers to the technology of acquiring
information about theearthis surface (land and ocean) aatimosphereusing sensors
onboardairborne (aircraft, balloons) orspaceborndgsatellites, space shwgfl) platforms
(Centre for Remotémaging Sensing and Processi@RISH, 2001)

2.3.2 Remote Sensing Applicatios

Satellite imagery is able to cover large regions in a short period of time. Since the 1970s, a
lot of Satellite data have been archived by different data providers which serve as sources of
powerful potential historical data. Furthermore, the spatialspedtral qualities have been

improving since the 1970s.

The applications of remote sensing described here are representative, but not exhaustive.
There are a number of other applications that are practiced but are very specialized in
nature, and not coved here(Canada Centre for Remote Sensing (CCRS), 2007; Short,
2009) The various applications include
1 Agriculture (crop type mapping, crop monitoring, crop damage assessment)
1 Forestry & Ecology (clear cut mapping, species identification, burn mapping,
environmental monitoring, wildlife habitat)
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Geology (structural mapping, geologic units, mineralsefroleum exploration)
Hydrology (flood delineation, soil moisture)

Sea Ice (type & concentration, ice motion)

Land Cover (rural / urban change, biomass mapping)

Mapping (planimetry, DEMs, topo mapping)

Oceanography (ocean features, ocean colour, oilds#iction)

=4 =4 =4 4 -4 -4 -4

Meteorology (storm / Hurricane / tornado detection and monitoring;tireal

surveillance of clouds, temperature variations, water vapour, and moving fronts)

2.4 Geographic Information Systems (GIS)
2.4.1 What is GIS?

Chang(2008)def i ned geographic information syste
capturing, storing, querying, analyzing, and displaying geographically referenced data. Also
called geospatial data, geographicalsferenced data are data thatsaée both the

locaions and characteristics of spatial features such as roads, land parcels, and vegetation

stands on the Earth's surfacebo.

Summarizing, Environmenal Systems Resezh Institute ESRI (2009) st at ed t hat
geographic information system (GIS) integrates hardware, software, and data for capturing,
managing, analyzing, and displaying all forms of geographically referenced information.
GIS allows us to view, understd, question, interpret, and visualize data in many ways that
reveal relationships, patterns, and trends in the form of maps, globes, reports, and charts. A
GIS helps you answer questions and solve problems by looking at your data in a way that is
quickly understood and easily shared. GIS technology can be integrated into any enterprise

A

i nformation system framewor k. 0

Environmental Systems Research InstitlESRI (2008) explained that GIS is a spatial
database containing datasets that represent geographic information in terms of a generic GIS
data modeé features, rasters, attributes, topologies, networks, and so forth. Additionally, it
is a set of intelligent maps andhet views that show features and feature relationships on
the earthoés surface. Various map Vviews of
constructed and used as Awindows into the g
and editing of geo@phic information. Each GIS has a series of-tlmensional (2D) and
threedimensional (3D) map applications that provide rich tools for working with
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geographic information through these views. Furthermore, a GIS is a set of information
transformation tod that derive new information from existing datasets. These

geoprocessing functions take information from existing datasets, apply analytic functions,
and write results into new derived datasets. Geoprocessing involves the ability to program

your work ando automate workflows by assembling an ordered sequence of operations.

These three GIS views are represented in ESRI® ArcGIS® by the catalog and the
geodatabase (a GIS is a collection of geographic datasets), the map (a GIS is an intelligent
map view), ad the toolbox (a GIS is a set of geoprocessing tools). Together, all three are
critical parts of a complete GIS and are used at varying levels in all GIS applications
(Environmenal Systems Research InstituEESRI], 2008)

2.4.2 GIS Applications

Some of the numerous important GIS applications incl@m®ang, 2008; Environmental
Systems Research InstityteSRI, 2009)

1 Natural resources management (laursg planning, natural hazard assessment,
riparian zone monitoring)

91 Forestry (sustainable forest management, harvest route plarimriggr maket
analysis, mappingnd modding of forest fires and thelsehaviours)

1 Agriculture (precision farming promoting sigpecific farming activities such as
herbicide or fertilizer application)

1 Environmental Management & Conservation (pollution monitoragmyironmental
impact assessment, water quality mapping & planning, habitat & species
management & protection)

1 Law enforcement (crime records and analysis of their spatial patterns by location

and time)
Emergency planning (fire, medical, disaster)
Land records management

Business (market analysis)

= =4 =4 =4

Transportation applications (infrastructure & fleet managemerntanmavigation
systems finding the shortest route between an origin and destination and providing
turn-by-turn directions to drivers)

1 Utilities (water & waste water management, network design & facility management

for telecommunications, electricity, gas and power companies)
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1 Education & Science (research, knowledge transfer)
1 Health (epidemiological & public health monitoring)

1 Government (censusgvenue clbection, economic development).

2.4.3 GIS Data Sources

GIS data can be obtained from a variety of sources. These include satellite images,
orthophotos, geocoding (street addresses), text files with x andoydic@ates, digital
elevation model¢DEMs), computesaided designs (CADsYwo important GIS sources of

field data are survey data and global positioning system (GPS)egpite the increased
availability of highresolution remotely sensed data and GPS data, maps are still a dominant
souce for creating new GIS data. Digitizing, either manual digitizing orsaeen
digitizing and scanning, converts amaloguemap to its digital formatJackson and
Woodsford, 1991; Chang, 2008; Environmental Systems Research I{&BiR§, 2009)

2.5 Remote Sensing & GIS Applications m the Aquatic
Environment

To understand freshwater ecosystemsnitoring the temporal and spatial dynamics of
inland waters isvery essential Remote sensinghereforeoffers a good way to get such
information of physical and biological parameterg/ater constituents such as
phytoplankton suspended minerals and dissal organic matter were mapped in Lake
Constance using multispectral airborne scanner data and a physically based processing
schemgHeege and Fischer, 200/gain, suspended matter of Lake Sevan (Armenia) were
mapped with MODIS senso(bleblinski et al., 2010)Landsat7 ETM+ was used to assess
lake water clarity on a regional leviel Michigan, U.S.A(Nelson et al., 2003)Brezonik et

al., 2005) also remotely sensed lake water quality characteristics including chlorophyll a
and coloured dissolved oxygesemand based on Landsat Tawaya et al(2003)
surveyed aquatic vegetation from high resiolu QuickBird and IKONOS satellite
imageries and obtained good results.

Using Geographic Information System, the distribution of submerged macrophytes in the
littoral zone of Lake Geneva (Switzerland) was modeled from bathymetry, wave exposure,
current srength, water quality, soil typand harvesting practicd.ehmann, 1998)The

ability of GIS to store and analyse data enal@etimieder(1997)to plot geographically
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referenced mas of single species distribution areas, to analyse changes of distribution area
of species based on data from the whole littoral zone of Lake Constance and to calculate
summarising indices like a macrophyte index of nutrient load in the littoral zdne.
Geographic Information System was used to relate-Belflired data on the distributions

of floating, emergent, and submersed aquatic plants in a small number of lakes to the same
distributions mapped osimultaneously acquired Thematic Mapper images of [#kes
(Steeves et al., 199%everal ecological assessment tools suchraststal diversity of the

littoral vegetation and habitat suitability models of Lake Constance had been developed
using the combination of remote sensing and GIS technifesthon and Schmieder,
2004) These can be applied in the monitoring baeges and the support of management
decisions. Recently, Heblinski et al. (2011) accurately classified submersed aquatic
vegetation and sediment structures in the littoral zonéadke Sevan, documenting its
spatial vegetation dynamics induced by the fluctuations of the water level and interannual
variations in phytoplankton bloom§hese methods proved to be eeffective, time saving

and good for wetlands monitoring worldwide.

2.6 Landscape Metrics

2.6.1 Introduction

Studying the factors affecting the distribution of biodiversity is one of the celtjedtives

of ecology. From a local perspective, most studies point to the relationship between the
number of species and theamal structure of the habitat. The structural complexity of the
habitat and disturbance mechanisms, along with competition processes, waaid ¢e

abundance of speci¢atauri and de Lucio, 2001)

The loss of biodiversity has generated a lot of concerns which have spurred land managers
to seek better ways of managing landscapes at a variety of spatial and temporal scales.
Several developments have made possible the ability to analyze and manage enti
landscapes to meet mutésource objectives. The developing field of landscape ecology has
provided a strong conceptual and theoretical basis for understanding landscape structure,
function, and change. Growing evidence that habitat fragmentatiorrisieetal to many
species and may contribute substantially to the loss of regional and global biodiversity has
provided empirical justification for the need to manage entire landscapes, not just the
components. The development of GIS (geographical infoomatystems) technology, in

particular, has made a variety of analytical tools available for analyzing and managing
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landscapes. In response to this growing theoretical and empirical support and to technical
capabilities, public land management agencie leagun to recognize the need to manage
natural resources at the landscape scale. Investigations of ecological phenomena at broad
spatial scales often require quantifiable descriptions of landscape pattern and structure for
testing relationships or makingredictions about the lands@@nd the phenomena in
guestion(McGarigal and Marks, 1995)

Landscape ecology involves the study of landscape patterns, the interactions among patches
within a landscape mosaic, and how these patterns and interactions changenev In
addition, landscape ecology involves applying these principles to formulate and solve real
world problems (McGarigal and Marks, 1995)Landscape ecology considers the
development and dynamics of spatial heterogeneity and its effecbiotnc andbiotic
processes and the management of spatial heterogdResser et al., 1984)Landscape
ecology is largely founded on the idea that the patterning of landscape elements (patches)
strongly influences ecological characteristics, including vertebrate populations. The ability
to quanify landscape structure is prerequisite to the study of landscape function and change
(McGarigal and Marks, 1995Yherefore much emphasis has been placed on developing
methods to quantify landscape structtmecorrelate with ecological procesdg3Neill et

al., 1988; Turner, 1990a; Turner, 1990b; Turner and Gardner,.1991)

2.6.2 What are Landscape Metrics?

Measuring and describing the spatial structure of pajaiasses of patches, or entire patch
mosaics (i.e., landscapes), landscape metrics provide important information about the
composition or configuration of a landscape, e.g., the proportion of each land cover type
present, or the size or shape of landscajgments. A major benefit of landscape metrics

lies in their usefulness for comparing alternative landscape configurations e.g., comparing
different landscapes mapped in the same manner, evaluating the same landscape at different
times, or comparing theame landscape under alternative scengi@sstafson, 1998;
Botequilha Leit&o et al., 2006)

Two fundamental aspects of landscape structure measured by landscape metrics are
composition and configurationLandscape compositiaefers to features associated with the
presence and amount of each patch type within the landscape but without being spatially

explicit. In other words, landscape composition encompasses the variety and abundance of
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patch types within a landscape but tlo¢ placement or location of patches within the
landscape mosaic. Landscape composition is important to many ecological processes and
organisms(McGarigal and Marks, 1995Although composition metrics are not spatially
explicit, they still have important spal effects(Gustafson, 1998; Botequilha Leitdo et al.,
2006) On the other handlandscape configuratiordepicts the spatial character and
arrangement, position, or orientation of laodpe elemeni@cGarigal et al., 2002)Since
landscape composition and configuration affect ecological processes indeferaen
interactively, it is important that the component of landscape pattern being quantified by a
particular metric is understood prope(Botequilha Leitdo et al., 2006)

Not all landscape metrics can be classified easily as representing landscape composition or
landscape configuration. Landscape metrics, such as mean patch size and patch density, are
not really spatially explicit at either the patch or landscape level because they do not depend
explicitly on the spatial character of the patches or their relbtoagion. It is not important

that all metrics be classified by the simple composition versus configuration dichotomy.
What is important, however, is the recognition that landscape structure consists of both
composition and configuration and that varionstrics have been developed to represent
these aspects of landscape structure separately or in combi(Mt@arigal and Marks,

1995)

2.6.3 Main Levels of Landscape Metrics

There are three main levels of landscape metrics which are patch, class andp&andsca

levels.

26.3.1 Patch Level

A relatively homogeneous area that differs from its surroundings is termed as a patch. A
patch is a polygon in vector data and classified as a particular land cover type. On the other
hand, a patch is a cluster of likalued cells based on either a foureght neighbour
adjacency rule in raster or grid data. In pdtlel metrics, characteristics of individual
patches such as size and shape are quantified resulting in a unique value for each patch.
Since patcHevel characteristics are not interpretacectly in many applications, they are
normally used as basis for computing characteristics of an entire class of patches or of the
entire patch mosai¢Botequilha Leitdo et al.,, 2006)The computed values for each

individual patch may have little interpretive vall#owever, sometimes patch indices can
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be important and informative in landscdpeel investigations. The utility of the patch
characteristic information will ultimately depend on the objectives of the investigation
(McGarigal et al., 2002)

2.6.3.2 Class Level

A set of patches of the same patch type (i.e. land cover type) make a class. While class is a
set of polygons classifieas the same patch type in vector data, it is a set evdiked cells

in raster or grid data, regardless of their patch affiliation. The quantification of
characteristics of an entire class such as total extent, average patch size and degree of
aggreg#on, and returning a unique value for each class, is termedleladsnetrics. In the
broadest sense, most of the clemsl metrics can be interpreted as fragmentation indices
since they measure the configuration of a particular patch (§pequilha Leitdo et al.,

2006) McGarigal et al(2002) further explained that class indicesparately quantify the
amount and spatial configuration of each patch type and thus provide a means to quantify

the extent and fragmentation of each patch type in the landscape.

2.6.3.3 Landscape Level

A landscape is a set of all patches within the afeaterest. It is the entire collection of
polygons, regardless of patch type, in a vector data, whilst it represents the entire collection
of cells, regardless of class value, in raster or grid data. Landsagbenetrics measure

and describe the oveflatomposition and configuration of the patch mosaic without
reference to individual patches or patch tyfigstequilha Leitdo et al., 2006%ince most of

the landscapéevel metrics measure the overall landscape pattern, they can be interpreted
broadly as landscapeterogeneity indice@VicGarigal etal., 2002; Botequilha Leitdo et al.,
2006)

2.7 Habitat Modelling
2.7.1 Introduction

Majka et al.(2007)defined Habitat as a place where an animal lives or the living and non

living characteristics of a landscape that an animal uses. Although habitat is fundamentally a

description of what animals use and where animals are found, most ecologists assume that

habitat also is what animals need to survive and reproduce. It was further explained that

habitat is often broken down into several components, depending on what the animal is
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doing in a particular area or with a particular element of the landscape. Fiy®ments
usually listed include food, water, hiding cover (prey) or ambush cover (predators), thermal
cover (against heat or cold or both), and nest sites (or other special needs for reproduction).
A 6th component, namely the minimum amounts and spatiahgement of the first 5
components is added by some ecologists. Survival and reproduction require that an animal
has enough of each habitat component within the range of its daily, seasonal, or annual

activities.

2.7.2 Habitat Modelling Approaches

Habitat models allow the assessment of the quality of habitat for a species within a study
area. In the GIS environment, habitat suitability models relate suitability to-bested

layers such as land use/land cover, elevation, topographic positiom liish&bance (e.g.
distance from roads, road density, housing density, etc), or other important factor available
as a GIS layer. Each of these raster layers, which has several to many classes, is called a
factor (Majka et al., 2007)For instance, the factor land cover may include classesasuch

reeds, grasses, and bushes.

The two common ways to build these models are:

a) Literature review and expert opinirased habitat suitability models

b) Empirical and statistical techniques for estimating habitat suitability

The most common habitat suitabilityodelling technique is based on literature review and
expert opinion. While literaturbased models are subject to uncertainty and errors when
translating literaturdased habitat studies to a habitat suitability score, they are relatively
easy to creatego not require new collection of detailed field data for all species in the
linkage zone, and can be applied to multiple study areas, allowing for rapid analyses and
linkage designs. The procedure requires a biologist to assign a weight to each faetor and
habitat suitability score to each class within a factor. Suitability scores for all habitat factors
are then combined to form a single habitat suitability map withitakslity score for each

pixel (Majka et al., 2007)

If presenceabsence data or abundance is available for the species stuthearea, then
empirical statistical models can be created by relating the species occurrence data to habitat
factors. Statistical techniques such as generalized linear or generalized additive models (e.g.

logistic or Poisson regression), artificial melunetworks, classification and regression trees
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(CARTS), and genetic algorithms can all be used to create a map of a species probability of
occurrence at any pixel in the landscape. With these models, data is typically extracted from
the GIS layers, asswled into a site by occurrence matrix, analysed with a statistics
package such as R;Bus, or SASand therfed back into the GIS software to create a map
depicting probability of occurrence. While empirical models are probably more accurate
than rulebased or literatureeview based models, they require gathering a good set of field
observations for every species in the linkage area, which can take a considerable amount of
time (Majka et al., 2007)

2.7.3 Estimating Habitat Suitability

Before Habitat Suitability can be estimated, each of the different classes within every factor
is assigned a suitability score. Biologically meaningful thresholds are set to divide the
habitat suitability scores into categories, paying particular attertbothe suitability
threshold required to support breeding habitat. To combine multiple habitat factors into one
aggregate habitat suitability model, weights are first assigned to each factor that reflect their
relative importance, and second, the weightetors are combined in one of the many
potential algorithms. The weighted arithmetic mean is the most commonly used algorithm to
combine weights, which allows a deficiency in one factor to be compensated by other
factors, while weighted geometric meanttee reflects a situation in which one habitat
factor limits suitability in a way that cannot be compensated by other f¢Majka et al.,

2007)
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Materials
3.1.1 Study Area

Lake Sevan of Armenia, which lies on geographicalomtinates 4%08- 40°49'N and
44°58- 45°42'E, is situated 60 km to the noghst from the city of YerevarF{gure8). The

lake is one of the greatest freshwater higbuntain lakes of &asia as well as one of the

highest and largest alpine lakes in the world. Lake Sevan is 1,896 m above the Baltic Sea

Level. It has a surface area of 1,243 km?, length of 75 km, and an average width of 19 km

(Markosyan and Nazaryan, 2003; Garibyan, 2007)
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Differing by age and origirl,ake Sevan consists of two parts, namely Major Seweith a

surface area of 916 km2and Minor Sevan with a surface area of 328 knigure 9).

Before the artificial lowering of its water level in 1933, the lake level was 1,916.2 m above
the Baltic Sea level. The catchment basin of Lake Sevan (489lvkrith belongs to the

basin of the river Araks lies in a large tedtodepression surrounded by mountains, in the

northwe s t of whi ¢

h the

water shed

ar ea

of

here starts the only river which flows out of the lakéhe river HrazdanTwenty eight

rivers flow into the lakeThe tdal length of the watershed line is nearly 400 km. Lake

Sevan with its basin was finally formed -38,000 years ago. Compared with plain

t

h e

reservoirs, the total sunbeam on the surface of lake is rather high. The morphometrics of the
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lake have greatly changeat a result of the lowering of its level by 20 m. Whilst, the

catchment basin increased by 1722kemd i ts ratio to the | akeds

to 30, the surface area of the lake decreased by 12 %, the average depth by 34.2 %, the
highest deptlby 19 %, and the lake volume by 42.A@ganessian, 1994)

d

/\/ Atet water wmniuAsanm

7./ Aot water level dropping by 12.5 m

(optimal level for stable scological condition of lake) |

N/ vt - o Map propared by
Source: Ministry of Nature Protection of Armenia, 1998 o T "“’o“- Conter,

Figure 9: Lake Sevan catchment area showing th8evanNational Park, adjoining
districts and the water depth at various sectionsf the Lake

The field data acquisitions were focussed on five selected areas namely: Hrazdan,

TsovazardArgichi, Gavaraget and Masrik regions as showrrigure10) below.

Gu25 5.4 1050 180 2 .
- X ?(llome\ers

Figure 10: Study Area sitesused for field data acquisition. However, detailed analyses
were done on Gavaraget, Tsovazard and Masrik regions due to the availability of
remote sensing data for these areas for the entire period undarvestigation
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The Lake Sevan watershed is located at the intersection of the Caucasian, Iranian and
Mediterranean flora regions, each of which has its own distinctive plant assemblies. The
range in altitude, sharp fluctuations in relief and soil variability, create rusdandscape

types that promote diversity in flora and plant associations. More than 150 of the plant
species in the basin are considered to be threatened or endangered and require assistance to
survive(Red Data Book of Armenia, 1989)

The waters of Lake Sevan, the marshes around the lake and the mouths of rivers, function as
habitats for a number of aquatic and marsh animals. This group includes the fish living in
the lake,amphibians, reptiles, birds and certain mammals. Sincé01%9nore than 10,000
hectares of marshes, and Gilly Lake in the south end of Lake Sevan, have been drained and
lost through the lowering of Lake Sevan. Although no recent inventory of terrestrial animals
living in the basin has been conducted, existingrimation indicates that at least 222
species of mammals, birds, and reptiles still live in or visit the bati® Sevan wetlands

were previously used by up to 160 species of migratory birds, only 50 of which are now
recordedParpaova, 1979; Red Data Book of Armenia, 1987)

Jenderedjian et a{2005)stating the main effects rdsng from the destabilization of most
of the hydrdogical andecological processes due to the artificial lowering of the lake listed
the following:
I.  Draining of the wetlands

ii.  Worsening of the water quality

iii.  Changed species succession

Ilv.  Biodiversity loss

v. Inaccessible lake shore areas due to formation of impassable bushes by plantation of

alien species e.gflippopae ramnoidem dried areas of former lake bottom
vi.  Reduction of numbers of breeding waterfowl from 60 breeders to only about 25

species.

3.1.2 Remote Sensing Data

The following remote sensing sensors were used to integrate data into the research work:
LANDSAT (MSS / TM / ETM+), Aster and QuickBird. The Landsat data were used in the
calculations of surface area of the lake whiles the Aster provigedigital elevation data.

The supervised classifications were derived from the QuickBird data. The subsequent
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subheadings give a short overview about these sensors, their main characteristics and the

integrated datasets.

3.1.2.1 LANDSAT

LANDSAT satellites are a series of civil earth observation satellites of NASA. They cover
the main natural resources of earth surface. The series of 6 satellites was started in 1972 and
included different production series such as MSS, TM and ETM+T&ele1).

Table 1. Main Characteristics of LANDSAT (1-7) Satellites usedfor the Assessment of
Surface and Littorl Zone areas,and asbackground for Field M apping

LANDSAT 1, 2, 3 LANDSAT 4, 5 LANDSAT 7
Sensor Multispectral Scanner| Thematic Mapper (TM)| Enhanced Thematic
(MSS) Mapper plus (ETM+)
30m (MS)
Spatial 80m 30m (MS) 60m (TIR)
Resolution 120m (TIR) 15m (PAN)
4 Channels 7 Channels 8 Channels
Spectral 0.50- 0.60 um. Green 0.45-0.52 pm. Blue 0.45-0.52 pm. Blue
Resolution 0.60- 0.70 pm. Red 0.52- 0.60 pm. Green 0.52- 0.60 um. Green

0.70- 0.80 pm. NIR
0.80- 1.10 pm. NIR

0.63- 0.69 um. Red
0.76- 0.90 pm. NIR
1.55 1.73 pm. MIR
10.4-12.5 pm. TIR
2.08- 2.35 pm. MIR

0.63- 0.69 pum. Red
0.76- 0.90 pm. NIR
1.55 1.73 um. MIR
10.4-12.5 pym. TIR
2.08 2.35 um. MIR
0.52-0.90 um. PAN

A WNBE
~No ok~ WDNRE
o~NOoO Ok WN PR

Source(United States Geological Survey (USGS), 2006a)

According toUnited States Geological Survey [USGE&|009) the Landsat Orthorectified

data collection consists of dofpal set of highquality, relatively clouefree orthorectified

MSS, TM and ETM+ imagery from Landsatssland 7.The National Aeronautics and
Space Administration (NASA) in contract with Earth Satellite Corporation, Rockuville,
Maryland, acquired and prosged the Landsat data as part of NASA's Scientific Data
Purchase program. Ground control points are fixed, and images have been registered to the
Universal Transverse Mercator (UTM) map projection and coordinate system and the World
Geodetic System 1984 (@584) datumUnited States Geological Survey$GSg (2009)

further explainedhat dl image bands have been individually-sampled using a nearest
neighbouralgorithm and positional accuracy on the final image product has a Root Mean
Square Error of better than 100 meters (MSS) and 50 meters (TM and ETM+). When
possible, data were collected when vegetation was at peak greenness. Peak greenness was
determined from globd.-kilometer Advanced Very High Resolution Radiometer (AVHRR)
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Normalized Difference Vegetation Index (NDVI) data. When peak greenness data were not

available, images from other times of the year were substituted

The Landsat datasets of the following daveere acquired for research project: 18.06.1976
(MSS), 4.06.1987 (TM), 08.08.1989 (TM), 23.09.2000 (ETM+), 06.06.2001 (ETM+),
14.06.2004 (ETM+), 22.08.2005 (ETM+), 07.08.2006 (ETM+), 25.07.2007 (ETM+) and
30.07.2009 (ETM+). The Landsat data were usedatoutate Sevan's surface area over
different years, as background for field mapping and for general planning tasks in the

research work.

3.1.2.2  QuickBird

The QuickBird satellite is the first constellation of spacecraft that DigitalGlobe is
developing thaoffers highly accurate, commercial high resolution imagery of the Earth.
QuickBirdbdés gl obal coll ection of panchr omatt
support applications ranging from map publishing to land and asset management among
others. Tle spatial resolution is up to 60 cm (nadir) in panchromatic and 2.4 m (nadir) in

mul tispectral mo d e . Qui c KB nmd(Ble), 528 qm b and
(Green), 63690 nm (Red), 76800 nm (NIR) and 44800 nm (PAN)(DigitalGlobe,

2009)

QuickBird imagegfrom 2006 to 2008) of research areas Gavaraget, Masrik smdhzard
wereacquired and used for supervised macrophyte classifications by the EGQbtAPany

(based in Gilching, Germany).

3.1.2.3 ASTER

ASTER (Advanced Spadsorne Thermal Emission and Refl®n Radiometer) is an
imaging instrumentlying on Terra, a satellite launched in December 1999 as part of
NASA's Earth Observing System (EOS). ASTER is a cooperative effort between NASA,
Japan's Ministry of Economy, Trade and Industry (METI) and Jagezarth Remote
Sensing Data Analysis Centre (ERSDAC). ASTER is being used to obtain detailed maps of
land surface temperature, reflectance and elevation. The three EOS platforms are part of
NASA's Science Mission Directorate and th@ational Aeronautics and Space
Administration, 2004)
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A set of three ASTERDEMSs (with specifications shown ifable2) were integrated to have
a more detail ed el ev &iguredl)byBE@VUAR Compahy Sevanos
Table 2: Specifications of ASTERDIgital Elevation Model (DEM) used for a detailed

el evation model of Sevands basir
Relative DEM Absolute DEM

X/Y -Resolution 30m 30m
Z-Resolution 1m Im

. yes

Ground Control Point; No _
(supplied by the use
Accuracy >=7m >=10m

Figure 11: ASTER DEM - stretched for elevations between 1200m and 3000m

3.1.3 Topographic Maps

A digital map of Lake Seva(Figure12) was obtained by digitizing a topographic map on
the base of 1: 50 000 scale (produced in 1988 by the State Geodetic & Qdnitogra
Institute, Moscow former USSR)and georeferenced in ArcGIS environmdayt Hovik
Sajadyan (SEMIS project member). The bases for its Coordinate System were 1942
Ellipsoid of Krasovsky and Gaus§ueger map projection. Layers digitised incldde

1. Boundaies of lake Sevan basin,
Boundaries of ASevano national par k,
Horizontals and isobaths (5, 10, 15 m) and relief of lake Sevan basin,

Hydrography (Lakes and reservoirs)

ok~ 0D

Infrastructure (roads, railways, gas pipelines, electric lines)
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6. Settlements (towns, Véges).

Figure 12: Digitized Map of Lake Sevan Basinwith surrounded villages This map was
used in the surface and littoral zone areas calculations

3.1.4 Global Positioning System (GPS)

The term AGPSO I S an -bdsddrpesitioniag sysiémGlobdi t he
Positioning System which had been developed by the US Ministry of Defence. Since 2000
the satellite signals are no longer impaired by artificial deviations, so GPS systerbe

used and applied relatively easily to a broad range of positioning anefgeencing tasks.

A GPS system consists of the space segments (24 satellites), the control segments (ground
stations) and the user segments (GPS rece{+Rabbany, 2002)Depending on the
analysis method of the receiver and the obtainable precision of navigation, a distinction can
be made between simple stamdne positioning system (GPS), differentiatigrrected
positioning system (DGPS) and positioning system based on carrier phase analysis (geodetic
GPS). A GPS receivésee3.1.61 ArcPad was used in the fielchapping of macrophyte
vegetation along the lake shore.

3.1.5 Habitat Modelling Organisms
3.15.1 Crucian Carp (Carassiusspp.)

Distribution and Description

The Carassiusspp. which occurs inlakes, water courses and wetlands ha@do 59 cm

sizes with adeep body and rounded cressction Figure 13). It has large head and eyes
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with a small mouth and a forked tails Kcales are large while its single dorsal fin hat 3
stout spines at the leading edge. Its colour ranges frommoreze to deep golden along
dorsal surface, fading to silvewyhite along the belly. Whiles it may live fdl years, its
growth may be upo 3kg in weight. It is native to central Asia, China and Japan but has
been introduced worldwide as a pond and aquarium sp@da3owall, 2000; IUCN/SSC
Invasive Species Specialist GroySQ, 2006; FishBase, 2009; FishBase, 2010)

| o t

Figure 13: Crucian Carp (Carassiusspp.) of Lake Sevarcaught during Field Data
acquisition by theFish Survey Team
Source(Rubenyan antiayrapetyan, 2008)

Habitat and Diet

Carassiusspp.are normally found inivers, lakes, ponds, lagoons and ditches with cold,
slow-flowing water and aquatic vegetatigRubenyan and Hayrapetyan, 2008; FishBase,
2009) They are able to withstand prolonged exposure to salinities above (Egtfase,

2009) They are very hardy fish and can tolerate low levels of dissolved oxygen, survive
water temperatures ranging frofitd 38C, and can live in acidic watewghere the pH can

be as low as 4.0. Crucian carp are also very tolerant of pollution, especially organic types
(McDowall, 2000; IUCN/SSC Inasive Species Specialist Groug$d, 2006; Lambeth
Parks & Greenspaces, 2006)

The Crucian carp prefersmall, nutrientrich ponds and lakes rich in macrophytes in
lowland areas. The juveniles feed mainly on zooplankton in the water cdhwinas they
grow and mature they switch to a bottom feeding habit wbaetsist of a variety of aquatic
plants (including filamentous algaepieces and seeds of aquatic weeddetritus,
crustaceans, worms, small insects and sriddisDowall, 2000; FAO, 2004; IUCN/SSC
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Invasive Species Specialist Grol{sSG, 2006; Lambeth Parks & Greenspaces, 2006;
Rubenyan and Hayrapetyan, 2008; FishBase, 2009)

Reproduction and Lifecycle

Sexual maturity is reached at2lyears of age, and reproduction occurs annually for about

6-7 years(Schofield et al., 2005)The Crucian Carp spawns in shallow water amongst
macrophytes and submersed vegetation, and lays at once up to several hundred thousand
small eggs (2 mm diameter\McDowall, 2000; Rubenyan and Hayrapetyan, 2008
presence of aquatic vegetation is very important for spawning since they serve as the
substrata for the eggs, which are adhe@&0, 2004) Individual fish can spawn-20 lots

of eggs at intervals of-80 days. Cold water during winter is essential for proper ova
developmen{FishBase, 2009)The eggs hatch in around a week and the young attach to
aquatic plants for several days while yolk sac is absofbidowall, 2000; IUCN/SSC
Invasive Species Specialist GroigSG], 2006)

3.1.5.2 Common Coot (ulica atra)

Description and Distribution

The Common Got is a black bird with white bill, greenish legs and reddish yegire
14). While its weight ranges between 610 g and 1200, its length is between 36 cm and 39
cm(Cramp et al., 1980; del Hoyo et al., 199%ildlife Information Network WIN], 2010)

They can be found in Europe, North Africa, Azores, Canaries, eastwards through Central
Asia to &pan, south to the Indian Subcontinent and Sri Lanka. During winters they migrate
to western and northastern Africa, soutbast Asia and the Philippines. Most populations

in warm and temperate regions are resident, often making nomadic dispersive msvemen
according to changing water levels and seasonal raiRtgllations in northern Eurasia are
fully migratory however, migrating on a broad front through continental Europe and across
the Sahara. The species nests in dispersed solitary pairs, althosidargely gregarious

with flocks (sometimes of several thousand individuals) frequently forming during the
winter. Adults undergo a pobreeding flightless moult period, with flocks of moulting
birds congregating from Juseptember. The species isrmhally active and roosts at sunset
solitarily or in flocks(Urban et al., 1986; del Hoyo et al., 1996; Snow and Perrins, 1998;
Taylor and van Perlo, 1998; BirdLife International, 2009¥ildlife Information Network
[WIN], 2010)
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Figure 14: The Common Coot ulica atra) swimming on a lake
Source(Bartz, 2008)
Habitat and Diet

The Common Coot inhabits large, still or sklawing waters and shows a preference for
shallow water with adjacent deeper water (e.g. > 2 m) for diving, and muddyasesand
plentiful vegetation- marginal, emergent, floating or submergent vegetation. Habitats
include eutrophic and mesotrophic lakes, pools, ponds, reservoirs, barragespiggavel
canals, drainage ditches, dykes, oxbow lakes, fish ponds, creeks, rivers and rageradelt
well as open marshes, freshwater meadows, flands, freshwater and saline lagoons-salt
pans, claypans and sewage ponds. It frequently makes use of temporary pools and
seasonally inundated marshes when breeding (Africa), and may extend testuseies or
inshore waters in the winter. It generally avoids closely overgrown, narrowly confined and
very shallow waters, and those overshadowed by trees or cliffs. If solitary, the species roosts
at sunset on small islets, mudbanks, sandbanks, rockatén, floating mats of vegetation,
floating logs, or branches of trees over water, preferring to roost on open water, in shore
vegetation or in meadows adjacent to water if in flogdgban et al., 1986; Sibley and
Monroe Jr., 1990; del Hoyo et al., 1996; Snow and Perrins, 1998; Taylor and van Perlo,
1998; BirdLife Internabnal, 2009a; Wildlife Information NetworRVIN], 2010)

The Common Coot being omnivorous, eats primarily vegetable matter such as algae, the
vegetative parts of aquatic and terrestrial plants (e.g. waterweeds, bulrushes, reeds and
grasses), the seeds of waterweeds, sedges.-Miatergrasses and cereal crogtubmoss
Selaginellaand aquatic fungi (e.g.eptomitu$. Animal matter included in its diet are

molluscs, adult and larval insects (especially flies, caddisflies, Odonata, Lepidoptera, beetles
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and bugs), worms, leeches, shrimps, spider, small fishedgh, frogs, birds and bird eggs,
and small mammal@Jrban et al., 1986; del Hoyo et al., 1996; Taylor and van Perlo, 1998;
BirdLife International, 2009a)

Breeding
The nest of the Common Coot consists of a platform of vegetation that may be resting on

the bottom of shallow water, floating or on a foundation of trampled plant matter in
emergent vegetation. The species may also nest on artglathbrms, islands, rafts, tree
stumps, tree forks or in bushes up to 3 m above the g®kHoyoet al., 1996; Taylor and

van Perlo, 1998; BirdLife International, 2009a&ccording to Samraoui andSamraoui

(2007) their nest site selection is strongly influenced by spatial patch structure and
vegetation structure which may also act as a cue of habitat quality. Both parents build nest,
incubate and care for chicks and may split brood temporarilpeomanently. Average
clutch size ranges between 6 and 10 eggs. While hatching of eggs is asynchronous, the
parent broods on the nest for three to four days. The young are fed by parents for up to two
months although also sdleding by 30 days. They flgd for 5560 days, but become
independent by six to eight weeks, and may remain in parents' territory up to 14 weeks
(Cramp et al., 1980; Sibley and Monroe Jr., 1990; del Hoyo et al., 1996; Wildlife
Information Networ{ WIN], 2010)

3.1.53 Great Crested Grebe Podiceps cristatus

Description and Distribution

Being a medium to largegaatic bird, the Great Crested Grebe is the largest of the grebes. It
has a long neck and head with a distinctive black double crest. However, the juveniles have
a striped black and white head and neck. Its white face with a red eye, has a black line from
the base of the bill to the eykigurel5). It has dark brown wings, satin white underparts, a
black crown, dark olivgreen feet and, during flightrominent white patches are visible on

its wings. The adult male is slightly bigger than the adult female. This species can be found
throughout Australia, Europe, Africa and Asia to Australasia, but not New Guinea
(Australian Musuem2006) The majority of this species is fully migratory although some
populations may only undergo local dispersive movem@stisHoyo et al., 1996; BirdLife
International, 2009b)
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Figure 15: The Great Crested Grebecaptured by the lenses of the Bird Survey Team
Source(Aghababyan and Ananian, 2008)
Habitat and Diet

The Great Creste@rebe prefers large deep open bodies of freshwater, therefore, it is most

commonly found inhabitindbackwaters of slovilowing rivers and artificial waterbodies
(e.g. reservoirs, fisponds, gravel pits and ornamental lakdggoons, lakes, swamps,
reservirs, saltfields, estuaries and baydel Hoyo et al., 1996Australian Musuem,
2006; BirdLife International, 2009b)

The Great Cr est e d prd@dominbndyoos largeifiehtas web assinsects, s
crustaceans (e.g. crayfish, shrimps) and molluscs, occasionally also adult and larval
amphibia. Its invertebrate consumption is highest during the breeding s@iddioyo et

al., 1996; BirdLife International, 2009b)

Breeding

The Great Crested Grebe being monogammasntains paibonds throughout the year. Its

nest is constructed from a mass of dead wgalents, weeds and mud, usually attached to
reeds, fallen or drooping branches or a submerged staogiralian Musuem, 2006)he

nest is a @tform of aquatic plant matter either floating on water and anchored to emergent
vegetation or built from the lake bottom in shallow watkl Hoyo et al., 1996; BirdLife
International, 2009b)Typical nest $es include reed beds or flooded thickets as well as
more open sites such as floating mats of wateed or kelpfonds.The species breeds on

fresh or brackish waters with abundant emergent and submerged vegetation, showing a
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preference for no@cidic eutophic water bodies with flat or sloping banks and muddy or
sandy substrate@el Hoyo et al., 1996; Snow arRRerrins, 1998; Fjeldsa, 2004; BirdLife
International, 2009b)Both parents take part in incubating the eggs and tending the young
(Australian Musuem, 2006)

3.1.6 Softwares
3.1.61 ArcPad

For the groundtruth data collection or field mapping, the mobile GIS software ArcPad
(ESRI Inc, Redlands, USA) versions 6.0 was used for 2006, and version 7.0 fe2QIB)7
Additionally, GPSSy st em receiver, GPS 111 Pl us ( Ph:
(Olathe, USA) wasittached to the field computer.

3.16.2 ArcGIS

For the storing, displayg, querying and analysingf geographic data, the GIS software,
ArcGIS Versions 9.1, 9.2 and 9.3 (ESRI Inc, Redlands, USA) were used. Several maps were

also created using this software.

3.16.3 FRAGSTATS

FRAGSTATS 3.3 is a spatial pattern analysis program for categorical mamgh whi
guantifies the areal extent and spatial configuration of patches within a landscape. The
landscape subject to analysis is wdefined and can represent any spatial phenomenon.
Therefore; it is incumbent upon the user to establish a sound basis fonglaind scaling

the landscape (including the extent and grain of the landscape) and the scheme upon which
patches are classified and delineated. The output from FRAGSTATS is meaningful only if
the landscape mosaic is meaningful relative to the phenomandar consideration
(McGarigal et al., 2002)

3.16.4 Patch Analyst

(Rempel, 2008agxplained that Patch Analyst 4.0 containalgsis & modelling functions
related to polygons, while Patch Analyst (Grid) extends analysis capabilities to grids which
require Spatial Analyst. Patch Analyst (Grigcludes a user interface to the PC raster
version of FRAGSTATS 2, as well as sepahdtial Basic based spatial analysis functions.
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Numerous patch metrics are calculated, and these include mean and median patch size,
patch size coefficient of variance, edge density, mean shape index, fractal dimension,
interspersion and juxtaposition, Siagm's diversity index, and core area index. Summary
statistics are reported at either the patch or landscape scale. The various patch metrics
follow the definitions in FRAGSTAT®McGarigal and Marks, 1994)

3.165 Excel

The statistical analyses, matrs and graphs were done using Microsoft Excel software.

3.2 Methods
3.2.1 Computer-Aided Field Mapping

FigurelO0illustrates hefive focussed regions (Hrazdahsovazarg Argichi, Gavaraget and
Masrik) wherefield mappings wereonducted The 2006 field campaign was conducted
from 12" to 30" Septembewhile those of 2007 and 2008 were doné'irto 30" July and

13" July to 3% August respectively in Armenia. No mappings were done in the regions
Gavaraget and Tsovazard in 2006 since they were only added in 2007. Since all the five
regions did not hae complete satellite imageries for all the three years, only those with
complete satellite data were focused on. These Werearaget, Tsovazard and Masrik

regions.

Objects mapped were saved as points, lines or polygon shapefiles and these included
submesed, floating and emersed macrophytes, sediments, trees, grasses and bushes. The
guantity of mapped objects for each region and each year are shoaina3.

Table 3: Number of Mapped Objects in each Regioffior Groundtruth ing

Region No. of Polygons
2006| 2007 | 2008

Gavaraget 0 25 85

Tsovazard 25 30 80

Masrik 7 23 86
Total 32 78 251

Sharpened satellite images were used as backgrounds to guide the mapping process as seen

in Figurel6.
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Figure 16: Mapped Reeds (red boundaries) with sharpened Satellite image as
background

To ensure and guarantee good quality information from high resolution seresor
comparison with real conditions or ground reference data (termed Ground ifirstty is
important. This Ground Truth (in this caeld mapping) was used to validate the

structures that were deriddrom the satellite imageries.

A field laptopcomputer Toughbook CF30 (PanasonicOsaka, Japarequipped with a GPS
receiver and mobile GIS system software, ArcRé&ersion 6.0 / 7.0 (ESRI Inc, Redlands,

USA), was used to map shore vegetation in the selected areas. The mapped objects were
saved diectly in a geedata format, which were then pgsbcessed with the GIS software
ArcGIS Version 9.1 / 9.2 (ESRI Inc, Redlands, USA)simple GPS device (Garmin GPS

Il Plus, PhaseTrac 12TM receiver) was used for the mappings in this project. It calculate
the distance to the satellites from the signal transmissietiménand yields a precision of 5

to 10 metres. The measuring was carried out during optimal reception conditions (no
shading phenomena, clear atmosphere) on Lake Sevan, so that the maemanord

could be given as 5 metres. The GPS measurements as well as the ArcPad application were
based on the global standard reference system World Geodetic System 1984 (WGS 84)
which relates to the Ellipsoid WGS 84. The projection type was Transversatbtewhile

the projection used was WGS 1984 UTM Zone 38N. As a result, the ground truth data were

saved either as point, line and polygon shape files in the UTM coordinate system format.
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Aquatic macrophytes plants were identified and mapped by movingyslalong the
borders of patches of these macrophytes in a boat and recording the locations of the plant
patches directly as shape files with ArcPad and the GPS receiver. Subjectively, every
species was assigned an abundance class (between 1 and 5) riicidapgatch or
designated area. The legend of the spetiemdancevas as follows (Kohler et al., 1995):

1 =very rare
2 =rare
3 = common

4 = abundant

5 = very abundant
At each sampling point, a rake was lowered on a line and dragged along thetlake dyo
one dived and swam. The relative amount of plant material retrieved on the rake was used to
estimate the areal coverage (abundance) of submersed aquatic plants at that point. Apart
from the macrophyte genus and species, additional information eoraréal coverage

(abundance), depth andesdescriptions were collected.

3.2.2 Assessment of the Historical Development of Lake Sevan

The assessment of the historical development of Lake Sevan spans from the year 1933 to
2009. The water levels used fine assessment of the effects of water level fluctuations in
the last decades on the total lake area and the littoral zone area are shawie Also,

the surface areas for the years 1933, 1996 and 2002 were obfeonediterature
(Garibyan, 2007)
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Table 4: Lake Sevard Water Levelsand their accompanying Remote Sensing Data
information between 133 and 2009

Mean Water Image Water I__g\./el Difference

Year Level above Type Date of on Acquisition from M ean

Baltic Sea Acquisition Date (m) Water L evel

(Landsat)

Level (m) (m)
1933 1915.89
1976 1897.65 MSS 18.06.1976 1898.16 -0.51
1987 1897.00 ™ 4.06.1987 1897.42 -0.42
1988 1897.65
1989 1898.13 ™ 08.08.1989 1898.04 +0.09
1996 1896.77
2000 1896.81 ETM+ 23.09.2000 1896.60 +0.21
2001 1896.76 ETM+ 06.06.2001 1896.78 -0.02
2002 1896.32
2004 1897.73 ETM+ 14.06.2004 1897.86 -0.13
2005 1898.17 ETM+ 22.08.2005 1898.23 -0.06
2006 1898.59 ETM+ 07.08.2006 1898.55 +0.04
2007 1898.82 ETM+ 25.07.2007 1899.01 -0.19
2009 1899.24 ETM+ 30.07.2009 1899.37 -0.13

Source:(Garibyan, 2007; Armenialydro-Meteorological Institute ArmHydromet, 2009;
United States Geological SurvllySGY, 2010)

All the remote sensing data i.e. satellite imafgeeTable4), were viewed with the ESRI

GIS software ArcGIS 9.1/ 9.2. Since the band 4 in all the scanners (MSS, TM and ETM+) is

ideal for nearilInfrared (NIR) reflectance peaks in healthy green vegetation and for
detecting watetand boundaries, it was selected argkdi for the determination of the

surface area of Lake SevéDampbell, 2008)The satellitemages were projected using the

UTM Zone 38N map projection and the WGS84 map datum. Those files which were in
GEOTIFF format were converted to grid format through reclassification with the Spatial
Anal yst t ool to enable iyesr apnopdedutiece stéabo fe
submenu 6Symbol ogyé6, t he rast ermadkatmu mbe rtey ps

for contrast enhancement as showFrigurel7 below.
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Figure 17: Enhanced Satellite Image of Lake Sevaproviding a better preview

Further, the water areas (with cell values between 9 and 24) were selected through the
attribute table using a Structured Query Language (SQL) equation as shenyareil 8.

B . L [o x]

0 g e

7 start &0 d et p— * €NE¥ L ua

Figure 18 Selected Water Body within Band 4 Raster (Satellite) Datasing a
Structured Query Language in ArcMap

The selected raster data (water areas) were converted to polygons using the Spatial Analyst
tool. The polygons were then merged and dissolved into one single polygon using the
ArcToolbox. This was edited to remove all disconnected polygons from the dasplays

shown inFigure19.
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Figure 19: Processed Satellite Image of Lake Sevan into a Polygon Formaging
Spatial Analyst tool in ArcMap

Finally, the surface area of the lake was calculated using the layer attribute \&B&
script (Environmemal Systems Research InstituEeSRI, 2004) The resulting surface area

for that particular year was then sent to Microsoft Excel for further analysis.

323Ef fects of Artifidale Wdee kegeh Elustuation on Its
Littoral Zone
The Landsat Satellite Imagery data used werepppseessed and orthorectified, using
geodetic and elevation control data to correct for positionauracy and relief
displacementA digital elevationmodel (DEM) of Lake Sevan shore was generated by
overlaying of manually digitized elevation lines 1888m, 1893m and 1896m (depth contour
lines 10m, 5m, 2mi) from maps of 1: 50 000 scale, produced in 1988 by the State Geodetic
& Cartographic Institute, Ma®w (former USSR} to satellite image shoreline (elevation
1898m), extracted from satellite image ETM+ 2005 (channel 8 with 15m spatial resolution).
From these, an offset of 1880 and a gain of 0.1 were obtained. Therefore, a DEM with 8 bit
quantisation ath a zresolution of 0.1m was generat@teblinski, 2007)

The elevation for each cell wad@alated using the following equation:
Elevation = Offset + (Gain * DN)

Where Offset = 1880, Gain = 0.1 and DN = Digital Number of Cell.
The Depth was obtained from the following equation:

Depth = (Elevatini Shoreline elevation) ¥1

Where shoreline elation = 1898.
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The Lake polygons for the various years assessed were obtained with the same
methodologies described in section 3.2.2 above. For a pragmatic approach, the littoral zone
was defined as shore areas wi tehallrécor@s otrept h O
lake polygons which fell under this range were selected and savedlitsrad zone

shapefile layerUs i ng Ar cTool box, this O6LiIittoral Zon
surface area polygorrigure 19) for each year and the resulting polygéig(re 20) is the

actual littoral zone polygon for that paular year.This shapefile was then dissolved into a

single polygon. The littoral zone area was then calculated using a VBA script (ESRI, 2004).

st Seocton Tocs Wndoe b

th 1 i
Leus a & = CRNAROE E=li 3

QAN @E S EROME T | -

Figure 20: Resulted Littoral Zone polygon after clipping

3.2.4 Validation of Supervised Macrophyte Classification of QuickBird
Satellite Data

The aim of validation is to check whether the vegetatiasses assigned to both submersed

and emersd macrophytes, the macrophyte species as well as their extent or vegetation

patches wereorrectly recognised during the classification of the remote sensing data.

The validation of remote sensing classification quality was based on the comparison of the
remote sensing data classification and the groundtruth measurements which were performed
simultaneously (or very close) to the acquisition of the satellite data from 2006 to 2008. The

macrophyte species were grouped into vegetation and growth types as shiablehn

However,Persicariaamphibiawhich is a floating macrophyte was added to the submersed
macrophytes. This is because the algorithms upon which the classifications are based

separate the water areas (containing submersed macrophytes) &omoriWvater areas
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(containing emersed macrophytes). Therefore, when the leaRersitariaamphibiaare
covered with even a small amount of water, they are added to the water areas by the
underlying algorithms.

Table 5: Groupings of Macrophytes into Vegetation and Growth Typesised for the

validations
Species Species Author Vegetation Type | Growth Type
Agrostis stolonifera L. Emersed
Bolboschoenus maritimus (L.) Palla Emersed
Carex disticha Huds Emersed
Ceratophyllum demersum L. Submersed Low
Charaspp. L. Submersed Low
Cladophoraspp. Submersed High
Cyperusspp. L. Emersed
Hippuris vulgaris L. Submersed High
Myriophyllum spicatum L. Submersed High
Phragmites australis (Cav.) Trin. Ex Steud ~ Emersed
Persicariaamphibia (L.) Delarbre Submersed High
Potamogeton filiformis Pers. Submersed High
Potamogeton pectinatus L. Submersed High
Ranunculus circinatus Sibth. Submersed High
Ranunculuspp. L. Submersed High
Schoenoplectus lacustris (L) Palla Emersed
Schoenoplectus tabernaemont{ (C.C.Gmel.) Palla Emersed
Sparganium erectum L. Emersed
Sparganium ramosum Huds. Emersed
Typha angustifolia L. Emersed
Typha latifolia L. Emersed
Zannichellia palustris L. Submersed Low

Source of species authof®Verner, 1997; Erhardt et al., 2008; Unitedt8s Department of
Agriculture [USDA], 2010)

Using ArcGIS 9.1/9.2 software, statistics were generated from the clasAifidtiew /

TIFF raster data for the regions Gavaraget, Tsovazard and Masrik. The rasters were then
reclassified using ArcGIS extension Spatial Analyst, to combine classes or remove
unwanted ones. They were then converted to GRID format for easier geoprocessing
activities. Using ArcCatalog and ArcMap tools, shapefile polygons with their attribute table
were created from the GPS poirftsom inaccessible areaturing the field mapping The

same numeric values assigned to the reclassified macrophytes in the rasteremata
assigned to similar ones in the shapefikes.example map of classified image overlaid by

ground truth polygontr Gavaraget region is shownigure21.
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Image using Spatial Analyst in ArcMap

The shapefiles which have similar boundary shapes with satellite imageries are shifted to
align them withtheimageries so as toorrect spatial shifts angk realistic as possibl&he
shapefiles are rasterized and then compared to the classified data using Spatial Analyst.
Error matrix (Congalton, 2004)and the kappa coefficientvere calculated for each

comparisorusing Microsoft Excel software.

3.24.1 SubmersedMacrophytes

The validation for submerdemacrophytes wadone at twolevels: vegetation typand

growth type levels. At the vegetationtype levelSu b mer sed 6 and ONo Vege
were created from the groundtruth polygons for each data set. Ayrdlagh type level,

OHi gh Growingd, oO6Low Growingd and O6No Veget
| shapefiles were then converted to raster data format using ArcTodlbexsupervised

classification receivedevealed several classes as showhahle®.
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Table 6: Classes of Supervised Classification of Submersed Macrophytelstained

Very low coverage (<30%) of low growing macrophytes (ma
_ Charaspp. andZzannichellia palustrigor very low coverag (<30%)
Vegetation type 1 _ ' . ' _
of high growing macrophyted®otamogeton pectinatysnixed with

bright sediments (>70%)

Low coverage (ca30-70%) of low growing macrophytes (main
Vegetation type 2 | Chara spp. andZ. palustrig mixed with bright sediments (c&0-
70%)

Dense coverage (>70%) of low growinghara spp and Z.
Vegetation type 3 | palustrig partly mixed with low coverage (<30%) of high grow
(P. pectinatu$

Vegetation type 4 | Dense coverage (>70%) of high growiry pectinatup

Low coverage (ca.30-70% of high growing P. pectinatus
_ Myriophyllum spicatum, Ceratophyllum demerguraometimey
Vegetation type 5 , , ,
mixed with low coverages of low gramg (Chara spp and Z.

palustris) macrophytes or with dark sediments

Muddy areas, low coverage (c30-70%) of low growing Chara
. spp and Z. palustri§ macrophytes, mixed with dark sedimel
Vegetation type 6 . . .
spiked with stumps of died off reed patclasl/or trees, low watg

clarity

Sediment type 1 Very bright (white) sediments

Sediment type 2 Bright sediments

Sediment type 3 Dark sediments and gravel

Source(Heblinski, 2008)
Sediment types-B wer e reclassified into ONo Veget
validation except 2008 species level of Gavaraget where only sediment {@vesré used.
While Vegetation types-6 wer e recl assed into @&Slevblmer sed
vegetationtypes-B and 6 were grouped into O6%isaw Gr ow

OHi gh Growingdé at the growth type | evel
Each class from the groundtruth was compared to the same class in the classified data using

Spatial Analyst and #reafter error matrix and kappa coefficient were calculated for each

comparison for all levels of validation.
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3.2.4.2 Emersed Macrophytes

Classification of terrestrial littoral areas revealed the classes: reed, bushes, dry bushes,
broad leafed trees, conifers, grassland, dry grassland, shrub area, two types of no vegetation
coverage and a class of light sedimeftieblinski, 2008) Depending on the region of
interest, different combinations of these classes were found as shoailéT.

Table 7: Land Cover Classes obtained from Supervised Classification of QuickBird
Satellite Data

CLASS Gavaraget | Tsovazard | Masrik
Reed + + +
Reed / lush grass +
Bushes + + +
Bushes (dry) + +
Broadleaf trees + +
Conifers + + +
Grassland + + +
Grassland (dry) + + +
Shrub area +
No vegetation (light +
No vegetation (dark +
No vegetation + +
Sediments (light) +

Source: Adapted frorfHeblinski, 2008)
Thedove classes were reclassified into O0Reed

Dry Bushes) , -leaf reegCoisiféry ( Bo Gadssesd (Grassl an:
Shrub area) and O6No Vegetationé6é (altién. No ve
Trees for the groundtruth were digitized-sereen from the unclassified remote sensing
images.Each class from the classified remote sensing data was compared to the same class

in the groundtruth after which error matrix and kappa coefficient wateutated for each

result.

3.2.4.3 The Error Matrix

An error matrix (Congalton, 2004)s a square array of numbers organized in rows and columns that
express the number of sample units (i.e. pixels, clusters of pixels, or polygons) assigned to a particular
category relative to the actual category as indicated by the reference data. The awolos typically
represent the reference data and the rows indicate the map generated from the remotely sensed data as

shown in Table 8: Example of the Error Matrix
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The diagonal entries represeptr@ct classifications or agreement between the map and the
reference data, and the -offagonal entries represent misclassifications, or lack of
agreement between the map and the reference (8&hman and Czaplewski, 1998)
Therefore, the error matrix of this project summarizes results comparing the reference field
mapping (groundtruth) data to the classified QuickBird satellite images.

Table 8: Example of the Error Matrix
Groundtruth Data

A B C | Row Totals
g A AA AB | AC
ie '*:;3 B BA BB | BC
m &= C CA CB | CC
~ %
g g Column Sample
O] Totals Total

Accuracy parameters derived from the error
accuracy, user 6 s accur acoyerad acdurady lseomiuded poya c o e
dividing the total correct (i.e. the sum of the major diagonal) by the total number of sample
units in the error matrix. Traditionally, the division of the total number of correct sample
units in a category by the total nuerbof sample units of that category from the reference
data (i .e. the column total) is termed the
relates to the probaliy of a reference sample urieing correctly classified and is really a
measure of omission error. On the other hand, if the total number of correct sample units in
a category is divided by the total number of sample units that were classified into that
category on the map (i.e. tlhew total), then this result is a measure of commission error.
This measure is called O6userbés accuracy®6 or
a sample unit classified on the map actually represents that category on the (Gtound
and Congalton, 1986)

produce 6 s a %] g 108%i error of omissior%]

A

user 6s [&cd@iaecror of commissiolf%]

Another measure of map accuracy is the kappa coefficlg)]tv(/hich is a measure of the
proportional (or percentage) improvement by dhassifier over a purely random assignment

to classes. It shows the extent to which th
verses fAchanced agreement. Al ternativel vy, i
observed agreement to agment expected by chance if the observer ratings were
independent. It also expresses the proportionate reduction in error generated by a
classification process, compared with the error of a completely random classification
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(Cohen, 1960; Munoz and Bangdiaal997) This is computed by the following equations
(Jensen, 1996; Sim and Wright, 2005)

= ObservedAgement ChanceAgrement
1- ChanceAgrement

- Nai-Xn - ai-(X|+O(+|)

N2 - a_ (X|+ O(+i)

Where

r =# of rows, columnm error matrix

N = total # of observations in error matrix

Xii = major diagonal element for class i

Xi+ = total # of observations in row i (right margin)

X4 = total # of observations in column i (bottom margin)
The Kappa coefficient also provides a ibaf®r determining the statistical significance of
any given classification matrix. According @phen(1960) kappacan be thought of as the
chancecorrected proportional agreement, and possible values range from +1 (perfect
agreement) via 0 (no agreement above that expected by chancd) ¢womplete
disagreement). With these values as refererggdgelines for intgoreting the kappa were
developed as shown ihable 9 below (Landis and Koch, 1977; Munoz and Bangdiwala,
1997; Viera and Garrett, 2005)

Table 9: Kappa Interpretation Guidelines of Landis and Koch

Kappa statistic Strength of Agreement
<0 Poor
0.017 0.20 Slight
0.217 0.40 Fair
0.417 0.60 Moderate
0.617 0.80 Substantial
0.811 1.00 Almost Perfect

3.2.5 Landscape Metrics

To quantitatively characterize littoral vegetation structures, their diversity and their spatial
distribution patterns landscape metri@&aschke, 2000; Woithon and Schmieder, 2004)
were calculated using Patch Analyst 4.0 software which used-rdngstats software
interface. Therefore, the following applied spatial analysis indices and their definitions are
those baed onFragstats and attributed kbcGarigal et al(2002)
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3.251 Area Metrics

Class area(CA) is a measure of landscape composition; specifically, how much of the
landscape is comprised of a particular patch type. CA equals the sum of the &redsm
patches of the corresponding patch type, divided by 10,000 (to convert to hectates); th
total class area as shown in the equation below. In addition to its direct interpretive value,

class area is used in the computations for many of the class and landscape metrics.

P
pimmm

a; = area (rf) of patch ij.

CA is greaterttan 0 and it is without limit. CA approaches 0 as the patch type becomes
increasing rare in the landscape. CA = TA when the entire landscape consists of a single
patch type; that is, when the entire image is comprised of a single (pMtGarigal et al.,

2002)

Percentage of landscagELAND) quantifies the proportional abundance of each patch type
in the landscape. Like totalads area, it is a measure of landscape compaosition important in
many ecological applications. PLAND equals the sum of the aréao{mll patches of the
corresponding patch type, divided by total landscape ar@anfnich includes any internal
backgroundoresent, multiplied by 100 (to convert to a percentage); in other words, PLAND
equals the percentage the landscape comprised of the corresponding patchhgpenas s

the following equation:

LA W LR TR B (I)
VLoV Ov Tpnn

P, =proportion of the ladscape occupied by patch type (class) i.
aj = area (rf) of patch ij.
A = total landscape area f)n

ltsrangei® < PLAND O 100. PLAND approaches 0 wt
(class) becomes increasingly rare in the landscape. PLAND = 100 whenttie landscape
consists of a single patch type; that is, when the entire image is comprised of a single patch.

However, because PLAND is a relative measure, it may be a more appropriate measure of
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landscape composition than class area for comparingy@riamdscapes of varying sizes
(McGarigal et al., 2002)

3.25.2 Edge Metrics

Edge densitfED) equals the sum of the lengtfm) of all edge segments involving the
corresponding patch type, divided by the total landscape af¢antmitiplied by 10,000 (to
convet to hectares) as shown below.

00 B

pimnmn

ex = total length (m) of edge in landscape involvpajch ty (class) i; includes landscape
boundary and background segments involving patch type i.

A = total landscape area {jn

ED is greater than or equal 0 and it is without limit. ED equals 0 when there is no class edge

in the landscape; that is, whtre entire landscape and landscape border, if present, consists

of the corresponding patch type and the user specifies that none of the landscape boundary

and background edge be treated as edigige densityfacilitates comparison among

landscapes of vamyg size since it reports edge length on a per unit area(bbBarigal et

al., 2002)

3.25.3 Patch Metrics

Patch densityis a limited, but fundamental, aspect of landscape pattern. It expresses the
number of patches per unit ard?D equals the number of patches of the corresponding
patch type divided by total landscape ared)(io convert it to hectares, the result is
multiplied by 10,000 and 100t should be noted that thetal landscape area (A) includes

any internal background present.
00O — p TUTU TIPIIT T

n; = number of patches in the landscape of patch type (class) i.

A = total landscape area jn

PD which isgreater thar®, is ultimately constrained by the grain size of the raster image,
because the maximum PD is attained when every cell is a separate patch. Therefore,
ultimately cell size will determine the maximum number of patches per unit area
(McGarigal et al., 2002)
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3.254 Shape Metrics

Shape indexSHAPE) equals patch perimeter (given in number of cell surfaces) divided by

the minimum perimeter (given in number of cell surfaces) possible for a maximally compact

patch (in a square raster format) of the corresponding patch area.

YO0 U O——
a Qg

p; = perimeter of patch ij in terms of number of cell surfaces.

min p; = minimum perimeter of patch ij in terms of nber of cell surfaces

SHAPE is greater than or equal to 1 and has no limit. SHAPE equals 1 when the patch is
maximally compact (i.e., square or almost square) and increases without limit as patch
shape becomes more irregul8hape indexorrects for the size problem of the ipszter

area ratio index by adjusting for a square (or almost square) standard and, as a result, is the
simplest and perhaps most straightforward measure of overall shape con{Megrigal

et al., 2002)

3.255 Diversity Metrics

A

Shannono6s d{(SHReguals yninus thel gum, across all patch types, of the

proportional abundance of each patch type multiplied by that proportion.

~

"Y'00'0 0zad

P, =proportion of the landscape occupied by patch type (class) i.

It is noted that Pis based on total landscape area (A) excluding any internal background

present.

SHDI is greater than or equal to 1 and has no li®HDI equals 0 when the landscape
contains only 1 patch (i.e., no diversity). SHDI increases as the number of different patch
types (i.e., patch richness, PR) increases and/or the proportional distribution of area among
patch types becomes more equitaldeh annonds disa@apdar megasure ofd e x
diversity in community wecology, agopewhae d her
more sensitive to rare pat dWcGdrigapeead,2@0B)an Si m
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3.2.5.6 Contagion and Interspersion Metrics

Contagion(CONTAG) measures the extent to which patch types are aggregated or clumped
(i.e., dispersion). lguantifiesboth patch type interspersion (i.e., the intermixing of units of
different patch types) as well as patch dispergian, the spatial distribution of a patch
type) at the landscape levealiontagion measures dispersion in addition to patch type
interspersion because cells, not patches, are evaluated for adjacency. Landscapes consisting
of large, contiguous patches hawemajority of internal cells with like adjacencies. In this
case, contagion is high because the proportion of total cell adjacencies comprised of like
adjacencies is very large and the distribution of adjacencies among edge types is very
uneven. All other things being equal, a landscape in which the patch types are well
interspersed willeither have lower contagion than a landscape in which patch types are
poorly interspersd or higher values of contagion may result from landscapes with a few
large, contigous patches, whereas lower values generally characterize landscapes with
many small and dispersed patcligeGarigal et al., 202).

Contagion has the foll oVWONTAG approaghes.Owhenthe CONT
patch types are maximally disaggregated (i.e., every cell is a different patch type) and
interspersed (equal proportions of all pairwise adjacencies). CONggd@Is100 when all

patch types are maximally aggregated; i.e., when the landscape consists of single patch.
CONTAG is undefined and reported as AN/ A0 i
patch types is less than 2, or all classes consist of one cellepaadjacent to only
backgroundMcGarigal et al., 2002)

Interspersion and juxtaposition ind€kJl) measures the extent thich patch types are
interspersed (not necessarily dispersed); higher values result from landscapes in which the
patch types are well interspersed (i.e., equally adjacent to each other), whereas lower values
characterize landscapes in which the patchedypare poorly interspersed (i.e.,
disproportionate distribution of patch type adjacencie$3.tlie observed interspersion over

the maximum possible interspersion for the given number of patch fiyle€zarigal et al.,

2002)

Interspersion and juxtaposition indexbased on patch adjacencies, not cell adjacencies like
the contagion index. As such, it does not provide a measurkss aggregation like the
contagion index, but rather isolates the interspersion or intermixing of patch Baues.

patch is evaluated for adjacency with all other patch types; like adjacencies are not possible
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because a patch can never be adjaceatgatch of the same type. The interspersion index is
not directly affected by the number, size, contiguity, or dispersion of patches per se, as is the
contagion index. Like the contagion index, the interspersion index is a relative index that
representdhe observed level of interspersion as a percentage of the maximum possible
given the total number of patchtypdsh e r ange i s given as 0 <
when the distribution of adjacencies among unique patch types becomes increasingly
unewen. IJI equals 100 when all patch types are equally adjacent to all other patch types
(i.e., maximum interspersion and juxtaposition). 1JI is undefined and reported as "N/A" in
the "basename".land file if the number of patch types is less tfdoGarigal et al., 2002)

It is important to note the differences between the contagion index and the interspersion and
juxtaposition index. Contagion is affected by both interspersion and dispersion. The
interspersion and juxtaposition index, in contrast, is affected only by pgh
interspersion and not necessarily by the size, contiguity, or dispersion of patches. Thus,
although often indirectly affected by dispersion, the interspersion and juxtaposition index
directly measures patch type interspersion, whereas contagionregeasaombination of

both patch type interspersion and dispersion. In addition, contagion and interspersion are
typically inversely related to each other. Higher contagion generally corresponds to lower
interspersion and vice versa. Finally, in contrash®interspersion and juxtaposition index,

the contagion index is strongly affected by the grain size or resolution of the image. Given a
particular patch mosaic, a smaller grain size will result in greater contagion because of the
proportional increaseni like adjacencies from internal cells. The interspersion and
juxtaposition index is not affected in this manner because it considers only patch edges. This
scale effect should be carefully considered when attempting to compare results from
different studes(McGarigal et al., 2002)

3.2.6 Habitat Modelling

Modelling habitats of species play crucial role in the sustainable management of such
resources. These models are characterised by a combination of abiotic and biotic parameters
that are suitable for supporting and sustaining those species populationgsalustages of

their life cycles. A multiparameter GIS model that includes processing and integration of
expert knowledge, literature and structural measures (shape, edge) was @pupliadn

and Schmieder, 2004)
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A habitat model was builteparatelyfor fishes and birds each. The Crucian C&préassius
auratus Gibelio Blochwas chosen as lead species for the fish habitat based on expert
knowledge on Lake SevdRubenyan and Hayrapety, 2008) For the bird habitat model,

the Common CootHulica atra) and the Great Crested Greli@odliceps cristatyswere
chosenAghababyan and Ananian, 2008)

One of the important factors used was the depth modelQUinekBird raster depth model
(Heblinski, 2008yeceived showedonly the height ofthe watercolumn of thesurface of the

lake to the top of the macrophytes tw the bottom of the lake (whehere were only

sedi ments). Again, the depth values were sc
scale was 0.1 m and cell values (DN) > 200, it was 1.MHaeblinski, 2008) Therefore,
adjustments had to be done to det teal elevation model. Firsihe depth values were
calaulated as using the following equations:

Cell values (DN) O 200, Depth = DN * 0.1 m
Cell values (DN) > 200, Depth = [(200 * 0.1) + (DN200)] m

Second shapefiles of supervised classifications of submersed and emersatly macrophytes in the
regions of irterest were joined spatially(pixel to pixel) to the depth model shapefile using ArcToolbox.
Comparing groundtruth depth data to the depth model, various adjustments were made to the depth

model depending on the type of vegetation cover as shownTi@able 10: Depth Model
Adjustments applied with respect to Vegetation Types to reduce depth model errors

Table 10: Depth Model Adjustments applied with respect to Vegetation Types to
reduce depth model errors

Vegetation Type Adjustment (m)

Vegetation 1 0

Vegetation 2 0
Submersed Vegetat?on 3 + 0.05
Macrophytes Vegetat!on 4 +0.20
Vegetation 5 +0.15
Vegetation 6 +0.10

No vegetation Sediment / No vegetatior 0
EmersedMacrophytes Reeds + 0.60

Using an SQL in the depth model attribute data, submersed or emersed was selected and the
appropriate adjustment made to the depth value. Where both emersed and submersed
existed, the former value was used for the correction. The depth model shapstiteen
converted back to raster based on the depth value as a Digital Elevation Model (DEM).
Thus, DEMswere generated for each year and each regiih respect to their respective

water levels
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3.2.6.1 Modelling Habitat of Crucian Carp (Carassiusspp.)

Since both submersed and emersed macrophytes are used by the Crucian Carp as spawning,
refuge and feeding sites, emphasis was put on their morphological and vegetation structures
to serve as criteria for the assessment of the ecological habitat §uaithon et al., 2004,

Rubenyan and Hayrapetyan, 2008)

Using the following criteridbased on specialist knowledg@ubenyan and Hayrapetyan,
2008)and a similar project done on Lake ConstafWeithon et al., 2004 )habitat analyses
were done in a GIS environment:

U Littoral areas with depth values greater than 0 and less than or equal to 3

U Littoral areas with submersed and / or emersed vegetation

U Littoral areas with high vertical structural diversity of macrophytes

U Littoral areas with macrophytes having many bays at their edges
Depth values greater than 0 and less than or equaher&selectedrom the DEM and
saved as a new layer (DEM_3). From the supervised classifications, submersed and emersed
vegetations were mosaicked into one raster (MOS_VEG) for each year and each region.
Separate masks created for submersed and emersed for each tegignttee landscape
metrics (section 3.2.5) were merged into one, and used to mask the mosaicked submersed
and emesed vegetations (MasklOS VEG). Again, DEM_3 was used to mask the result
to get Mask2_ MOS_VEG.

Mask2 MOS_VEG raster was then convertea tshapefile and a new long integer field
6class6é6 is equated to the field 61 D6 was a
macrophytes with many bays at their edges and those with high vertical structural diversity,
shape indices (SI) aretige desities (ED) for Mask2MOS_VEG shapefile were calculated
respectively using the spatial statistics option under PaAtthlyst 4.0 and saved as
Mask2 MOS VEG_SI_ED shapefile. Since the ED was stored in an info table, it was
joined to the shapefile using Arodlbox. Two separate raster files were created from this
shapefile based on the SI and ED fields with filenames MOS_VEG_SI and MOS_VEG_ED
respectively. DEM_3, MOS_VEG_SI and MOS_VEG_ED rasters were reclassified on a
scale of 1 (minimum) to 10 (maximum)nsg t he met hod & n aWhie al br
water depth and edge structure of macrophytes play crucial roles in spa®uoingnyan

and Hayrapetyan, 2008and refuge (Petr, 2000) respectively for the crucial carp,

macrophyte patches with many bays provedeape routes during predator attafRstr,
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2000) Thereforeusing the raster calculator and weighting in Spatial Astaljhe Habitat

Suitability Index (HSI) was calculated as follows:

HSI = (DEM_3 * 0.35) + (MOS_VEG_SI * 0.30) + (MOS_VEG_ED * 0.35)

The HSIwasreclassified into five classes or categories as showalite 11.
Table 11: Reclassified Fish Habitat Suitability Index (HSI) into Five Categories

Scale Class / Categories
1-2 Very Poor
3-4 Poor

5-6 Average

7-8 Good

9-10 Very Good

Figure22 below summarises the entire modellin

g process of the HSI.

Submersed + Emersed
Macrophvtes |

Water Denth |

Masked
Macrophytes

Merged Polygon
Masks of Area

1

Reclassified DEM

Macrophyte Shape Index

Macrophyte Structural
Diversity

Potential
Breeding Habitat

Suitability Map

Figure 22 Modelling Steps for Habitat Suitability Map Generation of the Crucian
Carp. Factors included were DEM, Shape Index and Structural Diversity of the
macrophytes
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3.2.6.2 Modelling Habitat of Common Coot fulica atra) and Great
Crested Grebe (Podiceps cristatus

Both the Common Coot and the Great Crested Grebe use reed (emersed macrophytes) as
shelter, nesting place, nest material and food searching sites. In addition, reeds serve as a
food source for the Common CodAghababyan and Ananian, 2008)herefore, the
vegetation structures play more decisive role than the taxonomical composition biheén a
chooses its negWoithon et al., 2004)Based on the expert knowled@@zesmi and Mitsch,
1997; Aghababyan and Ananian, 2008)e following criteria were used in modelling the
habitats of these two birds in a GIS environment:

U Emersed macrophytes with deptHues less than or equal to 1.5 m

U Littoral areas with high vertical structural diversity of emersed macrophyte

U Littoral areas with emersed macrophytes having many bays at their edges

U Emersed macrophytes with high stem vitality
Depth values less than or eduo 1.5 m are selected from the DEM and saved as a new
layer (DEM_15). From the supervised classifications, emersed vegetation rasters were
selected and saved as VEG_EM for each year and each region. An emersed mask created
for each region during the ldscape metrics (section 3.2.5) was used to mask the emersed
vegetations to get Mask_VEG_EM. Further, DEM_15 was used to mask the result to get
Mask2_VEG_EM.

Mask2_ VEG_EM raster was then converted to a shapefile and a new long integer field
6cl as sabt eids teoqut he field o661 D& was added to
emersed macrophytes with many bays at their edges and those with high vertical structural
diversity, shape indices (Sl) and edge densities (ED) for Mask2_VEG_EM shapefile were
calculated respectively using Patch Analyst 4.0 and saved as Mask2 VEG_EM_SI_ED
shapefile. Since the ED was stored in an info table, it was joined to the shapefile using
ArcToolbox. Two separate raster files were created from this shapefile based on the Sl an
ED fields with filenames VEG_EM_SI and VEG_EM_ED respectively. The stem vitality
(Vitality Index-VI) was quantified by directly reclassifying the emersed macrophyte
probabilities olRed Edgeslope of the remote sensing prod(afallin et al., 1992; Osborne

et al., 2001; Woithon et al., 2004)EM_15, VEG_EM_SI, VEG_EM_ED and VI rasters
were reclassified on a scale of 1 (mini mum
br eaks oThe Shapeanhd¥/itality Indices were highly weighted, because these
respective factors provide approach pahaithon et al., 2004; Aghababyan, 200&8hd
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bird nest supporfAghababyan, 2008nd must be regarded aarficularly important when

the Common Coot or Great Crested Grebe chooses its breeding site. Macrophyte edge

structure also gives protective cover for bird nests and hatchi&gjsababyan, 2008)

Hence,using the raster calculator and weighting in Spatial Analyst, the Habitat Suitability

Index (HSI) was derived as follows:

HSI = (DEM_15 * 0.10) + (VEG_K_SI * 0.40) + (VEG_EM_ED * 0.20) + (VI * 0.30)

The HSI wasreclassified into five classes or categories as shownTliable 12: Reclassified Bird
Habitat Suitability Index (HSI) into Five Categories

Table 12 Reclassified Bird Habitat Suitability Index (HSI) into Five Categories

Scale Class / Categories
1-2 Very Poor
3-4 Poor

5-6 Moderate
7-8 Good

9-10 Very Good

Figure23 below summarises the entire modelling process of the HSI.

Emersed Macroohvtes | |

Water Denth (DFM) |

N

Masked Emersed
Marrnnhvitac

[

Emersed Polygon Mas
nf Area

] |

“J
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Rreeadinn

Reclassified DFM

Emersed Macrophyte Shape Inde

= —
—
—
— |

Emersed Macrophyte

Emersed Macrophyte Structural
Diversitv

Habitat

Suitahilitv Man

Figure 23: Modelling Steps for Habitat Suitability Map Generation of the Common
Coot (Fulica atra) and the Great Crested GrebeRodiceps cristatus Criteria used
included DEM, Shape Index Vitality Indexand Structural Diversity of the emersed

macrophytes
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3.2.6.3 Validation of Bird Habitat Model

Five GPS points (2 for Gavaraget and 3 for Masrik) of bird survey areas were obtained from

the SEMIS projec(Aghababyan and Ananian, 2008)jnce the survey radius was 400 m, a

400 m buffer was createdif each point using the ArcToak. The buffered points were
masked by each ar e atatsnodeldte Kieldhabigatindites pbtaindde h a &
by Aghababyan and Ananiaf2008) were compared with combinations of the modelled

habitat indices by intersectinge masked buffers with the modelled habitat af@able

13). The combinations of the modelled habitat indices were based on the quality of the
habitat areas in reference to the habitat definitions provided by bird survey team.

Table 13: Field Habitat Suitability Indices of Birds compared toModelled Habitat
Suitability Indices for validation

Field HSI Definition Modelled_HSI
0 No macrophytes
1 Macrophytes cover less than 30% of shore 1-2
2 Macrophytes cover 30 to 60% of shore and there are some i 3
3 Macrophytes cover over 6086 shore and less than 30% of wal 4-5
4 Macrophytes cover over 60% of shore and over 30% of wate 5
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CHAPTER FOUR
4.0 RESULTS

4.1 Assessment of thédistorical Development of Lake Surface Area

In 1933, the surface area of Lake Sevan was 14f®knnad beemeducedrasticallyover
the yeardill 1976 (Figure24). There was also another general decrease from 1988 to 2001.
The lowest level of the lakes  sewasffoand to be 1234.2 Krim 2001.However, there

hadbeen a general increalsem 2002to 2009 except 2006
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Figure 24: Surface Area Development of Lake Sevan (193309) Drastic changes
occurred between 1933 and 1976

By 1976, about 177.6 Kfrp f Lake Sevands s ulFigue® There e a
were slight increases in the surface area in the following yetateefnd of 1988, a surface
area of about 13 Kfrhad been gained. However, this gain was shetl since a surface
area of 5 K was lost the following year, 1989. This loss continued till the year 2001
which registered the largest surface area lossoftit 181.8 Krh However, there habeen

surface area gain from 2002 onwards and the largest gain being atouf 102004.
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Figure 25: Surface Area Gain / Loss of Lake Sevan with respect to its Original Level in
the lastDecades. Most of the lake outflow was used for irrigation and power
generation resulting in massive losses

42 Ef fects of AltifeillleNaterdevel Rldcwation on Its

Littoral Zone
Whiles there was a decrease of about 1.9% of littoral zone between 1976 and 1987, there
was an increase of 5.6% from 1987 to 1988. Again, there was a general reduction of the
littoral zone from 1988 to 2001. The year 2001 registered the lowest littoralarea of
about 105.45 kfbetween 1976 and 2005. Also, when compared to the base year of 1976,
2001 had the largest littoral zone loss of 7.44Rigyre 26). A tremendous increase of
15.4%occurred between 2001 and 2005.
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Figure26Lake Sevands Littoral Zone Area devel oj
of the artificial water level fluctuations. 1976 was used as the base year for the
percentage calculations.
Therewasa strong correlation betweentBee v d niétst or a l zone area and

area a®n increasé the surface area corresponde@n increasenithe littoral zone aseen

in Figure27. This was emphasized by the strong coefficient of determination of 0.90 of the

linear regression.
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Figure 27: Littoral Zone Area versus Surface Area of Lake Sevan @76-2005)
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4.3 Validation of Supervised Macrophyte Classification of QuickBird
Satellite Data
The pixel sizes used for all the validations for 2006 & 2007 and 2008 were 2.8 m and 2.4 m

respectively.

4.3.1 Submersed Macrophytes

43.1.1 Vegetation Type Level

The user accuracies of submersed macrophytes for all three yeansall the three regions of interest
(ROI) were very high (>86%) (

Tables14.However, that of O6No Vegetationd for 2
75%, and for 2008, the user accuracy was only average (58%pugh the producer
accuracies of submersed macrajgisyin 2006 and 2008 were high, that of 2007 was the
highest (§%) . The producer accuracies of ONo Veg
high, with values ranging from486 to 89%. While 2007 had the highest overall accuracy of

88%, those of 2006 and0@8 were not more than 79%he Kappa statistics indicated
moderate andsubstantial agreements between the classified satellite image and the
groundtruth data for 2006 & 2008 and 2007 respectively.

Tables 14: Error matrices of submersed macrophytes at the vegetation type level for

all Regions of Interests (values represent number of pixels) from 2006 to 2008. User,

Producer and Overall accuracies are presented as well as the Kappa coefficients for
each year

(a) 2006 Submersedviacrophyte Validation

Groundtruth data
Classified Data | Submerse(No vegetatior Total| User Accuracy
Submerse 1198 183 1381 86.75
No vegetatior 369 929 1298 71.57
Total 1567 1112 2679
Producer Accuracy| 76.45 83.54

Overall Accuracy| 79.40
Kappa 0.59
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(b) 2007 Submersed Macrophyte Validation

Groundtruth data
Classified Data | Submerseq No vegetation Total | User Accuracy
Submerse 3175 173 3348 94.83
No vegetatior 481 1427 1908 74.79
Total 3656 1600 5256
Producer Accuracy 86.84 89.19
Overall Accuracy| 87.56
Kappa 0.72
(c) 2008 Submersed Macrophyte Validation
Groundtruth data
Classified Data | Submersed| No vegetation Total | User Accuracy
Submersel 4770 300 5070 94.08
No vegetatior 1861 2308 4169 55.36
Total 6631 2608 9239
Producer Accuracy 71.93 88.50
Overall Accuracy 76.61
Kappa 0.51

4.3.1.2 Growth Type Level

The user accuracidgsor t he 06 No Tortleenvestigdted pedodard azemge

rangirg between 55% and 63%idbles 15. The user accuracies for
macrophytes for the same period were quite lk89%).However , for the O0Hi
macrophytes, apart fro@006 which had a user accuracy ofg3hose of 2007 and 2008

were very high >92%)Whi | e t he 6No Vehgl pradtcér@eccdraciesl a s s
(>84%) for all the three years, those 6fLow Gr owi ngdé and OHi gh Gr
were less than 67% .he highesbverall accuracyvas obtained in 2007 (70%) followed by

2006 (55%) and 2008 (48%Nonethelessthere were fair andnoderate agreememt

between the classified remote sensing image and the ground mapped macrfoplies

& 2008 and 2007 respectly.
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Tables 15: Error matrices of submersed macrophytes at the Growth type level for all
Regions of Interests (values represent number of pixels) from 2006 to 2008. User,
Producer and Overall accuracies are presenteds well as the Kappa coefficients for

each year

(a) 2006 Submersed Macrophyte Growth Type Validation

Groundtruth data

Classified Data | No Vegetatior| Low Growing| High Growing| Total| User Accuracy
No vegetatior 927 115 574 1616 57.36
Low Growing 159 348 397 904 38.50
High Growing 22 307 716 1045 68.52
Total 1108 770 1687 3565
Producer Accuracy 83.66 45.19 42.44
Overall Accuracy 55.85
Kappa 0.34

(b) 2007 Submersed Macrophyte Growth Type Validation

Groundtruth data

Classified Data | No Vegetation Low Growing| High Growing| Total| User Accuracy
No vegetatior 1430 296 557 2283 62.64
Low Growing 155 451 592 1198 37.65
High Growing 15 177 2355 2547 92.46
Total 1600 924 3504 6028
Producer Accuracy 89.38 48.81 67.21
Overall Accuracy 70.27
Kappa 0.52

(c) 2008 Submersed Macrophyte Growth Type Validation

Groundtruth data

Classified Data |No Vegetatior Low Growing| High Growing| Total| User Accuracy
No vegetatior 2308 393 1468 4169 55.36
Low Growing 278 808 2597 3683 21.94
High Growing 22 43 1322 1387 95.31
Total 2608 1244 5387 9239
Producer Accuracy 88.50 64.95 24.54
Overall Accuracy 48.04
Kappa 0.29

4.3.2 Emersed Macrophytes

Table16), Reeds were highly correctly mapped by the field measurements resulting in very

high user accuracies $4%). However, this accuracy was reduced to 78% in 20@®le

160). The other classesad user accuracies of less than 54% in both years except Grasses

which had 87% in 20074n 2006, apart from Reeds and No Vegetation classes which had
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producer accuracies of more than 69%, the rest hadgotoduceraccuracies of less than
54%. There were dot of misclassifications among the other classes in 2006 resulting in an
average overall accuracy of 63%. Nonetheless, there was a moderate agreement between the
classified data and the groundtruth data. In 2007, apart froBubkleesclass which had
average producer accuracy (53%), the rest had producer accuragiesthan 72%2007

had the best results of averall accuracy o¥6% anda moderategreement between the
remote sensing classification and the field measurements.

2008 had the worst reiési with an overall accuracy of 33%. The user and producer
accuracies of all the classes excBateds (user accuracy) ahib Vegetation (producer
accuracy) fell belowd1% (Table 16c) There were high levels of misclassifications among
the classes resulting aslight agreement of the classified remote sensing data with that of

the field measurements.

Table 16: Error matrices of emersed macrophytes for all Regions of Interests (values
represent number of pixels) from 2006 t@2008. User, Producer and Overall accuracies
are presented as well as the Kappa coefficients for each year

(a) 2006 Emersed Macrophyte Validation

Groundtruth data
Classified Data | Reeds Busheg Trees Grasseg No Vegetatior] Total | User Accuracy

Reedq 5452| 200 | 104 10 14 5780 94.33
Busheg 723 | 476 | 204 47 5 1455 32.71
Treeg 328 24 248 5 0 605 40.99
Grassey 1257 | 179 | 104 | 936 147 2623 35.68
No Vegetatior] 93 12 28 | 1209 972 2314 42.01

Total | 7853| 891 | 688 | 2207 1138 12777

Producer Accuracy| 69.43| 53.42 | 36.05| 42.41 85.41

Overall Accuracy | 63.27
Kappa| 0.44

(b) 2007 Emersed Macrophyte Validation

Groundtruth data
Classified Data | Reeds Busheg Trees Grasse§ No Vegetatior] Total | User Accuracy

Reedq 7069| 140 | 165 77 27 7478 94.53
Busheg 1632| 307 | 17 1 0 1957 15.69
Treeg 510 12 514 0 16 1052 48.86
Grassey 47 117 3 1595 75 1837 86.83
No Vegetatiorf 0 0 0 274 315 589 53.48

Total | 9258 | 576 | 699 | 1947 433 12913

Producer Accuracy| 76.36| 53.30 | 73.53] 81.92 72.75

Overall Accuracy | 75.89
Kappa| 0.56

91



(c) 2008 Emersed Macrophyte Validation
Groundtruth data
Classified Data | Reeds Busheg Trees Grasse§ No Vegetatior] Total | User Accuracy
Reeds 2319| 388 | 162 63 50 2982 77.77
Busheg 2472| 334 | 375 53 61 3295 10.14
Treeg 655 72 285 11 33 1056 26.99
Grassey 61 48 51 189 119 468 40.38
No Vegetatior] 2076 | 187 52 | 1962 1358 5635 24.10
Total | 7583 | 1029 | 925 | 2278 1621 13436
Producer Accuracy| 30.58| 32.46 |30.81] 8.30 83.78
Overall Accuracy | 33.38
Kappa| 0.16

4.4 Landscape Metrics
4.4.1 Submersed Macrophytes

441.1 Gavaraget

Area Metrics

There was an increase in the coverage areas of Vegetation @assé&sin 2007 when
compared with those of 2006-iQures 289, 31). However, Vegetation 1VEG 1)
disappeared in the following yeaWhiles Vegetation 2 (VEG 2andNo Vegetation (NVC)
classes decreased slightiyo Dataclass(NDC) did sotremendously in 2007. Apart from
Vegetation 2 VEG 2) and No Vegetation classes which increased astronomically, the rest
of the Vegetation classes rexa in area coverage in 20(l8gures 3631). WhilesVEG 2
gained about37 ha, the NVC had 12ha.

Considering the Vegetation classes, VegetatioEq 4) - 19.9% and Vegetatiold (VEG

3) i 10.2%6 dominated the landscape in 2006 (see PLANDable 17. This changed in
2007 withVEG 4 (36.70) andVEG 5 (18.26) dominating. HowevelYEG 2 became the
dominant vegetation cover in the last year vdth9®%o of the landscape area. There was a
gradual recovery of the total landscape area from 2006 to ZD4d€18).
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Figure 28 2006 SupervisedClassificationsof Submersed Macrophytesn Gavaraget
Source of ClassificationgHeblinski, 2008)
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Figure 29:2007 Su'peNised’:lassificationsof Submersed MacrE)phytes in Gavaraget
Source of ClassificationgHeblinski, 2008)
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Figure 30:2008 SupervisedClassificationsof Submersed Macrophytes in Gavaraget
Source of ClassificationgHeblinski, 2008)
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Figure31: Gavaraget submersethcrophyte vegetation changes fra@06to 2008
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Table 17: Selected Landscape Metric¢Percentage of Landscape, Interpersion and
Juxtaposition Index) at the Class Level for Submersed Macrophytes in Gavaraget

Land Cover Types| Year | PLAND | 1JI
2006| 3.85 |43.92
Vegetation 1 | 2007
2008
2006| 8.94 |74.33
Vegetation 2 2007| 6.88 |8519
2008 | 39.91 | 5836
2006| 10.36 | 85.80
Vegetation 3 2007| 13.85 | 60.67
2008| 5.28 |5923
2006| 19.88 | 56.32
Vegetation 4 2007| 36.72 | 8120
2008| 2.32 |68.63
2006| 2.96 |59.12
Vegetation 5 2007| 18.17 | 7345
2008
2006
Vegetation 6 2007| 2.39 |94.53
2008
2006| 52.61 | 7230
No Vegetation | 2007| 22.00 | 77.10
2008| 5249 | 65.63

Table 18: Selected Landscape Metric§Total Landscape Area, Patch Density,

Contagion, Interspersion and Juxtaposition Index, and Shannon Diversity Indgxat

the Landscape Level for Submersed Macrophytes in Gavaraget

Year | TA (ha) | PD/100 ha| CONTAG | 1JI | SHDI
2006 | 36466 | 5618.66 | 49.8 |7592| 137
2007 | 39683 | 7090.95 | 3290 |7894| 1.5
2008 | 41259 | 8608.30 | 3872 |6518]| 0.95
Mask | 45226
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Patch MetricgPD)
At the landscape level, patch density per 10thbeeasedver 20% along the yea($able

17).

Diversity Metrics (SHDI)
The diversity of land cover types in the landscape increased in 2007 and was almost halved
in 2008(Table 17.

Interspersion (1J1) and Contagion (CONTAG) Metrics

Apart fromVEG 3 which decreased in its interspersion with other class patches in 2007, all
the other class patches were highly intermixed with different other cig@ssas 173. While

VEG lappeared only in 2006 with below average interspersion, VegetatMa® §) was
present only in 2007 with a high degree of intermixing witier vegetation class patches.
Aside VEG 1, VEG 5, andVEG 6, all the other classes reduced their interspersion with

other class patches in 2008.

At the landscape level, the patches of classes were well interspersed in 2007 than in 2006;
but 2008 had théeast intermixing of class patches. Contagion iG&8nd 2008 being less
than 50%show that the class patches in those years were a bit disaggregated. However, the

class patches in 2007 were more disaggregated.

4.4.12 Comparisons between Regions dhterest (ROI)
The vegetated areas in Gavaraget and Tsovazard increased in 2007 whereas those of Masrik

decreased. Theneere more than130 ha of new vegetation for Gavaraget in this year as
compared to 354din Tsovazard. On the other hand, Masrik lost about 286f kegetation
(Figure32). In the last year, all the three regions of interest lost between 16 h4 Znabi
vegetation. Howeverapart from Gavaragethe nonvegetated areas increased along the
years with the sharpest occurring between 2006 and 2007 in Masrik (about 360 ha

increment) For detailed results of Tsovazard and Masrik refer to Appendix 1.
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Figure 32 Comparison of vegetative and nofvegetative areas of submersed
macrophytes among Gavaraget, Tsovazard and Masrik regions (20@&®08)

4.4.2 Emersed Macrophytes
4.4.2.1 Gavaraget

Area Metrics

Apart from Bushes, Broadeaf Trees and No Da classes, there were decreandbe areal
extent of all the other land cover types in 2@6iures33-34, 36). Whereas Reeds and
Grasses continued with their decline in 2008, Bushes and Brahdirees joined thenThe
rest (Dry Bushes, Conifers, No \&tgtion and No Data) increasgegures35-36).

In 2006, Reeds (36.9%) followed by Conifers dominated the landscape (see PLAND in
Table 19). However, the Broatkaf Trees displaced Reeds as the dominant vegetation in
2007. In the last year, Conifers, Dry Bushes and Bteafl Trees calominated the

landscape.

While the total landscape area decreased in subsequentyaale2().
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Figure 33 2006 Supervised Landcover Classifications of Gavaraget
Source of ClassificationgHeblinski, 2008)
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Figure 34: 2007 Supervised Landcover Classifications of Gavaraget
Source of ClassificationgHeblinski, 2008)
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Figure 35: 2008 Supevised Landcover Classifications of Gavaraget
Source of ClassificationgHeblinski, 2008)
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Figure 36. Gavaraget emersed macrophyte vegetation changes from 2006 to 2008
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Patch Metrics (PD)
Patch density per 100 ha increased about 39%48&%6 in 2007 and 2008 respectively
(Table20).

Diversity Metrics (SHDI)

The diversity of land cover types remained relatively the same in all the years in the

landscapeTable20).

Interspersion (1J1) and Contagion (CONTAG) Metrics

Reeds and Grasses were highly interspersed with other class patches in 2006 whereas
Broadleaf Trees and Conifers were well interspersed. The two bush <lasge No
Vegetation class had interspersions above averegdg19). In 2007, Reeds, Grasses and
Broadleaf relatively maintained their interspersions. While DrysiBes became more
intermixed with other class patches, Bushes, Conifers and No Vegetation became less

interspersed. In the last year, all the classes were well interspersed with each other.
The patches of classes were well interspersed in the landscapghtbut the three years

but a bit less in 2007. The patches of the classes in the landscape became more

disaggregated over the years.
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Table 19: Selected Landscape Metric®ercentage of Landscape, Interpersion and
Juxtaposition Index) at the Class Level for Emersed Macrophytes in Gavaraget

Land Cover Types| Year | PLAND | 1JI

2006| 3688 |81.2

Reeds 2007| 21.94 |77.76

2008| 3.2 | 7139

2006| 5.60 |61.%6
Bushes 2007| 13.0 |53.66
2008| 9.18 7823

2006| 12.16 | 65.23
Dry Bushes 2007| 8.81 | 75.50
2008 | 23.@0 | 86.68

2006 | 14.5/ | 78.70
Broad-Leaf Trees | 2007 | 31.4 | 74.80
2008| 2136 | 83.98

2006| 16.83 | 77.07
Conifers 2007 | 16.47 | 49.07
2008| 2474 | 6988

2006 6.98 8849
Grasses 2007 4.77 86.91
2008 4.76 65.33

2006 7.28 |57.72
No Vegetation | 2007 | 2.87 |42.%A
2008| 1275 |66.21

Table 20: Selected Landscape Metric¢Total Landscape Area, Patch Density,
Contagion, Interspersion and Juxtaposition Index, and Shannon Diversity Indexat
the Landscape Level for Emersed Macrophytes in Gavaraget

Year | TA (ha) | PD/100 ha| CONTAG | IJI | SHDI

2006 | 50230 | 661278 304 |81.06| 1.74
2007 | 44941 | 921942 28.16 | 74.37| 1.73
2008 | 424.00 | 1318160 | 2683 |8302| 1.76
Mask | 509.70

4.4.22 Comparisons between Regions of Interest (ROI)

While the vegetated areas in Gavaraget decreased in 2007, those of Tsovazard and Masrik
increased. Masrilgained more than 700 hectares of new vegetédReeds and Broabeaf
Trees) However, there were decreases in all the regions for thevegetated areas. The
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areas covered by vegetation were reduced in all the regions in the last year. Masrik region
lost more than 500 hectares of vegetat{®eeds, Broad.eaf Trees and Grasseis) that

year Figure37). No Data increased in their areal extent in all the regions for all the years
except Masrik which had a reduction in 2002tailed results of Masrik and Tsovazard can

be found in Appendix 2.
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Figure 37: Comparison of vegetative and nofvegetative areas of emersed macrophytes
among Gavaraget, Tsovazard and Masrik regions (2008008)

4.5 Habitat Modelling
4.5.1 Habitat Models of Crucian Carp (Carassiusspp.)

45.1.1 Gavaraget

There was a total habitat argain on the landside of about 146.3 ha in 2007 and a massive
loss of 222.8 ha on the lakeside in 2008 in the landscape while the water level continued to

rise.

Qualitatively there were general increases in covered areas of all the Isaii@hility
classes of 2007 over 2006 (Figurg®39). This almost agrees with the quantitative results
(Figure4l). The areas of Very Good (VG), Average (AV), d&abr (PR)classes increased
about 57%(111.6 ha) 27% (13.9 ha) and 200% (29.5 ha)56% respectively; while the
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Good (GD)and Very Poor (VPRglas®sdecreased by 19941.3 ha) and6% (2.6 ha).In

2008 Figure 40), there was a severe reduction in the VG area resulting in a decrease of
about 949%(290 ha)as compared to the decrease of BR21% (9.4 hg. However, there

were 68%(43.8 ha)and 673% (31.9 ha)increases for AV and VPR classes respectively.

The increase for GD class was very minirfgb ha)

Figure 38 Potential Habitat Map of Crucian Carp (Carassiusspp.) in Gavaraget for
2006 Five Habitat Classes ranging between \fg¢ Good and Very Poor were used
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Figure 39: Potential Habitat Map of Crucian Carp (Carassiusspp.) in Gavaraget for
2007. Five Habitat Classes ranging between Very Good and Very Poor were used

Figure 40: Potential Habitat Map of Crucian Carp (Carassiusspp.) in Gavaraget for
2008 Five Habitat Classes ranging between Very Good and Very Poor were used.
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Figure 41: Fish Habitat Suitability Classes of Gavaraget and their Coverage Areas
from 2006 to 2008

45.12 Summary of Fish Habitat Models in the ROI
There was a similar trend in habitat areas in alldhelscapes in the Gavaraget, Tsovazard

and Masrik regions. The habitat areas increased in 2007 and decreased in 2008. The
increases in all the regions was the same (around 43%) while the highest reduction occurred
in Gavaraget (47%) followed by Masrik (33%nd Tsovazard (25%) respectivelseé
Appendix 3. On the contrary, Masrik had the absolute area lost of about 542.5 ha followed
by Gavarageand Tsovazaravith 220.2 ha and 51.5 ha respectivelppendix 3 contains
detailed fish habitat models for Madsand Tsovazard.
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Figure 422 Summary of Fish Habitat Models showing the Areal Extent for each Year

4.5.2 Habitat Models of Common Coot Fulica atra) and Great Crested
Grebe (Podiceps cristatus

45.2.1 Gavaraget

43.1 ha of the total habitat area on both the landside and the lakeside in 2006 were lost in
2007. This was further reduced by 83.3 ha in 2608ufe46).

In 2007, apart from the VG class which increased sligbtlgbout 3.6 hg16%), all the

other habitat classes reduced in coverage area when compared to the 2006 distributions
(Figures43-44, 46). The range of the reductions was betw2é¥ (PR and74% (VPR).

There were decreases in all the classes ranging 468m(Moderate MD]) and9%9% (PR)

in 2008 (FiguresA5-46). While the highest absolute losers were VPR (19.9 ha) and MD
(12.4 ha) in 2007, PR (29.5 ha) and VG (24.3 ha) became the highest and sglcesdiin

2008 respectively.
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Figure 43 Potential Habitat Map of the Common Coot Fulica atra) and the Great
Crested Grebe Podiceps cristatusin Gavaraget for 2006 Five Habitat Classes ranging
from Very Good to Very Poorwere used
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Figure 44: Potential Habitat Map of the Common Coot fulica atra) and the Great
Crested Grebe Podiceps cristatusin Gavaraget for 2007 Five Habitat Classes ranging
from Very Good to Very Poor were used
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Figure 45: Potential Habitat Map of the Common Coot Fulica atra) and the Great
Crested Grebe Podiceps cristatusin Gavaraget for 2008 Five Habitat Classes ranging
from Very Good to Very Poor were used
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Figure 46: Bird Habitat Suitability Classes of Gavaraget and their Coverage Areas
from 2006 to 2008
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4.5.22 Summary of Bird Habitat Models in the ROI

Tsovazard and Masrik had a similar trend in habitat areas with an initial increasgzin 20
followed by a decrease in 200Bigure47). While the former had an increase of 42%4.4

ha), the latter had a massive one of 25@%0.2 ha) However, Gavaragéiad reductions in
2007 (43.1 ha)and 2008(83.2 ha) The highest reduction occurred in Gavaraget (85%)
followed by Tsovazard (78%) and Masrik (44%) respectiEigure 47). Tsovazard and
Masrik lost 38.1 ha and 492.4 ha respectivety. detailed bird habitat results for Tsovazard
and Masrikrefer to Appendix 4.
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Figure 47: Summary of Bird Habitat Models showing the Areal Extent for each Year

45.2.3 Validation of Bird Habitat Models

The fewness of the survey data led to the combinations of the modelled HSI before the
comparisons as shown Fable 21. In Masrik, he highest percentage area ofG8f the
modelledhabitat(Very Good to Good areagjnong the three years falling in the bird survey
areawas obtained in 2007. This was followed by that of 2CE4) and 200622%) (Table

21). Forthe Poor to Very Poor areas, the agreement between the modelled habitzdta

of the bird survey areas was very high for all the three years (above 88%).

However, there was a yeairilycrease of agreement between the modelled habitat area and
the bird survey area from 2006 (39%) to 2088%) in GavaragefTable21).



Table 21: Validation of the Bird Habitat Suitability Index maps from 2006 to 2008.
The degree of reliability are shown in percentages

Survey Area{ 2006 2007 2008 mgggﬂggidg
Gavaraget 39.38 45.27 86.39 1-3
Masrik 21.50 58.28 46.02 4-5
Masrik_KCB 88.80 96.29 100.00 1-3
CAOVrE?;gZd 49.90 66.61 77.47
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CHAPTER FIVE
5.0 DISCUSSIONS

5.1 Assessment of thélistorical Developmentof Lake Surface
Area

From 1933to 1987 the surface area of Lake Sevan redutedticallydue to the draining
of the lake for irrigation and electricity generati@@hilingaryan et al., 2002; Deheryan,
2005; Grigorian, 2005)The lowestareaof the lake was found to be 1234nt in 2001.
The reason was that Armenia experienced energy crisis betwedn at@d 2001and
therefore more lake water was used for hyplower generatiomAbout 6.10° m® of water
were drawn from the lake during those years and the outflow exceededflitve by
2.2x10° m® (Deheryan, 2005; Armenia Hydideteorological Institute (ArmHydromet),
2009)

The manipulations of the lake level had massive consequences in fluctuations of the lake
surface aredn the years of the energy crisis, the water released for {palver generation
amounted to about.@ x10° m*® per annum, even reaching 1X30° m® in sane years
(Papya et al., 2002)

In 1996, the Government of the Republic of Armenia passed a decree to prohibit water
releases from the Lake for energy purposes, but the implementation of it became possible
only starting in 1999Hence,in 200 1 , the Republic of Armeni
approved and adoptday the National Assemblwithin the ComplexProgramme or.ake

Sevard &cosystemRehabilitation The construction of the Vorotarpa hydrestructure,

which would transfer water dm the River Vorotan via the Kechut Dam, and then, into
Lake Sevan, was fndamental action under the Programriberefore, since 2001, the

lake surface area has been increasing due to the operation of the \AnmmsBevan
tunnels.The VorotarArpa would transfes about 165 million cubic meters of water per
annum into the Lakeand another 250 million cubic meteme from the Arp&evan
(Papyan et al., 2002; Deheryan, 20\t on the contrary, only about 2Xiillion cubic

meters of water per annum have been transfemedthe lake by both tunnel@®rmenia
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Hydro-Meteorological Institut¢ ArmHydromet, 2009) Hence, between 2001 and 20¢he

surface area of Sevan increased®Bykm®.

Today, abouthundreds ohectares ofrtificial forests havdbeen submerged by the rising
waters But, if the programme to raise the water level by @Dmheryan, 2005is realized,

thenmorehectares of landnd forestsvould be submeesi

The surface area of lakes governs the distance over which the wind can blow which
subsequently determines the wave height of botfflasel and iternal waves thereby
determining in combination with maximum depth whether a particular lake will stratify or
not (Kalff, 2002). In stratified lakes, lake surface area will largely determine the thickness of
epilimnion which influences the light climate experienced by planktonic orgarglsatis,

2002) The depth of epilimnion affected will depend on a number of factors including
latitude, weather, water clarity and lake morphomedgcause most of the transport of heat

to deeper levels of lakes is due to wind action, characteristics of the lake that may modify
the wind effect will be important for the formation and depth of the thermocline. And as
such, lake surface area in additito lake mean depth, volume, exposure and fetch (the
longest distance of the lake that the wind can act on uninterrupted by land) will affect how
efficiently wind energy can transport heat to deeper s(Bxianmark and Hansson, 2005)
Further,depending on the littoral arelhe number of plants, fish, and invertebrate species
rises with lake grface area, as does the length of the fobdins(Wetzel, 2001; Kalff,

2002)

When compared with the surface area generated from traditional mé&rat=nia Hydre
Meteorological Institute[ArmHydromet, 2009) the difference obtained by the GIS
methods falls between 0.08% and6®%. These could be attributed to the differences
between the average water level and the actual water level oatétiges acquisition day
which ranged between 2 cm (2001) and 51 cm (197&.comparable lake levels of 1976
& 1988 and 1996 & 2001 suggest similar lake surface areas, but they we&neethe
lake basin morphology remained constant duringréiseach period, this can be attributed
to the differences in the type of scanners spatial resolutionsised in the satellite images
(MSS-80 m and ETM30 m) Above all these, the resulshowthe high accuracy of using

GIS methods to monitor the surface aotd.akes in a fast, reliable and convenient vaay
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compared to the traditional (cut & weigplanimetry and grid) method#é order to

sustainably manage the lake ecosystem

52 Ef fects of Afifeikl aVat& ceval Flutctaation
on Its Littoral Zone

The year 2001 registered the lowest littoral zone area of about 105%45ekneen 1976

and 2005. Also, when compared to the base year of 1976, 2001 had the largest littoral zone
loss of 7.44 %. This was due to the increased water discharge forpgouwles generation

during the Armenian energy crisis between 1992 and Z0@&heryan, 2005; Armenia
Hydro-Meteorological Institut ArmHydromet, 2009) For instance, between 1989 and
2001, the water level reduced by 1.37m

Since 2001 more than 170 million thwater has been added a yéarthe lake due to the

operation of the VorotaArpa tunnels(Garibyan, 2007; Armenia Hydileteorological

Institute [ArmHydromet, 2009) Also, the adaptation, approval and implementation of the
6Law on Lake Sevandéd by the Armenian Nati on
outflow of the lake That is the mar reason why the water level increased by 1.20m
between 2001 and 2005. This reéedlin an increase of about 1&kof the Littoral Zone

which is about 8% increase as compared to the base year of 1976.This is in agreement with
the rehabilitation program wvi¢h envisages raising the level of the lake by 6 meters within

30 yeargdDeheryan, 2005)

The calculations of littoradurface area were based on a constant base line of 10 m, derived
from topographical maps at 1:50000 scale. In spite the fact that 10 m depth line and
respectively the littoral zone shifts with varying water level, this should not change the
results signitantly. This base line is situated on the steep slope of the lake basin,fso that

a drawdown of 1.2 m (water level changes from 1976 to 2@08&)shift of the 10 m line on

the steep slope affects the surface area much less than the shift on thde ldndsio the
smooth slopeThe comparable lake levels of 1976 and 2680§gest similar littoral surface
areas, but they were n&ccording toHoyer and Canfield J{1996) littoral zone of lakes

are inversely related to basin slope, depth, and to the degree of regularity of the shoreline.
Stating that the lake basin morphology remained constant during the investigated period,
this can be attributed to the differences ia thpe of scanners and spatial resolutions used

in the satellite imagesAdditionally, according to(United States Geological Survey
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[USGY, 2009) an instrument malfunction occurred on May 31, 2003 and as a result, all
Landsat 7 image data acquired from July 14, 2003 (20:32:40 GMT) to the present were
collected in the Scan Line Qector (SLC) off mode. This resulted in 20% loss of scene

area therefore the underestimation of surface area of 2005. Furthermeoegptied depth

model used to assesstieeect s of Lake Sevands water | ev
was not veryaccurate and this could have affected the results of the study. However, it was

the only depth model available at that time and hence the above obtained results.

Concerning the linear regression between the littoral zone area and the surface area,
approxmately ninety percent of the variation in tHermer could be explained by thiatter.

The remainingten percent ould be explained by unknownynobservedvariables or
inherent variabilityin the ecosystem. Therefoighore areas with gentle slopes arpezted

to increase their littoral zone areas in the eveaihahcrease in the surface area

The littoral zong(including that of Lake Sevanin addition to being a food source and a
substrate for algae and invertebrates, provide refuge and spavatbiigts for both young

& old organisms especially fishgslorthcote and Atagi, 1997; Wetzel, 2001; Lake Access,
2007) The littoral zone (lake shore) represents a transitional habitat, an ecotone, because it
provideshabitats for both terrestrial and aquatic organisms and produces high biodiversity
within a typical vertical zonation across small gradients, in contrast to the open water area
which is much structured and which possess much less diversityioldagical community
(Wetzel, 2001; Schmieder, 2004 herefore, the sustainable management of lakes cannot be

achieved without monitoring the development of the littoral zone.

Apart from the provision ohabitd, the littoral biocoenosis ofikes serve as a buffer zone,
self-purifier, erosion protector and recreation (which provides a major economic activity for
the lake areagbchmieder, 2004)The high unnatural watdevel fluctuationgas is the case

of Lake Sevan)nay lead to the loss of natural vegetation in the littoral zone, as well as to
changes in the wave climate and subsequent ergkseh, 1993; Wilcox, 1995; Fuller,

2002; Schmieder, 2004; Winfield, 2004ience, lake shore deterioration will create a
substantial loss of economic benefits apart from the loss of ecological fundios<alls

for the need to manage the lake responsibly which can be done on the base of sound
assessment method and a continuous monitoring of the status of the lake shore or littoral
areagSchmieder2004)
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5.3 Validation of Supervised Macrophyte Classification of
QuickBird Satellite data

5.3.1 Submersed Macrophytes

53.1.1 Vegetation Type Level

With the advent of more advanced digital satellite remote sensing techniques and the
complexity of digtal classification, there is more of a need to assess the reliability of such
results(Congalton, 1991ptherwise the classification would be assumed to be 100% correct

which is not the case.

By applying the error matrix for the assessment of classification q&laygalton, 1991;
Stehman and Czaplewski, 199&he high overall accuraciesn submersed macrophyte
classification inall the yearsindicating a high agreement between the classified remote
sensing image and that of the groundtruth dates as a result of highater clarity inthose

yeas. This enhanced gl detection of submersed vegetatam shown in their high user
accuraciesHoweverthe very highoverall accuracyn 2007 was because of its higher water
clarity as compared to 2006 and 20@n the other hand, the user accuracies df o
Veget atgsaard lowih 2006 and 2007 and very low in 2008 due to
misclassifications. The rapid population increase of the biyreen algae that occurred on

the lake during the field data collection and time of image acquisitbamsributed to these
misclassifi@ations asmany areas without vegetation which were covered by these algae
were recorded by the ckiication methodas vegetated areaBhe algal bloom was very
severe in 2008 resulting in higher levels of misclassificatidwzin, many submersed
vegetaibn areas which were covered by algal blooms and clouds were masked out and
classified as no vegetation therefore reducing the producer accuracies of the submersed

macrophytes for all the three years.

The producer s accur ac that the dgroundauthedhta wilhlee pr ok
correctly classified. Those samples which were not correctly classified into a particular class
were omitted from that class. Therefore, if it is most important not to miss the presence of
macrophytes or a type of macropéyin the Sevan catchment area, then this type of

accuracy should be the most important to the Sevan National Park authorities.

When samples are misclassified, they are not only omitted from the correct class but are
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also committed into another class. Ahkmples that are classified as a particular class are
actually not that particular class unless the classified image is 100 percent (@togcand
Congalton, 1986) Therefore, the user accuracy derived indicates the probability that a
sample from the classified imagetually represents that particular class on the ground.
Hence, the Lake Sevan management board should take this user accuracy seriously for
decisions associated with the macrophyte vegetation maps. If it is most important for
managers not to overestimatgarticular class or presence of macrophytes in general, then

attention could be focused on this statistic.

The kappa coefficientsanging from (6 and 072 emphasize that these agreements are not
coincidental or by chance. This promotes the fact thgit hesolution remote sensing data
can be reliably applied in recording submersed macrophytelekes with sufficient
transparencieas experienced in validation results obtained in Lake Constavicéhon et

al., 2004)

5.3.1.2 Growth Type Level

The 2007 classification had the best overall accuracy (70%) which means that the classified
remote sensing data agreed moderately with the groundtruth data. The overall accuracies in
2006 and 2008 were averagedéelow average respectively resulting in a fair agreement of
classified data with the groundtruth data. Apart from 2006 (where data were transferred),
high growing macrophytes were highly detectable resulting in high user accuracies (>92%).
However, the No Vegetationd and OLow Growingé cl
detected in all the years. For 2006, this could have been caused by the inapplicable
groundtruth data from 2007 and 20@&d substantial interannual changes in the vegetation
structures Additionally, for all the years, many submersed macrophytes designated as low
growing (e.g.Ceratophyllumspp) during the field observations reached or floated to the
upper part of the water surface and hence could be detected as high growing by tee remot
sensing classification methods. Furthermore, some submersed macrophytes designated as
high growing during the field observations could not reach the upper part of the water
surface and therefore could not be detected as such by the remote sensingatiassif
algorithms. (Haberacker, 1991)explained that successful identification of vegetation
patches requires that the patches are largeaa®equately dense and that the minimum

dimension of the patches should be at least twice the length of the pixel diagonal. Therefore,
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for QuickBird images, with maximum resolution of 2.4 m, vegetation patches should be at

least 6.8 m on a side. Otherwigtayould be very difficult for them to be detected correctly.

Again, in 2008, algal bloom, strong winfigenerating high wavesgloud cover and shadow

of clouds(Heblinski, 2008)inhibited thec | assi fi cati on of ONo Vedg
resulting in its average user accuracy. All areas which were covered by algal blooms and
clouds were masked out and classified as no vegef@denlinski, 2008) Furthermore, the

late data capture of macrophytes in October which was out of their growing season affected
the detection of low growing macrophytebhis underscores the importance of getting

groundtruth data close to the time of acquisitid the satellite imageries.

Also, where there was sparse vegetation with bright sand substratum, the reflectance of the
sand was stronger than those of the submersed macrophytes therefore the patches were
classified as no vegetation. Although the pneseof algal bloom inhibited the detection of

low growing macrophyte@lenderedjian et al., 20Q5he daa could still be used for vertical
structure assessment. In the validation of classified remote sensing data of submersed
macrophytes of Lake Constance in 2004, similar accuracy values were obtained. An overall
accuracy of 73% and a kappa coefficient dd10were achievedWoithon et al., 2004)

Other sources of error which could affect the validation accuracy are GPS and
georeferencingrrors. The GPS used had an accuracy 1 tn.Furthermore, GIS ahgses

and the generalisationf vegetation patches could have resulted in some errors and
uncertaintiegStoms, 1992; Goodchild, 1994Iso cloud cover, sun glittethe variations in
macrophyte spectral signaturasd sediment suspensions could be added to the sources of
error in the classification procegsieblinski et al., 2011)which in turn affectd the

validation process

The application of remote sensing and GIS methods cannot replace field studies without the
loss of information (Schmieder, 1997) This was realised when many submersed
macrophytes couldat be differentiated at the species legieémillard and Welch, 1992)
Although, this study was restricted to some selected sites, the results serve as baseline for
spatial data build up of submersed macrophyte ineL8kvan since there are no official
digital geographic dataf macrophytes available in Armenidonetheless, building up the
spatial data would involve immense manpower, lot of time and persevd@ciuamieder,
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5.3.2 Emersed Macrophytes

While Reeds were highly detectable by the remote sensing methatishe three years

the other landcover classesre poorly detectechnd mainly misclassified as Reed$e
detection of Bushes asg very difficult because they had similar spectral reflectances and
derived pixel values to the Reeds. A better diffaedian was not possible with the remote
sensing methods at that tinfideblinski, 2008) Grasses which were quite recognizable in
2007 were poorly identified in 2008 as result of cloudy skteblinski, 2008) which also
accounted for the low identification of Trees in the same yHae.low user accuracy of
Grasses coul@lso have been due to similar spectral reflectance to Reeds ammhakas
changessince he dry Grassewhich were detected as No Vegetation by the classification
methods werelabelled as Grasses Hye groundtruth. That is why a lot of pixels of the No
Vegetation class were misclassified as Grasses resulting in verysEmaccuracy for the
No Vegetation class and low producer accuracy for Graskesefore, more time should be
invested in creating spectral signatures (reflectances) of species or plants to aid supervised
classification of satellite images in the fores#eafuture. Nevertheless, the high overall

accuracyin 2007(76%) is moderatelysupported by the Kappa coefficient§6).

Positional errors could have accounted for the low detectability of Treak ihe years

since most othe Treesfor the groundtruttwere digitized orscreenfrom the unclassified

remote sensing imagetBhe above average overall accuramy2006is strengthened by the
moderate agreement between the classified remote sensing and the groundtruth data.
2008, the satkte images were taken at the end of the growing season of the macrophytes
and therefore the normal spectral signatures of Reeds were not detected properly. Hence, the
need to acquire satellite images close to the field mapping time (if possible) shoblel n
neglected. Therefore, it is understandable that the classified data slightly agreed with the

groundtruth data in this yeaith a low overall accuracy

Since the overall accuracy of the classified image represents the accuracy of the entire
productand does not indicate the distribution of accuracy across the individual classes
(which could and frequently show drastic differences in their accuracies), it is therefore
always important to computée individual class accuraci@s order to completely ssess

the value of the classified image for a specific applica(®tory and Congalton, 1986)
(Aronoff, 1982a)confirmed this by stating that the comparative analysis of error matrices

may provide better methods of comparing lausé classification mapping methods than a
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simple comparisonf overall estimated map accurady use the classified images or map
for decisions and policies regarding Lake Sevan,ailthoritiesshould focus on the user
accur aceilesabaorl i &1y & ooler typesebecauaer thep shaw hbvawell the
map epresents what is actually on the groy@bngalton ad Rekas, 1985; Story and
Congalton, 1986)

The comparison of the classification results and the ground reference data consisted of
spatial superimposition based on GIS. Both data sources could include certain positioning
errors, so geometricmaccuracies may have caused some distortion in this-passd

quality control. However, the accuracies for the classes could be increased by improving the
algorithm of the remote sensing methods and using differential global positioning system
(DGPS).Furthermore, the effectiveness of the classification algorithms and consequently
the quality of the results and their use for further applications are limited by the low spectral
resolution of t he QuickBird sat erlabsbctated as
object characteristics can only detect at a general (8alaya et al., 2003Nonetheless,
(Sawaya et al., 2003yere able to obtain reliable results (about 80% accuracy) in mapping
littoral vegetation from higheslution IKONOS and QuickBird satellitesSince most
applications in the lake littoral zones are based on airborne hyperspectral scanner data
(Woithon and Schmieder, 2004; Schmieder et al., 20th@) usage of the commercially
available operational satellite data with lower spectral resolution offer a practicabsind
effective alternative for the monitoring and ecological assessment in the lake littoral zone

(Sawaya et al., 2003especially in the inassessible areas.

On the other hand, landscape indices with meaningful ecological interpretations could be
developed from these classified satellite images. Also, in addition to other data, habitat
models of birds, fishes and ethorganisms could be developed from these classified

macrophytes.
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5.4 Landscape Metrics

5.4.1 Submersed Macrophytes
54.1.1 Area Metrics

The increase of the lake water level of 19 cm triggered the increases in the coverage areas of
Vegetation classe3 to 6 of Gavaragetn 2007 since new flooded areas were colonised as

No Vegetation areas reduced. The additional water increase of 56 cm in the following year
resulted in the decrease of the euphotic zone for the submersed macrophytes thereby
affecting th& photosynthesis and subsequent reductions. This is seen in the astronomical
increases in the Vegetation 2 (which consists of low growing macrophytes and bright

sediments) and No Vegetation classes.

The increases of the lake water level in the threesys@em to have favoured the submersed
macrophytes in Tsovazard since they all increased over the years except VEG 4 (2008)
which decreased and VEG 5 (which disappeared in 2007 and 2008). This could have been
due to the gentle slope at the littoral zorerétry making it easier to colonise newly flooded
areas. No Vegetation increased at the expense of No Data throughout the years.

The increases of the lake water level in the three years did not favour the submersed
macrophytes in Masrik region and broughbut large shifts in the submersed macrophytes
community (Coops et al., 2003)The increases of VEG 1 and VEGIr62007 may have

been due to the increases in the sediments and muddy components respectively in those
vegetation classes. This is reflected in the astronomical values of NVC in the last two years.
These results agreeith what(Coops et al., 2003tated that even small changes of water
level may result in a large shift in plant communitigswas further explainedhat high

water levels in spring may limit submersed plant expansion inducing a shift to a sparsely
vegetated state, whereas a substantial reduction in spring lake level may encourage
expansion of submersed plant&dditionally, the algal blooms (espedialin 2008)
attenuated light in the lake which led to complete loss of growing areas in deeper parts of

the littoral zone and this increased interspecies competticmmieder, 1997)

The choice of area masks for each region was belesély on the area masks used for
supervised classifications in eaclygian (Heblinski, 2008)so that falsely classified pixels

could be avoided in thealculation ¢ the metrics.
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5.4.12 Patch Metrics (PD)

In Gavaraget,hte increaseof PD in 2007and 2008show that the landscape became more
fragmented as the total area increased. It was expected that the incr&i3eno2008
would be affected by thlower grain size of 2.4 m as compared to 2.799 m in 2006 and
2007.

The landscape became more and more fragmented in Tsovazard over the years as depicted
by the increases of PD and total landscape area as exf@oteduilha Leitdo et al., 2006)
These subdivisio could have been due to the creation of new patches or isolation of

patches from their neighbours as explainedBuntequilha Leitédo et al., 2006)

In 2007, there was more fragmentation in the landscape of Masrik than what existed in 2006
due to the increase in the total area. However, the decrease in total area resulted in less

fragmentation in 2008 as shown jBotequilha Leitédo et al., 2006)

Movement of speles and materials across the landscape is directly affeloyed
fragmentation sincenore patches mean more boundaries between different classes, and new
intervening classes that may pose barriers to move(Bmequilha Leitdo et al., 2006)

Since this index is a goagflection of the extent to which the landscape is fragmented, it
therefore plays a fundamental part in the assessment of landscape structures and enables
comparisons of units with different sizgsden et al., 2009)

5413 Diversity Metrics (SHDI)

The Shannon Diversity index (SHD) Gavarageincreased in 2007 due to decrease in
variation of the proportional percentage of the area covereddbyatass since the number

of classes remained constant. On the other hand, SHDI decreased in 2008 as a result in the
decrease in the number of classesVEG 1, VEG 5andVEG 6, as well as the increase in

the variation of the proportional percentage areeered by each class the water level

increased
In Tsovazard, the Shannon Diversity index (SHDI) decreased over the years as a result of

the loss of VEG 5 and the increase in variation of the proportional percentage of the area
covered by each clags 2007 and 2008Eiden et al., 2009)
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The diversity of the landscape in Masrik remained the same in 2006 and 2007 but reduced
in 2008 due to thencrease in variation of the proportional percentage of the area covered by
each clasg¢Eiden et al., 2009)

Therefore,it can be concluded th&HDI increases as the number of different patch types
(classes) increases and/or the proportional distribution of the area among patch types
becomes more equitabl@Eiden et al., 2009)This supports the statement that plant
community shifts which result from water level fluctuations affect the species richness and
diversity (Coops et al.,, 2003)This was also confirmed bi{eddy and Reznicek1986),

Keddy (1990 and Schmiede2004) that wateflevel fluctuations in particular contribute to

and maintain plant species diversity in littoral ecotones.

5.4.14 Interspersion (1JI) and Contagion (CONTAG) Metrics

In 2006and in Gavaragethe patches o¥EG 1were a bit clumpy whiles those VEG 4

and VEG 5 were less clumpy. However, patchesMEG 2 and VEG 3 were distributed
proportionally within the landscape. In 2007, apart frel8G 3 which decreased in its
proportional distribution in the landscape, all the other class became more equally adjacent
to each other. In the last year, all the patches of the classes became a bit disproportionally
distributed. At the landscape level, the patchesctdsses were equally adjacent to each
other in 2007 than in 2006; but in 2008 this adjacency reduced to the lowest among the three
years. Contagions in 2006 and 2008 indicated that the class patches were less clumped. The
smaller contagion in 2007 showgllat the class patches were generally characterize by
many small and dispersed patches which were also well intersgists@drigal and Marks,

1995)

In Tsovazard, Wile patches oWVEG 2, VEG 3 andVEG 5were clumpy those NVC were
distributed proportionally in the landscape in 2006. However, patchéE®fl andVEG 4

were less proportionally distributed. For 2007 and 2008, all the patches of the classes were
equally adjacenti each other in the lands@pt the landscape level, the patches of classes
were equally adjacent to each other in the years. But this adjacency increased over the years.
The low and decreasing contagion over the years show that the class patches were less
clumped or aggregated. Ationally, there were many small and dispersed patches which

were well intersperse@cGarigal and Marks, 1995)
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While the patches oVEG 3 in Masrik were heavily clumped, thoseof VEG 1 andNVC
wereaveragelydistributedwithin the landscape in 2006. Hower, patches oVEG 2 were

highly equally adjacent to othpatch types. Apart from patches of NVC (2007) &ifc 6

(2008) which were averagely clumped, all the other patches present were equally adjacent to
each other i2007and 2008 At the landscape l&l, the patches of classes were equally
adjacent to each othénroughout theyears.That is, their interspersion remained almost
constant within the landscape for the three years. The low and decceasagionin 2007

showed that the class patches wdess clumped or aggregatefigain, many small and
dispersed patches which were well interspe(dédsarigal and Marks, 1995)n 2008, the

patches of classes became averagely aggregated within the landscape.

Since the contagion index seems to be an effeciivmmary of overall clumpiness on
categorical maps, it has been frequently used in landscape e¢dloger, 1989) These

are emphasized by the PD and 1JI values obtained.

5.4.15 Comparisons between Regions of Interest (ROI)

The increases irvegetated areas in Gavaea@nd Tsovazard in 20Ghd the decrease in
Masrik could have been due to the differences in sediments and slope grddient
sediments in Masrik were mostly sandy while those in Gavaraget and Tsovazard were
mixture of sand, humus and earth. The decseaseall the regions accounted for the
increases inhe nonvegetated areas in 2008.

Waterlevel fluctuations may be a catastrophic disturbance for submersed plant
communities since excesslyehigh waterlevel in the growing season reduces light
availablity, while a low waterevel may damage plants via ice and wave action during
winter and desiccation during summ@oops et al., 2003)One of the most important
environmental factors affecting the abundance of aquatic macrophytes in lakes has been
identified as light availabilitf{Canfield et al., 1985; Hoyer and Canfield Jr., 1926%tudy

of the effectof very strong interannual watégvel fluctuations in Turkey showed a shift in

the dominance of submersed macrophytes in the landscape which further resulted in
changes of the ecological and conservation values of the lakes i.e. species di@emty

et al., 2003ps seen in this research.
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Therefore, to a certain extent, watevel management can serve as afuistool for the
restoration of lake¢Coops and Hosper, 2002; Coops et al., 2003)onjunction with the

use of submersed macrophytes as bioindicators. Consequently, the understanding of the lake
waterlevel fluctuations in the ecosystem functioning has become more crucial especially
with the currethiconcerns about global climate chari@®ops et al., 2003 he application

of GIS allowed the analysis of symnd autecological characteristics of the species and
changes in their distribution patter(Schmieder, 1997)hat are not readily visible to the
human eye nor easily detectable by a human an@ystn, 1998)and how they reacted to

high waterlevel fluctuationgduringthe research period.

5.4.2 Emersed Macrophytes
5.4.2.1 Area Metrics

A comparison oReeds and GrassasGavaragein the different years revealed severe and
slight reductions in the former and latter land cover types respectively. The reettacked
since they could not propagate as fast as the high increases in the lake wat€hisweals
confirmed by the field observations of large area of stumps of former reed stands.
Schmieder(2004) re-affirmed this that the restablishment of littoral communities is
slower, since the localeed source had been affect8umilar effects had been proposed by
Bocker et al.(2003) and Schmiede(2004) with reference to the regeneration of aquatic
reeds of Lake Constance in 1999 after the extreme fiMitthin the span of three years, an
increase of the lake water level of about 1.13 m had been achjavednia Hydro-
Meteorological Institute ArmHydrome}, 2009) Bushes, Dry Busheand No vegeation
variedlargely among the years @uio phenological differenceise. flooded bushes become

dry as hey died slowlyand harvestedry grassland was classified mainly as no vegetation.
The huge No Data values were as a result of large areas being masked out as deep water
areas with the increasing water level. The variations of coverage of-B@aad@res and
Conifers over the years were due to misclassifications as it is not expected that the trees will
increase in their areal extent of motlean 40 la within a year.This confirms what
Schmiede1997)stated, that the quality of geographical analyses depends on the quality of
the data set.

Apart fromBushes and No Vegetation clasge3 sovazardthe water level favoured all the

other classes thereby increasing their areal extents in 2007. The high disparities between
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Grasses and No Vegetation classes were due to seasonal changes since very arged grass
were classified as No Vegetation in one year and as Grasses in another year. The seemingly
increase of Conifers in 2008 was due to misclassifications. The increasing deep water areas
resulted in high No Data class values. Again, Reedslthed due to werwhelming water

level increase. Similar dibacks of reeds occurred in Lake Constadogersee when high

water levels in 1968967 created a loss of about 32 hectares. Thedsadles of reed belts
resulted from drowning and mechanical damage by wawsl@fting matter(Ostendorp et

al., 2003)

In Masrik, he increase in water level favoured the Reeds at first (2007) but the continuous
rise of the water level was detrimentaltb@m resulting in a massive eback in 2008. The

flooded bushes died and became drier resulting in its gradual increase over the years. The
massive decrease of Bushes and astronomical increase oflBabakdees(which is not
realistic)were due to midassifications of the remote sensing data as a lot of Bushes were
misclassified as Broakkaf Trees. The high disparities between Grasses and No Vegetation
classes were as a result of phenological changes since dry grasses were classified as No

Vegetationn one year and as Grasses in another year.

54.2.2 Patch Metrics (PD)

The landscapef Gavaragebecame more fragmented over the years agampsicéations as
the total area dmweased over the yeafBotequilha Leitdo et al., 2006] herefore, the fast

water level ncrease was creating a lot of disisions within the landscape.

In Tsovazard,tiwould have been expected that with the reduction of the total area over the
years, the PD would have also redu¢Bdtequilha Leitdo et al., 200@)ut the opposite

happened showing that the landscape became more fragmented as the years went by.

The PDof Masrikdecreased in 2007 as expected since the total area decreased. The PD was
expected to decrease in 2008 with the decrease in totalBotsyuilha Leitédo eal., 2006)
but it rather increased indicating the highest fragmentation within the landscape among the

three years.
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5.4.2.3 Diversity Metrics (SHDI)

The Gavaraget diversity of laoover types remained relatively the same in all the years in
the landsapesince there were no loss of classes and little changes in the variation of the
percentage proportion of the lacalver types.

However, in Tsovazardhé gradual decrease in the diversity of patches of classes from
2006 to 2008 in landscape was duethe increase in the variation of the percentage
proportional area of the class patclieglen et al., 2009)

The reduction of diversity of the clagatchesf Masrikin 2007 was due to the increase in
variation of the proportional distribution of the area among patch types. This variation
reduced in 2008 thereby increasing diversity in that year.

5424 Interspersion (1J1) and Contagion (CONTAG) Metrics

In GavaragetReeds and Grasses watistributed proportionally within the landscape

2006 whereashe distributions oBroadleaf Trees and Conifers westightly lower than

that of the Reeds and Grass@&se two bush classes and No Vegetatizgre slightly
disaggregated.In 2007, Reeds, Grasses and Brteaf relatively maintained their
distributions within the landscap®vhile Dry Bushes became more intermixed with other
class patches, Bushes, Conifers and No Vegetation became less interdpeteedast

year, all the classes were Welterspersed with each othdihe patches of classes were well
interspersed in the landscape throughout the three years but a bit less in 2007. The patches

of the classes in the landscape becamesrdizaggregad over the years.

On the other hand, in TsovazaReeds patches were equally adjacent to patches of other
class patches in 2006. Grasses and Conifers were above averagely distributed
proportionally. Bushes had an average distribution. Howevely@getation class patches
were heavily clumped in 2006 and 2007. Aside Grasses which were well dispersed within
the landscape in 2007, the rest had an above average dispkrg€008, Reeds and Bushes
were highly dsaggregated in the landsca@asses ah Conifers were also dispersed well

but No Vegetation was a bit clumpelhe disaggregation of class patches in the landscape
increased gradually over the years from average to a bit Figithermore while the
patches of the classes in the landscape wsightly clumped in the first two years, they

became averagely distributed in the last year.
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Reeds, Conifers and GrassesViasrik were equally adjacent to other class patches in 2006
whereas Bushes and Brokdf Trees were above averagely distributed; Bushes were
proportionally distributed. However, No Vegetation class was evenly distributed within the
landscape. In 2007, apart from Grasses which had equal adjacency with other class patches,
Broadleaf Trees and No Vegetation classes were clumpexiféf® and Dry Bushes were
distributed more proportionally than Reeds and Bushesdich had an above average
adjacency with other class patchies2008, it was only Bushes which had an above average
adjacency; the rest were highly dispedl among otherass patchesThe class patches in

the entire landscape were more equally distributed proportioma906 and 2008 than in
2007.The patches of the classes in the landscape were many and dispersed in 2007 but more
dispersed in 2006 and 2008.

The contgion shows promise for landscape planning because it provides a succinct
description of landscape texture; specifically, the clumpiness or aggregation of land cover
types. It can also be used to compare a landscape at different time periods as done in this
research, to quantify how the degree of clumpiness has changed over time as urbanization or
human interferences in the landscape progre@sedin, 1998; Botequilha Leitdo et al.,
2006)

5.4.25 Comparisons between Regions of Interest (ROI)

It was expected that the vegetated areas in all the regions would have decreasdtievith
three years but that happened only in Gavaraget. The lower values of 2006 in Tsovazard and
Masrik were as a result of phenological changes between Grasses and No Vegetation in
which dried Grasses were classified as No Vegetation by the remotegserethods. The
increase in their area coverageddb Datain all the regions for all the years except Masrik
(which had a reduction in 20Q#yas due to the increasing area ogplevater which were

masked out.

The monitoring of the reed belts is venytical in the sustainable management of Lake
Sevan since they protect the shoreline from bank erosion, retain nutrients frgmoinbn

sources and thereby act as buffer zones between the arable land and the open water, serve as
a food resourcéor anthropals, birds and mammals, and provide typical habitat structure for
many endangered species which are adapted to them in the lake catchm@staredorp,

1993; Ostendorp et al., 2008ince the recovering of reed belts take a very long time and
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even decade@stendorp et gl 2003) it is important that their reactions to the wdtarel
fluctuations are monitored intensely by the Lake Sevan management comimisiée this

vain thatWilcox and Nicholg2008)andPetr(2000)explained that slowly and continuously
increasing water levels will increase the chances of macrophytes adapting to changing
conditions, thus maintaining their ecological functioimss in this regard that GIS plays a

very useful role in storigp and analysing datareatingspecies distribution maps, analysing
charges in their distributions faa particular time period and calculate summarising indices

in the littoral zongSchmieder, 1997However, this does not mean that field studies should
be neglectedsinceGIS acts as a link between scidittiresearch and landscape management
(Schmieder, 1997)

5.5 Habitat Modelling
5.5.1 Habitat Models of Crucian Carp (Carassiusspp.)

55.1.1 Gavaraget, Tsovazard and Masrik

In Gavaraget,hte general increases of coverage areas of the habitat classes of 2007 over
2006 were due to high increase in submermadiophytes As a result of huge decreases in
both submersed (128) and emersed (6@hmacrophytes, the VG class decreased about
94%, hence, reducing the habitat quality of the fishes. This is reflected in the increases in
AV and VPR classes.

For Tswazard, the massive increases in VG and GD in 2007 were as a result of increases in
the coverage areas of submersed (35 ha) and emersed (55 ha) macrophytes. The increase of
the PR class area by 27% indicates the reduction in quality in the fish habftathér

decrease in submersed (16 ha) and emersed (240 ha) macrophytes reduced the coverage

areas of the fish habitat classes in 2008.

The trend in Masrik is similar to the ones obtained in Gavaraget and Tsovazard. The
massive increases in almost all thebitat classes in 2007 were due to the massive increase
in the coverage area of emersed (715 ha) macrophytes. Even though there was 388 ha
decrease in submersed macrophytes, it was not enough to change the effects of the emersed
macrophytes. Decreases looth emersed (521 ha) and submersed (60 ha) macrophytes

reduced further the coverage areas of the fish habitat classes in 2008.
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Additionally, since water depth was an important factor in the fish habitat model, an
increase of the water level by 54 cifArmenia HydreMeteorological Institute
[ArmHydromet, 2009)in 2008 also masked out some areas within the various habitat
classes thereby reducing their coveragell regionsof interest

5.5.12 Summary of Fish Habitat Models in the ROI

It can be seen that macrophytes and their distributions readlgtedf the habitat suitability
indices of the Crucian Carp. Net increases in macrophytes produced increases in the
coverage ams of the habitat class areas and decreases resulted in decreases in the habitat
areas.Schmiedel(2004) andHeikinheime Schmid(1985) stated that the loss of submersed

and emersed littoral vegetation reduces habitat for epiphyton and macroinvertebrates, which
in turn affects the feeding conditions for littoral fi§8chmieder, 2004)Again, such loss
threatens the spawning sites of fishes like Crucian Carp which lays or deposits its eggs on
submersed part of ¢hmacrophytegRubenyan and Hayrapetyan, 2008jucian Carps are
known to be extremely vulnerable to predati@ironen and Holopainen, 198&hnd
therefore use vegetated inshore areas as réRajersson and Bronmark, 1993; Petr, 2000)

A study of Crucian Carp in Finland Baszkowski et a[1996)found out that mostfdheir
catches (52%) were heavily concentrated in vegetated inshore areas confirmirigpmwiat

et al.(1992)stated that Crucian Carps are primary inhabitants of vegetated littoral zones.

The magnitude of i$h growth, abundance and population structure are generally in
proportion to the abundance of aquatic macroph{¥&gey et al., 1984; Canfield and
Hoyer, 1992; Hoyer and Canfield Jr., 199&jditionally, water depth played an important

role inthis model. Hence, water level management of Lake Sevan should be combined with
habitat modelling of species to see the effects the water level fluctuations are having on the
littoral zone. Moreover, these habitat suitability maps can be used as strimctigators in

assessing the habitat and environmental qualities prevailing in the areas under consideration.

5.5.2 Habitat Models of Common Coot Fulica atra) and Great Crested
Grebe (Podiceps cristatus

5.5.2.1 Gavaraget Tsovazard and Masrik

The general decreases of coverage areas of the hstnibility classesof Gavaragein
2007 and 2008 were as a result of the decreases in emersed macrophytes. The Gavaraget
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bird habitat areas were almost lost in 2008 tuthe dieback of the emersetaiacrophytes
as a result of the increase of the lake water level by 5¢Acmenia HydreMeteorological
Institute [ArmHydromet, 2009) Therefore, this should serve as a wagecall to the
management of Lake Sevan if habitats of badsto be managed sustainably.

In Tsovazard, lthough emersd macrophytes increased by 5& im 2007resulting in
increases in PR and VPR; VG and GD decreased, indicating reduction in habitgt qua
Again, the dieback of 240 kb of emersed macrophytes in 2008 reduced the coverage areas
of the bird habitat classes especially VG and GD. Again, an increase of the water level by
54 cm in 2008 was likelpne ofthe causgof these didbacks. The suaible habitat areas

were almost gone in 2008. Additionally, the massive decreases in 2008 could have been due
to misclassifications of the reeds (emersed macrophytes) as bushes which resulted in a user
accuracy of less than 49%

For Masrik, he massive ineases in almost all the habitat classes in 2007 wer¢odihe
astronomicalncrease of 715din the coverager@a of emersed macrophytdhe emersed
macrophytes being on a higher ground as compared to Gavaraget and Tsovazard were able
to withstand thenitial water level increase of 19 cm in 2007 but not 54 (&menia
Hydro-Meteorological Institutd ArmHydromet, 2009)in 2008. Therefore, a decrease

521 ha of the emered macrophytes reduced further the coverage areas of the bird habitat
suitability classes in 2008. However, the habitat suitability areas were better than those
obtained in 2006.

5.5.22 Summary of Bird Habitat Models in the ROI

It can be confirmed that the macrophytes and their spatial distributions really affected the
habitat suitability areas of the Common Coot and the Great Crested Grebe. Increases in
emersed macrophytes produced increases in the coverage areas of thearesstand
decreases resulted in decreases in the habitat breéhs.Netherlandg)lenaers and Dhondt
(1991) found out that food availability did not influence distribution, habitat choice nor
breeding activities of the Great Crested Grebes, but habitat choice, distribution and

hatchling survival were positively infainced by the presence of reeds.

Furthemore, the magnitudes of aquatic bird abundance and species compaséion

generally in proportion to the abundance of aquatic macropkit®ger and Canfield Jr.,
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1994; Hoyer and Canfield Jr., 1998) study of the breeding ecology of the Great Crested
Grebe in northern Slovenia Byogrin (1999) revealed that the decrease of breeding pairs
reduced with the loss of shore vegetatibloyer and Canfield Ji(1994) concluded from

their research on Florida lakes that bird species composition will change as aquatic
macrophytesare removed from the lake system since birds tisat aquatic macrophytes

will be replaced by species that use opater habitats. Hence, the management of aquatic

macrophytes has the potential to affect bird populations.

Additionally, water level played a crucial role in the bird habitat madeell as the
vitality of the reed§Ozesmi and Mitsch, 1997Again, these habitat suitability mapsidae

used as indicators in assessing the ecological health or state of the littoral zeyeare

useful for exploring the implications of planning objectives, assumptions and policy choices
(Davis et al., 199/ Apart from GIS being used in the determination of spatial relationships
between birds and their environments, it can also be used to rapidly analyze temporal

changes in the spatial mosélohnston and Naiman, 1990)

5.5.23 Validation of Bird Habitat Models

Generally, the agreement between the modelled arehbied survey areas increased over

the years due to the decreases in the quality of habitat areas and increasehabipator
areas.The bird survey data used for the validations were very few, more data points could
have yielded better results. Duritige 2008 bird survey, 51.5% and 45.4% of the 33 species
found in the survery were located in Gavaraget and Masrik respedfpgivababyan and
Ananian, 2008)These statistics show that these regions play important role in the habitat of
bird species in the Sevan catchment area. Therefore regular bird surveys accompanied by
habitat suitability maps could be used to conserve and protect these organisms.
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CHAPTER SIX
6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

The results obtained for thesa e s s me n t of devel opment of
demonstrate that Landsat TM imagery analysed through a GlSecaseld in monitoring
long-term trends of lake surface areas. The expense of using topographic maps, the time and
expertise for the traditional calculation of surface areas with the help of a planimeter or
computer scanner, preclude their use as a rowdiatswide monitoring tool. TM imagery,
despite its relatively coarse spatial resolution, is more routinely available than topographic
maps and could be a more ceffective method for monitoring water bodies distributed
across large geographical areall-imaging processes are subject to error. The TM images
are limited by the 3®y-30-m ground resolution of the instrument. However, other satellite
imagesaside Landsatvhich have higher spatial resolution but are more expensoted
alsobe used.

The resultobtained in the littoral zone area assessrdentonstrate that in littoral zones

with gentle slopes little or small water level changes affect markedly the littoral surface area
and the respective ecological functions. Thus, it is cruciabie management measures of
Lake Sevan to focus particularly on the littoral zone development and observe changes due
to lake level manipulations. Additionally, they show that remote sensing data analysed
through GIS can be very useful in monitoring develept trends of littoral zones. Again,

since the water level of Lake Sevan keeps rising, it is very important that the littoral zones
are monitored routineliogether with other parameters.

Concerning thevalidation of thesupervised classifications, thliesults for the submersed
macrophytes and most of the emersed macrophytes confirm the remote sensing
classification as having high quality and usefulneksice, the classified data can be relied
upon to create land cover maps with high qualityis promaes the fact that high resolution
remote sensing data can be reliably applied in recording submersed macrophytes and
emersed vegetationValidation of the shore vegetation classifications proved the applied
methods as very successful instruments to monit@ changes in different littoral

vegetation types and their spatial structures due to water level nisaleveloped methods
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which produce high accuracies are eefféctive and time efficient as compared to the
traditional methods of stereoscopic akpicture analyses with its accompanying extensive
littoral zone mapping and surveying. One of the most important coverages for lakeshore
management and planning is its macrophyte vegetation. Therefore, highly reliable base
resource maps developed frommely sensed data are necessary for the public and

resource managers to make effective decisions.

The landscape metrics provided an insight on how the artificial water level fluctuations are
affecting the lakeshore vegetations, their spatial distribstiand structural dynamics.
Landscape indices in the various regions of interest (ROI) showed drastic reduction in
emersed macrophytes and compositional changes in the submersed macrophytes over the
years. Therefore the results could serve as guidelifgbelake water level manipulations

for Lake Sevan authorities as to how fast the water level should be raised. Especially is the
die-back of the emersed macrophytes a case for concern. The results showed that landscape
metrics can reveal changes intkend scaped6s composition and c
observed, explained and interpreted comprehensively. Additionally, all analysis of
landscape metrics heavily relies on the correct detection and classification of the remote
sensing data. Therefore, theeaning and interpretations of these metrics are affected. Also,

the spatial composition and configuration of landscape elements play a crucial role in the
ecological functionality and biological diversitfhere is no single metric which can be

used to dscribe all the aspects of landscape structure, therefore multiple metrics should be

calculated and interpreted to complement each other.

Since the Crucian Carp is an economically important fish species in Lake Sevan, a GIS
based analysis of its habitatutd play an important role in the decistiaraking process

with regards to measure planning and control. Additionally, they can serve as lead species
indicators for the evaluation of the health or state of the aquatic macrophytes. The Common
Coot and the Grat Crested Grebe were found at all the regions of interest of Lake Sevan;
therefore, they can be used as lead species indicators for the ecological soundness of the
aquatic emersed macrophyt€sirthermore, habitat models for fishes and birds in all ROI
showed reduction in habitat areas as well as habitat quality along the Sewas. static

maps poorly represent the complex dynamic phenomenon of species distribution, GIS has
the potential of enhancing the visualization by combining several environnfigctiais of

such a phenomenofrurthermore, intensive field surveys cannot keep up with the rapid

change of land cover in the large catchment area, therefore GIS with the support of remote
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sensing has the potential of mapping these land cover changesswstibsequent habitat
changes at the regional scalbese habitat models generated in the GIS environment can be
used for conservation and management decisions in the sensitive habitats in the lake

catchment area.

The developed methodologies can be tiemed and used in other geographically similar
areas. The results produced so far can be used for large public and other organizations
Internet, local mass media and other communication means to increase awareness creation

and support.

Finally, monitoring the temporal and spatial dynamics of inland waters is crucial for the
understanding of freshwater ecosystems. Remote sensing and GIS offer a good way to get,
display, analyse, query and assess such information of physical and biological paramete
Therefore, patially resolved information in interdisciplinary combination of different

methods and scientific views can add to the understanding of the lake ecosystem.

The results show urgenthe needfor a modest water level rise to enable the fitur
development of a diverse littoral biocenosis anduthbl the important functions as habitat
and in the balance of matter of the whole ldkea nut shell by applying remote sensing
and GIS techniques, the project gave a deep insight in the stromggyréd ecosystem of
Lake Sevan and provided instruments to assess and visualize the ecological state and to

control the success of mandatory restoration measures.

6.2 RECOMMENDATIONS

From the results obtained and the experiences gained from this ptbgdpllowing

recommendations are proposed:

x Lake Sevan authorities should raise the Lake water level gradually and modestly i.e.
about 1520 cm annually to enable the littoral vegetation to adjust or adapt to the water
rise since they cannot cope witletburrent speed of water level Fse

x Spectral data bank of species along the lakeshore should be createdupeaidsed
classifications of remote sensing data at the species fewel which important
vegetation maps could be developed to help in pofitgking and management

decisions
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x The producerds accuracy indicated the pro
correctly classified. Those samples which were not correctly classified into a particular
class were omitted from that class. Therefairet is most important not to miss the
presence of macrophytes or a type of macrophyte in the Sevan catchment area, then this
type of accuracy should be the most important to the Sevan National Park authorities.

x When samples are misclassified, they areamly omitted from the correct class but are
also committed into another class. All samples that are classified as a particular class are
actually not that particular class unless the classified image is 100 percent correct.
Therefore, the user accuradgrived indicates the probability that a sample from the
classified image actually represents that particular class on the ground. Hence, the Sevan
National Park authoritiesshould take this user accuracy seriously for decisions
associated with the vegdtat maps. If it is most important for managers not to
overestimate a particular class or presence of macrophytes in general, then attention
could be focused on this statistic.

x Thorough fish and bird surveys should be conducted at many locations possible to
validate the habitat models generated in this project.

x Lastly, there is the need to conduct shore vegetation mapping using these remote sensing

and GIS techniques every 5 years for theasnable management of the lake.
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Selected Landscape Metrics at the Class Level f@ubmersed Macrophytes in
Tsovazard

Land Cover Types| Year | PLAND | 1JI

2006| 8.87 |71.35

Vegetation 1 2007| 11.88 |81.31
2008| 18.67 |91.70

2006| 13.95 | 32.93
Vegetation 2 2007| 17.90 | 88.54
2008| 17.11 | 93.68

2006| 8.09 |39.12
Vegetation 3 2007| 14.48 | 86.11
2008 | 14.05 | 95.58

2006| 21.59 |65.79
Vegetation 4 2007| 22.40 |90.10
2008| 6.11 |96.68

2006| 13.11 | 30.76
Vegetation 5 2007
2008

2006| 34.39 |85.97
No Vegetation | 2007 | 33.34 | 98.99
2008 | 44.06 | 89.26

Selected Landscape Metricat the Landscape Level for Submersed Macrophytes in
Tsovazard

Year | TA (ha) | PD /100 ha| CONTAG | I1JI | SHDI

2006 | 15258 | 5215.67 31.72 | 71.87| 1.66
2007 | 202.91| 6493.60 | 27.34 |91.00| 1.54
2008 | 21287 | 15602.82 | 23.70 |93.87| 1.42
Mask | 230.78
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Selected Landscape Metrics at the Class Level for Submersed Macrophytes in Masrik
Land Cover Types| Year | PLAND | 1JI
2006 | 13.49 | 61.47

2007| 23.82 | 71.57

Vegetation 1

2008| 18.84 | 75.20

2006| 61.66 | 98.21
Vegetation 2 2007 | 10.75 | 95.51
2008| 4.76 | 78.86

2006| 6.58 1.32
Vegetation 3 2007
2008| 8.22 | 73.93

2006
Vegetation 6 2007| 6.56 | 84.38
2008| 0.05 |47.85

2006 | 18.27 | 56.80
No Vegetation | 2007| 58.86 | 49.93
2008 | 68.12 | 74.92

Selected Landscape Metrics at the Landscape Level for Submersed Macrophytes in
Masrik

Year | TA (ha) | PD /100 ha| CONTAG | I1JI | SHDI
2006 | 845.40 | 2805.31 46.58 | 74.24| 1.06
2007 | 875.49 | 7754.64 33.52 | 75.79| 1.07
2008 | 759.98 | 5939.33 54.53 | 74.45| 0.93
Mask | 914.40
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Selected Landscape Metrics at the Class Level femamersed Macrophytesin Tsovazard

Land Cover Types| Year | PLAND | 1JI
2006| 850 |79.94
Reeds 2007| 1152 |56.89
2008| 263 |85.88
2006| 172 |62.22
Conifers 2007| 2091 |62.39
2008| 10.03 | 70.35
2006\ 577 |51.71
Bushes 2007 556 64.84
2008| 280 |95.65
2006| 50.04 | 63.41
Grasses 2007 | 66.79 | 78.07
2008| 16.41 | 73.48
2006| 3398 | 2.68
No Vegetation | 2007| 1323 | 4.95
2008| 68.13 | 48.57

Selected Landscape Metrics at the Landscape Level f&mersed Macrophytes in

Tsovazard
Year | TA (ha) | PD /100 ha]| CONTAG | 1JI | SHDI | SHEI
2006 | 486.92| 2381.31 | 48.01 |54.76| 1.16 | 0.72
2007 | 43355| 3286.80 | 48.87 |64.74| 1.05 | 0.65
2008 | 425.46 | 5359.43 51.76 | 71.47| 0.98 | 0.61
Mask | 596.46
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