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Introduction

Similarly to other sciences, the history of ecolagysists of different periods.
These periods could be characterized by scierféfahions, such as the so-called
.ecosystem approach” in the era of Internationabl@&jical Program, or the
evolutionary and behavioural ecology in the turr8@s and ‘90s, last century. These
preferred topics, however, are not only scienfdighions, but they are brought about
by theoretical or practical necessities, too. Thteraation of population and
community level approaches is very apparent examplbe periodical changes in
topics as a consequence of theoretical requiremémtshe great periods of the
community ecology, in the 1910s, 1950s and 198@&n the composition and
structure of many communities were described withremand more sophisticated
methods, it turned out that too little was knowroatbthe mechanisms behind the
community patterns. That is why these periods wetwed by mechanistic,
usually population level approaches, which, alreaglyipped with deeper knowledge
of the mechanisms, catalyzed the further developmfoommunity studies, and so
on.

Another couple of alternating approaches is thathef equilibrium and non-
equilibrium paradigms. In this case, since thergises prefer to see ,rules” in the
nature, the equilibrium concepts have been momesyread, and show organic
development from the classical Clementsian and d-dt&lterra approaches to the
recent population, community level studies andesystodels. Although the non-
equilibrium theories are not at all new, their bigtis more disjunct. Recently, they
have a renaissance, because it has been cleaa t@isiderable part of dynamic
community processes, which are important mechanisiisoth degradation and
recovery, therefore they are of utmost significarice nature conservation and
environmental protection, cannot be understoocherbasis of so-called equilibrium
concepts. In this case, the practical issues aleaat as important as the theoretical
ones.

The third cluster of conceptual questions is thprapriate selection of the
spatio-temporal scales of the ecological researchies ecological scenario of the
last half century has clearly demonstrated that rechanistic and the causal
backgrounds of the biotic phenomena cannot be mquaxclusively on the basis of
traditional short-term studies at habitat spata@llss. The studies moved into both
directions, toward finer and larger spatio-tempaedles. The microcosm studies
and the information theoretical analysis of vedetatevel patterns via micro
quadrates provide examples for finer scale appesmalthereas the enlarged scale is
well demonstrated by the recent development ofidhg-term programs, the island
ecology, the metapopulation biology, the metaconitgumesearches and the
landscape ecology. The large-scale, landscapeganal level ecological approach
(sometimes referred to as macroecology) has aflgossibilities in conservation
applications (e.g. ecological corridors, econatgrrcorridors and other programs).
This has been well recognized by a lot of authesjtiand the Eu-region programs



provide suitable basis for regional, cross-bordewperation in ecology and nature
conservation.

The ecological researches in river valleys are eored by all of the above
issues, as seen in the chapters of the presenteolbased on the presentations of
the symposium "Ecological research in river valléisi-region conference)". The
majority of papers performs syncentric and/or lioffaunistic and floristic)
approaches, with the exception of the paper by iBétdal. (Ch. 1.1.) on the
distribution of four bird species in Szigetkdz ditb plain affected by the water
regime changes. Though we expect a non-equilibdymamics in the majority of
river aquatic communities (e.g. different plankemsemblages), very few papers are
dealing with non-equilibrium dynamics (e.g. Sarkddgs, Ch. 1.6.) although some
of them are concerned by human or natural distudsiie.g. Kisbenedek, Ch 1.9.,
Baba, Ch 1.10.). An apparent example of the manenhadbitat destruction by water
management is the hydroelectric power station orelRDanube, which caused a
reduction of the water supply in the Szigetkéz oadio 10 p.c. of its original value
(Baldi et al, Ch 1.1., Kisbenedek, Ch 1.9., Szab6 and Moln&r1@.). The high
number of the papers on water quality is not saipgi because it is one of the most
problematic issues in river ecology. The water fjcation from different
(biological, chemical et.) aspects is a theordiicptoblematic issue itself and Goéri
et al. (Ch 2.1.) give a good example on the complex egcdd classification. Other
contribution in this topic are mainly dealing withe quality of water in particular
areas (Brankovic and Budakov, Ch 3.10., Djudical, Ch 3.6., Lakatost al, Ch
2.2., Matavulyet al, Ch 3.8., Otvoset al. Ch 3.9., T. Nagyet al, Ch 3.1,,
Teodorovicet al, Ch 3.7.).

The current environmental catastrophe caused bygyaeide pollution of river
Tisza highlighted the role of oxbow lakes as pa#rgources of recolonization of
different species populations. This is an additidngortance of the oxbow lakes
besides their other, well known conservation valUdgerefore, the studies on these
water bodies are of great significance (Braural, Ch 3.5., Lakatost al, Ch 2.2.,
Szilagyet al, Ch 3.2.). The establishment of Tisza dam anddbkervoir at Kiskére
was disputed by a lot of hydrobiologists and ecislisg The reservoir, however,
having similar conditions to the state of the rivmfore regulation, was not so
vulnerable to cyanide pollution than the other grthe river. This fact does not
provide enough basis to support the establishmenéwer and newer hydroelectric
power stations and reservoirs, but it underlinesrtbcessities of the hydrobiological
research of the reservoir, which is given by Kasal. (Ch 3.3.) and Zsuget al. (Ch
3.4). We think that the scientific experiences tbe ecology of oxbow lakes,
channels and the reservoir contribute to the thmate foundations of the
reconstruction of Tisza valley into such state, clhimproves the resistance of the
systems against pollution and high floods, and twigcsimilar to the river before it
had been regulated.

River valleys are landscape-level complexes of iona along the rivers. The
habitat strips which are the components of this mer form interactive systems,
therefore the natural history of river valleys canbe understood without studies on



the terrestrial and wetland habitats of the flotains (Baba, Ch. 1.10., Baléi al,

Ch 1.1., Galléet al, Ch 1.3., Horvath and Wagner, Ch 1.7., Kishened#k,1.9.,
Majer, Ch 1.5., Margéczet al, Ch 1.2., Szab6é and Molnar, Ch 1.4.). We also
emphasize the significance of landscape-level rekea for the same reason ( Gallé
et al, Ch 1.3., Horvath and Wagner, Ch 1.7., Margdtzal, Ch 1.2., Szabé and
Molnar, Ch 1.4.), which could be developed intoioegl level projects (e.g. Galkt

al.,, Ch 1.3. and Margocet al, Ch 1.2. are the first publications of such a gct)

Although it was thought some decades ago that tbldical researches in
river valleys have been over their descriptive qdsiin the region, current results
show that there are a lot to do in this field, tbbese descriptive studies, which are
represented by the papers of Baba (Ch1.10.), Marggcal. (Ch 1.2.), Pekli and
Zsuga (Ch 4.4.), Popovet al. (Ch 4.3.), Szab6 (Ch 1.11.), Szit6 (Ch 4.2.) aigthT
et al. (Ch 1.8.), contribute to the knowledge of the dlofauna and ecological
communities of the river valleys and provide fouimlas for the further, detailed
analysis and for the nature conservation.

We hope that this volume, besides documenting timeent results of the
regional ecological researches, will stimulate Hart cooperation of the ecologists
interested in the fascinating world of the ecologgtural history, conservation and
hydrobiology of river valleys.

Szeged, March 2000

Laszl6 Gallé and Laszl6 Kérmoczi
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1.1. RELATIONSHIP BETWEEN THE DISTRIBUTION OF FOUR
BIRD SPECIES AND THE WATER REGIME CHANGES IN
THE SZIGETKOZ FLOODPLAIN AREA OF RIVER DANUBE

Baldi, A., Moskat, Cs. and Zagon, A.

1.1.1. INTRODUCTION

Riparian areas are among the most productive a@hesi terrestrial habitats (Baleli
al. 1995). However, 77% of river systems in the narith¢hird of the world are
significantly affected by human activities (Dynesiand Nilsson 1994). Thus, riparian
landscapes are probably among the most threatandsdapes in the world (Décamp 1993).

River Danube at the Slovakian - Hungarian borddfessl from a regional scale
human disturbance, namely a large hydroelectricgpestation was built. The implemented
plan of the reservoir and hydroelectric power-staiincluded the construction of a 35 km
long artificial bypass canal (including the resary@arallel with the Danube. The original
river has been received approximately 10% of itsinaé water regime, thus the upper parts
of the Szigetkdz suffered from serious water deficy (Baldiet al. 1998).

Monitoring of changes of biodiversity in the Szigit is a key task of several
Hungarian and Slovakian institutions. The monitgrimork of birds in Hungary included
community approach in different habitats and ugiffgrent methods (Baldi 1995, Moskat
et al. 1999), and a faunal mapping approach (Bétdal. 1998). In this paper we evaluate
the results of the faunal mapping technique to dwmt the frequency of occurrence of
bird species in the affected areas. In the presientt paper we intend to demonstrate the
changes of the avifauna, using four indicator sgseci

1.1.2. STUDY AREA AND METHODS

The Szigetkdz is the floodplain on the right sidléhe River Danube in NW Hungary

(48°00'-4P40'N, 1P15-1P45E), consisting of many small islands, side- atehd-
branches. The area is managed by the forestry, tharetwo-third of the area was planted
with poplar Populussp.) plantations (Simon 1992). The River was decbin late 1992,
and a water replenishment system was built in 1t@Oartificially provide water for the
Upper Szigetkdz. An extensive inventory of bird@ps nesting in the Szigetkdz area was
conducted by one of us (A. Z.) during the breediagson of 1994, 1996 and 1998. All bird
presences were recorded in 62 quadrates of 1x1 dch. eThe quadrates formed three
clusters: 22 in the desiccating Upper Szigetkdz mrmasziget; 22 in the transition zone,
Middle Szigetkoz, at Asvanyrard; and 18 in the Lov@zigetkdz, over Vamosszabadi,
where the bypass canal already rejoins the rivieB@di et al. 1998). See more details in
Moskat and Fuisz (1995), Waliczky (1992).

The distribution of four species was analysed: @@mmon SandpiperAgtitis
hypoleucos which prefers river banks, gravel shores; thdggeWarbler Acrocephalus
schoenobaenlis a characteristic species of reedbeds and maddilahe Great Reed
Warbler @. arundinaceus which prefers reed/water edges; and the CbBolida atra), a
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common species of open water, but avoids runningrsaConsidering the different habitat
requirements of these four wetland species (Hamgskz998), we assume that they together
may indicate most water regime changes.

1.1.3. RESULTS AND DISCUSSION

The faunal mapping method proved to be a sendiiginique for monitoring at the
regional scale, and in heterogeneous landscapddgi @&al. 1999, Moskaet al. in press).
The distribution of the four selected species shibalearacteristic patterns. The Common
Sandpiper was frequent in the Upper and Middle Skiig after the diversion of the main
flow, probably due to the large extent of dryingwgl river beds (Baldéet al. 1998), but
after the water replenishment system was built,thadvater level increased in many of the
canals and branches, its frequency declined (Fig.The frequency of the Common
Sandpiper in the Lower Szigetkdz was low, and ditd show any changes from 1994 to
1998.

Common Sandpiper

1994
1996

Frequency of
occurrence

Upper

Middle | J\ver

Fig. 1. The frequency of occurrence of the Commandpiper Actitis hypoleucdsin the three study years in
three study areas in the Szigetk6z region.

The frequency of Sedge Warbler was low in the Ugigetkoz in 1994, when most
of the suitable habitats dried out (Fig. 2). In Migldle and Lower Szigetkdz, however, it
still performed well. Immediately after the wateplenishment system started to work, its
distribution was homogenous across the Szigetkizjrb1998, its frequency pattern was
the opposite to that observed in 1994: low fregyeincthe Lower Szigetkdz, and large
frequency in the Middle and Upper Szigetkdz. Theswprobably the consequence of the
very high water level due to the water replenishimsyistem, and the lot of precipitation,
which changed the structure of reedbeds and lapdsta a non-optimal habitat for the
Sedge Warbler.
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Sedge Warbler

Frequency of
occurrence

Upper viddie Lower

Fig. 2. The frequency of occurrence of the SedgebWa (Acrocephalus schoenobaehirs the three study years
in three study areas in the Szigetkdz region.

Great Reed Warbler

Frequeny of
occurrence

UPPET Middle | o\ver

Fig. 3. The frequency of occurrence of the GreatdR@/arbler Acrocephalus arundinaceus the three study
years in three study areas in the Szigetkoz region.

The occurrence pattern of the Great Reed Warbtenali show any trend in 1994, but
it preferred the Upper Szigetkdz both in 1996 a@88L(Fig. 3). This result is in accordance
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with the observation of the Sedge Warbler, a closshted species, and connected with the
disappearance of reed and marshland habitats fhenmlower Szigetk6éz. In the Upper
Szigetkdz, the water replenishment system turnedfldodplain to a near optimal Great
Reed Warbler habitat, with a general dry landscajith, many deep water canals and water
courses with narrow elongated reedbeds.

The Coot, a nationally common and abundant spesés regionally rare in 1994,
when most water courses were totally, or partidfigd out (Fig. 4). It was absent from the
Lower Szigetkdz in the two surveys in 1996 and 1998bably as the consequence of high
and rapidly flowing waters, caused by the new watpienishment system. In the Middle
and Upper Szigetkdz, however, its frequency largatgreased after the water
replenishment and precipitation filled up the caarad branch systems.

We demonstrated that changes of the water reginukifien the distribution pattern of
four wetland species in a species-specific way.sThny human disturbance is a potential
threat to wildlife. Because river valleys are impot habitats and movement corridors for
many valuable species (Galkt al. 1995), canalisation, dam construction and other
disturbances should be avoided.

Coot

Frequency of
occurrence

Fig. 4. The frequency of occurrence of the Céatlica atra) in the three study years in three study areaken
Szigetkdz region.

1.1.4. SUMMARY

We investigated the changes of occurrence frequehéyur wetland bird species in
the Upper, Middle and Lower Szigetkoz areas, whieeewater regime differed due to the
construction of a bypass canal for a hydroelegidwer-station. The four species showed
habitat selection-specific responses to the enmiatal changes.
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1.2. VEGETATION DESCRIPTION OF REPRESENTATIVE
HABITAT COMPLEXES ALONG THE MAROS (MURES)
RIVER |. THE UPPER SECTION (VASLAB/VOSLOBENI)

Margoczi, K, Dragulescu, C. and Macalik, K.

1.2.1. Introduction

East and Central European rivers and related habfilmy an important role in
maintaining the biological diversity of the biogeaghical regions, not only because of
their corridor function, but being rich core ared®cological networks (Gallét al. 1995,
IUCN 1995). European policy toward flood controllising revised, and provides major
opportunities toward nature development or resmmaiPEBLDS, 1996). Detailed
identification and description of still existingtnaal or semi natural habitat complexes is
necessary to planning conservation strategies,estoration programs of deteriorated
riverine habitats.

The Maros River with its 768 km length is the mimsportant tributary of the Tisza
River. It csosses several relief features with waplithological structures and its valley
include several various habitat complexes with ficha, fauna and diverse vegetation.
This study is the first piece of a series dealinghvthe most important natural habitat
complexes representing the whole river valley.

Since 1991 Hungarian and Rumanian non-governmemtgnizations has started
interdisciplinary research to assess the commoer’'sivenvironmental condition (Hamar
and Sarkany-Kiss, 1995). On the base of this pésearch representative, and highly
natural areas has been selected for more detadieshtific investigations. This paper
describes the riverine vegetation of the Giurgeyef@ydi) basin related to the upper
segment of Maros River.

Dragulescu (1995) presents an enumeration of tma find vegetation of Mures river
valley. He refers 1846 taxa of plants, 174 plasbamtions, and points out, that the Maros
valley is now moderately degraded by human activitlye rate of degradation increases
from the springs to the river mouth. The peat bagd swamps on the upper river section
(in the Giurgeu (Gyergydi) basin) must be proteced preserved by all means for their
floristic,-phytocoenologic and landscape values.

1.2.2. Geographical features of the study area

The spring of the river is at 856 m above sea |etf&n the river steps in a large,
poorly drained quaternary subsidence zone, suremlibg a mountain area built of silicate
metamorphic rocks on the right valley slope, aaltanic, andesitic rocks on the left slope
(Jakab, 1995). A considerable part of the actieedl plain is covered by a thick organic
matter layer, partly transformed into peat or pestyl. Their existence is due to a
permanent water supply from several left side mauanstream affluents, that maintain a
high groundwater level (Jakab, 1995).
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1.2.3. Materials and Methods

The study area is situated south from Vaslab (Mmsig village. The Maros is narrow
and shallow here, at 12 km from its spring. Sonfeeosmall streams flows through an
(about 6 k) highly natural area, with two peat bog patchesraps, mown meadows and
pastures. The lower edge of the mountain spru@sfas the border of the riverine habitat.

Cenological relevés were made in representativedstaf the seven main habitat
types. The percent cover of each plant species remded in 5x5 m quadrates, altogether
31 such relevés were evaluated and analysed bygiggincomponent analysis (SynTax
program package by Podani, 1993). The nomenclaané identification of plant
associations are according to Borhidi and SantaqjLland Sandat al (1980).

The spatial pattern of habitats were sampled by twansects, 3 km long each,
running from the river bank to the foot of the mtin. Along this transect the border of
different plant associations were recorded.

Table 1. Spatial arrangement of plant associatmsg the first transect running from the Maroshte foot of the
mountain.

Zone Plant associations width (m})  Distance fromMlagos (m)

Maros River 0
Wetland Salicetum albae - fragilis 5 5
Wetland Carici flavae - Eriophoretum 100 105
Meadow Agrostio-Deschampsietum caespitosae 120 225
Wetland Scirpetum sylvatici 20 245
Wetland Caricetum rostratae 100 345
Wetland Molinietum (Trollius europaeus facies) 60 405
Wetland Salicetum cinereae - Sphagnaetum 90 495
Wetland Carici rostratae - Sphagnaetum (Picea excelsa) 30 525
Wetland Piceaetum x Betuletum x Phragmiteteum 90 615
Wetland Caricetum paniculatae (Picea excelsa) 60 675
Wetland Molinietum (Picea excelsa) 100 775
Wetland Betulo pubescenti - Sphagnetum 40 815
Wetland Alnetum incanae 20 835
Wetland Filipendulo-Geranietum palustris 30 865
Meadow Succiso - Molinietum 440 1305
Meadow Alnetum incanae -spiraeaetosum salicifoliae 3 1308
Meadow Molinietum coeruleae deschampsietosum 680 1988
Meadow Agrostio - Deschampsietum festucetosum rubrae 350 2338
Meadow Juncetum conglomerati - effusii 300 2638
Meadow Juncetum X Eriophoretum 60 2698
Transitional [ Nardo - Festucetum rubrae 40 2738
Transitional [ Juncetum conglomerati - effusii 60 2798
Transitional [ Nardo - Festucetum rubrae 30 2828
Transitional [ Juncetum conglomerati - effusii 50 2878
Transitional | Nardo - Festucetum rubrae 70 2948
Dry pasture | Agrostio - Deschampsietum festucetosum rubrae 50 2998
Dry pasture | Agrostio-Festucetum rubrae 300 3298
Forest Vaccinio - Piceaetum ~
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1.2.4. Results
1.2.4.1. Characterisation of main habitat types

1.2.4.1.1. Peat bog (Carici stellulatae (echinatae)-Sphagme@arici rostratae -
Sphagnetum, and Carici flavae-Eriophoretum)

There are two, about 60 m diameter peat bog patmhéise area. In the central part of
the bog the peat moss layer is thick under thesspspruce tree stand. The percent cover of
the peat mosgSphagnum recurvum, Sph. teres, Sph. platyphylisim)-80%. The habitat
is very patchy, the recorded three plant associgstiorm a rather small scale mosaic. In
Carici stellulatae (echinatae)-Sphagnetuamd Carici rostratae - Sphagnetuassociation
the dominant species is tigarex rostrata.Other typical species with 5-10% cover are
Betula pendula, Betula pubescens, Ligularia sibiridDrosera rotundifolia, Selinum
carvifolia, Valeriana simplicifoliaHere occures the rafedicularis sceptrum-carolinum.
The central sparse spruce stand is surrounde3hliy cinereaandAlnus incanashrub. The
Carici flavae-Eriophoretunassociation has similar species composition, baitditiminant
species i€riophorum latifolium.

1.2.4.1.2. Sedge meadow (Caricetum rostratae)

The stand is dominated b@arex species. Occurrence of trees and shridetula
pubescens, Salix cinerea, Salix pentandsadypical, sometimes only on the grass layer.
The following Molinion and Caricion species belongs to this habithigularia sibirica,
Polygonum bistorta, Trollius europaeus, Parnassialuptris, Eriophorum latifolium,
Cirsium rivulare. The moss layer is rictgphagnumspecies occurs as welolemonium
coeruleum populatios a particular natural value of the habifatipendula ulmaria,and
Geranium palustreare common with the next habitat.

1.2.4.1.3. Flowery mire (Filipendulo-Geranietum palustris)

Not very species rich (17-20 species on 5x5 m),vauy nice colourful association
with colourful (yellow. red, white) flowers. Thegical name giving species dfdipendula
ulmaria, and Geranium palustre, Carex elatiborms big tussocksOther characteristic
species:Senecio palludosus, Lysimachia vulgaris, Lythrudicada, Selinum carvifolia.
Particular value iSpirea salicifolia

1.2.4.1.4. Rush meadow (Caricetum flavae juncosum subnodulosi

Juncus subnodulosus the dominant species. Several sedge speciesharacteristic
and codominant as welCérex flava, C. leporina, C. buxbaumii, C. panic€a,stellulata
(=echinata)).This stand is rich itMolinion element, such agrollius europaeus, Veratrum
album, Geum rivale, Filipendula ulmaria, Achilleatapmica, Gladiolus imbricatus,
Valeriana dioica, Serratula tinctoria, Succisa peasis, Selinum carvifolium.

1.2.4.1.5. Moor meadows (Molinietum coeruleae)

This grassland has a great extent in the studied, @heir stands are diverse and
species rich.Molinia coeruleais the dominant grass specie€jccisa pratensis, Carex
hartmanii, C. stellulata, C. panicea, C. flava, dus conglomeratus, Salix rosmarinifolia,
Potentilla erecta, Genista tinctoriare the most frequent and characteristic speciem@
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to higher grazing pressurAgrostis stolonifera, Deschampsia caespitoaad Nardus
stricta may overgrowMolinia coerulea. Several Molinion element occuresAchillea
ptarmica, Serratula tinctoria, Iris sibirica, Gladius imbricatus, Dianthus superbus,
Dactyloriza majalis, Gentiana pneumonanthe, Tralleuropaeus, Veratrum album.

1.2.4.1.6. Wet pasture (Agrostio - Deschampsietum caespitosae)

Perhaps grazing played important role in developitig grassland. The name giving
species are dominant, also abundant speciesPatentilla erecta, Genista tinctoria,
Ranunculus acrisseveralMolinion species survive the grazing pressu@arex flava,
Achillea ptarmica, Salix cinerea, S. pentandrar&marinifolia, Serratula tinctoriaThe
species of dryer mountain meadows occurs frequeBthtonica officinalis, Alchemilla
vulgaris, Briza media, Festuca rubra, Nardus saicthere are different transitional stands
to the direction ofAgrostio - Festucetum rubrae .
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Fig. 1. Principal coordinate analysis of the reteaécording to the floristic composition (usingclrd index).
The groups of points, representing the same adinsaare settled along a line running from wetaar® the
dryer places (see the arrow). Abbreviatio@arici stellulatae and rostratae-Sphagnety@sph) Caricetum
rostratae(Cr), Filipendulo-Geranietum palustri=G), Caricetum flavae juncosum subnodul@@3), Molinietum
coeruleag(Mc), Agrostio - Deschampsietum caespitofae), Agrostio - Festucetum rubrg@F).

1.2.4.1.7. Dry pasture (Agrostio - Festucetum rubrae)
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This is the most species rich habitat type, 35{8c®s are within 5x5 m. Very nice
mountain meadow with full of flowers. | occurs hétfoot of mountains, under spars spruce
stands and on hills, emerging from the moor meadome. Agrostis tenuisand Festuca
rubra are dominantsAchillea millefolium, Briza media, Centaurea phigygC. scabiosa,
Rhynanthus minor, Phleum pratense, Leontodon awlisrare also frequent and abundant.
Such species of the mesophyllous mountain meadosvrahoxanthum odoratum,
Cynosurus cristatus, Knautia arvensis, PimpinellaxiBaga, Gentianella lutescens,
Campanula patula, Helianthemum nummularium, Thypulsgoides, Anthyllis vulneraria,
Trifolium spp.belong to this habitat type.

1.2.4.2. Similarity analysis of habitat categories (Fig.1.)

The relevés are settled along a line from wetlaodByer habitats. Three main groups
are formed: (1) wetlands, characterised mainly laye&€ speciesCarici stellulatae and
rostratae-SphagnetunfCsph) Caricetum rostratae(Cr), and Filipendulo-Geranietum
palustris (FG) relevés belongs to this group, (2) meadowesnidating by purple moor-
grassMolinietum coeruleag¢Mc), and (3) dry pastur@grostio - Festucetum rubra@F).
Caricetum flavae juncosum subnoduld€§ld) association has in transitional position
between the wetland and meadow groupgrostio - Deschampsietum caespitog8e)
relevés are transitional as well between the meadwhdry pasture groups.

1.2.4.3. Spatial pattern of habitat categories

The distance of the centre of the two peat boghgstdrom the Maros river are 600
and 1000 m. The diameter of the wetland area iutaB00 m. Inside this area the
vegetation is very diverse, the identificated 14oagtions form a mosaic like pattern with
an average of 50 to 100 m patch diameter. In tbadow zone the patches are larger,
cover about 200 to 300 m sections along the tran€rdy theNardo-Festucetum rubrae
and Juncetum conglomerati-effupatches alternate by 30 to 50 m within this zonee T
meadow zone is the widest, 2200 and 1400 m alomygfilst and second transect
respectively. It is situated between the wetlartdhes and the foot of the mountains.

1.2.5. Discussion

The studied habitat complex is a special riverimeaa The Maros river is not
unambiguously the axis of the walley, but togethéth the other streams a fan shape
network develops. The streams provide a permanateérvsupply for developing of peat
bogs and related wetlands. The words bog, fen, nssaamp, mire indicates different types
of special wetlands and meadows, but the scierifissification and public name does not
meet unambiguosly. Classification of such wetlaisdpossible according to their origin,
morphology, structure, hidrology, nutrient contantl vegetation. Lajer (1996) suggested a
classification, regarding all of the above considiens. His 1.1.3. topogen, flood plain fen
category fits rather good to the studied habitatsre the water dinamic of the river drive
the development of the vegetation. Such type dfands are very rare in Hungary, for
most of them have been drained, and convertedagtirultural fields. This study shows
what kind of natural values have been lost becafideainage and river regulation.

The selected seven habitats represents well théewtabitat complex ranging from
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the peat bog to the dry pasture. The spatial paftevestigation and the multivariate
analysis of relevés correlates rather well. Thedhnabitat groups separated by principal
component analysis have different spatial locatssvell. The most possible background
factor of habitat group differences is the watenteat of the soil, which mainly depends on
the micro or meso relief differences.

The vegetation of studied area is very rich anerdi Most of the plant species are
natural, very few weeds and disturbance indicgteci®s occures in this area. The structure
and pattern of plant associations seems to bestumbed as well. The present human use
of the grasslands, that is moderate grazing andingywlo not endanger considerably the
natural values.

1.2.6. Summary

Habitat complexes along the river valleys are ingoar elements of ecological
networks. Preservation of remained riverine nathadlitats deserves special attention. The
aim of this study is identification and descriptiohrepresentative habitat complexes along
the most important tributary of the Tisza River.eTfirst selected area is in the Giurgeu
(Gyergyoi) basin. This paper gives cenological dpton of seven representative habitats
of this area, and reveal their spatial pattern fandect method. The several different
vegetation types can be grouped into three groapsrding to their floristic composition
and spatial arrangement as well: wetland greainly Carici stellulatae and rostratae-
Sphagnetum, Caricetum rostrafa€aricetum flavae  juncosum subnodujosind
Filipendulo-Geranietum palustris meadow zoneMolinietum coeruleaeand Agrostio -
Deschampsietum caespitoyazend dry pasturégrostio - Festucetum rubrae.

The vegetation of studied area is very rich an@rdi. The composition and pattern of
plant associations seems to be rather undistuitieslpresent human use of the grasslands,
that is moderate grazing and mowing, do not endacmgsiderably the natural values.
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1.3. HABITAT CORRELATES OF GROUND INVERTEBRATE
ASSEMBLAGES IN A FLOOD PLAIN LANDSCAPE
COMPLEX

Gallé, L., Gallé, R., Marké, B., Miko, I. and SankaKiss, A.

1.3.1. Introduction

The wide recognition of the significance and theedh of biodiversity has drawn the
attention to the study of ecological communitiesoth habitat and landscape level (cf. Tilman
1999). River valleys are regarded as agents im#intenance of biodiversity both as core areas
and stripe-like habitat complexes (,ecological iclmrs”), which promote the migration and
distribution of floral and faunal elements (Galtéaé 1995) and therefore they are important
elements of so called ecological networks or esofiddwicki et al 1996). Instead of slogans
and general description of the landscape typeshbyriters, however, detailed studies are
necessary to reveal real ecological structure amtkpses of river valleys.

This paper presents a part of a complex regiongkept on river Maros/Mures. The
aim of this research is to reveal the patternsnifhal and plant communities from very
small, within habitat scale (e.g. vegetation of matunds, distribution of ant individuals as
a function of the distance from the top compestonest) to a regional level (e.g.
distribution of different species and/or assemblgges along the whole river valley). Here
we present our first results on the ground invedtds (ants, ground and Staphilinid beetles
and spiders) at the middle, i.e. between habitateswithin one landscape (for the first
botanical results see Margoczi et al, this voluréle following questions are addressed:
(1) What is the composition of ground invertebnat&crofauna in different habitat types at
Upper-Maros valley? (2) How do different inverteierassemblages indicate the diversity
of habitat types within a landscape? (3) Which tadhattributes are correlated with the
composition of ground invertebrate assemblages?

1.3.2. Materials and methods

Field studies were carried out in the Gyergydi medeat upper Maros/Mures region. A
detailed sampling program was conducted in sevéitals® (1) peat-bogGarici stellulatae
(echinatae) — Sphagnetum, Carici rostratae — Spitagmand Carici fluvae — Eriophoretym
(2) wet meadowNlolinietum coeruleae (3) a drier peat-bod@aricetumrostratag; (4) wet bog-
meadow Caricetum rostratag (5) wet pastureAgrosti— Deschampsietum caespitosagb)
mooreland bushy forest and (7) drier meaddgrgsti— Festucetum rubrge

We employed pitfall traps to sample ground surfanenals. Traps were plastic jars
with 6 cm diameter, with ethylene glycol preservatiFifteen traps were used at each site,
which were arranged in a grid with at least 5 ntadise between the neighboring ones. The
sampling period lasted for nine days in July. Asadditional method, we carried out hand
sampling, too, but in the present paper we restigt evaluation to the data of pitfall
samples.

For the characterization of the habitats, we ug&dstores grouped in three groups (Table
1): habitat architecture (19 scores), vegetatipnppsition (155 scores) and soil (3 scores).
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Table 1. Habitat attributes for characterizatiostofdy plots

Group Attributes No of
categories
1. Habitat architecture 1.1. moisture degree 1
(19 scores) 1.2. total cover of higher plants, mosses andislebr 3
1.3. moss and debris thickness 1
1.4. vegetation cover at 0-5, 5-15, 15-30 ...0-200, >300 cm 8
1.5. maximum heights of plants 1
1.6. no of stones 1
1.7. no and condition of twigs on the ground 2
1.8. heighth and cover of moss mounds 2
2. Vegetation composition 2.1. coverage of higilant species 155
3. Sail 3.1. different soil parameters (pH, hardnegater content) 3

The community-level indication of habitat differexsc by the ground invertebrate
assemblages was assessed with principal coordanséysis (PCoA) and Bray-Curtis
distance function (sometimes referred to as Czekakio distance, Podani 1997,
Tothmérész 1993) between habitats computed on dbis lof different assemblages. The
external correlates of the studied assemblages wstablished with Spearman rank
correlation of the between-habitat Bray-Curtis &nily matrices of the invertebrate
assemblages and the habitat score groups. To aheidconsequences of the cross-
correlation of the composed statistical tables,em@loyed Bonferroni corrections of the
significance levels.

1.3.3. Results
1.3.3.1. Generalists and specialists

No absolute generalist ant was found, which occurre all habitats.Myrmica
scabrinodisNyl. and Lasius platythoraxSeifert were present in six out of seven habitats,
whereas several ants occurred exclusively at sitd=atmica rufibarbis F., Lasius
paralienusSeifert andviyrmica schenckem., however these species cannot be regarded as
specialist elsewhere, in this case rather the rahtfee surveyed sites was special. From the
spiders,Pardosa pullata(Clerck) was found at every site but one, whiled®aa palustris
(L.) and Trochosa spinipalpigPickard Cambridge F.) lived at sites 7 and lpeetvely.
The latter one is typical bog-specialist. The abtgolgeneralist beetle wabrusilla
canaliculata (F.) occurring at every site. Althougharpalus affinis (Bach.) and
Pterostichus nigeiSchall. were of more restricted distribution, inecand two habitats,
respectively, they cannot be regarded specialittere

1.3.3.2. Indication of habitat differences

On the basis of the community-level distances, wbgetation is the most sensitive
indicator of the site differences (Table 2). Grouraktles have high distance values, too.
Wolf spiders perform the lowest distance averagg,the great coefficient of variation
indicates a clustering tendency in habitat difféiegion. All values are higher than those of
the habitat attributes, but do not differ markefdbm the values of random references.
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Table 2. Average distance and their coefficienvafation between habitats on the basis of hahitaibutes,
vegetation and different ground invertebrates

Habitat Random | Vegetation Ants Wolf spidefls Ground
attributes reference beetles
Mean distance 0.60 0.75 0.88 0.76 0.68 0.86|
S.D./mean distance 0.36 0.21 0.24 0.25 0.47 0.1
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In the PCoA scattergrams of the beetles and thdespiFig. 1 and 2) , sites 1, 6 and 7
are well separated from the others. The spidemassges of sites 3 and 5 are very similar.
In the case of ants, the assemblages of the desrlpg and the moore bushforest are the
most similar (Fig. 3).

1.3.3.3. External correlates

On the level of habitat score groups and assembla@s and wolf spiders show
significant correlation with habitat architectusghereas the matrix of ground beetles is
well correlated with the species composition ofatagion (Table 3). Interestingly, only the
vegetation composition is correlated with the grofigoil properties. The significant rank
correlation between spiders and ants indicatesthieadssemblages of these two groups are
similar in differentiating of habitats. Although ehdirect product-moment and rank
correlation analyses between the soil properties e number of individuals of the
studied groups gave no significant coefficientgheeoefficient was positive between pH
and the density of the groups (ranked from 0.30.52) and negative between the water
content and density (ranked from -0.42 to -0.50).

1.3.4. Discussion

In addition to the difficulties of the ,habitat ambn-habitat” distinction (Bevers and
Flather 1999, Thomas and Kunin 1999), since thgeaif the habitats was rather extreme
in this study, the specialist-generalist charaaiérthe studied species could not be
established on the basis of their occurrence indifferent habitats. The only species,
which can be regarded as bog specialist is the spatferTrochosa spinipalpisOne could
expect that the generalists i.e. the species ,hwiie present in the majority of the studied
sites, are locally abundant, too (Hanski 1982, @a4999, Hartley 1998). Here we found
several species having very high density but stli to one or two habitats. The
explanation could be the very different charactérttee habitat within this complex
landscape, therefore the typical metapopulationrapthcommunity processes (cf. Hanski
1999) do not work. If the conditions are extreme, @an expect close correlation between
the habitat properties and the composition of thienal assemblages (cf. Gallé 1999). In
this case the presumably most critical habitat erigs, i.e. the pH and the water content of
the soil were not significantly correlated with teiidied properties of the assemblages
neither as whole group of soil characteristics amindividual scores. There are, however,
several published data on the effect of water regiand flooding on epigeic invertebrates,
including spiders, ants and beetles (e.g. Galléaletl983, Holopainen et al 1995,
Krumpalova 1999, Schlaghamersky 1999) and the wpiflers are not so sensitive for
some other, e.g. microclimatic conditions (Bayraxd auff 1993).

It is always a dilemma for arthropod community ecgidts, whether animal
assemblages should be classified on the basisaof ppmmunities of their habitats, or an
attempt of independent classification should beanathis study shows, that although there
was good correlation between ground beetles andctimposition of vegetation, the
assemblages of the other two groups are more atetklvith structural habitat properties
then plants. Successional studies showed uncodedinsteps between plant and insect
community dynamics (Gallé et al 1998), differentmeounity structures and patterns
(Marko 1998) and different sensitivity in the indimn of habitat heteromorphy (Ga#ééd
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1989) and the different types of community vari@pilmakes this picture even more
complicated (cf. Michelet al 1999). This latter study demonstrated that theetat@n is
the most ,coarse grained” community type in withabitat indication of spatial
heteromorphy. These conclusions are in concordaftbethe findings of the present paper
at higher, landscape level.

1.3.5. Summary

In a set of seven habitats ranging from peat boghyt grassland by the upper stream
of river Mures/Maros, the vegetation of the haBkitatas more different than the
assemblages of three studied invertebrate group@ng invertebrates, ground beetles are
the most sensitive indicators of habitat differexydbe average between-habitat distance of
wolf spiders' assemblages is the smallest, butgtieat variation coefficients indicate a
clustering tendency in their habitat differentiaticAnts perform a middle rank between-
habitat differences. Ants and wolf spiders are veslirelated with habitat architecture,
beetles show a significant correlation with speciesiposition of vegetation. There was a
positive community level relation between ants aodf spiders.
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1.4. LANDSCAPE CHANGES IN THE SZIGETKOZ REGION,
NW HUNGARY (PRELIMINARY RESULTS)

Szabd, M. and Molnéar, E.

1.4.1. Introduction

Covering almost 36.500 ha, the Szigetkoz is thgelsir semi-natural flood area in the
entire Danube Valley today. Its unique status d@rplahe outstanding importance of its
wetland habitats. Due to the region's particulaslagical, geomorphologic, climatic, and
hydrological and soil properties, great habitatedsity has developed, which in turn
supports a high biodiversity. This is reflected &tuin the large variety of landscape
mosaics, the plant communities, the high speciesrsity of communities and the unique
species composition. The community spectrum reflébe almost natural state of the
region, showing that it preserved its ecologicaleptal until the 1990s (Karpati-Karpéati,
1991; Simon et al., 1993). In addition to its infaot role in preserving biodiversity at
several organisational levels, as a wetland biotbpeSzigetkdz has also the potential of
buffering antropogenous loads, mostly that of wgjénw, phosphorous and toxic heavy
metals.

The Szigetkdz area has an exceptionally high eadbgnd landscape value even in
European scale. Together with the Slovak Zitny @st(Csall6kdz), it has been a
functioning, active floodplain containing a largeea of islands, side arms, natural and
planted forests, meadows and swamps, redbuds ahtkdand. In spite of previous human
activities, all these landscape mosaics (and habiteere still governed by the dominating
dynamics arising from periodic and episodic floadth associated fluctuating levels of
surface and groundwater. In particular, the acfisedplain kept its dynamic character
(Yon-Tendron, 1981).

Law protects sites of highest natural value sin®871as a part of the Szigetkdz
Landscape Protection Area. The idea of establishifmjnt Austrian-Hungarian-Slovakian
National Park in the region has also turned upadlye

1.4.2. The main goal of the study

The alluvial territories have become as targetsantific studies because of the
following reasons:

changes in soil moisture regime could cause strarftuences in landscape
development and landscape maintenance

any modification in natural water regime would ferthe agricultural and forestry
practice and the nutrient balance of the soil

wetlands are very sensitive for changing watermegof soils, as one of the most
important ecological factor

As the major part of the Danube’s water was divkieo the service canal in October
1992, the river's water level and the depth of gibwvater table in its environs dropped
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remarkably thereafter. Consequently, the Danube bmmdme exposed over large areas,
while its tributaries and oxbow lakes dried up lyadr completely. Changes of these

environmental factors for the temporal and spatiahsformation of natural vegetation

types started to study in 1993. Because of thet $&ion monitoring, our result can be seem
as preliminary ones.

1.4.3. Results
1.4.3.1. Natural site conditions and their changes

1.4.3.1.1. Soils

Soils are a key element of the natural environraewtare of fundamental importance
to natural ecosystems and agriculture. The natndefertility of the soil is dependent on
many factors, but in the Szigetkdz, the water regoh the surface layers is perhaps the
most fundamental. The groundwater level plays goomant role in this regime. Changes
in groundwater level or character will impact orethoil and on all those elements
dependent on it. The groundwater of the Szigetkaizehdirect connection with the Danube.
The Danube flows are the predominant source of rgteater recharge and control
groundwater levels throughout the region.

The soils of the Szigetk6z have developed fromvalumaterial under the influence
of climate, vegetation and groundwater conditioviarallyay, 1992). Groundwater levels
thus determine long-term soil formation and alsdenan important contribution to the soil
moisture regime and hence to the water balancéefatea. This contribution depends
critically on the depth of the water table withpest to the interface between fine-grained
topsoil and the underlying gravel alluvium. Whehe twater, table is located within the
topsoil, capillary effects supply the root zonenfraghe groundwater for plant use. This
subsurface input is essential to support currenicalgural production and natural
vegetation and also plays a key role in reducinpenability to drought. The seasonal
responses of the Danube result in high flows (amttlé high water table conditions) during
the late spring and summer, when plant water requénts are the greatest. If the water
table falls below this interface, this subsurfacer supply is effectively lost. The nature
and fertility of the soil is dependent on many ¢ast but in the Szigetkdz, the water regime
of the surface layers is perhaps the most fundaahefihe groundwater level plays an
important role in this regime. Changes in grounéwégvel or character will impact on the
soil and on all those elements dependent on it. Jroendwater of the Szigetkéz has a
direct connection with the Danube. The Danube flaws the predominant source of
groundwater recharge and control groundwater ledetgighout the region.

Apart from direct effects on soil water, the watable location is also critically
important for soil chemistry, and thus to soil sture and fertility. The soils have a high
natural calcium carbonate content, due to theuvall origin. This is mobilised by plant
activity and gradually leached to the base of et zone: groundwater are also high in
carbonates, and hence carbonate-rich water is degwoy capillary action, as discussed
above.

For the various impacts on the soil depending @ir tlocation in the Szigetkdz will
disturb the natural profile chemical equilibrium. lAwered water table will induce
additional leaching; a higher water table, addalorupwards transport. Increased
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evaporation (of pure water) from a near-surfaceewaable will concentrate salts and
carbonates in the upper part of the soil structwith adverse effects on plant growth and
soil structure.

Carbonate accumulation is of particular concerrthiose areas where the frequent
fluctuation of water table levels would be expectee to peak power operation. If the
water table lies close to the top-soil alluviunenfiace, the frequent upwards movement of
carbonate-rich groundwater into the topsoil would bxpected to cause carbonate
precipitation to form an impervious hard pan.

1.4.3.1.2. Agriculture

Intensive agricultural production is carried outlie Szigetkdz region. The crop yield
of wheat, corn, sunflower, and alfalfa, major crémsHungary is normally about 15-20%
higher in the Kisalfold, including Szigetkdz, thaationally, and often of higher quality. In
the areas near the reservoir, where the groundueater would have been extremely high,
shallow rooting crops were to be grown because trdytop layer of the soil would have
been suitable. In the areas where the groundwetet Would have decreased substantially,
replacement, deeper rooting crops were to be growtrese would either have been
extremely dependent on precipitation, in which c#se security of yield would have
significantly decreased on irrigation. Only 8-13% tbhe farmland in the Szigetkoz is
currently irrigated. Irrigation not only would beostly, but it has a range of potential
disadvantages including adverse effects on saitsire.

1.4.3.1.3. Natural landscape and vegetation

From the beginning of this century the areafofest stands has continuously
decreased on sites protected from floods, whilsdgha the active floodplain have partly
survived. In the 1960's, forests covered 9.000 mahe Szigetkdz. Within this, the
proportion of poplar plantations has gradually éased and in the 1990's reached
approximately 80% of the forested area. The remgiri0% occupied by semi-natural
forests -willow thickets, willow woodsnd poplar woodsare particularly attractive and
species-rich. At some places (e.g. in the envimnthe Middle-Szigetkdz) stands have a
definite pristine character with original foresbta and represent the highest natural value
of the region and probably of the entire DanubdeyalAlthough weed species dominate in
poplar plantations, some remnants of the origitalaf still occur. The bird and insect
faunas are also rich in these plantations. The ins@dall in the groundwater table can
destroy these vegetation type and landscape watfenv years.

Formerly hardwood forestgoak-ash-elm gallery forests) played important rote
higher-lying flood areas. Only few fragments ofsaa@emained on the active floodplain,
but several stands can be found in an almost Hastege on the protected side of the
Danube and along the Mosoni Danube. The speciepasition of these hardwood forests
showed only 10% degradation since 1930.

On higher terrainoak woodsand on several sand ridgéwest-steppe oak woods
grow as relicts of former warm climatic periods amwhtain several thermophilic drought-
resistant species. The expansion of these forestspiected in the future as a consequence
of the groundwater table fall.

The mostly aquatic habitats of the Szigetk6z suppodiversewetland vegetation
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and landscape. Numerous protected and relict spéeid in these communitiefquatic
pondweed communities, wet meadows and hayfiatds very various in this area.
Traditional management practised throughout the gesades saved these wet meadows.
The process of the habitat desiccation, the dismapee of the most susceptible relict or
protected species, and the invasion of weeds Hexady started.

Only small fragments of the natural sadrgt grasslandshave survived the agriculture
occupation in the Szigetk6z. Thermophilic steppecis inhabiting these grasslands
contribute to the high floristic diversity of thigea.

The natural landscape types (characterized by tlwitinant vegetation types) were
aggregated into six groups according to similasifie their ecological characteristics. The
groups are as follows:

Distribution of natural habitats in the Szigetkéz

Habitat and vegetation type Size of territory (ha)
(before 1992)

1.Flooded forests and aquatic-marsh herbaceousategein the active floodplain 6.500

2. Oak-ash-elm gallery forests (hardwoods) in tttesa floodplain 200

3. Oak-ash-elm gallery forests (hardwoods) in tidefloodplain 1.500

4. Aquatic habitats and wetlands in the active @lddloodplain 2.800

5. Wet meadows and hayfields 2.600

6. Dry forests and grasslands 1.100

Summa 14.700

*Active floodplain — the section of the originalundated area. Floods, corresponding
groundwater-table fluctuations are responsiblaHerexistence of wetlands.

** Old floodplains (protected side of the floodpiyi— it originate from natural
floodplain but luck the determining factor. Thelugnce of a fluctuating groundwater-
table, which corresponds to the water level ofrilier, although reduced, is the only one
remaining.

Beside the above-mentioned landscape elementsulfigral areas and settlements are
characteristics as landscape units.

Szigetkdz, till the 1990s was unique with respextall ecological and nature
conservation features. As a consequence of thesitive the river water level as well as the
ground water decreased, resulting the drying-outhefriverbanks side arms and oxbow
lakes. Due to the past dramatic human impact,eplcement of floodplain vegetation and
landscape mosaics by vegetation and landscapeead#aptdrier soils was an acceptable
consequence of significantly lower water dischaigdhe Danube.

The expansion of weed communities due to the dsitrgaground-water table still
indicates the degradation of the natural valueef3zigetk6z. An extensive weed invasion
occurred in the exposed Danube bed, bans and obed@bottoms (Simon-Szah6, 1995).

The substantial drop in the groundwater level wittvitably result in the death of
these communities and the floodplain landscape t ldbset meadows and hayfields have
dried out or are currently drying out. Their trEmmmation into arid, weedy grasslands has
already started and their economic and biologiehleris negligible.

The colonization of the newly created biotopeststhright after the river diversion.
Rapidly invading weeds and seedlings of poplarwaitidw species were the first plants to
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become established here. Our studies in the ammaeshthat secondary succession has
started very quickly and soon has advanced to thgesof typical willow thickets, where
various willow species dominate.

1.4.3.1.4. Cultivated forest stands

The forest plays an important role in the ecosystemhe Szigetkdz, the alluvial
forests, primarily poplars, are of great direct remmic value, as compared with other
indigenous species such as ash, elm, and oak. arb& constitutes one of the most
important raw material resources for cellulose puaihn. Changes in the groundwater
table and water regime negatively influence thewginoand yield of these forests.
Specifically, these changes would have threatehedsoftwood riparian forests of poplar
and willow present in those areas. Although spexesiring less water could have been
planted, their biomass production and annual yieldsld have been much less than that of
poplars. It has been suggested that new, slowhyiggpforests would not have been able to
be harvested for 60-120 years.

1.4.4. Summary

The Szigetk6z and its environs comprise the younge#l developing part of the
Danube’s vast alluvial fan, where alluvial deposit® the exclusive sources of soil
formation. In addition to the highly diverse geoptawlogy and soil properties, the regular
yearly inundation is the most important ecologifzaitor responsible for the development
and long-term survival of the region’s natural v@gjen. Along with the frequency of
floods and the depth of ground water table, otbémpsoperties also play an important role.

In Hungary, the Szigetktz region is one of the nvastiable territories from the point
of view of landscape, nature conservation, as aghlgriculture. Soils have a unique role in
preserving the natural and semi-natural state @fldahdscape and they are very important
determining factors of crop production. In thisarthe particular groundwater conditions
and associated soil moisture regimes have beemeantning influence on soil and hence
landscape development. In addition, the naturakmweggime, which provided a natural
sub-irrigation for much of the area, was an esakffitictor in maintaining the natural
ecosystems, as well as in enhancing agricultuiadygtivity and reducing susceptibility to
drought.

The rapid and substantial drop in the groundwageell was accompanied by a
significant loss in soil moisture. The influence ibfwas very various from the natural
landscape mosaics and the natural vegetation tpoést of view. Aquatic habitats,
wetlands, wet meadows, hayfields and softwood feri@sthe lower floodplain has already
started to drying out and as a consequence ofeitdégree of degradation of these
vegetation types are rather high. The transformatibthese valuable natural landscape
mosaics into arid, weedy grasslands, forest stamdseed communities seem to be an
irreversible process.

At the same time the expansion of dry forests aadgjands are expected in the near
future as a consequence of the groundwater talble fa
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1.5. DIVERSITY PATTERN AND HABITAT CHARACTERISTICS
OF FEMALE TABANID FLIES IN A WETLAND AREA OF
DRAVA RIVER

Majer, J. M.

1.5.1. Introduction.

Female Tabanidae are known as important pestsesdttick and humans, and vectors
of several diseases of man and the animals. Stedid#®eir biology have focused on the
host seeking and blood feeding behaviours and thgsiplogical ages of females
populations. The effect on the distribution of Taida investigated some European and
American specialists (i.e. Auroi and Graf, 1982r@iu1986, Pollet, 1991, Roberts, 1971,
Strickman and haga, 1986). Species of the familyahalae often are frequent member of
semiaquatic and wetland environments.

The purpose of this study was to derive a genedlislationship between the basic
characteristics of deer fly habitats and the sppt#terns of species diversity, richness, and
evenness in the assessment of riverine wetlandisear relationship found between some
environment characteristics and the pattern ofrditse richness and evenness in deer fly
(Diptera: Tabanidae) communities. The results ekstigations show that diversity was
highest in moisture substrates and in better bathrghysical conditions. Richness was
highest in moisture substrates, better balancedipdlyconditions and frequency of inun-
dation. The best evenness was found in moisturstiibs and in better balanced physical
conditions (physical stability) abundance of vetietaand presence of standing water.

Among the chosen 12 habitat characteristics 4-tésof them closely related) could
be the primary causes of the presence and patt@rabanids in a wetland habitat of Drava
river. Some effect of these environment factorsTafanids have already bee n inves-
tigated separately but not all to gather. Thisdaths that these community parameters are
important and they could be primary causes of #teems found in this work.

1.5.2. Material and methods.

Tabanidae were captured with red coloured Malaigpst Trap operation generally
corresponded to photoperiod. Collecting operatistessted about sunrise and ended at
sunset. The daily trapping period was about 14 sper day until late July were operated
for a 14 h period each day,. 2435 specimen of cidte deer flies were stored and
determined. 31 species were captured in 21 calectays. From the study of literature and
our observations, we postulate that there are X2chzharacteristic of most tabanid’s
habitats and that these characteristics are immoitaregulating species diversity and
abundance patterns. Lack of the quantitative dhtaasiables were scored in qualitative
manner. We postulated that there are 12 basic deaigtics of all tabanid habitats and
these characteristics are important in regulatperies diversity and abundance patterns.

The variation in species diversity (H') was printaraccounted for by frequency of
inundation (31,60%), physical stability (includespeéndent variables of climatic measured
factors) (11,40%), and the presence of sand (7,1@%)variation in species richness was
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primarily accounted for by the type of vegetati@®,00%), the abundance of vegetation
(32,16%), the presence of running water (4,00%)ssate moisture (41,84%), lotic habitat
(5,4%), presence of a shore (18,0%), presenceawmidstg water (9,8%) abundance of
vegetation (7,2%), and frequency of inundation ¥&),7

The 12 characteristics of tabanid habitats us#aisrstudy and the method of scoring are:

* inundation (1 = few during year, 2 = numerous dyiear);

* physical stability, persistence (1 = unstable,cderately unstable, 3 = stable);

« and the presence of sand (0 = no, 1 = yes);

e the variation in species richness was primarilyoacted for by the type of
vegetation . vegetation type (0 = none, 1 = flagtid = emergent and floating, 3 =
emergent, 4 = emergent and terrestrial, 5 = tefatist

« the abundance of vegetation, (0 = no vegetation, sparse, 2 = abundant in late
summer, 3 = abundant in all summer);

» the presence of running water (0 = no, 1 = yes);

* substrate moisture (0 = shallow water, 1 = wet sabisto shallow water, 2 = wet
substrate; 3 = moist to wet substrate, 4 = moisssate)

* lotic habitat (0 = no, 1 = yes);

* presence of a shore (0 = no, 1 = yes);

« presence of standing water (0 = no, 1 = yes);

» abundance of vegetation (0 = no vegetation, 1 =sgpa2 = abundant in late
summer, 3 = abundant in all summer);

 and frequency of inundation inundation (1 = fewidgryear, 2 = numerous during

year); and 12 = physical stability or persistente=( unstable, 2 = moderately
unstable, 3 = stable);

Tabanidae were trapped with 6 Malaise traps sinhlahe design of Townes (1962),
except they were red coloured, the original trapsewwhite. The study wetland areas
situated along the Drava river and at the Borosy®cxbow (1815’05’ East and 4%.8'34’
North). Trap operation generally corresponded tot@beriod. Trapping operations started
about sunrise and ended at sunset. The daily tigppériod was about 14 hours per day
until late July were operated for a 14 h periodheday. During the trapping period,
collecting cages were removed at 1 — hour interaal$ replaced with empty cages. 2435
specimen of collected flies were stored and detsechi 31 species were captured in 21
collection days. The Shannon — Wiener diversityeindH’) and evenness (J') was
calculated. The rationale and permissibility ofngsihese indices in this type of study have
been discussed by Scheiring (1974) and Scheiridgbsonier (1979). The linear multiple
regression model (Harris, 1975) is a useful teammidor determining the effect and
importance of several independent variables omglesidependent variable. A step — wise
multiple regression adds one independent variabla &me, choosing to include that
independent variable which has the highest pactialelation with the dependent variable
at that point in the analysis. This model is ddsatiby the equation:

Y =hy+ bXy + BpXo+. L+ + BX,

(Y = dependent variable, b = intercept, X = indegmnt variable, p= interceptof X,
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(X, = first independent variable)).

The NuCoSA (Téthmérész, 1995), and own made PCramnog were run using
diversity, richness, and evenness as the dependanables and the 12 habitats
characteristics as the independent variables. Baalysis was run until all independent
variables had been included, only those includedouthe point where the standard error
(S. E.) of the estimated Y was minimum were correid¢o be significant.

1.5.3. Results and discussion
1.5.3.1. Diversity Patterns

The result of the step — wise multiple regressisimgi diversity (H’) as the dependent
variable and the 12 habitat characteristics asnthependent variables are give in Table 1.
The substrate moisture seems to be the most immididator affecting diversity in this
study and accounts for 41,84% of the observed tianiaf H'. The other more important
factors in this research area vegetation type #&ydipal stability. These variables together
take the 88,24 % variation in H'.

Substrate moisture, vegetation type and physiailgy are positively related to
diversity. We do not have facilities to measuringwand velocity yet. Probably it is
negatively related to H'. The substrate moisturé e vegetation allows presence highest
species diversity of deer flies.

Both substrate moisture and physical stability sigmificantly correlated (r = 0,696,
p< 0,01; r = 0,486, p< 0,05) with deer fly abundanc

Table 1. result of multiple regression using diitgréH’) as the dependent variable and 12 habitatratieristics
as independent variables.

Independent variable % variation of H* | °R [ R’
Significant variables

+ Substrate moisture 41,84 0,853 0,792
+ Vegetation type 35,00 0,593 0,321
+ Physical stability 11,40 0,884 0,654
Non significant variables 11,76 0,998 0,999

R?= multiple correlation coefficien®? = variation of H’ accounted for by all independeatiables entered at this
point.

1.5.3.2. Richness Patterns

The result of the step — wise multiple regressisma species richness (s) as the
dependent variable and the 12 habitat charactezias the independent variables are give
in Table 2. The substrate moisture seems to bentdst important factor affecting diversity
in this study and accounts for 41,84% of the oleervariation of s. The other more
important factors in this research area physiaibty and frequency of inundation. These
variables together take the 84,84 % variation in s.

Substrate moisture, physical stability and freqyen€ inundation are positively
related to species richness. We do not have fasilib measuring of wind velocity yet.
Probably it is negatively related to s. The sultetraoisture and the physical stability allow
more species of deer flies.
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Both substrate moisture and physical stability sigmificantly correlated (r = 0,673,
p< 0,01; r = 0,557, p< 0,05) with deer fly abundanc

Table 2. result of multiple regression using spediehness (s) as the dependent variable and 1Rahab
characteristics as independent variables.

Independent variable % variation of H* | R [ R?
Significant variables

+ Substrate moisture 41,84 0,571 0,528
+ Physical stability 11,40 0,813 0,511
+ Frequency of inundation 31,60 0,901 0,716
Non significant variables 15,16 0,998 0,998

R?= multiple correlation coefficienR?= variation of s accounted for by all independemtiables entered at this
point.

1.5.3.3. Evenness Patterns

The result of the step — wise multiple regressisimg diversity (J') as the dependent
variable and the 12 habitat characteristics asnthependent variables are give in Table 3.
The substrate moisture seems to be the most inmididator affecting diversity in this
study and accounts for 41,84% of the observed tiamiaof J'. The other more important
factors in this research area abundance of vegeiathysical stability and presence of
standing water. These variables together take @t@4 %6 variation in J’ only.

Substrate moisture, abundance of vegetation, plilysitability and presence of
standing water are positively related to diversitiie substrate moisture and the vegetation
type allows presence highest species diversityeef dlies.

Table 3. result of multiple regression using diitgr§)) as the dependent variable and 12 habitatacteristics as
independent variables.

Independent variable % variation of H* | R R?
Significant variables

Substrate moisture 41,84 0,701 0,792
Abundance of vegetation 7,00 0,619 0,321
Physical stability 11,40 0,864 0,676
Presence of standing water 9,80 0,892 0,824
Non significant variables 29,96 0,999 0,998

R*= multiple correlation coefficienR* = variation of J accounted for by all independemtiables entered at this
point.

1.5.3.4. Habitat Characteristics an Community Patterns

The results of this work verify that a linear r&aship exists between some
environment characteristics and the pattern ofrditse richness and evenness in deer fly
(Diptera: Tabanidae) communities. The results ekstigations show that diversity was
highest in moisture substrates and in better bathmghysical conditions. Richness was
highest in moisture substrates, better balancedigddyconditions and frequency of inun-
dation. The best evenness was found in moisturstiibs and in better balanced physical
conditions (physical stability) abundance of vetietaand presence of standing water.

Among the chosen 12 habitat characteristics 4-tésof them closely related) could
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be the primary causes of the presence and patt@rabanids in a wetland habitat of Drava

river. Some effect of these environment factor§ abanids have already bee n investigated
separately but not all to gather. This indicateat tthese community parameters are
important and the could be primary causes of thiepe found in this work.

1.5.4. Summary

The composition of deer fly (Diptera: Tabanidaemaaunities is reported from
wetland habitats of Drava river in Baranya Counfgbanidae were captured with red
coloured Malaise traps. 2435 female specimen déctald deer flies were determined. 31
species were captured in 21 collection days. A geised relationship between the basic
characteristics of deer fly habitats and the spptiterns of the habitat’s species diversity
(H"), species richness (s) and evenness (J) wasedeunsing linear step-wise multiple
regression. We postulated that there are 12 basiacteristics of all tabanid habitats and
these characteristics are important in regulatperies diversity and abundance patterns.

The results of this investigation of indicate timat at all evolutionary responses of
deer flies to the environment need to be fine tungdcan at times be rather generalised.
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1.6. CHANGES OF THE MOLLUSCS COMMUNITY IN FLOOD
AREA DURING SUCCESSION

Sarkany-Kiss, A.

1.6.1. Introduction

The aquatic habitats of the inundation areas ofrsivgo through different
developmental stages during their evolution in findele to mineral and biological
colmatation. These stages are: lateral branchew (flaters), dead branches, inundable
pools, marshy lands and wetlands with semistattemsaSpring and autumn floods play an
essential role in the formation of these typesaifitat. Freshets in the superior and middle
sectors of rivers may give rise to anyone of thst fihree habitats mentioned above, and
their future evolution will follow the enumeratetegs. This succession of types of habitats
is followed by a succession of aquatic mollusc camities (Sarkany 1977, 1983). These
findings were made in the river meadow of the Mwakthe time when this was still in a
nearly natural state. In order to demonstrateriipoirtance of the inundable meadow in the
preservation of biodiversity and of the river aseagological system, we set forth the above
mentioned idea, supporting it by new data that @emrfrom a series of research
experiments performed on the Some?, Cri°, Olt, Bgdivers and on their affluents.

1.6.2. Material and method

From the investigated habitats of the inundableasref the Murg Olt, Bodrog,
Latorca and Laborec rivers 85 natural habitats wsalected and classified as follows
(codifications correspond to those in Table 1):

I. Lateral branches with flow waters

A. lateral branches with stony bottom and withoegetation
B. lateral branches with silty bottom and with aipigegetation
II. Dead branches
A. dead branches without aquatic vegetation, wittvgl or with rough sand on the
bottom
B. dead branches with aquatic vegetation and iithisottom
[ll. Inundable pools
A. inundable pools without aquatic vegetation, wgtavel or rough sand on the
bottom
B. inundable pools with aquatic vegetation and sitty bottom
IV. Wetlands with semistatic waters
A. without a specific aquatic vegetation
B. with aquatic vegetation

The c¢% values in Table 1. indicate in what extemp(essed in percentage) the
species is characteristic for the respective typéabitat. Bellow the mark "c%" the
number of investigated habitats belonging to theesponding subtype was taken down.
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1.6.3. Results and discussion

Examining the results shown in Table 1. one cad firat the most euritope species is
Radix auricularig which occupies very quickly the newly formed aipihabitats, being in
most of the cases the pioneer species, and pegsistitil the evolution of these habitats to
an advanced degree of eutrophication. The spdtaehx peregrais very similar, but it
disappears from the strongly eutrophicated habiEaten in these highly euriece species an
optimal preference can be noticed, according td¢h&alues. The presence of species in the
different subtypes of habitats, with or without atici vegetation (marked with "A" and "B" in
the table), indicates their preference towardsctimgracter of the habitat. Accordingly, the
species Viviparus contectus, V. acerosus, Bithigaahi, B. tentaculata, Acroloxilscustris,
Lymnaea stagnaliand many other live only in habitats that havih vegetation.

Table 1. The mollusc communities of the differeabitat types

Habitat typs I 1. Ml V.
Lateral branches| Dead branches| Inundable pools| semistatic waters

Habitat subtype A B A B A B A B

Number of studied h. subtyps 7) (14 3 (18) (11) (18) 7 )

c% c% c% c% c% c% c% c%

Species

Viviparus contectus 16

Viviparus acerosus 16

Lithoglyphus naticoides 5

Bithynia leachi 5

Bithinia tentaculata 11

Acroloxus lacustris 38 11

Physa fontinalis 5 5

Physa acuta 5 17

Aplexa hypnorum 11 14 28

Lymnaea stagnalis 50 17 14

Stagnicola palustris 22 9 41 57 42

Radix auricularia 57 50 66 38 27 29 14 14

Radix peregra 28 14 33 16 45 17

Galba truncatula 14 50 33 27 23 28

Planorbarius corneus 7 72 52 14 42

Planorbis planorbis 27 a7 14 57

Gyraulus albus 27 9 11 14

Anisus spirorbis 33 11 14 28

Anisus vorticulus 5

Bathyomphalus contortus 5 5

Armiger crista 5

Hippeutis complanatus 16 5

Ancylus fluviatilis 14 5

Ferrissia wautieri 5

Unio pictorum 14 7 38

Unio tumidus 14 22

Unio crassus 14 33

Anodonta cygnaea 14 50 29

Anodonta anatina 14

Anodonta woodiana 7 5

Sphaerium corneum 5

Spphaerium lacustris 11 11
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The sequence used by us in the enumeration of/iees tof habitat corresponds to the
natural one, i.e. to their succession in time his brder, one can observe an increase of the
number of species to the dead branches with vetgetabut afterwards their number
decreases towards the inundable pools and seristaiers. The dead branches still
conserve some species that usually live in ther bes, but they also host a series of
species which prefers still waters. This suppdrésfact that the succession of habitats is
followed by an adequat succession of the mollusgufations. This succession can be
revealed even better if we examine separately abédts of the "B" subtype.

The reason why the "A" subtypes are mentionedlitypés of habitats is the fact that
the freshets may create new aquatic milieus inithadable meadows, which will firstly
have a gravely bottom and will be populated by dquagetation after a certain period of
time. The habitats that pass from "A" to "B" categwill develop further on the way of the
"B" subtypes. The freshets may render the habiyatisnger" by sweeping the mud and the
detritus deposited on their bottom, they may tramsfthe dead branches into lateral river
beds, or may open the flooded lakes towards ther rbed, converting them in dead
branches. Consequently, the inundable meadows hsaeaaterized by a permanent
dynamics. On its whole the inundable meadow carcdreeived as a dynamics of the
patches brought about by a sustainable disturb@vieeg6czi, 1998; Gallé, 1998), caused
mainly by periodic freshets. These communities leikkd strong reziliance so that they
return quickly after the action of the disturbiragtors.

Succession of the communities implies, of courserendelicate intermediate aspects,
fact that will be exemplified by the sequence meiof the eutrophication of an inundable
pool. In a small flooded pool, generated afterithendation in 1970 in the vicinity of the
locality Lunca Mureului during the autumn of that year, the spe&easlix auriculariawas
collected. In 1971 we identified the spediesauricularia(dominant),Stagnicola palustris
(characteristic) an@alba truncatula(accessory). In 1972 the specianorbis planorbis
appears and becomes dominant, being followe8.lpalustrisandR. auricularia In 1973,
when the providing channel was embanked with a bafnkand, eutrophication became
enhanced,R. auricularia disappeared, whilePl. planorbis and S. palustris reduced
significantly the number of individuals until thaeitamn. In the same year, the species
Hippeustis complanatuand Aplexa hypnorummade their appearance, the former one
registering a very intense multiplicaton until teed of this year. In 197A. hypnorum
becomes dominant, and a new species app&arsulus albusits natality overtaking the
one ofPl. planorbis The low water level causes the desiccation &f floiol in the autumn
of 1974, while the freshets of the spring of 199&d to the leveling by colmatation of the
basin.

The example described above shows that in suchamaents with small surfaces the
succession performs with a considerable speechdrséame time, one can conclude that
each subtype of habitat examined by us represenlg one of the multitude of
intermediary phases of the succession. The queditand quantitative composition of the
aquatic mollusc communities is determined by thafigoration of the limiting abiotic
factors, but it is also regulated by the interspecktations of the populations (Padisak,
1998).

In the present state, the malacological biodiversit the rivers of the Carpathian
Basin depends mainly on the degree of anthropicifinations. Among the rivers from
Transylvania, the Olt which is seriously pollutbéars a series of reservoir lakes and lacks
many bends that had been cut off, still maintaimumber of 41 species. But most of the
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species survived in the old bends, isolated froenrther, bends that are able to maintain
this abundance of species only until their comptatknatation, considering that they are
rarely flooded. The fauna of this river, recongétlion the base of bibliographical data,
consists of 50 species (Sirbu et al., 1999). Ia thspect, Olt is followed by the rivers
Mures (31), Cigul Negru (25), Some(23), Crsul Repede (21), Gyl Alb (20) and Tur
(17). In the basin of Bodrog a much more abundamtd was found, but at the present we
possess only a few data on it because only cestaiions were investigated.

1.6.4. Summary

Freshwater molluscs communities were studied ifedint habitat types.

The dynamics of the habitats in flood areas iofedd by a corresponding succession
of the aquatic mollusc communities. On the wholeafatural river they function on the
principle of the dynamics of patches, maintaininigigh value of biodiversity.Examination
of the fauna based on the types and subtypes dhtabeveals the preferences of species,
fact that could be used in the typology of aquatizironments.

1.6.5. Conclusions

Biodiverstiy of the malacofauna in rivers is tightlependent on the natural state of
the inundable meadows.

The dynamics of the habitats in flood areas iofedd by a corresponding succession
of the aquatic mollusc communities. On the wholeafatural river they function on the
principle of the dynamics of patches, maintaininggh value of biodiversity.

Examination of the fauna based on the types andlyged of habitats reveals the
preferences of species, fact that could be usétkitypology of aquatic environments
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1.7. DENSITY ESTIMATION OF TWO RODENT POPULATIONS
USING A TRAPPING WEB AND DISTANCE SAMPLING
METHOD ON THE DRAVA LOWLANDS

Horvéath, Gy. and Wagner, Z.

1.7.1. Inrtoduction

The estimation of population siz&)(using capture-recapture (CR) data is usually
conceived as a capture-recapture problem (Waiit. 1982). When using CR-method for
data collection, traps are positioned at intersestiof a rectangular grid. In the boundary
lines, however, animals in the surrounding areasattracted by the smell of baited traps
and therefore they are also subject to being cagtukccordingly, the effective sampling
area becomes larger than the grid and density tamme@stimated as simple s/ Ag,
where Ajis the area covered by the trapping grid, becatusads to the overestimation of
the real density on the observed habitat (Buckk®@3). The problem of edge effect has
been known for a long time in CR literature (Dic@38, Stickel 1954, Tanaka 1972) and
for a solution the area of the trapping grid wadéoextended by a boundary strip. Dice
(1938), in assuming that animals have circular hoamges, suggested that the area of the
boundary strip\(V) should be equal to one-half the average homeerafighe individuals
trapped. Home range estimates though proved to asmey function of trap spacing, which
has an effect on the number of recaptures, toek@ti1954, Tanaka 1972). As studies
progressed, Otis et al (1978) interpreted the toapthe grid as concentric cycles of equal
width. Starting from the centre the population szeverestimated on the subgrids, but as
grid size increases the edge effect decreasesthandstimated density decreases as well
(Demeter és Kovacs 1991). The expected value dfigefD) and the area of the boundary
strip A(W) are best estimated by the weighted nonlineart Isqsare procedure using a
minimum number of four subgrids (O#$ al. 1978). The method to estimate density using
distance sampling theory and the trapping web vigs proposed by Andersoet al.
(1983). Here density is estimated directly instefccalculating population size and the
effective trapping area separately. This studyothiced the new method on small
mammals particularly. A detailed review of the theof models using distance sampling
for density estimation can be found in Buckland§2) Wilson and Anderson (1985) and
Bucklandet al. (1993).

Small mammal live trappings have been performedlifferent forests and open
habitats since 1994 at the Department of Ecology Aoogeography, Janus Pannonius
University. Our sample small mammal assemblage ch@sen around Lake Matty along
the River Drava, where a long-term monitoring isrieal out on the fauna and population
dynamics. This choice was also reasonable sinckakieeand the Hétedra are objects of the
chemical water monitoring project run by the Depamt and its distance from the city
allows inexpensive and frequent sampling. The frappveb was laid out in a damp grassy
association next to the lake. Its practical appilicacould be with great help in designing
the national monitoring project. The results of ping with this method in 1997 are
reported in Horvath (1998) according to which pajher most frequent species in the area
were Apodemus agrariugPallas, 1771) andicrotus arvalis (Pallas,1779). The present
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study focuses on the density estimation of these dpecies with the method of distance
sampling.

1.7.2. Material and Methods

Our study area near Lake Matty used to be a pagrassland, but presently it is not
cultivated, reaped or used for grazing cows. Thok laf disturbance allowing a higher
undergrowth provided better conditions for smallnmaal trapping. The area is partly a
damp, meadow with weeds taking over and with differtall grass species likdopecurus
pratensis Poa pratensis, Dactylis glomeratand those indicating and enduring disturbance
like Daucus carotaCichorium intybusRumex crispusThe herb layer comprisdsifolium
repens Lolium perenngCruciata ciliata Taraxacum officinaleGalium verumThe south-
west part of the study area is damper, Agngha latifolig Juncus effusuand sedgeGarex
vulpina Carex hirta Carex acutiformiy are also present, in company willentha
longifolia, Mentha arvensisRorippa austriacaCrisium vulgareand Rannunculus repens.
Aggressive, non-indigenous weeds had establishethgglves in great amounts in the
northern, north-western part of the area coveredhleytrapping grid, such &olidago
giganteaandSambucus ebulugshich created a thick, high coverage.

Plastic and wooden box-type live traps were ushd, dpplicability of which is
discussed in Horvatét al. (1996). The trapping web was laid out accordinguoersonet
al. (1983) and Bucklanét al. (1993), with 16 line-transects radiating from ttetrum of
the circular grid, so that traps form concentritgs. The trap-lines were situated at 22.5
angles to each other, havifigraps (T=20) in a distance of 3 metred (which left us with
a cycle of 120 meters in diameter. Thus, 320 Iregps were placed in the grid altogether.
The radial distance of the rings @& which is expressed according to the equation by
Wilson and Anderson (1985% = (i-1)8 + (€/ 2), fori = 1, 2,...,T. The sampling grid
covered an area of 1.13 hectare.

Traps were baited with bacon and whole cereals.pBaghwas performed in two 6-
night periods. Traps were operating from July" 28 August ' (1 period) and from
August 3¢ to September (2" period) 1997, yielding a total of 3480 trap nighfsaps
were checked twice daily {BCET and 1% CET). After the morning checking traps were
left open due to the hot summer conditions and thexe set again only between®®18
before the night checking. For individual identifimn of the captured animals, the removal
of the first knuckle of certain toes was appliedd ahe following data were recorded:
species, sex (gravidity or lactation in femalespdyp weight. The present estimation
includes captures during the nights only, i.e. walgsed data collected in the mornings.

The basic data for the estimation is given by thmiper of individuals captured in a
certain ring, with recapture data ignored. Dengias estimated for each period separately
in both species. The estimation was performed ugiagprogram DISTANCE 3.5 (Thomas
et al. 1998), which was developed for data of distancapdag methods. The program
allows to run several models. Being the most basg; the uniform model uses the Fourier
series without any parameters (Burnhatral. 1980) and it estimates detection probability
of individuals in point transect methods. The hafmal model has one unknown
parameter to be estimated from the distance dalattan hazard-rate model, which is a
derived one, uses two estimated parameters inthlgses. Model selection was carried out
by calculating AIC (Akaike’s Information Criteriowglues (Andersoat al. 1994).
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Just like in the square-shaped grid, the outersrifgthe trapping web attract animals
from around the area of the trapping grid, which dsas the estimation, therefore
Andersonet al. (1983) left out the data collected in thé"i#nd 28 rings in their density
estimation in an American micd¢romyscus sp.population. After the model selection
procedure using AlC-values had been developed, [Bodket al. (1993) performed an
estimation with the same input data without the twier rings, thus creating 18 distance
groups. From our two observed spedesgrariusshowed the same problem, therefore the
outer rings with high numbers of captures weredettfrom the estimations.

1.7.3. Results

During the two sampling periods 12 small mammaksewere captured. The order
of insectivores lasectivorg was represented by 5 species belonging to thensFamily
(Soricidag, whereas 7 species comprised the order of rod&udentid in the trapped
area. A thorough investigation of the fauna caridoed in Horvath (1998). The two most
frequent species werk. agrariusandM. arvalis their populations were analysed with the
density estimators of distance sampling methfadagrariuswas captured in a greater area
on the trapping grid, which is showed in the graphhe radial lines (Fig. 1). The graph
also indicates that the population used the nodhkt@rn part of the grid and its expansion
was not concentric. The area whdvle arvalis was encountered in the traps was much
smaller (Fig. 2) and in the outer rings there waren less captures, sometimes even none
at all. Its distribution was concentrated aroune tkentre, on the north-west to south-east
line. Its presence was minimal in the lines perpandr to this expansion.
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Fig. 1. Number of captures #fagrariusin the radial lines of the trapping web

The total number of first-captured and marked iilials and the measured value of
radial distances used in the estimation, with sahpling periods considered, appear in
Table 1.

The detailed data of concentric trap circles ingidae high number o&. agrariusin
the outer rings. The 9and 28" rings had to be ignored in the first period, whitethe
second the three outer rings 189", 20" had to be left out from the estimations. In the
case oM. arvalis,data from all 20 rings were used in both periodsanimal was captured
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in the 28" ring during the first six days.
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Fig. 2. Number of captures M. arvalisin the radial lines of the trapping web

Table 1. The total number of first-captured indiwats and the measured value of radial distances

Total number of marked individuals
Distance Apodemus agrarius Microtus arvalis
i a First period Second period First period Secondiqekr
1 1. 2 - - -
2 4.5 - 2 - 1
3 7.5 1 - - 3
4 105 - - -
5 135 1 1 4 2
6 16.5 4 1 - 1
7 195 3 1 4 5
8 22.5 5 1 2 6
9 25.5 1 - 2 4
10 28.5 2 3 4 8
11 315 4 - 4 2
12 34.5 6 5 - 4
13 375 6 6 6 1
14 40.5 2 2 3 2
15 43.5 6 3 7 5
16 46.5 6 2 3 2
17 49.5 4 5 5 5
18 52.5 2 10 3 2
19 55.5 8 9 3 2
20 58.5 10 5 - 5
Total 73 56 50 62

i =ring numberg = the distance of each ring from the centre

All three models were run by DISTANCE. The resdlinmdel selection showed that
our data best fitted the uniform model applying fraurier series. This model had the
smallest AIC value and its coefficients of variativere also valid (Table 2). The value of
the latter was below 20% in all cases, which raisgeccepted in estimations of short-term
CR data.
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Table 2. The results of model selection

Apodemus agrarius Microtus arvalis
MODEL/Parameters First period Second period First period Second peri
UNIFORM MODEL
Number of parameters 0 0 0 1
AIC value 426.22 308.16 381.13 428.09
Coefficient of variation (cy%]) 13.48 15.43 14.14 19.39
HALF-NORMAL MODEL
Number of parameters 1 1 1 1
AIC value 427.17 310.16 382.99 429.57
Coefficient of variation(cy%]) 25.65 27.63 28.17 21.42
HAZARD-RATE MODEL
Number of parameters 2 2 2 2
AIC value 429.18 312.16 384.88 429.95
Coefficient of variation (cy%]) 21.05 15.43 21.29 32.84
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Fig. 3. Density estimates #fagrariuswith 95% confidence intervals
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Fig. 4. Density estimates M. arvaliswith 95% confidence intervals
The estimated density &. agrariuswas higher around the end of July in the first

sampling period, and it decreased by the seconibdg€Fig. 3). The 95% confidence
intervals of all the estimations were plotted. the tase of. agrariusthe two confidence
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intervals overlap, thus the decrease of densi§eiptember is statistically unacceptaldie.
arvalis had a low estimated density in the first period;, iblbecame higher in September
(Fig. 4). Despite the large confidence intervathia second estimation, the two confidence
intervals for the two estimated densities do noertap, which proves a statistically
significant increase in the densityMf arvalis

1.7.4. Discussion

The trapping web proved to be an appropriate metiodstimating the density of our
two observed small mammal populations that had gmaiata available in the different
trapping rings. Andersoet al. (1983) and Bucklanét al. (1993) recommend this method
because density can be estimated directly with ¢ldge effect being taken into
considerationA. agrariushad a higher number of captures in the outer yiggdruncation
was necessary. A possible explanation for the dsexnumber of individuals could be the
species’ ability for great expansion. It also cevetuch larger distances in its movements
than M. arvalis, which has already been established in severéieeatudies (Liro and
Szacki 1987, Skacki and Liro 1991). The high nhumtfeindividuals caught in the outer
rings points to the high attracting capacity of /et and the smell of traps that lure the
animals from the surrounding area, causing siggnifidias in the estimated density in the
effective study areaVl. arvalisdid not have such a large-scale movement at aiiwwas
shown by the low number of individuals capturedhie outer rings and by the distribution
of capture numbers in the radial lines. The bestiehditting our data proved to be the
uniform model applying the Fourier series, the tra had been used by Andersamnal.
(1983).

The density ofM. arvalis had increased by September, which phenomenon was
expected to be characteristicA&f agrariusparticularly, because earlier studies had proved
a sudden autumn peak in its population size. Tipéaagtion for this contradiction could be
that A. agrarius changes its habitat for autumn, which could beegtigated by other
trapping methods.

1.7.5. Summary

Two 6-night trapping periods were carried out usinfyapping web near Lake Matty
on the Drava Lowlands in 1997. Based on CR-datatice-recapture), densities of
Apodemus agrariugnd Microtus arvaliswere estimated applying the distance sampling
method in the two periods. In the casefofagrariustruncation was necessary to correct
bias in density estimation caused by edge effekichwvresulted 17 and 18 rings instead of
20 to be included in our study. Density values Ipectare were different in both species.
The density ofA. agrariusdecreased by the second period, while it increaséie case of
M. arvalis Significant difference between density estimatesild only be proved
statistically, considering the 95% confidence inéds, only in the case of. arvalis
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1.8. SILVER CRUCIAN CARP (CARASSIUS AURATUS
GIBELIO BLOCH, XXX) IN THE DANUBE RIVER BASIN

Toéth, B., Varadi, L., Varkonyi, E. and Hidas, A.

1.8.1. Introdution

The silver crucian carp can be originated from 2esa. It is not really clear, that this
species are indigenous or not in the Danube riasinb Natural migration could be done
after the ice-age, when melting ice filled are&st ttould make a connection between the
Danube and the Volga river basin. Taking into thensideration the really simple
environmental demands of the s.c.c., it is posgitilat some individuals was able to
survive in astatic waters. It is a fact, that thecs was introduced to Hungary at 1954 by
fish culturists. The main target of the settlemeas to fill the ecological niche beside the
carp (Cyprinus carpio). It was also videly regardibét s.c.c. are has a dropsy resistance.
From the Danube river J. T6th detected this spdoiethe first time in 1975. According to
Holcik (1980) in the Fig. 1 the s.c.c. distributicen be seen between 1970 and 1980.

P e ’ T4

Fig. 1. Distribution of the Silver crucian carp i87D and 1980 (Holcik 1980)

This is not known if the settlement influenced tljgreading process or not, but
anyway we have realized, it was not a good busirfigss s.c.c. has a wide adaptability, and
a very successful reproductive mechanism calledggnesis. In the other hand there were
changes in water habitats, — because of the was@agement — that mostly turned the
stream, and river habitats into a lake habitat,civhineant favourable conditions for the
s.c.c. populations. Nowadays the s.c.c. are widgtgaded fish pushing out other valuable
rare species as tench (Tinca tinca), and crucigm (€arassius carassius). 10-15 years ago
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triploid unisex (female) populations were recordedly, but few years ago male individuals

— which were not studied genetically — were alseded in natural waters, (Pénzes et al.)
and those were spreaded quickly in our waters.uhonsarise the written above nowadays
there are two forms of the s.c.c. in Hungary:

Type of triploid unisex populations with chromosomember of 150 and a diploid
type containing male and female members too, thatId0 chromosomes and reproduce
traditionally.

The triploid females reproduce by gynogenesis. @reent of the gynogenetic eggs
are induced by sperm of other fish species (camttwer cyprinids), but the genetic staff of
the sperm does not play role in the developmenth®foffsprings. As the literature on the
subject showes, in this process the duplicatioth@fchromosomes can be observed, but the
first meiotic division doesn't occur. During thecead meiotic division the second polar
body eliminates, which resulst triploid eggs. (Hatvand Orban, 1995).

In our study we try to find the genetic backgrowridhe special adaptability of s.c.c.
We want to examine the relations between the twoetie types from the wiew of
reproduction and genetics too. We also would likgét closer to find a method, wich can
help us to make a ballance in fish populations. therfirst step we separated diploid and
triploid individuals. Morpho-meristic estimationgrythrocyte nucleus diameters, and
chromosome number had been examined.

1.8.2. Materials and methods

After fishes were taken from the lIsaszegi-poundythwere transfered into the
laboratory in 10 litre tanks. In the laboratory thdividuals were kept in 50 litre tanks at 28
C for 1 month. Morpho-meristic data were detectsithgia simple calliper and weight was
measured by scale.

The erythrocyte nucleus diameters were detectagsing Burker-chamber. The result
was appraised according to Katsutoshi et al. (1990)

Chromosome preparations were made from fin fibstbtaultures. Fish-fins were
clipped with sterile scissors and washed with ethgd@0%). They were put into Petri-
dishes with trypsin-PBS solution (0.025%) and cub ismall pieces, about 2x2 mm. The
pieces of fins were soaked in trypsin for 10 misutnd then transferred to sterile tissue
culture flasks without any solution and allowedstrk for 1 or 2 h. After this procedure,
the flask was filled up with sterile TC-199 mediwontaining 15% FCS (fetal calf serum,
Sigma F 7524). After four weeks when the fibroblamtnolayer was almost confluent in
the flasks, one drop of 0.05% colchicine (Sigma7G4) was added. After two hours the
medium was removed from the flask into a centriftgee, replaced with 0.5 - 1 ml trypsin
(0.025%) and the fibroblasts incubated for 7-10.naih 28°C. The cell suspension was
added to the culture medium and after 7 min cemgdfion (1500g) the supernatant was
removed and the cells resuspended in 0.35% KClolypc treatment took 10 minutes at
room temperature and was followed by 3 changes ethamol/acetic acid (3:1) fixative.
The cell suspension was spread on slides, driedoat temperature, and stained with 5%
fresh Giemsa (in phosphate buffer pH 7.0) for 748.rfRive slides from each individual
were prepared.and at least 20 metaphase spreaitslpétual examined.
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1.8.3. Results

Comparing the different sexes we have found thathibdy weights of females are
higher than male's. The differences of relativee si¥ head (body lenght/head lenght)
between females and males shows that females asbalgly more successful in
competition, living in unfavourable conditions. Thigloid and the diploid form cannot be
separated by morphologically, even we have founchesddiploid individuals with
morphological default, that was detected only itdfish till this time.

The amount of the genetic staff was found to bfeiht between females and males.
The average erythrocyte nucleus diameter of ma8 & im, and females 7.69 mm. (Fig.
2). Those studies was verified with determinatibolobomosome number. Almost all of the
males are diploid, but we have found some maleviddals showig chromosome mosaicity
with a chromosome number of 100, 125, 134, 156, dt#t 186, usually between 100 and
190.

As it known the s.c.c. females produce triploid £gfpat induced by males of other
species. We have done an artificial fertilisatiaing different males and both triploid and
diploid females.

In case of artificial spawning we have found thgtmesults:

Triploid female

male hatching ratio
S. crucian carp (Carassius auratus gibelio) 98%
Goldfish (Carassius auratus auratus) 95%
C. carp (Cyprinus carpio) 95%
Roach (Rutilus rulitus) 90%
Rosybarb (Barbus conchonius) 75%
Pearch (Percalluviatilis) 0%
Ruffe (Gymnocephalus cernuus) 0%

Diploid female

Silver crucian carp (Carassius auratus gibelio) 95%
Goldfish (Carassius auratus auratus) 90%
Rosybarb (Barbus conchonius) 3%

1.8.4. Discussion

It is clear, that Silver crucian carp has an abild survive extraordinary ecological
conditions. We have been trying to find the readonghe wide tolerance interval of this
species, and we also would like to find a methad, regulating the growth of their
population. We have done a study, that showedifileid and triploid populations of s.c.c.
live together the same natural water area. Somethef diploid individuals have
morphological default, but the two forms can not deparated simply by measuring
morphological parameters. Genetic measurements eshotivat there are differences
between the amount of genetic staff in the maleg Ndve found a phenomenon of
mosaicity. Mosaicity was found in related speciesaSsius carassius by Lingenfelser et al.
(1997) in Ukraine near Chernobil.
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Fig. 2. Erithrocyte nucleus diameter of female arade silver crucian carps

This study raised some questions. Where the diftoitt and the mosaic males came
from? Our hypothesis is that mosaic males can fsprirfigs from the situation, when the
two fomrs spawn together. This idea suppose, teatliploid males spawn with the triploid
females, and the genetic staff of the sperm staylsd eggs after inducing the development
of the offsprings. Later some of these "strangeriosomes"” eliminate. A related study
was done by Taniguchi and Dong (1997), that provhdi the heat shock during the
fertilization of gengoroubuna (Carassius auratusesi) eggs - treated with common carp
sperm - led to the apperance of the carp's fragmerhe offsprings genome.

Further studies have to be carried out to finthéfré is any difference between the two
form's ecological demands. The females are mooeessful on competition in bad
ecological circumstances. We have to examine ifetlie a connection between the ploidy
level and ecological demands.

As it is known there was a spontaneous polyploiitisain the cyprinids about 1
million years ago, so some of the cyprinids inahgdthe Carassius genus has nearly 100
chromosomes instead of 50. Furthermore the siluerian carp had gone through a process
called triploidization, so the chromosome numbereéased to 150. This way the s.c.c. is
hexaploid behaving triploid gynogenetic unisex gdapans. Our hyphotesis is the
following: The hexaploidy may provide a lot of piimshties to produce different kind of
proteins depending the ecological circumstancespdint out, are there any reality of the
hypothesis RAPD analysis and protein polymorphisial\sis were carried out, but before
any conclusion it has to be completed with allet#fgeexaminations.

1.8.5. Summary

The number of the silver crucian carp has beereaging in the last 10-15 years in the
hungarian section of the Danube river basin. Thieg@ss leads to the loss of biodiversity in
natural waters, and causes damages in fish farms. Quge population growth can be
explained by several reasons as the changes ofwHier habitats, and the special
characteristic of this species includig a very sgstul reproductive mechanism, and the
ecological simplicity. In our study we try to firtle reasons of it's wide adaptability and
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also try to get closer to find a method, which tefp us to make a ballance between the
populations of s.c.c. and other species. We toeskparate diploid and triploid individuals.
Morpho-meristic estimations, erythrocyte nuclewsnters, and chromosome number had
been examined. In this study we also wanted totpmib some of the causes of the huge
flexibility of the s.c.c. using RAPD analysis anaein polymorphism.
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1.9. EFFECTS OF REGIONAL PERTURBATION ON
ORTHOPTERAN COMMUNITIES

Kisbenedek, T.

1.9.1. Introduction

The natural communities in the riverine wetland sgstems are exposed to
disturbances of both human activities (e.g. mowgrgzing) and physical forces (regural
flood), all of them can be regarded as natural ttmms, however the structure of the
communities of the wetland sites have evolved i@ phesence of these disturbances.
Nevertheless a regional perturbation interruptsdbelogical processes developed under
the influnece of so called natural conditions. Tégional perturbation is ususally consider-
ed as a process that occurs on large geograpliadd snd cut across more than one
ecosystem component (Bernsteihal. 1997). Two regional perturbations occured in the
Szigetkdz area during the last decade. One of thasthe construction of a resevoir in the
upper parts of the Szigetkdz, which transformedifigantly the natural landscape and the
other one was the diversion of 90% of the origimater regime of the river Danube into an
artificial bypass channel on the Slovakian teryittny the Slovakian government. The
immediate consegence of the later operation wasiaus decrease in the water table in the
upper pats of the Szigetkdz. The Hungarian govemigeretrieve the water deficiency in
Szigetkdz area put down a small dam into bed ofrthan branch of the river in 1996.

The aim of this study to test the influence of lscape transforming, the decrease of
the water table and water supplying on the ecoldgitatus of the Szigetkéz area using
monitoring investigation of the orthopteran comntigsi on permanent sampling points in
the flood plains and the protected areas alongitlee Danube. It has been demonstrated
that the orthopteran communities have correlatioite their habitats (Joern and Lawlor
1981, Galléet al. 1985, Kemp et al 1990, Miller and Onsager 1991in@et al. 1991,
Fielding and Brusven 1995, Schell and Lockwood 19#atga 1997), and they might be
good indicators of the environmental changes (Patines et al 1991, Kemp 1992, Fielding
and Brusven 1993, Baldi and Kisbenedek 1997, R668 &).

Only a few data about the presence of the orthaptspecies in the Szigetkdz area
were previously the diversion of Danube river aafslié for us, but they were not intensive
(Aradi 1955). So we had to start the monitoringhaf orthopteran communities lack of data
suitable to comparison between the previous atal kates of the diversion of the river
Danube and we had to locate our control sites likg tvere based on our assuming and
results of other investigations. These controlssitere chosen on the sites of the low part
of the Szigetkoz area between villages of Asvarand Nagybajcs, where water table did
not change.

1.9.2. Materials and methods

The monitoring studies of the orthopteran commasitiwere conducted in the
Szigetkdz region. The region is an elongated ifagshaped geographical unit, which is
located between the river Mosoni-Danube and ther i¥d-Danube in the North-western
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part of Hungary (48°00-47°40' N, 17°15-17°45ttwB75 knf extension. This unique
landscape type of Hungary is composed of smalésaside-branches and meanders of the
Danube. The botanical and fauna reviews of the aheav that this region has special
biological features, too (see e.g. Simon 1992, Bétidl. 1995). The region can be divided
into two main parts according to its heights abthe see level, one part is the so called
Upper Part (Fel$-Szigetkdz) with about 125-115 metres average heigh the other is
the Lower Part (Als6-Szigetkdz) with 115-110 metneght (Gocsei 1979).

The sampling sites were located partly on the flptaln and partly outside of the
embankment on the so called protected side.

(In the below enumeration the villages are namexd t®which the sampling sites can
be found, furthermore the grassland types and désagement is given, too.) The following
sampling sites were located on the flood plain:R&jka, mown meadow. This site is found
on the area of the planned artificial water-basmit was exposed to the highest superficial
transforming human activity, namely the vegetatmover was totally removed at the
beginning of the building of the water-plant. Aftdre stoppage of the operations the
vegetation recognised to the area and some patrtwafs regularly mown. (2) Dunakiliti,
wet meadow. (3) Dunasziget, (Dunakdz), mown meado®n the protected area:
Dunaremete, mown wet meadow. The locations of theve mentioned sampling sites
were unchanged during the whole length of timehefmonitoring study. The locations of
the sampling sites near to village Asvanyraré andyajcs needed to be changed from the
flood plain to the protected site after 1996 beeatisese sites had been frequently
inundated. The frequent inundation were consequeoténe laying down of a small dam
into the bed of the river Old-Danube by the HurgarGovernment in 1996. So the new
sampling sites were the next: Asvanyraré (Zsejkega)s mown wet meadow. Nagybajcs,
grazed wet meadow.

The sampling of the orthopteran communities wengiexd out by sweepnetting in
10x10 metres quadrates during a standardised sagnfithe (15 minutes per quadrates)
and the number of sweeps were standardised (308psweer quadrates), too. At each
sampling sites four quadrates were located in amléake samples of spatial variability of
the habitat. The results of singling samplings dghapterans by hand and hearing their
calling sounds showed that locating four quadrptgssampling sites proved to be enough
because the studied grasslands showed rather hamigthan heterogeneity and few new
orthopteran species come up by the singling sagmpliathod. The samplings were carried
out three times in each year in July, August anute&3aber.

To the calculation of the diversity profiles wasedsthe Divord 1.0 program
(Téthmérész 1993).

1.9.3. Results

Altogether 17570 orthopteran individuals were cdudbaring the 6 years of the
monitoring study which belonged to 29 species (&ab). The identification of the
orthopteran nymphs is not possible therefore thegewvamitted from the analyses.

The changes of Rényi diversity values of the ortt@m communities among the
years of the monitoring ranged from 0.1 to 2.7 s sampling sites excluding the
orthopteran community of Rajka, where the magnitofleahe changes in the diversity
values ranged from 1.2 to 2.5. The curves of therdity profiles intersected each other at
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the sampling sites of Rajka, Dunasziget, Dunarerapte Asvanyraré what suggested that
there had been no changes in the structure of mihem communities at these sites during
the period of the monitoring studies. The divergitpfiles separated into two groups at
Dunakiliti, the first group composed of the divéysicurves of the first half of the

monitoring period (1994-1996) while the second graomprised the diversity curves of
the second half of the monitoring period (1997-199Bhere were no comparable

differences among the diversities inside the groopisthe diversity value of the second
group was lower in than first group. The curvegtef diversity profiles were segregated
into three groups at Nagybajcs. The diversity weshighest in 1997-1998 years and the
lowest in 1995, by 1999 the diversity values desedao the level of years 1994 and 1996.
The diversity-ordering methods gives the possipitf making comparisons separately
between the diversity of the rare species and damtispecies of two communities when

Table 1. The caught orthopteran species with theoslogical type in the Szigetkdz area during theopleof the
monitoring.

species ecological type
Tetrigidae
Tetrix (Tetratetrix) bipunctata hygrophilous
Tetrix (T.) subulata hygrophilous
Tetrix nutans hygrophilous
Terix undulata hygrophilous
Acrididae
Aiolopus thalassinus hygrophilous
Calliptamus italicus xerophilous
Chortippus albomarginatus mesophilous-
hygrophilous
Chortippus dorsatus mesophilous-
hygrophilous
Chortippus parallelus mezofil
Chrysochraon dispar hygrophilous
Euchortippus declivus xerophilous
Euthystira brachyptera mesophilous-
hygrophilous
Chortippus (Glyptobothrus) apricarius xeroterm
Chortippus (Gl.) biguttulus xerophilous
Chorippus (Gl.) brunneus xerophilous
Chortippus (Gl.) mollis xerophilous-
mesophilous
Mecosthetus grossus hygrophilous
Oedipoda caerulescens xerophilous
Parapleurus alliaceus hygrophilous
Phaneropteridae
Leptophyes albovittata steppe
Phaneroptera falcata xerophilous
Conocephalidae
Conocephalus (Xiphidion) dorsalis hygrophilous
Conocephalus (Xiphidion) discolor hygrophilous
Tettigoniidae
Pholidoptera fallax forested steppe
Metrioptera (Bicolorana) bicolor xerophilous
Metrioptera (Roeseliana) roeselii hygrophilous
Tettigonia viridissima forested steppe
Gryllidae
Oecanthus pellucesn steppe
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the curves of diversity profiles are intersectedd atherwise there is no significant
differences between the diversity of two commusiti€éthmérész 1997). Considered this
above mentioned eventuality and continued the aiwmlgf the results of Dunasziget
sampling on this way, a high decreasing in therditye of the dominant orthopteran species
could be found in this sampling after 1996 (Fig. 1)

A : B

Rliny| dlversity Pyl sy
E ]

Dunakiliti

Dunasziget Dunaremete

Fig. 1. a-f. Diversity profiles of the orthopteramnemunities at the different sampling sites.
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Table 2. The presence and absence of the hygrastsioecies in the Szigetkdz area.

1995 1997 1999
Aiolopus thalassinus + - -
Chrysocraon dispar + + -
Mecosthetus grossus + - -
Parapleurus alliaceus + + +
Conocephalus discolor + + +
Conocephalus dorsalis + + +
Metrioptera roeselii + + +
Rajka Dunakiliti

100%

50%

0% +

Dunasziget Dunaremete

Asvanyraro Nagybaijcs

100% 100%
80%
60% +
40% +
20% +
0%

80%
60% T
40% +
20% +

0%

Fig. 2. a-f. Percent proportion of dominance valaethe different sampling sites. The white colu@rophilous
species, black colour: mseophilous species, grimucchygrophilous species.

The caught orthopteran species, according to #ueilogical types, can be ranked into
three groups (see Table 2). The individual group®ain (a) xerophilous, (b) mesophilous
or (c) hygrophilous species. Fig. 2 (a-f) preseheschanges of the percentage proportion
of the dominance values of the ecological grouphéndifferent orthopteran communities.
While in the habitats of Rajka and Asvanyraré (afte fourth year of the monitoring) the
xerophilus species till then in the other onesmiesophilous species were dominant. The
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average dominance values of the hygrophilous speg&re higher than 5% only in the
habitats of Asvanyraré and Nagybajcs during thgtleof time of our monitoring study. A
slight changes were observable in the proportiothefgroups in all sampling sites. While
the proportion of the mesophilous group increasedlomg as the proportion of the
hygrophilous group decreased. The dominance stegtf the orthopteran community of
the new study site, which had been chosen in 188F the former study site at Asvanyrard
was entirely different from each other.

The decreasing in the percentage proportion ofhygrophilous group went with
disappearance dfiolopus thalassinus, Chrysocraon disgard Mecosthetus grossdsom
entire region of the Szigetkdz by 1999 (Table 2).

1.9.4. Discussion

The main traits of the orthopteran communitieshaf tvet grasslands can be given in
the next points: (1) they occurrence with relatpvilw species number (Table 3 and 2)
relatively high abundance (Table 4 and 3) one @ tlwminant species, these are usually
the Chortippus parallelusndChortippus albomarginatuspecies, are present with 50-90%
dominance values in a given community, (4) bestdesdominant mesophilous species the
characteristic hygrophilous species (Aglopus thalassinysConocephalus discologtc.)
are stable part of this communities.

Table 3. The species number of the individual grtban communities in the Szigetkdz during the rmoimg
period.

Sampling 1994 1995 1996 1997 1998 1999
years/

Sampling

sites

Rajka 11 7 9 8 8 9
Dunasziget 7 9 11 9 11 4
Dunakiliti 7 10 11 9 7 6
Dunaremete 10 10 12 11 8 3
Asvanyraro 12 7 8 9 12 8
Nagybajcs 6 3 4 7 14 6

Table 4. The abundance values of the individudiapteran communities in the Szigetkdz during theitooing
period.

Sampling 1994 1995 1996 1997 1998 1999
years/

Sampling

sites

Rajka 844 346 386 465 1272 535
Dunasziget 42 106 249 108 730 356
Dunakiliti 1228 410 1087 689 693 239
Dunaremete 729 619 698 350 495 324
Asvanyraro 910 88 219 339 368 413
Nagybajcs 248 89 218 452 1079 147

Under the influence of the perturbations the abowentioned structure of the
orthopteran communities of the wet grasslands abdn@he orthopteran communities in
the Szigetkéz region can be divided into four gmouphe first group contains the
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community of the considerably damaged site (Rajkathe Upper Part inside the flood
plain, the second comprises the communities of ftbed plain in the Upper Part
(Dunakiliti, Dunasziget), the third group contaicemmunity of the lower wetland on the
protected side of the Upper Part (Dunaremete), #red fourth group contains the
communities of the Low Part (Asvanyrar6, NagybajcE)e divison into groups of the
orthopterans properly follows the configurations tbé terrain of the area. 10-20 cm
difference between the heights above the sea lé&velsough to that the water table drops
off and in consequence of that different vegetatiesociations can be found a few metres
distance from each other.

The effect of the landscape transforming got oritéichand increased the proportion
of the xerophilous orthopteran species in the conipuThe effect of the decrease of the
water table got on in the entire Szigetk6z area eamased decrease dominance of the
hygrophilous species and while the mesophilousispdtad become dominant. The water
supplying had no effect on the orthopteran comnmsmit the middle and upper part of the
Szigetkoz.

The retreat of the hygrophilous species and théipgsforward of the mesophilous
species, under influence of decrease of watee tabinsistent with results of Lisiclet al.
(1997), Baldiet al. (1998) and Racz (1998b) who found that with desirephumidity and
changes of the vegetation structure the charatitehiggrophilous species disappear and
the mesophilous species become more dominant statésd study of the succession of the
wet grasslands.

Monitoring studies of orthoperan communities (Optesa) was conducted for six
years (1994-1999) in Szigetk6z region. During cwestigation the changes of structure
parameters of orthopteran communities, such as aumbspecies, dominance, diversity
and abundance, and the proportion of hygrophylaussophilous and xerophylous
orthopteran species were monitored on fixed samplpoints. According to our
expectations from the results of these monitorirgghmds conclusions might be draw in
relation to ecological state of the Szigetkdz area.

Our results showed that the orthopteran commundsas be divided into two main
parts which was corresponding to the differenceshin elevations above the sea level
between the upper part (125-115 m) and lower dar5{105 m) of the Szigetk6z and we
could separated the orthopteran communities ofitloel plains and the protected side. The
beginning of our monitoring investigations the mdremid wet grasslands could be
characterised by the presence of some hygrophdahepteran species from which three
species Ailopus thalassinus, Mecosthetus grosamsl Chrysocraon dispgrdisappeared
from the study sites by 1999. We found significeffiéct of the landscape transforming and
the decreasing of the water table on the struadfitie orthopteran communities but the
water supplying had no demostrable effect.

1.9.5. Summary

Monitoring studies of orthoperan communities (Optesa) was conducted for six
years (1994-1999) in Szigetk6z region. During cwrestigation the changes of structure
parameters of orthopteran communities, such as aumbspecies, dominance, diversity
and abundance, and the proportion of hygrophylaussophilous and xerophylous
orthopteran species were monitored on fixed samplpoints. According to our
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expectations from the results of these monitorirgghods conclusions might be draw in
relation to ecological state of the Szigetkdz area.

Our results showed that the orthopteran communégas be divided into two main
parts which was corresponding to the differenceshin elevations above the sea level
between the upper part (125-115 m) and lower dar5{105 m) of the Szigetk6z and we
could separated the orthopteran communities ofittogl plains and the protected side. The
beginning of our monitoring investigations the mdramid wet grasslands could be
characterised by the presence of some hygrophdahepteran species from which three
species Ailopus thalassinus, Mecosthetus grosamsl Chrysocraon dispardisappeared
from the study sites by 1999. We found significeffiect of the landscape transforming and
the decreasing of the water table on the struadfitie orthopteran communities but the
water supplying had no demostrable effect.
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1.10. STRUCTURAL AND ECOLOGICAL STUDY ON THE
MOLLUSC FAUNA OF THE HARDWOOD GALLERY
FORESTS (FRAXINO PANNONICAE ULMETUM SO0
1960) IN THE GREAT HUNGARIAN PLAIN

Baba, K.

1.10.1. Introduction

Gallery forests used tobe the most extent typests in the Great Hungarian Plain
(So6 1968). Previous studies showed that thesestforeere inhabited by 26 (54%) of 48
stenotolerant mountain species, due to the faumsgiat of the rivers.

1.10.2. Material and Methods

Our researches were completed in the Great HungRl&n‘s 79 gallery forest plots.
In every study site data were collected in ten 2325 cm quadrats. Microclimate
measurements were carried out by Andé and Bab&]196e fauna of the climate regions
of the Great Hungarian Plain was compared with fRassey chi2-test (Badba 1992). The
author studied the role of stream deposit faunihreaction and pollution of rivers on the
settlement of mollusc species (Baba 1970, 19737,19982), the effects of mineralogenic
succession (Baba 1980, 1985, 1986) and forest reamagt (Baba 1992a, 1994). Following
from Lozek’s (1964) classification of mollusc speiinto ecological groups | made a
division regarding species’ habitat types: HF -e&irdwellers (hygrofil), B - bush forest
dwellers (light demanding), RU - riparian ubiquiestd St - steppe dwellers. A further
classification was done considering species’ fegdiabits on the grounds of Fromming
(1954): O - omnivorous, H - herbivore, Sp - sapagpius. The species composition of
gallery forests was arranged by reason of the levebnstancy with the indication of the
dominance (Table 1 and 2).

1.10.3. Ecological factors affecting the occurence of mollusc species in the
Great Hungarian Plain

Csiki (1906) reported 56 mollusc species from theeab Hungarian Plain. Later
studies (Sods, Czogler, Rotarides, Richnovszky,d¢sy added five more species to this
list. Since 1956, when Tisza Project (long terndgtproject) started, | found 104 mollusc
species in nearly 800 Hungarian and foreign stiiigys $rom the Great Plain. In the Great
Hungarian Plain 97 species were present from theveabmentioned 104 species. The
number of species in study sites were 66, accogiftin68.04 per cent of the total number
of species. Besides the gallery forests data wececallected from 27 managed forests and
plantations (Table 2), where 22 species (33 pet) seere indicated. As a consequence of
forest management (eg. thinning of 40-60 year-otddts) and plantations Shannon-Wiener
diversity values of the gallery forests’ molluscifi@ considerably decreased.
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Table 1. Mollusc species of gallery foresE&gxino pannonicae-Ulmetumarranged considering their feeding
habits and constancy-dominancy level

No Eg Fh K% D% Species

1 HF (0] 54,02 6,50 | Bradybanea fruticunfO. F. Miiller 1774)
2 B H 50,70 1,58 | Cepaea vindobonengfBerussac 1821)
3 HF (0] 47,88 12,70 | Perforatella vicina(Rossméassler 1842)
4 RU (©] 45,07 4,47 | Succinea oblong®raparnaud 1801

5 B O 43,66 8,45 | Aegopinella mino(Stabile 1864)

6 B H 32,8 1,49 | Helix pomatiaLinné 1758

7 HF (0] 33,8 0,80 | Arion subfuscu¢Draparnaud 1805)

8 B (®) 30,9 2,73 | Cochlicopa lubrica(O. F. Muller 1774)

9 B O 29,5 3,12 | Vitrina pellucida(O. F. Miller 1774)

10 B (0] 29,5 2,19 | Nesovitrea hammon{Strom 1765)

11 RU H 22,5 4,39 | Perforatella rubiginosgA. Schmidt 1853)
12 St Sz 22,5 3,05 | Vallonia pulchella(O. F. Muller 1774)
13 HF Sz 22,5 4,88 | Vitrea crystallina(O. F. Miller 1774)

14 HF Sz 21,1 1,24 | Cochlodina laminatdMontagu 1803)

15 B H 19,7 1,27 | Euomphalia strigellgDraparnaud 1801)
16 RU Sz 18,3 3,69 [ Carychium tridontatunfRisso 1826)

17 RU O 16,9 1,27 | Carychium minimun®. F. Miiller 1774
18 B Sz 16,9 0,65 | Punctum pygmaeufiDraparnaud 1801)
19 RU O 15,4 3,17 | Zonitoides nitidugO. F. Miiller 1774)

20 HF O 14,8 0,81 [ Arion subfuscu¢Draparnaud 1805)

21 HF O 14,2 0,61 | Arion sylvaticud_ohmander 1937

22 HF O 14,1 0,58 [ Arion cirkumscriptuslohnston 1868

23 RU O 14,1 1,02 | Deroceras agresté.inné 1758)

24 RU O 14,0 0,99 [ Deroceras reticulatunO. F. Miller 1774)
25 RU H 12,6 4,20 | Columella edeutulg@Draparnaud 1805)
26 HF O 12,6 0,41 | Limax cinereonigeiolf 1803

27 B H 12,2 0,53 | Helix lutescenfkossmassler 1837

28 HF H 12,6 1,78 | Chilostoma banaticurfRossmassler 1838)
29 HF H 10,4 1,85 | Hygromia kovacsVarga et Pintér 1972
30 B (0] 9,8 1,07 | Aegopinella purgAlder 1830)

31 HF O 8,4 4,66 | Oxychilus glabe(Rossmassler 1835)
32 HF Sz 8,4 0,05 | Clausilia pumilaC. Pfeiffer 1828

33 St O 8,4 0,41 | Vallonia costatgO. F. Muller 1774)

34 RU O 7,0 7,49 | Oxyloma eleganfRisso 1826)

35 St Sz 7,0 0,19 [ Chondrula tridengO. F. Miller 1774)
36 HF Sz 7,0 0,17 | Acanthinula acuhatdO. F. Miller 1774)
37 B Sz 5,6 0,65 | Pomatias rivulargEichwald 1829)

38 HF H 5,6 0,85 | Perforatella incarnatgO. F. Milller 1774)
39 HF O 5,6 0,12 | Deroceras laev€O. F. Miller 1774)

40 St H 5,6 0,21 | Monacha carthusiangO. F. Muller 1774)
41 HF O 4,2 0,83 | Perforatella bidentatdGmelin 1788)

42 HF H 4,2 0,31 | Arianta arbustorun{Linné 1758)

43 HF O 4,2 0,14 | Lehmania nycteligBourguinat 1861)

44 St O 4,2 0,31 | Cochlicopa lubricella(Porro 1838)

45 St Sz 4,2 0,21 | Truncatellina cylindrica(Ferussac 1807)
46 B (@] 4,2 0,14 | Arion hortensig-erussac 1819

47 RU Sz 4,2 0,14 | Vertigo angustiodeffreys 1830

48 B (@] 4,2 0,12 | Euconulus fulvugO. F. Miiller 1774)

49 B H 4,2 0,29 | Trichia hispida(Linné 1758)

50 RU O 2,8 0,09 [ Succinea putrigLinné 1758)
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Table 1. (continued)

51 HF Sz 2,8 0,09 | Vertigo pusillaO. F. Muller 1774

52 St H 2,8 0,05 | Granaria frumentun{Draparnaud 1801)
53 St Sz 2,8 0,02 | Cecilioides aciculdO. F. Miiller 1774)
54 B H 2,8 0,05 [ Cepaea hortensi. F. Miller 1774)

55 B (0] 2,8 0,05 | Aegopinella ressmanifiVesterlund 1883)
56 B Sz 14 0,39 | Balea biplicata(Montagu 1803)

57 HF Sz 1,4 0,04 | Hygromia transsylvanic/\Vesterlund 1876)
58 HF Sz 14 0,04 | Daudebardia rufgDraparnaud 1805)

59 HF ¢} 14 0,02 | Malacolimax tenellu®. F. Miller 1774
60 B Sz 1,4 0,02 | Vitrea contracta(Westerlund 1871)

61 HF H 1,4 0,02 | Trichia unidentataDraparnaud 1805)

62 HF Sz 1,4 0,02 | Ruthenica filograngRossméassler 1836)
63 B Sz 14 0,02 | Discus rotundatugO. F. Miller 1774)

64 RU O 1,4 0,02 | Vertigo moulinsiangDupuy 1849)

65 B (@] 1,2 0,02 | Truncatellina claustraligGredler 1856)
66 HF Sz 1,2 0,02 | Acicula polita(Hartmann 1840)

Table 2. Mollusc fauna of managed forests plantet alearig of gallery forests arranged by consyaralues

No Fd Fh K% D% Species

1 St Sz 100 8,11 | Vallonia pulchella(O. F. Miller 1774)
2 B O 55,5 29,05 | Cochlicopa lubrica(O. F. Miiller 1774)
3 RU O 44,4 14,31 | Deroceras agresté.inné 1758)

4 B H 44,4 2,99 | Helix pomatiaLinné 1758

5 B H 44,4 1,49 | Cepaea vindoboneng{Berussac 1821)
6 RU O 33,3 6,19 | Succinea oblong®raparnaud 1801

7 BE O 33,3 5,12 | Aegopinella mino(Stabile 1864)

8 RU O 22,2 8,76 | Zonitoides nitidugO. F. Miller 1774)

9 B O 22,2 8,76 | Vitrina pellucida(O. F. Muller 1774)
10 B O 22,2 6,49 | Oxychilus draparnaud{Beck 1837)

11 St O 22,2 1,49 | Vallonia costata(O. F. Muller 1774)

12 St (®) 22,2 0,42 | Cochlicopa lubricella(Porro 1838)

13 St H 11,1 1,70 [ Pupilla muscorunfLinéé 1758)

14 B 0O 11,1 1,28 [ Limax maximudinné 1758

15 B Sz 11,1 1,06 [ Acanthinula aculeatfO. F. Miller 1774)
16 St Sz 11,1 0,85 | Truncatellina cylindrica(Ferussac 1807)
17 B (@) 11,1 0,42 | Arion hortensif-erussac 1819

18 St Sz 11,1 0,42 | Chondrula tridengO. F. Miiller 1774)
19 B O 11,1 0,42 | Euconulus fulvugO. F. Miller 1774)
20 HF O 11,1 0,21 [ Perforatella vicina(Rossmassler 1842)
21 HF O 11,1 0,21 [ Arion subfuscu¢Draparnaud 1805)

22 B Sz 11,1 0,21 | Punctum pygmaeufraparnaud 1801)

Gallery forests grow on pH=6-7 alluvial brown fdresil in the relatively higher parts
of the flood plains between the dams. Their fasnauch affected by the faunatransport of
the rivers, which in addition depends on the riserater output (Baba 1998). Polluted
rivers, like the Sebes Koérds, lack faunatransporthe neutral parts of the riverbanks there
are better conditions for the settlement of theese(And6 and Baba 1962).

Due to forest management, deforestation, river legigmns and clearing in the
surroundings of the river sources (Romania, Uknaithe climate of the gallery forest
altogether with that of the Great Hungarian Plaiméd drier and the number of gallery



80 Ecology of river valleys

forests decreased (Baba 1978). At the same timewdhaber of constant- and dominant
species decreased while the number of accessorgziesp increased. From the
climateregions defined by Kakas (1960) the A1-AZigicum, Praematricum) and B1, B4,
A4 (Colocense, Titelicum, Samicum, Nyirségense)esgmnificantly differed from the

warm and dry Al-2 regions using chis-test. Warm ahy climate disables the

faunatransport and the settlement of species (R8886).

1.10.4. The species composition and levels of constancy of molluscs in the
gallery forests

The list of species arranged considering the coogtdevels in gallery forest and
managed forests is indicated in Tables 1-2. Peagenfrequencies of constant, subconstant
and accessoric species are shown in Fig. 1. Thexed#ferent constant species in
plantations and managed forests, their ratio idedint, too. The number of species
decrease due to human effects, although the rafitise three cathegories are similar. In
north-eastern part of the Great Hungarian Plainragribe constant species &hilostoma
Nesovitrea in the region of the river Kérdés and Ermellékygromia kovacsi, Vitrea
crystallina and in the Kéros-Maros interfluve arédéygromia kovacsiand Cochlicopa

lubrica.
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Fig. 1. Distribution of constant, subconstant andeasoric species of gallery forests and managessttor G:
gallery forest; P: plantation; c: constant; sc:cauistant; acc: accessoric
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Fig. 2. Distribution of species on the basis of tatliypes in gallery forests and managed forestgaliery forest;
P: plantation; HF: forest dweller; B: bush forestetler; RU: riparion ubiquist; St: stepp dweller

1.10.5. Distribution of species on the basis of habitat type and feeding
habits

While forest dweller (HF) species were dominantgallery forests, bush forest
dwellers (B) and steppe dwellers (St) dominateglantations and managed forests (Fig.
2). The distribution of species’ feeding habits Wetlicated the human effects and it was
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different in gallery forest and managed habitatg.(B). In the latter case the percentage
frequency of omnivorous species increased whilé tficherbivorous and saprophagous
species decreased.
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Fig. 3. Distribution of mollusc species on the basfiseeding habits in gallery forests and managedsts and
plantations. G: gallery forest; P: plantation; O:nivere; H: herbivore; Sp: saprofagous.

1.10.6. Summary

The authors investigations in 79 gallery foresidgtgites 66 mollusc species were
recorded respresenting 68.04 per cent of the tatatber of the molluscs in the Great
Hungarian Plain, which stressed the importancealiery forests as ecological corridors.
Constant species in certain regions may differ ftbensummerized list of species shown in
Table 1. The distribution of species on the basithe habitat types and feeding habits
differs considerably between plantations and mathafgeests and unmanaged gallery
forests indicating human influence. 54.16 per adrthe river transported mountain fauna
was present in seminatural stands.
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1.11. THE HISTORY OF A LITTLE RIVER OF THE UPPER-
KISKUNSAG (HUNGARY) FROM THE ICE-AGE TO
NOWADAYS

Szabg, S.

1.11.1. Introduction

Malacology, the science which studies the lifehaf mollusks, is particularly suitable
to study the changes of the environment. The swaikh is a well-fossilizing organism, is
an excellent bioindicator even after it's deathpé&tpKiskunsag is a historical region of the
Danube-Tisza Interfluve. The center of it is Kugrszniklos.

The history of the river Bakér is inseparable frahat of Kunszentmiklds, the
"capital" of the Upper - Kiskunsag. Our ancestoosrf the Bronze and Sarmata ages settled
down at its bank, and so did the Hungarians froméadis age, and founded the old
settlement which became the town of our time. Uh#l 1950s the river had a considerable
size. The middle of the river-bed was dredged @yl The big drought of the 1970s
caused the decrease of the water-output. The lo@érwas not looked after any more. In
1985 most of the river flowing through the town wesvered, at a point even totally
embanked. The water became swampy, muddy, and greamby plants. At the lower part
of the river the inflowing organic materials frofmet farmers' houses cause an extremely
high burden (pollution) (Szab6, 1998).

1.11.2. Material and methods

This paper contains results of malacological exatioms of 25 years. The fossil
examinations were done in 1978, at the upper fathe river Bakér, in the walls of a
former sand - mine. | sifted ten liters of materfedm each "snail - layer". For the
classification | asked for Dr. Endre Krolopp's helgho is one of the best experts of this
science.

For the recent - examinations | used the quadratethods. When treating the data, to
make the comparison easier | used the dominanceeegf the species as basic data. For
the comparing analyses | used mathematical-statisithods, such as cluster analysis with
Czekanowski index, Shannon-Wiener's diversity ahe basic works of Lozek and
Fromming (Szabd, 1994a-b).

1.11.3. Results and discussion

At the fossil examinations 36 mollusk species tdrap. Among the data | include the
Vallonia and Vertigo species, living near the bank and demanding constat] and the
Chondrulg which endures drought, and was carried in bydldout of the five layers the
two lower ones show the features of the early Rleéne, the upper ones show the features
of the late Pleistocene. The different species agppg from the different layers show the
variety of the climate: those from the lower streakow that in the beginning the climate
was much warmer than nowadays; the middle streaksvsmuch cooler climate as
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compared to the upper layers which, again, showmearclimate. Quite interestingly
Chorbicula fluminalisalso came to light. This species is the leadesilfad the second
phase of the Wirm. According to our present-daywkedge this streak was the highest
where it came to light. The presence of Tieodoxus danubialis, Theodoxus transversalis
and Lithogliphus naticoidespecies is also interesting, which refers to ttreimption that
Bakér was a rapidly flowing river that time. TBgraulus riparius,which appeared in the
higher streaks, is a typical standing water andshréiving species.

Fossil and recent malacological examinations atifiper part of the river Bakér (% degrees of domiedq

species | 1] 1} fil f2 f3 f4 f5| 19781985|1998
1|Acroloxus lacustris S S T 26
2|Anisus spirorbis g Pp T 521 6,520 3,73 11p 6,97 2538,4(78/4
3|Anisus vortex o SP E 0,62
4|Anisus vorticulus H S O 0,43
5|Bathyomphalus contortus H SP O 0,46
6|Bithinia leachii ol P O 9,21| 9,13 10,7413,25| 6,25
7|Bithinia tentaculata Q FS O 6,26/ 20,4814,01(18,28( 5,62 | 8,79 4,58
8|Chondrula tridens H X T 1,25
9|Cobicula fluminalis S F O 0,48
10|Fagotia acicularis Q F (®) 0,54| 0,43 0,93 0,6p
11|Gyraulus /Armiger/ crista H S (@) 8,67 3,91 327 44L 7% 0p4
12|Gyraulus albus Q S E 8,44 565 467 718 25 3p525
13|Gyraulus laevis qQ S E 6,11| 10,4310,28| 8,28 1,25
14|Gyraulus riparius P FS| (0] 0,27 046 11 1[25
15|Hippeutis complanatus 5 S| g 0,b5 0,54
16|Lithoglyphus naticoides O F O 1,4 | 1,65
17|Lymnaea /Galba/ truncatula HSPPp| E 1,25( 0,54
18|Lymnaea /Radix/ peregra D FS T 0,86/ 0,46 0,5% 0,6p 17%,95,8(18,6
19|Lymnaea /Stagnicola/ palustris H P E 897 26| 3,73 49y 187 2pa45
20|Lymnaea stagnalis D S E | 10,84 2,17| 1,4 0,62 5,7B0,45
21|Pisidium amnicum S FS [©] 0,87 0,55 1,p5
22|Pisidium sp. S| S Ol 081 113 233 8B1 30,62
23|Planorbarius corneus D S E 0,43 1,250,45
24|Planorbis planorbis H P (@] 8,67 13,4724,29 4,37| 14,3 6,4
25|Segmentina nitida O P (0] 055 129 2% 44
26|Succinea /Oxyloma/ elegans H P T 1,1
27|Succinea oblonga H H E 135 347 184 055 875 12,879 3
28| Theodoxus danubialis H F (0] 0,86
29| Theodoxus transversalis H F O 0,46
30| Vallonia enniensis g H E 054 043 0,64 055 125
31| Vallonia pulchella S H E 1,3% 0,4B 2P 187
32|Valvata cristata S P E 3,79 217 283 22 25 1,52
33| Valvata piscinalis S FS (@) 8,183 8,689 841 7]18
34|Valvata pulchella g SP E| 10,566,65| 3,27| 4,41 6,81
35| Vertigo antivertigo S H E 1,2%
36| Vertigo pygmea S H E 1,8)
| = nourishment type , Il = ecological group, lltemperature demand

During the recent examinations one more specie&tuup, thédcroloxus lacustrislt
might have lived here formerly, but it is very difilt to find. The recent mollusk species
turned up from Bakér are almost the 50 % of thelus&lfauna of the Upper - Kiskunsag.
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(Szabd, 1980) Most of the species turned up fraenuiiper Pleistocene layer (25), least of
them turned up at the collection in the year of8.983)

| examined the diversity of living places of diféeit ages with the Shannon - Wiener
diversity (Orban, 1995).

Fossil layers Recent collections
1 2 3 4 5 1975 1985 1998
Hg 0,86 0,89 0,91 0,88 0,87 1,05 1,30 1,73
J 0,43 0,43 0,44 0,43 0,43 0,51 0,62 0,82

(Hg = degree of diversity, J = evenness of Shannoersiiy)

The examination of nourishment habits shows itizdd in the three lower layers of
Pleistocene. The increase in the rate of #ag@rovor species shows the process of
marshiness. There wesaprovorsonly in 1975 in the recent material, then, becafshe
increasing accumulation of mud, which is not suéafor these snails, they disappeared.
(Frémming, 1956)

fossil layers recent collections
1 2 3 4 5 1975 1985 1998
H 27,66 24,74 34,07 11,03 24,99 30,0( 24,8D 3,0
O 46,88 56,05 48,08 62,44 27,47 65,1 75,30 97,00
S 25,18 18,93 18,85 26,45 47,48 4,66 |

(H = plant-eatinghierbivor/,O = all-eatingdmnivor/,S = detritus-eatingsaprovor/;In % degrees)

Examining the temperature demand of the speciegduup we can see that there are
oligotherm(cool water liking ) species in bigger rate in teistocene layers. At the recent
materials the dominance tifermophilespecies increasing, in proportion to the decrefse o
water depth. (Frémming, 1956)

fossil layers recent collections
1 2 3 4 5 1975 1985 1998
T 5,21 7,38 4,19 13,25 8,74 46,2 64,2 97,0p
E 51,95 33,43 28,18 30,34 32,47 27,00 20,50 3,0p
o 42,56 58,90 67,63 56,33 58,73 26,60 15,40
(T = thermophyl, E = eurytherm, O = oligotherm; Ind¥grees)

| examined the basic data according to the ecaddglassification of Lozek. (In %)

fossil layers recent collections

1 2 3 4 5 1975 1985 1998
F 0,54 1,72 2,79 1,65 0,62
FS 14,66 29,98 24,21 27,66 8,47 26,7 30{4 14,6
S 34,87 24,15 21,95 29,23 42,49 14,00 2,15
SP 10,56 5,65 3,73 4,41 7,49
P 30,64 27,37 41,09 22,07 16,24 20,60 1143
Pp 5,21 6,52 3,73 11,60 6,87 25y 384 784
SPPp 1,25 0,54
H 3,24 4,33 2,50 3,30 14,99 12,30 17,90 3,00
X 1,25 [

(F = flowing-water, FS = flowing - standing wat& = standing water, SP = standing water - marshnfarsh. Pp
= marsh - puddle living, SPPp = puddle - living, kivet demanding, X = drought suffering; In % degrees)
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In the Pleistocene layers, although in low degréls, flowing water species are
present. It refers to moving water. The presencgeuéral standing water and marsh living
species, however, refers to the riverside reedssaaweeds of the bending river. In their
rations layers No. 2-3 and No. 4 are similar, al aglayers No. 1 and No. 5.

Flowing-water species are not included in the nigtexf the recent collections and
gradual increase can be seen in the dominance eofmist common snaild ihnaea
peregra, Anisus spirorbis Now the total reign of the puddle-livingnisus spirorbisis
typical (Lozek, 1965).

Comparing examinations of the collected materiaésewdone with the correlative
method (Index of Czekanowski), then, using thes®,dadid Cluster - analysis. (Szabo
1994b). Analyzing the dendogram of the Cluster alysis it is seen that the Pleistocene
and recent material is isolated. More closely ceotetk are layers No 2. and No. 3. To this
layer No. 4 is closely connected. Then, at a lovelleome layers No.1 and No.5. In recent
materials there is a loose connection between tenals from the year 1975 and 1985.
To this is connected, at a very low level, the matdrom the 1998 collection.

0,5

f2 f3 f4 f1 f5 1975 1985 1998
1.11.4. Conclusion

The history of the river Bakér ended with the XX#ntury. But, with good will, it
could be living water again . | believe that, wiappropriate division of water from the
canal XXX, the problem of water-supply, by dergihg problem of open-water could be
solved. This will be the task of the XXIst century.

1.11.5. Summary

This paper presents the history of a river of thgpér - Kiskunsag (HNGARY) from
the Ice - Age to nowadays. Fossil examinations stieipaleoecological state of the River
Bakeér. The turning up dEorbicula fluminalisis a special value of the fossil malaco-fauna.
Recent examinations follow the total decline oktliitle river in the last three decades of
the XXth century. Now, in the bed of the formeretivonly wide - suffering, puddle -living
species live.
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2.1. PRINCIPLES AND METHODOLOGY OF INTEGRATED
CATEGORISATION OF WATER BODIES AND WETLANDS
DEMONSTRATED ON BACKWATERS

G 6ri, Sz., Aradi, Cs., Dévai, Gy. and Nagy, S.

2.1.1. Introduction

From all natural systems perhaps water bodies aatlamds have been lost or
degraded to the most serious extent due to humpadis. River regulations, drainage of
marshes, fens and bogs caused not only extincfiommber of plant and animal species,
but also resulted in major transformation of lamgee structure and feature on vast areas.
Therefore particular attention has to be paid mws¢hwetlands have been escaped from
destruction, with special regard to backwaters d¢p@houtstanding natural, landscape and
economical values.

In spite of differing according to their transfortiom and use, backwaters bear joint
features of their genesis and ecological relatigmstheir vulnerability is dependent on the
status of their natural systems, preservation ofchviietermines the possibility of their
maintenance. Through undertaking an inventory they be ranked from backwaters
representing highest nature conservation valuec@led sanctuary-like backwaters) to
those backwaters, of which wildlife has almost ctatgly destroyed (economical use or
wastewater recipient). Difficulty and complexity thieir preservation and maintenance may
be ranked in the same sequence.

Due to different genesis (e.g. different age, shégregth, depth of bed), backwaters
exhibit different stages of ecological successiesulting in filling up, or even there may
exist different successional stages within a singd¢land area. Ranging from backwaters
with deep and open water to backwaters stayingtar Istages of succession (wet meadow,
marshy meadow, fen or gallery woodland like baclensgt all types may be of appropriate
quality in compliance with the given successiortafje and thus valuable. Effective state
estimation of backwaters using traditional wateeroital and biotic indices is very
difficult, sometimes even impossible. Backwatergitg completely different character on
synbiological grounds, may be qualified as equedijpable. Attributes, like a backwater is
characterised by alkaline water or eutrophic sténsl many more besides could be taken
as an example) does not mean inevitably one bdihgber value than other.

2.1.2. Methods and Results

2.1.2.1. Survey

Survey of a biotope, and so of a backwater, istimaty done by the expert, who has
appropriate field experience, while observing tlite galmost automatically, based on
physiognomy) and without conducting any special [garg or sample analysis. Such a
simple survey is usually founded on species ditiersi a studied taxa, with special regard
to presence or absence of characteristic and ursipeeies. Often, knowledge of a given
taxa is not even used in the first phase of surlrethis case, decision is taken considering
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the general scenery, feature of the area. Contoagyvident appearance, decision is not at
all subjective. In the course of conducting a synan the area, expert considers
completeness of natural spatial connections andiskzape features of the object,
characteristics of natural communities (e.g. mosaiacture, zonation), completeness of
littoral communities (as ecotons, natural buffenes). Opinion formed of the values of the
area may be influenced by presence of protectestrantly protected plant and animal
species, which are easy to observe and possibtylandscape atmosphere aspects.

As the overview in the preceding suggests, it isgmeasy to measure or quantify
those attributes referred to above. Nature coniervand ecology have tried to determine
nature conservation value and degree of being @edad for species of flora and fauna of
a region (continent, country, region). Categoriesupraindividual organisation, especially
biocoenosis and holoceonosis have received more raack attention from nature
conservation in recent years, regarded as valuéshvehould be protected. Among their
components, from synbiological point of view, theaee mainly the characteristic
physiognomy of plant communities and their mosadenglexes which determine the
feature of our natural landscapes. Visual survdiimad above focuses practically on these
supraindividual systems. Survey and estimation hefnt require profound and broad
knowledge and excellent field experience as welé e convinced, that state (species
richness, diversity, naturalness, degree of detjaajaof these supraindividual units will
increasingly became one of the most important faaib state estimation in the future.

In the next phase of visual survey, threatenindofacare taken into consideration,
like size and isolation of the area, possibilittdswater supply, ratio of different use and
utilisation forms, distance from intensive agricoét lands. It is easy to evaluate
morphological feature, shape (loop, crescent),tiongwithin or outside embankments) of
the backwater to be surveyed. These informatiomast cases serve precise separation
within the different categories, and sometimes theynot used at all.

Utilisation categories

protected (on international level, on country lewah
I. Nature conservation priority local level)

not protected, but has to be protected on somé leve

If the backwater does not meet criteria of catedqgrgrocedure has to be continued with categoryvise use).

nature area (enjoys some protection by law)
Il. Wise use sound use (traditional fisheries, reed and reedmace
harvesting)

If the backwater does not meet criteria of categlry procedure has to be continued with categolly
(economical utilisation).

water storage (emergency reservoir, water resgrvoir
water take-off for agriculture (irrigation)

industry (cooling water)

IIl. Economical utilisation recreation (tourism, t®asports, intensive angling)
intensive fishery, fish production

poultry farming (duck, goose)

wastewater storage

Visual survey is one of the most simple state edibn form, thus requires
appropriate knowledge of natural communities cotetkcto backwaters and native
community species. Most important community typedé investigated are hydrophytes,
reeds and long-stand dicotyledones dominated agsmts, meadows and woodlands
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fringing backwaters (soft and hardwooded woodlan8syides knowledge of communities
and species, orientation of communities, their iahgattern (zonation, mosaic structure)
and ratio between different habitats (open watgdréphytes and marsh vegetation) are
important. Visual survey, as the first phase otestastimation, is appropriate tool for
separating the main use categories. Advantage ssehgal feature of the method is, that
the first phase focuses on the wildlife, the magingrable element of the system to be
qualified. Separation of main categories (l. nattweservation priority, 1. wise use, Ill.
economical use) is based on dominancy and detentingortance of use forms. This
first, rough separation may be refined by obtairdsome simple additional data.

The following phase of survey is continued on tledf serving for more precise
separation, differentiation. The necessary macqsatata collection (e.g. for the sake of
estimating species diversity, state of buffer zot@sduse forms, distance from agriculture,
industry and residental areas and how they affextobject), may be completed with the
registration of some typical baseline data (e.gtewaepth, extension, volume). These
information are usually available from registers matinicipalities, land offices, water
management offices, environmental authorities atdre conservation authorities.

From the point of view of the procedure of survétyis always the natural status
which has to receive high-priority. The role of tteal utilisation forms should be taken
into consideration depending on state of nature. dxample in the case of a so called
"sanctuary-like backwater", which is also useddngling, the more vulnerable value, the
natural richness should receive priority. While the-off water or wastewater storage or
fish-pond function of a backwater is relatively g&s restore, comprehensive rehabilitation
of its natural systems is almost impossible.

Practical implementation of survey

1, If the backwater is protected by any of the natidegislative protection categories
(protected by law on national or on local level isrunder designation of being
protected), or if stays under protection of int¢ior@al conventions (e.g. Ramsar
Convention), it has to be classified without ansttar investigation into category |.

2, If the backwater meets at least three of the falgwcriteria (independently from one
another), it has to be regarded as an object of@abnservation priority (category 1.).
Main attributes of category I. (nature conservation

- holds valuable (endemic, relic) species and comtiesi

- home to species and/or communities/associatioestiined with extinction,

- holds natural or near-natural species assembladjasaociations,

- the object is considered free from degradation,

- at least on 50 % of the full length of the bed theee dominant zones (open water,
hydrophytes, reeds/long-stand dicotyledones domihatlant associations) occur in
original development,

- littoral zone is fringed at full length with natlirar near-natural plant communi-
ties/associations,

- can be regarded as fundamental part of a greeitap(e.g. river valley, floodplain).

(Recently in the Hungarian practice a special grofipackwaters of outstanding



94 Ecology of river valleys

natural and landscape values has been formulatedalked "sanctuary-like backwaters".
The "sanctuary-like backwaters" may be regarded sgecial case of category I. A given
backwater may be included in this category, if &ats the majority of the above mentioned
criteria and besides represents highest valueotddical diversity and landscape feature of
the ecological type it belongs to.)

Having the necessary skill, given backwater simgdy be ranked into category I.,
based on visual evaluation and without conductimy @articular survey on plant
associations or on fauna. (More precise classifinatvithin this category is provided by
adopting the assessment procedure outlined heteinaf

3, If, on the basis of the visual survey the backwateets only one or two from criteria
listed above, it may be required to undertake astl¢hree investigations on flora, on
plant associations and on fauna during growing@eaSuggested timing: early May,
mid-June, early August.

4, If, on the basis of the visual survey the backwadtes not meet the criteria of point 2.
and biotic investigations carried out as set imp8i also do not suggest to rank it into
category |., the survey has to be continued atgoajell. This rigorous process of
survey has to be followed, even if it is obviouseatly at the first look on the area, that
the backwater belongs to category lll.

5, As the next step, it has to be examined that tlokveater meets or does not the criteria
of being ranked into category II.
Main attributes of category Il. (wise use):

natural zonation is incomplete, but it has survieadt least 50 % of the area,

the object is characterised by common, but natpecies and/or communities/asso-
ciations,

the area is degraded only in small part and in @lstegree,

landscape values of the object demand some prote(@ig. stage for ecotourism),

the area is influenced by human activity to someemtx but it is characterised by
traditional use forms (e.g. reed and/or reedmaoceekting, traditional fishing),

littoral edge is partly built in or used for agriture, but edge communities occupy 50%
of the littoral edge,

maximum 50 % of the object is used for recreationl aecreation activities and

maintenance of natural values are harmonised.

6, If the backwater meets at least three of the @itstiated above, it has to be ranked into
category Il. In this case it is very likely, thateversible degradation processes did not
take place yet, and after implementing adequatahiétation actions the backwater
may be ranked even into category Il. (More preclassification within this category is
provided by adopting the assessment procedureedthereinafter.)

7, Ifit does not meet at least three criteria fromsth set for category Il., the object should
be ranked into category Ill. These objects are at#en, their natural systems are for the
most part destroyed, they may be characterisedrbgiominance of human impact.
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Damages in most cases are irreversible under nawmditions, which means that their
restoration requires full reconstruction, that islew process with uncertain result, in
addition requires lot of expend (mainly money aacky.

2.1.2.2. Assessment

The second phase of integrated categorisation sesament. This phase of the
procedure requires particular field investigatiomgyreover, for some factors appropriate
sampling and laboratory processing. It has emetigexigh our broad preliminary studies,
that this task would not be practical to be perfednuniversally, basically for reasonable
restriction of range of investigations. It would et more advisable, to handle together
water body types or those water body groups relategbrtain respect (e.g. genesis, use).
Proposal for backwaters is completed already (Dévail. 1999). This allows assessment
according to 44 attributes. Attributes were sekkcteith the aim at allowing a
comprehensive representation of the state of tokvirter and the terrestrial surroundings
affecting it, from both biotic and abiotic sidesyea considering major positive and
negative human influences.

2.1.2.3. Qualification

As the third phase of integrated categorisation,thiek it essential to carry out a
qualification procedure which is objective, therefdndependent of human judgement.
This procedure has to be conducted mainly on tlodgects, which later may be used as
basis for comparison (etalon) in some importantpeetss (e.g. water body type,
management or use form type). Theoretical grounfi®amlogical qualification was
previously elaborated (Dévai 1994) and also a ceimgmsive qualification procedure for
backwaters was conducted and interpreted (Dévail. 1999). Qualification procedure
always starts with the classification of water lesdias all those attributes refer to the
wetland type, which will be used later as indicatindices suitable for comprehensive
qualification. Two main groups of these indices digginguished. One of them is the group
of so called static attributes, which charactetise object and the wildlife it holds for a
longer period of time or at least for one growiegson. Dynamic attributes, the other main
group of attributes, are varying to some extenttime, sometimes significantly. The
qualification system operates with basic data,estharacteristics and indicative indices
Actual values (observed or measured) are handlédgis data. It requires the first level of
abstraction to determine state-characteristics,clivimean a conversion into a quality
category according to a code list established mglyipon the whole range of potential
concrete values. Requiring next level of abstractimased on the indicative indices and
with regard to state attributes the global envirental quality state over at least one
growing season can be estimated, with the helpafraprehensive code list consisting of
all alternatives.
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2.1.3. Discussion

In the course of considering theoretical and pecattiissues of integrated
categorisation, we became more and more awareeoéghential importance of analysing
two main aspects concerning any matter related h® éxtremely divergent and
complicatedly interlinked issues of preservatio @onservation and use and utilisation.
These aspects are area dependence and target eependrailing a properly detailed
preliminary assessment of them, nor finding the rapgate solutions, nor the
harmonisation of interest can be expected.

Area dependence is in most cases clear and defiratget dependence is basically a
question of conception, which has to be determiaecbrding to general aspects in the
beginning. Within an area of significant size ambedse geomorphology a range of use and
utilisation forms may exist, with strongly varyiebaracter and intensity of impacts on it. It
is impossible and at the same time senseless ¢gsighem beforehand and to be prepared
for all possibilities. The only effective solutioin the course of careful designing of
preparatory works is to elaborate a program, thatdche used as basis for rapid designing
of further investigations adopted to actual objextj which could be successfully
implemented and their comparative analysis can la¢ésexecuted successfully. Necessary
consequence of all these, that the preliminary @sapshould meet the criteria of being
comprehensive enough (but not inexecutably) andogpiately (practically) detailed, in
order to provide suitable information for the vdriesometimes basically differing later
approaches.

Related to target dependence, both generally andretly, it has basic importance
from ecological aspect to analyse those functiamsch may be raised in connection with
use and utilisation of the area. Concerning thésiés relationship of different utilisation
forms has inevitably to be discussed in ecologapgdroach, if only because prevention.

From the point of view of ecologists, principle @dmplex utilisation is very much
open to criticism and according to experienceseghiof late decades, it is even perfectly
unacceptable. Adopting this principle is mainlyadts irresponsibility and is the father of
uninhibitedness. That is to say, complex utilisati® mostly mentioned, if explicit priority
order is not set, because it is not wanted to tebkshed or it is impossible to establish. If
such an order does not exist, all user may welldeghe is entitled to enforce his rights to
the highest degree. And this usually results thieabbwill not be suitable for performing
any function after a while, because it has beentidally and irreversibly deteriorated. We
have to avoid this approach in the future and thectice based on it by all means,
particularly in the case of sites and objects détanding natural values.

In this respect ecologists think, that before dedgcamong the main utilisation forms
(e.g. nature conservation, water management, pgemgration, shipping, irrigation, public
welfare), careful consideration and comprehensivetion analysis have to be carried out,
and for each site only one function has to recailsolute high-priority. Though multy
function utilisation according to the main functioms not excluded in this case, but
absolutely clear and explicit priority order of kaalways has to be set up and strict and
consistent observance of them has to be ensurezbrdtically and also practically it is
possible to perform simultaneously various paftiakctions within the main use categories
(e.g. ecotourism within public welfare, water sgontithin recreation). But if so, the often
completely different interests should be prioriisend harmonised. For the sake of the
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success of this aspects, it is advisable to teimutilisation form integrated (harmonised)
utilisation and not complex (combined) utilisation.

We publish our proposal in the hope of constructhedogue of representatives of
various professions, founded on scientific argusemill result in providing suitable
conditions for starting a new chapter in water ngemaent, particularly in the case of the
river valleys playing key role in many respectswinich also wetlands will obtain the place
and role their significance deserves.

2.1.4. Summary

Effective state estimation of backwaters usingitimehl water chemical and biotic
indices is very difficult, sometimes even impossiblThree phase of integrated
categorisation of backwaters will be discussednis paper, more detailed about survey. As
the first phase of integrated categorisation, \isuavey is appropriate tool for separating
the main use categories. Visual survey focuseaupragdividual systems. Advantage and
essential feature of the method is that the fitsige focuses on the wildlife, the most
vulnerable element of the system to be estimategation of main categories (l. nature
conservation priority, 1. wise use, lll. econonlicase) is based on dominance and
determinant importance of use forms. The secondelud integrated categorisation is
assessment. This phase of the procedure requirgsutsr field investigations, moreover,
for some factors appropriate sampling and laboyapwocessing. As the third phase of
integrated categorisation, an ecological qualifmaprocedure has to be carried out, which
is objective, therefore independent of human judegm

Finally we will discuss some aspects of preservatiod utilisation of backwaters.
Before selecting among the main utilisation forrha dackwater, careful consideration and
comprehensive function analysis have to be cagigdand for each site only one function
has to receive absolute high-priority. The oftemptetely different interests should be
prioritised and harmonised. It is advisable to tethis utilisation form integrated
(harmonised) utilisation and not complex (combingtil)sation.
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2.2. THE ECOLOGICAL, HYDROBIOLOGICAL AND NATURE
CONSERVATIONAL STATE OF THE EUSTATIC DEAD-
ARMS AROUND THE VILLAGE OF TARPA (NE-
HUNGARY)

Lakatos, Gy., Kovacs, B., Kiss, M. K. and Keresgtar

2.2.1. Introduction

Wetlands can be generally characterized by therditiphytal being always larger than
the part of the littoral zone that is dominated phanktonic life forms. Items of
specifications and classifications cannot always dveanged hierarchically, but one
assumption is completely accepted, wetlands cagither natural wetlands, or constructed
wetlands connected to human activities (Lakato97),9%uch as rice-lands and mine ponds.
Naturally, it is also agreed that the individualthards differ from each other in their
degrees of water circulation, and can represertaticissemistatic or astatic water bodies
(Dévai, 1994).

Regarding the localisation of the Hungarian wettganthey can be classified as
palustrine (marsh and bog), lacustrine (conneabethkes) or riverine (in river valleys)
types, according to the IUCN’s recommendation (Duge990). Dead beds of river are
found in the river valleys and flood plains, withig latter case being especially common
after the process of the Hungarian river regulaiddn the basis of their connection to the
main-arm, the actual water flow, these beds cadibided into ox-bow lakes, where the
high water level of the river provides flushingparticular periods of the year, and short-
cut dead-arms, which either have lost all theirngations to the river or can be found in
the discharged side (Lakatos, 1998).

Wetlands are often evaluated as theatres of biggltye Large-scale morphometric
differences and the biochemical variety of the pneprocesses yield a diverse flora that, in
turn, gives shelter to a rich kind of fauna, codplgth an abundance of micro-organisms
that is less spectacular, but plays an essentaindhe life of wetlands (Mitsch, 1996).

During 1998, in the framework of the ,Tarpa regemvironmental state assessment”
supported by the Programme Financing Applicatio@nginations have been initiated in
order to gain an overall survey on the ecological hydrobiological ground state, as well
as on the local fish fauna of the dead-arms sitList¢he area of Tarpa. The research work
covered the dead-arm of River Tisza at HelmecskBg\(argaszeg (V) and the so-called
Kiss Janosné’s dead-arm (K).

2.2.2. Materials and Methods

All the three dead-arms are situated within thétrigjded flood plain of River Tisza,
and evolved in the time of the river regulationsréhby cutting off the bends of the flowing
river. Their regular water supply is not ensuretd] the dead-arms receive fresh water only
in periods when the water level of the river isthigeaches up to 290 cm at the watermark
post of Rahd.

The northernmost of the three dead-arms is the -dead of River Tisza at
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Helmecszeg that has a relatively steady run-dowmorg the examined wetlands, this
dead-arm lies in the largest area (12 ha), butttassmallest depth (its deepest point is
about 2 m). Today, water can only be found in thpeu branch, even when completely
filled, while in water deficiency exclusively theepest site of the upper branch (upper end)
contains water. The inlet for the settled commumastewater of Tarpa is situated in the
lower third part of the dead-arm (water samplirtg &i). In the upper end (water sampling
site 3) there was a small open water spot obseAddlong the right bank, except for the
section including water sampling site 2, a belfgybha angustifoliauns.

When heading for south one faces the dead-arm ajagaeg with its area of 6 ha.
This is the deepest one of the three investigatetthnds, therefore has the most balanced
hydrobiological character. Its deepest point reactmvn to about 6 m. Due to its depth and
the introduction of grass carp, its flora is sa&ite In the lower end being intermittently
dried up (water sampling site 1) there are patcfi€olygonum amphibiurdetected. In the
middle part of the dead-arm (water sampling siteir2the inner part of the former bend,
Phragmites australisappears in patches, as a bordering plant. In pgperuend (water
sampling site 3) with shallow regions some speb&tmatiotes alloidesan be found.

Kiss Janosné’s dead-arm lies further to the sdtthording to the land registry, it has
an area of 8 hectares, yet the water surfaceshendepth (4 m) is measured to be smaller
than those of the dead-arm at Vargaszeg. Similarlyhis latter dead-arm, the flora is
scanty, and in the shallow parts at the two endthefdead-arm, spears Bbtamogeton
lucensgrow, while in the lower end (water sampling dijat is complemented by stands of
Trapa natansand Sagittaria sagittifolia In the inner side of the bend some stems of
Nymphaea albashoots up, and close to the shore there are matohd?olygonum
amphibium Within the section of water sampling site 3, he tright bank, stands of
Schoenoplectus lacustran be detected, while in the left bank and theeugnd of the
dead-armGlyceria maximaare found.

Water, plankton and plant samples were taken ondooasions — 16/04, 09/06, 21-
23/07 and 11-12/09 — during the year of 1998, wdefish individuals were collected three
times with accumulator-generated electric fishingchine. The water samples were
processed according to the methods published iibIBgls handbook (1987). On the basis
of the obtained results, the water types, as weslltlze phyto- and zooplanktonic
compositions were established. The species list ratdre conservational evaluation of
tangles are also detailed (Simon, 1988; Borhid3)9

2.2.3. Results

The particular characters of the wetlands are pilyndetermined by hydrological
factors, the water coverage, water circulationodiog, drying), water depth and changes in
the water level, and at the same time these areléments that ensure the most essential
conditions to aquatic organisms. In this way, theant of water supply has fundamental
importance, however, it is specially the reactidntlie organisms through which the
significance of water quality is revealed. The pbgisand chemical properties of water, as
well as the factors being responsible for themndbexercise their effects separately, but
through a rather complex system of action mechasisnd considering the principle of
tolerance, the aquatic organisms — with certaintéitions — flexibly adopts itself to this
system on the level of populations.
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All the three dead-arms have relatively low condlitgt, and can be grouped to the
beta-oligohalobic and beta-alpha-oligohalobic h#jolcategory (Felféldy, 1987), while
they — with the exception of the spring water samllected near the wastewater inlet of
the dead-arm at Helmecszeg that is characterizedebila-HCQ ion type — belong to the
Ca-HCQ ion type, identically with the wetlands of the Zasvalley (Lakatos, 1990).

Small figures for the values of oxygen saturati@maining under 10 % were
measured only at water sampling site 1 of the deatdat Helmecszeg (near the wastewater
inlet, in a flood-free period). The oxygen satwativalue generally exceeded 50 %, and
accordingly, aerobic conditions prevailed. Furthere) in areas thickly grown with aquatic
plants, saturation values over 100 % were frequengberienced. It can be claimed that the
oxygen supply proves to be favourable for the amnge of natural purification, as well as
for the lives of zoo-organisms including fish sgeci

Regarding the results of measurements on the ctmtiens of nitrogen and
phosphorus forms, the trophity of the dead-arn, iththe nutrient supply, was found to be
poor, even in the case of wetlands for fishingcsithey reached a mesotrophic state only
on two occasions. It is the oligo-mesothrophic typat generally dominates the aquatic
sites, and the phosphorus supply is extremely [Blae dilute effect of the floods was
indicated by the measurements, in these periodidpéity of the investigated dead-arms
reduced to an oligotrophic state.

Values for saprobity were detected to be more unfeable than those of trophity,
because — due to the inflowing wastewater — wadenpéing site 1 of the dead-arm at
Helmecszeg showed an alpha-mesosaprobic stateashatconsequence of dilution was
decreased by two units into beta-mesosaprobitycdwapared to this latter state, more
favourable water quality conditions were observely at water sampling site 3. In the case
of the dead-arm at Vargaszeg, it ranged betweeyo-tieta-saprobity and oligosaprobity,
therefore the dead-arm could be considered as fpafime water quality. The water
saprobity of Kiss Janosné’s dead-arm brought vaheteeen the data for the two above
dead-arms.

The results of phytoplankton analyses corresporibgavater chemical data, they can
be characterized by relatively small species, dbageindividual numbers (30 000 ind/L),
the biomass does not reach 0.1 mg/L, and turnedoolk remarkably low in the cases of
the two dead-arms used for fishing. The most fratjuspecies belong to the
Bacillariaphyceae and the most important afulacoseria granulata var. angustissima
Nitzschia paleaSynedra acusnd Synedra ulnaThe presence of tHainophytaspecies,
Peridinium palatinumat water sampling site 1 of the dead-arm at Hebmeg being
heavily loaded with organic pollutants is worthlte mentioned separately. On the other
hand, the infrequency of green alg&hlprophytg in all the three dead-arms is quite a
surprising observation.

The results of zooplanktonic analyses reflect Wizat been established on the basis of
biological-ecological water quality indices abotmphity and constructivity, because the
entire year brought about small taxon and individuanbers. Favourable conditions were
only examined in the September samples from thel-dem at Vargaszeg, in which the
individual number came close to the 30 000 ind/1¢alue. In the case of the other dead-
arm utilised as fishing water, the individual numbemained below 20 000, and about one-
third of this amount could be found in the samu&the dead-arm at Helmecszeg. Among
zooplankton species, the following rotiferRotatorig were detected in larger masses:
Anuraeopsis fiss@Brachionus diversicornjeratella cochleari@ndPolyarthra dolichoptera
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In the life of wetlands, plants, respectively thearious life forms and connections to
the water (their obligate or amphibian nature) hawortant roles, yet these factors
naturally originate from long-term evolutionary pesses. The potential vegetation and its
structure are primarily defined by the water supgtyl water quality of the given wetland.
Abiotic and biotic parameters work through a semésnterrelations that may change
dynamically, and thus can develop into more comjaiéerdependencies. Revealing these
interdependencies must involve the examinationdatdrmination of the sub-processes.

From the three dead-arms, 20 aquatic plant spe@es identified, and the species list
is given in Table 1.

Table 1. Species identified

Alisma plantago-aguatica
Glyceria maxima

Iris pseudacorus

Lemna minor

Lycopus europaeus
Lysimachia vulgaris
Nymphaea alba
Phragmites australis
Polygonum amphibium
Potamogeton lucens
Rorippa amphibia
Sagittaria sagittifolia
Schoenoplectus lacustris
Solanum dulcamara
Spirodela polyrrhiza
Stratiotes aloides +
Trapa natans

Typha angustifolia
Utricularis vulgaris
Zannichellia palustris
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total species number 19 10 13

From the 20 species, 19 were found in the deadaandelmecszeg, and only one, the
stratiotes $tratiotes aloidesdid not show up. Small stands of the latter speavere
observed in the dead-arm at Vargaszeg, yet insitésjust 10 species could be identified,
three species less than in the third dead-arm.

Regarding the distribution of plant species intéura conservation value categories
according to Simon (1988), it is the dominance sfogiative and accompanying species
that is characteristic (90 %), while there was epecies authorised as protectéds (
pseudacorus and one disturbance tolerant speci8sldnum dulcamadaalso occurred,
which indicates degradation. Based on the natyrabifuation figures for the Hungarian
flora (Borhidi, 1993), the natural competitor sgechave a determinant role among the
social conduct types of natural habitats (45 %)d avesides, the generalists or
accompanying species, and the natural pioneerlanst be mentioned here. Specialist
have only one species, the arrow-he@ddjttaria sagittifolid detected in the area, while on
the other hand disturbance tolerant species, wipcterally belong to interfered habitats,



Chapter 2. Conservation biology 103

are represented by four specidsdopus europaeyd.ysimachia vulgaris Polygonum
amphibiumandSolanum dulcamada

Apart from the macro-ions, microelements were asbjected to analyses, and
particular attention was given to the analysis @ity metals from the water samples and
the fractions of the collected fish species. Qirterestingly, the water analysis carried out
with ICP AES could not detect iron in any of theadearms, and the manganese
concentration remained below 0.1 ppm. It is celyaihe aerobic and oxidised conditions
that resulted in the deposition of dissolved ironsi and the reduction of the manganese
content, though the low level of loading may alsmtcibute to it. Similarly to iron, the
concentration of copper did not enter the zonestéctability, because no sample contained
this particular element in an observable form. Tilghest concentration was measured in
the case of zinc, the two extreme values were @0A8 0.5 ppm. This significant
concentration of zinc originates from external liogd still remains well under the value of
about 100 ppm obtained from River Tur (Kocsis & atds, 1999). Among heavy metals,
every sample bore chromium, and some of the sarhplgédead and cadmium.

H1 Zn>Cd>Pb>Mn>Cr>Cu
Vi1 Zn>Pb>Mn>Cr>Cd=Cu
K1 Zn>Pb>Cd>Mn>Cr>Cu

The examination results on fish-biological and fatio conditions, as well as fish
stock structure of the investigated dead-arms Tiegsa have been published in Kovacs and
Lakatos’'s survey (1999). Analyses on heavy metatsewalso performed from the
musculature, liver and scales of the fish individufat belong to the species collected in
larger masses in the dead-arm at Vargaszeg. Theutatisre of the fish individuals did not
reveal the presence of cadmium or lead, while tl@ganese and copper contents were
measurable for all the three, examined fish spec¢hemuigh the concentrations remained
below 10 ppm. The zinc concentration was deteatetiet the highest in the roach, the
chromium content showed maximal values in the sasnfstbm the bream musculature, yet
none of the analyses experienced such a limit vildaewould brought about problems of
pernocisiosity (Dévai et al, 1992). In the livedastale samples of the fish, high zinc and
manganese concentrations were measured, while #adymto the samples from the
musculature — no cadmium and lead could be detected

2.2.4. Discussion

By today, it has been definitely demonstrated thatpreservation and protection of
the present conditions in nature conservation acaasonly be achieved by productive
activities of care-taking, supported by thoroughd amell-founded research work. The
preservation of natural values being visible to th&ed eye (such as plants and birds) can
be virtually achieved by the assistance of thoroagt versatile preparatory works that
represent essential requirements especially incése of protecting vulnerable wetlands
with small remnants of highly valuable areas.

An important part of the research woks on theselamds was constituted by
investigating the ground ecological state and eraigithe local water supply and water
quality in order to provide adequate informatioraftiive nature conservation. Among the
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examined dead-arms, it is the upper part of thel-@dem at Helmecszeg that is qualified as
having a nature conservation value on the basits gfreserved natural state and diversity
of the aquatic flora. This particular area représem remarkable feeding site for the
protected black storkQjconia nigrgd, and provides shelter for a variety of herons
(Ardeidae) and ducks (Anatidae). Due to the hamddbs of 1998, the diversity of phyto-
and zooplankton could not be verified.

The other two dead-arms primarily serve as fishiager, but since they are presently
short of nutrients (oligo-mesotrophic state) andefrof organic pollutants (oligo-beta
mesosaprobity), they can be considered as appraatie natural state in spite of the local
water farming activities. The significance of alrdée dead-arms are connected to
recreation, and the upper part of the Tisza deadairHelmecszeg is utilised as a zone of
ecotourism.

The local effects of the mechanically treated waater on the receptive dead-arm
could be clearly observed and measured, but instartie from this site, the more
favourable, natural purification processes wereaaly functioning, thus the present loading
caused by the wastewater could not be particullyriseither modified. When explaining
this phenomena, the fact should be consideredithatid periods even the treated or
purified water with substandard quality may perfomore favourably for the living
organisms of wetlands than any dry conditions thitately may lead to the destruction
of most aquatic organisms.

In the almost one-year period of the applicatidw, tesearch works — in accordance
with the preliminary plans — were primarily confthéo the dead-arms near Tarpa, in the
Szatmar-Bereg Plain, as they contained the selezagling sites, though the results and
experiences are referential to the whole of natoreservation in the Szatmar-Bereg Plain.
Consequently, the studies aiming to reveal thechesological state of wetlands and the
potentialities of nature conservation treatmentgeh#ot been completed, these first results
call for the extended continuation of the examinadi

2.2.5. Summary

An essential task of nature conservation is toaktre structural and functional state
of the remaining natural wetlands. By today, it haen definitely demonstrated that the
preservation and conservation of the present donditin nature restoration areas can only
be achieved by productive activities of care-takisgpported by thorough and well-
founded research work.

In the framework of the ,Tarpa region state assesginexaminations have been
initiated in order to gain an overall survey on #@logical and hydrobiological ground
state, as well as the local fish fauna of the deads situated in the area of Tarpa. The
research work covered the dead-arms of River Tastféelmecszeg and Vargaszeg, and the
so-called Kiss Janosné’s dead-arm.

In the case of these wetlands, constituent partthefresearch work included the
observation of the ground ecological state, andetkemination of the water supply and
water quality so as to provide adequate informaf@mactive nature conservation. From
the investigated dead-arms, it is the upper ard¢aeimead-arm of Tisza at Helmecszeg that
can be classified as having nature conservaticaakewvon the basis of its preserved natural
conditions, as well as its diversity in the aquéltica.
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The other two dead-arms offer fine fishing wategt gue to their current state of
lacking nutrients (oligo-mesotrophy) and being frek organic pollutants (oligo-beta
sabrobity), and in spite of the local water farmarg considered to be even more of natural
state. The significance of all three dead-armsammected to recreation, and the upper part
of the Tisza dead-arm at Helmecszeg serves thesrst®tourism.
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Chapter 3

Water quality







3.1. WATER QUALITY RELATIONS BY FLOOD OF
RIVER TISZA

T. Nagy, M., Csépes, E., Bancsi, I., Végvari, P.,
Kovacs, P. and K. Szilagyi, E.

3.1.1. Introduction

We followed the phases of different water-qualipmponents during a year at two
water-sampling points of the river Tisza. During ewrk we set the target to show the
relations between the studied water quality indexs the water-level of the river and to
analyse their nature with special interest in thatdres of the great floods of the latest
years. By choosing between the water-sampling patnplayed a great role to have up-
dated information about the waterquality of theerifisza leaving the area of the Kiskore
reservoir, as the water supply of the river Tiszthie sole drinking water basis of the city
Szolnok.

3.1.2. Material and method

We followed the runs of different water-quality cooments ( electrical conductivity,
flowing-material content, hydrogen-carbonate ionmber of thalluses of saprophytes at

22 °C, number of coliforms, number of planktonic baiegrfrom £ July 1998. untill 38
June 1999. The water-chemical analyses were caortiedlaily at Pusztataskony, twice a
week at Szolnok, the water-bacteriological analysesvery second week at Pusztataskony,
and weekly at Szolnok. The determination of chem#al biological components were
carried out on the basis of analytical standarstedi in the qualificatory standard MSZ
12749:1993 (Surface water water-quality, qualitgrelsteristics and qualification).

3.1.3. Results

The annual measuring results of some water-qualitmponents are indicated on
case-historical graphs. The essence of it is, tiatvalues of the water-quality indexes
measured at the two water-sampling points are sttawsing the phases of water-level of
the river Tisza as the background of the eventss fyipe of data representation provides a
picturesque and well understandable informatioruaiee periodical changes of the river.
The graph of the changes of the values of condtictiind water-level (Fig. 1) shows the
close correlation between the electrical condugtiand the water-level.

It can be seen on Fig. 1, that that the electdoaluctivity of the water is decreasing
in the case of rising in the water-level while a&sing in the case of low-water. The
concentration of the hydrogen-carbonate ions ofwhter changes the similar way. Futher
on we defined the determinatory coefficienfz(R.QOZl) between the two variants, which
characterized the closeness of the joint. It metat,the change of one of the parameters
explains by 90% the variation of the other.
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Fig. 1. The relation betveen the values of conditgtand the water-level measured at two sampliogHs of the
river Tisza

We can observe a similar periodicity on Fig. 2 showing the phases of floating-
material content and water-level.
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Fig.2. The relation between the floating-materiahtent and the water level at two sampling-poiritthe river
Tisza

The maximum values of the concentration of floatingterials can be observed at the
starting phases of each flood, which is then foddviby a sudden drop. As the quantity of
the floated siltage is affected mainly by the qitgrdf the rainfall fell onto the cathment-
area and the siltage wased into the water by ittHeyspeed of the waterflow and the
sedimentation of the floating-materials (so caligdrological factors) (Bogardi, 1971) so it
is understandable that the floating-material cangbiows a saltatory increase at the starting
phase of the floods. The floating-materials wasimedby the rainfall fallen onto the
cathment-area contains a great amount of organieriabs, which is well demonstrated by
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the close correlation of the C@pand the floating-material content. It can be seem the
results of the regression- and correlation-analysesed out by a similar way, that in a
certain case there is a closer relatiofi=(R9024) between the two observed components,
for ex. HCQ and the conductivity, than between the measuréaesaof COQ,and the
floating-material content ()R0.8772). The relations of the functions similathiese can be
adaptable for predictious aims too, and can beeglamportant roles in the controll of the
results of the measurements.
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Fig. 3. The relation between the values of numbehe saprophythe colony forming-units and the witeel
measured at two sampling-points of river Tisza
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Fig. 4. Charasteristic curves of river regime ahgohydrological indicators at the river Tisza ($md) between
24.04.-26.02. 1999.

By analysing the case-historical graphs we notitkdt a periodical changes of the
observed water-quality components can be monitiorélte case of an individual flood.

So we concluded to analyse the action of a floodentboroughly. The water-level
historical loop-curves (Dvihally, 1963) proved te the best for this purposes. Let's see for
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ex. the actions of the flood betweer"@6ebruary and 2%April 1999 through the example
of the floating-material content and the CQD

The phases of the values of five observed parameteeasured at Szolnok
standardized by expansion (by Podani, 1997) cafoltmved during a run of a flood on
Fig. 4 It can be seen, that the culmination of the vahfesach parameters follows each-
other in a determined chronological order. By tising of the water-level the first is the
concentration of the floating-materials reachimgntaximum value, which is then followed
by the COR, and the mean-speedyfvof the water-flow. We can observed at last the
culminations of the discharge (Q) and the wateelleVhe graph can be devided into two
well separated parts: the ascending an the desagtide. In the optimal case — when the
starting and the final water-level of the floodequal — two values of floating-material
content (etc.) belong to each water-level valué, tiese values meet at just one point. On
account of this the graph traces a loop.
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Fig. 5. Charasteristic curves of river regime ofmgohydrological indicators at the river Tisza (Rataskony)
between 24.04.-26.02. 1999.
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Fig. 6. Charasteristic curves of river regime afductivity at the river Tisza (Szolnok) between214.03.03. 1999.
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In the nature there can not be observed such darefiood of course, as during a
flood there are usually more floods piling up tdwet so the starting and the ending points
of the graphs do not meet at the same water-leMet phases of the five measured
parameters of this same flood at Pusztataskonyeaseen on the Fig. By comparing to
the previous figure we can observe that the evéesgsribed above followed each other in
similar order. The measurements of CQBt Pusztataskony were carried out only once a
week, so we do not have daily data about the phafssss parameter. Because of this we
joined the stars marking the results of G@Measurements with unconnected line on Fig.
5 so it is just an additional information.

The number of the saprophyte colony forming uriitsves the size of the bacterium-
flora depending on the presence of the quickly distmable organic materials and which
demolish it. To propagate these bacteria aC2the saprophyte-bacterium stand of the
water can be traced. The number of the psychropagteria is significantly increasing in
the ascending phase of the flood (Fig. 3), as #peaphyte-bacteria can be multiplied on
the organic particles stuck to the surface of thatéd siltage. In this case a great number
of of psychrophyl bacteria joins to the high valuesCOD,,. A great increase in the
abundancy of the bacteria was observed in the ddsug phase of the flood (at
Pusztataskony). During this period with outstandimgrnal-water quantity the number of
bacteria can significantly be affected partly bg ttisadvantageous quality of the internal-
water pumped into the river, and partly becauseriber washes in a great amount of
organic materials during recedeing from the flodairp and if the water-temperature is
favourable the bacteria could be multiplied in g@zantities (Fig. 3).

The number of saprophytes which can be measurtgtiwater is decreasing because
of the little washing-in, and because of the seditew#on of the bacteria together with the
floating-materials during low-level. In the work Bf Téth (1997), K. Szilagyi (1995), and
Hegedis (1980) the relation between the planktonic nunabémacterium, the discharge and
the floating-material content is well studiable.cin be observed during low-level, that
when the floating-material is subsiding (and theatgr part of the bacteria forming units at
22°C), the number of planktonic bacteria definedtis AODC method is increasing. It is
interesting, because this later method — althohgmumber of saprophytes at @Zan be
advised as an alternative of the AODC method, atiegrto the literary data - is far more
precise, as not only the heterotrophes with aatetabolism can be included, but those
bacteria as well which are living, but do not shastive metabolism.

The number of planktonic bacteria of the river &iss varied between 0.38-2.1
million cell/ml during the observed flood perioduiing flood the number of planktonic
bacteria is increasing, and the bacterial biomasgjuite high (B. Téth, 1978). The
dominants are the small coccuses, while duringng-lasting low-water level the rod- and
filiform forms are also appearing in greater numbEne coliform bacterium is a rod-
shaped facultative fecal indicator bacterium. Thawg revive nitrate into nitrite, dissociate
lactose during formation of acid and gas, and plyltivell at 37°C. The coliform bacteria
indicate the organic-material loading getting itlie water from outside, so their number is
increasing together with the quantity of the orgamiaterials getting into the river Tisza on
the occasion of a flood. The highest nhumber offooi bacteria was observed in the
descending phase of the floods, as the quantitiyeobrganic-materials originating from the
flood-plain and from the internal waters is sigraiint.
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3.1.4. Discussion

The case-historical graphs prooved cleanly, thatatttual value of the water-quality
indicators are greatly depending on the hydroldgitate of the river (Tisza). The water-
level, the discharge, the flow-speed, the quastity the distribution of rainfall fell onto the
cathment etc. are all determinative factors ofwhagerquality indicators. That's why it is
important, that the results of the water-qualitglgses will be always defined in the mirror
of the hydrological state of the observed river.Thase correlation between the values of
the conductivity and the concentration of HOd@ns may seem to be surprising by the first
approach, as the hydrogencarbonate ion does nmdéb the mobile ions by its size. As
the electrical conductivity is the sum of the coctiltities of all ions being present in the
solution, it seems to be certain, that cationsingetinto the water by the dissolution of
carbonated rocks generate the rise of the condiyctiv

When we analyse the phases of the electrical caivityauring a run of a flood (Fig.
6), we can see, that at the beginning of the flwedmeasured relatively high values, later
on a significant thinning was observed, what charared the river untill the culmination
of the flood. The receding of the river was happkebeside a new increase in the values of
the conductivity on account of the concentratiothaf water. The salt-concentration of the
water of the river Tisza and its phases are depgndn the quantitative relations of the
springs supplying the river and being rich in setutmineral salts, together with the
"thinning-waters” originating from thaw and rainf@luhasz, 1976).

At thaw, or at the time of a heavy rain the raihdushing from the catchment is
nearly pushing the more thick salt-contented watefront of it in the river-bed. It is
followed by the spring-water gained higher discleargthe meantime mixing with the rain-
water arriving continuously (Bancst al, 1977). So at the starting phase of the flood we
meet a thick water, then later on - untill the ciation - a thiner rain-water, and at the
descending phase a mixture of the higher dischasgedg-water and the rain-water.

The explanation of the phases of the floating-nigtezontent (Fig. 2) is a very
complicated task. At first we have to clarify twlstractions: the siltage-carrying ability of
the water is the upper limit of the quantity of $ikage carryable by the waterway, which
are determined by the hydromechanical factors. quamntity of the siltage carried actually
is much less, so the waterways are always carfgisgysiltage, than as much as they could
(Bogardi, 1971.). It can be seen well on Fig. Hat the mean flow-speed of the watey)(
and the quantity of the floated siltage (floatedtanal f,,) only at the starting phase of the
flood increases together. The curve gfehches its maximum value earlier, than the
which can be explained by the decrease in the gyaritthe wased-in siltage. The sudden
fall back of thev,, can be explained by the specialities of the bediprof the observed
segment of the river. As tHecurve shows, at the water-level of 750 cm therrateps out
of its main bed and expands on the flood-plain,ciwHeads to the sudden decrasepf
while the dischargéQ) is continuously increasing. Passing through thésaking-point the
VIS increasing again by the rise in the discharge,ib a less slow measure, than in the
main riverbed. In the descending phase botlQtlaed thev,,is continuously decreasing.

The different between the values of the two parameaneasured in the ascending and
in the descending phases is originating from tHéerint in the water-level fall of the
surging and the retreating river. The number ofglamktonic saprophyte and the number
of coliform bacteria are dominantly increasing le ascending phase of the flood, but we
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observed the the saltatory increase of the abuydafrthe bacteria in the descending phase
of the flood at every group of bacteria analysedusy(August 1998., May 1999. at
Pusztataskony) The cause of this is probably that, after the flood the river retreating
back from the flood-plain and the over-lifted seesgare washing a great amount of
organic materials, fecalic and other contaminante the water, what the psychrophyl
saprophytes, the coliform and Clostridium-type beatcan utilize in a different way in the
case of favourable conditions.

3.1.5. Summary

The analysis of the case-historical graphs prodacethe basis of yearly data flashes
light onto the necessarily frequent changes in wader-level of the river and in the
examined parameters. It can be seen, that therieldctonductivity of the water is
decreasing in the case of rising in the water-lewrgdle increasing in the case of low-water.
The concentration of the hydrogen-carbonate iomsmgés the similar way. The maximum
concentration of the floating-materials can be oleg at the starting phases of a certain
flood. The curves of the graphs of the yearly clesngf CODR, and floating-materials are
similar, which indicates the close correlation begw the two components. The number of
the psychrophyl bacteria and the number of colifrme significantly increasing in the
ascending phase of the flood, but the maximum gahie¢he abundancy of the bacteria was
measured in the descending phase. During this gbesith outstanding internal-water
quantity the number of thalluses of saprophytessigaificantly affected partly by the
disadvantageous quality of the internal-water puinpéo the river, and partly because the
river washes in a great amount of organic matedating recedeing from the flood-plain,
and if the water-temperature is favourable the dréctcould be multiplying in great
quantities.
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3.2. PREVIOUS SURVEY OF THE ECOLOGICAL STATE OF
MIDDLE-TISZA BACKWATERS

Szilagyi, E. K., Zsuga, K. and T. Nagy, M.

3.2.1. Introduction

The protection and reconstruction of backwatersnsurgent and current task of
nowadays as backwaters are in a senile state, #ter wupply is often uncertain and
incidental. The existing backwaters, as wetlandseewpgraded. However, their manifold
usage accelerates their destruction. The wetlaelbs to the most endangered ecological
systems in the world (Gopal and Sah, 1995). Thpyesent a significant natural value, so
their survey, the knowledge of their water quadityd the protection of their biodiversity is
very important.

During the investigations of the , Tasks concerning protection of water quality of
backwaters”, coordinated by the Environmental Miyign 1998 we carried out the survey
and ecological qualification of three Middle Tiszdackwaters (Tiszaugi Holt-Tisza,
Cibakhazi Holt-Tisza, Alpari Holt-Tisza).

3.2.2. Material and methods

The examined backwaters and sampling areas werdolosving: Tiszaugi Holt-
Tisza: the area under the village, 1300 m segn@hgkhazi Holt-Tisza: Dora-farm, Alpari
Holt-Tisza: beach area, 6200 m segment.

The evaluation was based on the previous dataesudt rof a tour of the backwaters
by boat. Besides this we examined the macrovegetatie sampled water and sediment
for the purpose of chemical, biological and seditriemestigation. We characterised the
dead arms generally and we valued the sedimenstigations. At last, we prepared the
reference ecological qualification of the threekveaters based on the Déwetial (1992)
works.

The samples of sediment were taken with an Eijkafk&8eeker-type sampling
instrument. We made the separation according tditBg 12739/4-78.

The metal investigations were held on a VARIAN 2@-B/pe atomabsorption
spectrophotometer. The determination of Cu, CdNGrZn, and Pb were carried out with
the vaporisation of air-acetylene into flame, tretedmination of Hg was carried out by
VGA-76 hydride system. During the physical and cluaiinvestigation of the sediment
we determined the dry content by torrefaction oB d€. We determined the collfaction
loss by heating on 600 oC from dried, homogenisaohpde. The preparation of the
determination of N and P-content of the sedimens earried out according to the MSZ
12739/2-78. Destruction and the processing of dbstructed sample was carried out
according to the MSZ 448/27-85. For the determamatf the phosphorus content of the
sample we used the MSZ 318/19-81. For the CODrubitation we used prepared
sediment sample. We diluted 0,1 g of sample withriOdistilled water and we measured
according to the MSZ 260/16-82 used at the sewaggstigation.
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3.2.3. Results
3.2.3.1. Tiszaugi Holt-Tisza

The backwater can be found on the left bank ofRhesr Tisza. It is not divided by
culvert. Its length is 3,4 km, its area is 50 h&eTregion isn’t under environmental
protection. The backwater receives precipitatiot aatand water primarily, furthermore, it
is used as irrigation water. Moreover, it is uélisfor fish raising. On a short part it serves
as holiday resort and bathing area. The outskift§iszaug touches the shore of the
backwater here. The right shore of the horseshapesis less visited and built. The reed
and the avenue are boundary to an agricultural area

From the point of view of backwaters the small watepths are quite unfavourable.
By the end of summer the water depth doesn’t rdachin the midline and there’s hardly
any area deeper than 2 m. The two ends of the keekwiith their depth of 0,3-0,5 m are
critical parts of the riverbed.

A huge open-water area and a macrovegetation witill species and individual are
characteristic of the backwater. Two discoveredtguted plant species of the water are the
Nymphaea alba and the Trapa natans. The Nymphbaaaasociation is extensive on the
Lower-end. During the summer, at dawn the huge hssrcan result in the water being
backing in oxygen or having a low oxygen content.

By the distillery seeds of grape and plum and redwis of peel cover the silt in a
thick layer. The dark colour of the water suggestitroph state, sometimes it bubbles
(anaerobe gas production). The accumulated hugeurstnaf organic matter provides a
favourable nutriment supply to the alga vegetation.

On the former left shore the reed zone unfortugabelcame disconnected at many
places, it is incomplete at the plots, at the ampfiones and at the beaches. In a few places
the reed (Phragmites australis) is replaced bymawné

At the Lower-end a less extensive reed associa#nbe observed, whereas at the
Upper-end the reed is connected and widespreath, sdtme signs of swamping. The
attendant plant of the reed in some spots is thghdyangustifolia and the Typha latifolia.
Next to the reed the Utricularia vulgaris occunssbme spots. In the open water the
floating reed-grass association is negligible. Tie®ting reed-grass species are the
Myriophyllum spicatum, the Potamogeton crispus ahd Potamogeton lucens that
submerge into the water.

During the irrigation season the water pumping withwater compensation can
damage the biological life of the backwater. Thgnsi of natural growing old can be
observed in the backwater, its bed contains sltrige amounts.

Aesthetically the backwater provides a beautifdctacle although it doesn’t possess
significant ideal values. Botanically the backwatetess valuable, besides the Nymphaea
alba occurring in large numbers we cannot findificant plant associations.

The thickness of the sediment of the Tiszaugi H@dtza is 66 cm. From above
downwards: the upped5,5 cm is a loose, black, fine-grained silt withigh water content,
then between 39-95 cm the sample is graphite geynpared to the sediment of other
backwaters there are quite high amounts of €QEy, CODcunos total N and total P
found during the investigations (Fig. 1.). The megad amounts suggest a quite high level
of organic matter content (e.g. total N 7000 mgdkg content). This indicates an eutroph
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water. Among the examined backwaters the valuestteemost extreme here, which
suggests the most unfavourable states. The ratimodanic and organic matters is also the
worst here, the heating loss from the three badwsas the lowest here.

(mg/kg dry matter)

total N

113000

COD(ZC!ZO'/

155000

Tiszaugi Holt-Tisze E Cibakhazi Holt-Tisz H Alpari Holt-Tisze
Fig. 1. Examinations in the sediment of dead arms
3.2.3.2. Cibakhazi Holt-Tisza

It was formed during the regulation of the RivesZa in 1856. It is located on the left
bank of the River Tisza. On the evidence of thephotos the dead arm has an area of 272
ha. From that the open water area is 194 ha (71a8fbYthe plant surface is 78 ha (28,7%).
Its length is 16,9 km. The two dams are separateddulvert not precluding the water flow.

On its upper (next to the dam-keeper house) enc thetends a long swamp zone,
hardly any open-water surface can be found thdre.species forming the swamp, in order
of the extent of the area they cover, are the ¥olg: Phragmites australis, Typha
angustifolia, Schoenoplectus lacustris, CarexGlyceria maxima.

From the village of Cibakhaza the backwater camlibled into two different water
areas, habitually and botanically. From the beddbilmakhaza until the Déra-farm the reed
stands occur in knots in front of the connected ragsociation. For the other end of the
dead arm a smaller plant individual number andeasing rate of building is characteristic.
As for the amount of pondweed, the most significenthe submerging pondweed, this
mainly consists of Ceratophyllum demersum. Along shore the Myriophyllum spicatum
occurs in large amounts. The Utricularia vulgansl #otamogeton natans occur in spots.
Potamogeton lucens and Potamogeton crispus carol@ fin smaller amounts. The
floating pondweed is represented by the so-calkmihetum associations that consist of the
following species: Salvinia natans, Lemna minor,ir@fela polyrrhiza, Butomus
umbellatus, Iris pseudacorus, Lythrum salicaridy@mum amphibium, Alisma plantago-
aquatica.

The thickness of the sediment of the Cibakhazi Ha@kza is 90 cm. From beginning
to end it is greyish black, a bit smelly. The seelitnhas a high water content, it is quite soft



120 Ecology of river valleys

and has a loose structure. At the pig farm in Cféraa the high N, P, COD values suggest
an accumulated organic matter amount (Fig. 1).aJalable N and P content can maintain
plankton organisms in a great mass.

3.2.3.3. Alpéri Holt-Tisza

It is located on the right bank of the River Tisza flood area protected by a summer
dam, it is divided by one culvert. Its length i9® &m, its area is 147 ha. From the Upper-
end until the culvert the water depth is 1,2-1,5Hme, water is in eutroph state. The species
occurring here: Hydrocharis morsus-ranae, Wolffidiaa, Lemna minor, Lemna trisulca,
Salvinia natans, Nuphar lutea, Stratiotes aloides.

On the right bank of the former flow direction teds no reed, the water is flanked by
trees. On this bank the primarily occurring spe@@dbe Nuphar lutea, on the opposite bank
the Nymphaea alba lives. Until the section of tkadh the water is similar in appearance
and the water depth is 1,6-2 m. The nearly 2 m despr is almost totally grown in by the
Ceratophyllum demersum. This huge biomass resulés nearly 200% oxygen saturation.
The water is dark brown, bubbling, with a huge béss For decades it was burdened by
the organic impurities of the nearby pig farm. Ae tsection of the beach both banks are
flanked by trees, there is no closed reed assoniatirom the beach until the lower end on
the right bank of the former flow direction - udyah shady areas - flourished the Nuphar
lutea fields. In dead arms of the Middle Tisza shiciphar lutea fields can rarely be found.
On the opposite, sunny bank the Nymphaea alba.liVesvards the Flower-end at the
island only the left branch can be visited by b&atring the summer, at maximal biomass,
the ,traffic” is impossible in both branches, theacan only be approached in September.
In this water area the main species are Cerataphyiemersum and Nymphaea alba. The
other branch is covered with Stratiotes aloide408% so it so impassable.

The species found in the Alpari Holt-Tisza: Lemmsuica, L. minor, Spirodela
polyrrhiza, Salvinia natans, Hydrocharis morsusagarPotamogeton pectinatus, P. crispus,
Ranunculus sp., Utricularia vulgaris, U. australisyriophyllum spicatum, M.
verticillatum, Ceratophyllum demersum, Stratiotésices, Trapa natans, Nymphaea alba,
Nuphar lutea, Nymphoides peltata, Polygonum amphibMolffia arrhiza.

The thickness of the sediment of the Alpari HoléZ& is 65 cm. From up downwards:
the upper 13-15 cm is black, loose silt contairptent remainders. Under that: dark grey,
clayey silt, consistent, soft. The part between660em is grey, harder, clayey silt. The
quite high COR,cro07 Suggests high amount of organic matter.

Although they are not chemical components, we disdhe results of the toxic tests
done from the sediment here. The result of the Diaptest and Seedling plant test was
negative on all three backwaters, so the sedinsembm-toxic.

3.2.4. Summary

For the Tiszaugi Holt-Tisza a huge open water a@ed less plant association is
characteristic. The macrovegetation is poor in iggeand individual number. We found
two protected plant species the Nymphaea alba ge thiomass and the Trapa natans
occurring one by one. The investigations prove that Tiszaugi Holt-Tisza needs fresh
water supply and sweeping from time to time becaftsr a few dry years there can be a
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serious danger for the backwater and its assontio

For the Cibakhazi Holt-Tisza 70% open water area &0% plant area is
characteristic. It can be divided into two partapitually and botanically. The reed is
perishing. The welfare utilising and the buildingvk important role.

The Alpéari Holt-Tisza is rich in natural and landpe values, botanically valuable
backwater. The found protected plant species: Nymphalba, Trapa natans, Salvinia
natans.

The eaxmined backwaters are not protected at prdsenthey deserve to be
protected.
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APPENDIX

Preliminary qualification of Tiszaugi Holt-Tisza

Type of water body
The Tiszaugi Holt-Tisza is standing water by thengrehensive type of water bodies
(code=1), and itis ,kopolya” type dead arm by tbencrete type of water body (code=22)

The group of the static attributes

Characters of the bed morphology

-Typology by the water depth

The dead arm is a tempered shallow water (averagtemdepth is between 0,5-2,5 m)
(code=2)

The group of the dynamic attributes
The group determined by the lifeless nature
-Reity-typology (by the flowing circumstance):
Water body without considerable horizontal and icaitflow (code=1)
-Loticity-typology (by the fluctuation and whirlingrcumstance):
Slowly fluctuating water surface (code=2)
-Thermity-typology (by the temperature circumstgnce
Water temperature: 18,2 (code=5)
-Halobity-typology (by the salt content and saltngmsition):
Specific conductivity: 355S/cm (code=2)
Dominant cation: Ca-Mg-ion (code=6)
Dominant anion: HC@ion (code=1)
pH: 8,75 (code=4)
The group determined by the life and the lifelessature
-Lucidity-typology (by the light circumstance§ecchi-transparency: 20 cm (code=6)
-Aerobity-typology (by the oxygen circumstancBjssolved oxygen: 9,7 mg/l (code=6)
Oxygen saturation: 105 % (code=7)
-Trofity-typology (by the inorganic nutrientRissolved o. PQ 0,02 mg/l (code=2)
Inorganic N: 0,13 mg/l (code=2)
-Saprobity-typology (by the organic nutrient):
Chemical oxygen (K@hy: 21 mg/l (code=6)
-Toxicity-typology (by the toxicant): By Seedlindgnt test:Non-toxic (code=1)
The group determined by the life nature
-Constructivity-typologyChlorophyll-a: 1519/l (code=5)
-Destructivity-typology:Number of the planktonic bacteria: 1,31%16d/ml (code=2)
Biomass of the planktonic bacteria: 0,085 mgadg=3)
Biomass of the zoolpankton: 7,9054 Hoode=6)
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Preliminary qualification of Cibakhazi Holt-Tisza

Type of water body
The Tiszaugi Holt-Tisza is standing water by thengrehensive type of water bodies
(code=1), and itis ,kopolya” type dead arm by tbencrete type of water body (code=22)

The group of the static attributes

Characters of the bed morphology

-Typology by the water depth

The dead arm is a tempered shallow water (averagtemdepth is between 0,5-2,5 m)
(code=2)

The group of the dynamic attributes
The group determined by the lifeless nature
-Reity-typology (by the flowing circumstance):
Water body without considerable horizontal and icaitflow (code=1)
-Loticity-typology (by the fluctuation and whirlingrcumstance):
Slowly fluctuating water surface (code=2)
-Thermity-typology (by the temperature circumstgnce
Water temperature: 18, % (code=5)
-Halobity-typology (by the salt content and saltngmsition):
Specific conductivity: 1210S/cm (code=4)
Dominant cation: Na-Mg-ion (code=5)
Dominant anion: HC@ion (code=1)
pH: 8,55 (code=4)
The group determined by the life and the lifelessature
-Lucidity-typology (by the light circumstanceSecchi-transparency: 80 cm (code=3)
-Aerobity-typology (by the oxygen circumstancBjssolved oxygen: 8,1 mg/l (code=6)
Oxygen saturation: 88 % (code=6)
-Trofity-typology (by the inorganic nutrientRissolved o. PQ 0,01 mg/l (code=2)
Inorganic N: 0,02 mg/l (code=1)
-Saprobity-typology (by the organic nutrient):
Chemical oxygen (K@Q¥n: 14,8 mg/l (code=5)
-Toxicity-typology (by the toxicant): By Seedlindgnt test:Non-toxic (code=1)
The group determined by the life nature
-Constructivity-typologyChlorophyll-a: 6814/ (code=4)
-Destructivity-typology:Number of the planktonic bacteria: 8,19%18d/ml (code=3)
Biomass of the planktonic bacteria: 0,398 mg/d@e5)
Biomass of the zoolpankton: 0,574 {(oode=1)
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Preliminary qualification of Alpari Holt-Tisza

Type of water body
The Alpéri Holt-Tisza is standing water by the coehlensive type of water bodies
(code=1), and itis ,kopolya” type dead arm by tbencrete type of water body (code=22)

The group of the static attributes

Characters of the bed morphology

-Typology by the water depth

The dead arm is a tempered shallow water (averagtemdepth is between 0,5-2,5 m)
(code=2)

The group of the dynamic attributes
The group determined by the lifeless nature
-Reity-typology (by the flowing circumstance):
Water body without considerable horizontal and icaitflow (code=1)
-Loticity-typology (by the fluctuation and whirlingrcumstance):
Smooth or dimple surface of the water respectistgnant state (code=2)
-Thermity-typology (by the temperature circumstgnce
Water temperature: 20,%& (code=5)
-Halobity-typology (by the salt content and saltngmsition):
Specific conductivity: 620S/cm (code=3)
Dominant cation: Ca-Mg-ion (code=6)
Dominant anion: HC@ion (code=1)
pH: 8,55 (code=4)
The group determined by the life and the lifelessature
-Lucidity-typology (by the light circumstanceSecchi-transparency: 80 cm (code=3)
-Aerobity-typology (by the oxygen circumstancBjssolved oxygen: 10,4 mg/l (code=6)
Oxygen saturation: 117 % (code=8)
-Trofity-typology (by the inorganic nutrientRissolved o. PQ 0,005 mg/l (code=1)
Inorganic N: 0,13 mg/l (code=2)
-Saprobity-typology (by the organic nutrient):
Chemical oxygen (K@Q¥n: 15,6 mg/l (code=5)
-Toxicity-typology (by the toxicant): By Seedlindgnt test:Non-toxic (code=1)
The group determined by the life nature
-Constructivity-typologyChlorophyll-a: 29,4/ (code=3)
-Destructivity-typology:Number of the planktonic bacteria: 5,6%10d/ml (code=3)
Biomass of the planktonic bacteria: 0,289 mg/d@e5)
Biomass of the zoolpankton: 4,2911 ¥oode=6)




3.3. INVESTIGATION OF MACROPHYTE — PERIPHYTON
COMPLEX IN T1SzA RESERVOIR

Kiss, M. K., Lakatos, Gy., Kereszturi, P.,
Borics, G. and Szilagyi, E. K.

3.3.1. Introduction

Communities of aquatic plants play decisively impaot roles the life of shallow
waters directly or indirectly through their effecs the development of aquatic habitats, as
well as on the material circulation and energy floMhe functioning of macrophytes as
agents in the changes and regulation of water tyualiargely enhanced by the periphyton
forming on the submerged parts of macrophytes.

Kiskdre Reservoir is a shallow water reservoir thah be characterized by the
determinant influence of the littoral zone, theaaod which covered by aquatic vegetation
(littoral phytal) gradually increases to the coftthe open water area (littoral pelagial).
Consequently, the contribution of periphyton gawer larger significance. The periphyton
examinations performed in Kiskdre Reservoir havauéed on investigating the role of the
aquatic macrophyte-periphyton (epiphyton) compleak@toset al, 1998) in transforming
and indicating water quality, as well as on revaathe relationship between the host plant
and the periphyton. The obtained results can adithé¢oprofessional basis for the future
water managing and biomanipulating interventioritanlife of the reservoir.

3.3.2. Materials and Methods

In the summer of 1999, water, plant and periphydamples were taken from the
stands of the dominant aquatic plants at sevetes$ sif the basins, primarily the middle
basins (Poroszl6i and Sarudi basins), of KiskdreeRmir, whereas local measurements
(water depth, transparency, temperature, condtgtipH, oxygen concentration and
saturation) were also carried out. Where the prajepth of water allowed it, samples
collected near the surface, in mid-depth and dedpmsrgence were distinguished during
processing the samples in order to survey theenfte of their vertical stratification on the
results. Horizontal differences were detected thhotaking samples both from the middle
part of the plant stands and their edges.

The wet and dry mass of the periphyton samples weasured, and the organic
matter, chlorophyll-a, nitrogen and phosphorus eotst were established. The ash content
of the samples was determined, while the identificaof cations was made with the ICP-
AES technique after wet exploration. The algal sgsecomposition of epiphyton samples
was also revealed.

3.3.3. Results

In 1999 the results of the water chemical exambmatisupport the view on the middle
basins of the reservoir having different water digel, as well as justify the role of the
macrophyte-periphyton complex in the formation otdl impacts, such as oxygen
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supersaturation, oxygen shortage or the evolutfopaat’ characteristics. A large part of
the plant mass reproducing year by year is utilimedhe detritus food-chain, while the
algae and zoo-organisms of the periphyton conetantimportant nutrient base for the fish
(Simonianet al, 1995).

A significant amount of periphyton was found on theface ofPotamogeton lucens
leaves, with its bulk being ash from the silicorelskon of diatoms. Similarly, large
guantities were observed in the middle of Tmepa stand and the edge of thymphoides
vegetation. According to the classification systessed on the mass of the periphyton, the
majority of the samples could be grouped as smalsarperiphyton (Lakatos, 1983), and
their ash contents showed considerable differences.

The results from the examinations performed onmfass and ash content of the
periphyton proved that the macrophyte-periphytompglex actually determined the water
currents, and indirectly the water quality, as wdlhe mass of the periphyton on the
various plant species was found to be differenthi@ middle basins of the lake. The
periphyton of the saligofT¢apa natan¥y and cattail Typha angustifolipshowed increases
in the Poroszléi Basin, the amount on the bulruSbhpenoplectus lacustyislecreased,
while the saligot collected in the Sarudi Basirodisd larger quantities of periphyton (22
g/n? dm). Data obtained on the ash contents of thelpgion partly reflected the differing
suspended matter contents in the water of the waui@sins in Kiskére Reservoir, with the
local effects being in work. Samples collected fritv@ PoroszI6i Basin, near the dead-arm
at Ohalaszi and at the end of the dead-arm at Csapldl be described by an inorganic
periphyton group. Even when observing the very saamapling site, the periphyton of
Schoenoplectuselongs to the organic periphyton group, wherbasdfGlyceria could be
classified as inorganic due to a significant amaifrguspended solids deposition.

It is the marsh plant species afbtamogeton lucenshat generally have large
quantities of periphyton, while the dense standsaligot can be characterized by a
relatively small amount. Regarding the chloroplayttontent, the periphyton types of larger
masses brought about smaller values, which maypkaieed by the higher ash contents,
that is more considerable presence of the inorgaadation and indirectly the filtering and
settling functions of the periphyton. The highdsbcophyll-a concentration (0.797 %) was
observed in the periphyton taken from the saligdtie a decisively lower value (0.005 %)
was measured in the caseRaftamogeton perfoliatus

The largest amount biomass of periphyton can beddn the middle part of stems of
emergent macrophytesiypha, Phragmités This is valid for the organic matter and
chlorophyll-a content too. It's necessary to kntvattthe samples were taken from the edge
of macrophyte stand, so the effect of waves iegtigible.

The N % content of the periphyton turned out totlhe lowest in the case of the
Potamogeton lucensample (0.6 %), which can be due to the largecastient and the
decisive role of the inorganic fraction, while fibre bulrush, this value was much higher
(3.6 %). The phosphorus concentration just pagiponded to the values of the nitrogen
content, and was the highest for the flowering rii&ltomus umbellatyswhile in the case
of pondweed Potamogetop species, low concentrations were obtained. Therophyte-
periphyton complex has an essential tendency fainiag and absorbing nutrients (Smoot
et al; 1998, Havenset al, 1999). As compared to the host, substrate pondiwee
(Potamogeto)) the nitrogen and phosphorus contents of theppgton can be up to three
times larger, but at least show coherently high&lues. The amount of plant nutrients
retained and stabilized by the macrophyte-peripihytomplex can be established and
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estimated for the whole of Kiskére Reservoir thriowdtaining appropriate information on
the submerged fraction of the emergent vegetatimhtiae biomass of the pondweeds. The
importance of periphyton in retaining nutrients fesb been verified by the results of the
former examinations on shallow lakes and wetlandkdtos and Bir6, 1991; Lakates
al., 1998).

On the basis of measurement of heavy metals irplpgion there is no essential
difference among macrophytes but the periphytoerérgent plants contains more iron
manganese and the extreme values of other heawlsrae also characteristic of these
plants.

The accumulation of heavy metals by periphyton is important fact in the
development of water quality and establishes tfecebf the biofiltration.

On the basis of analyses of algae the submergedieatihg leaves macrophytes’
periphyton characterized by large number of aldde largest individual number but the
lowest species number were determined in the pgoplof Nymphoides peltatarhe most
number of algae species was found in periphytorHgéfirocharis morsus-ranaand
Potamogeton natans

Periphyton ofTypha angustifolidnad a largest of algae compared with other emérgen
plants but its species richness was far below ed4@eriphyton. The characteristic species
of periphyton belong to the group of diatoms anekgralgae (46 and 38 % of total species
number). The ratio of species number of cyanobiactard euglenids is only 10 and 5%.
The fitoplankton and algae in periphyton are biaatbrs and useful for determine water
quality.

42 macroscopic invertebrates taxa were identifirdzootecton. The periphyton
forming on submerged and floating leaves plantsallistnave more invertebrate animal
taxa than the emergent. macrophytes’ zootecton.s Lot insect larvae (mainly
Chironomidag¢ were found in zootecton. The importance of inelrates appears in
material circulation and fish feeding.

3.3.4. Conclusion

Studying the basins of Kiskdre Reservoir, which everartly formed by natural
processes after the creation of the reservoirgeparate water regions is recommendable,
since ensuring the various requirements of waiération (irrigation, nature conservation,
fishing, recreation, water sports, ecotourism, gngroduction, shipping, etc.) seems to be
achievable exclusively in this way. The aquatic etafon-periphyton complex has a
decisive role in providing the proper water quality these activities and fulfilling the
varied demands of water utilization, and this rbks to be taken into account when
interfering in the life of the reservoir.

3.3.5. Summary

Investigation of periphyton of different macroplg/te@as carried out in summer 1999
in Kiskére Reservoir. The wet and dry mass, organatter, chlorophyll-a, nitrogen and
phosphorus contents of periphyton were measured.abh and cation content were also
established. The algal and macroinvertebrate spemenposition of periphyton samples
were also revealed. The emergent plant speciestendubmergedPotamogeton lucens
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have the largest biomass of periphyton. The lamgass of periphyton contains less
chlorophyll-a because of the the higher inorganéztfon. The nitrogen and phosphorus
content in periphyton are different and there isigmificant correlation between them.

On the basis of our results there is no esseniffdrence among the heavy metal
content of periphyton. Most of the identified 15Mhaa species belong to the group of
diatoms and green algae. The characteristic tarothé biotecton are insects’ larvae
(mainly chironomids) and the total invertebrateotaxuumber is 42.
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3.4. HYDROECOLOGICAL INVESTIGATION IN THE
KISKORE-RESERVOIR

Zsuga, K., Szilagyi, E. K. and Lovas, A.

3.4.1. Introduction

The Kiskére-reservoir with its area of 127 kim the second largest lake of Hungary.
Besides its primary water management functionsvéare utility and its role in tourism
has a stressed significance. It also has considenalture protection values.

In the present-day ecological state of the resevdiig problem is the filling and, in
connection with that, the spread of the macrovdigetaDuring our investigation, we took
more points of view into consideration: We heldhiportant to make a water-and material
balance for the whole reservoir. This primarilyatetines the water quality standards.The
phytocenological surveys can give us informatioawuttihe changes in the quantitative and
qualitative composition of the macrovegetation dlsform us about the intensity of the
growth of certain associations, about the cond#timfluencing the spread of the plants.

To follow the seasonal changes, we pointed oubebnitoring area in the Poroszl6-
basin, in which we wish to registrate the changethe different physical, chemical and
biological parameters. Our purpose is that the lt®saf the investigation of the
biomonitoring area would be useable to recognisé alue the changes occurring in
different associations.

This project is the first phase of a more-year prog on the basis of which we can
describe the ecological circumstances of the Kiskéservoir.

3.4.2. Material and methods

The sampling was held in the plant-cover@apa natans, Nymphoides peltata,
Typha angustifolia, Phargmites australis, Nymplalba) and open-water areas in the region
of the Poroszlé-basin, at 14 investigation poifte water depth was between 0.6-1.8 m.

The material balance calculations included the stigation of the yearly output of the
total floating material, the total dissolved madéri the dissolved orto-phosphate-
phosphorus, the formed phosphorus, the inorgardcoaiganic nitrogen. We investigated
the yearly and seasonal formation of the above imeed components as well as their
changes in case of flood and low-water periods.

During the investigation of the water-and swampetation of the Kiskore-reservoir
an air-photo series and a vegetation map were nimdigles the phytocenological survey
and ranging over the spot. We value the air phatod987, 1993 and 1997, and the
experience of the ranging over summarised.

In the 14 sampling points of the Poroszlo-basinhetel field measurements once per
month from may to September with the GRANT ISY 38@§fle water quality data
collecting system. The parameters were the follgwiater depth, water temperature, pH,
conductivity, oxygen saturation, dissolved oxygémbidity, redox potential, sunshine
intensity.

The components of the laboratory water-chemical liotbgical investigations: the
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chemical oxygen demand (CQdos) Of the original sample, ammonium-N ()HN),
nitrate-nitrogen (N@N), nitrite-nitrogen (NG-N), total-nitrogen, dissolved orto-
phosphate-phosphorus, total phosphorus, and aegligh content. We held the
investigations according to the Hungarian standadfds determining the bacteria number
and its biomass we applied the fluorescent micneiscechnology after biological dying.

To investigate the biodiversity, algological, zcmmkton dragonfly fauna and
periphyton examinations were held.

Sediment sampling and investigation was held twld& took the samples with
Eijkelkamp sampler. During the analysis total otigatarbon (TOC), total nitrogen and
total phosphorus were determined.

3.4.3. Results

The turnover of substances in the Kiskdre-reseri@imainly determined by the
qualitative and quantitative circumstances of timming and leaving waters. Among the
incoming waters we distinguish waters that nouttsh reservoir and waters burden the
reservoir. Nourishing water is the River Tisza. dming waters are the Eger- and Lasko
creeks and the trench drains. The turnover of wat#re reservoir is partly determined by
natural factors (evaporation, river regime), maimlgtermined by artificially directed
factors (filling, emptying, water outtake). On thasis of the water balance data the
incoming waters consist of Tisza-water (98.7 %)tewv¢he Laské-and Eger creeks (1.1 %),
and water from the trench drains (only 0.2 %). Ftbmleaving water annual 97.1% leaves
the reservoir through the River Tisza, 2.4 % gaesrigation, the evaporation loss is 0.5
%. The variations of the salt content and the ftmptmaterial is similar to the above
mentioned. As for the phosphorus and nitrogen cintbe burden coming from the Lasko-
and Eger creeks is significant, it is much morentlize plant nutriment coming from the
River Tisza and from the trench drains. The mairt phthe 116 tons of phosphorus and
1518 tons of nitrogen remaining in the reservoiegto the organisms in the water. From
that 45.4 tons of phosphorus and 417 tons of retndgaves the system infiltrated into the
phytoplankton. The remainder accumulates in therovagetation and stays in the system
for a long time (Bancsi and Végvari 1998).

In area of the Kiskére-reservoir the spreadinchefwater and swamp vegetation were
significant in the past few years. The spreadingrmzegetation hinders the utility of the
water surface (fishery, ecotourism, traffic, etd.hs will probably increase in the future,
supposing a similar rate of spreading. Accordintheomacrovegetation surveys the presence
of 87 plant species is proved. This is 29 more tharresult of the survey of 1993-94.

53.9 % of the area of the reservoir (i.e. 68.44)kis1covered with macrovegetation,
from that 22.03 krhis the pondweed association. This is 4.2 karger compared to the
survey of 1994 — this shows an 1.07%agrnowth per year. The growth in area is striking on
the side if the Kis-Tisza at the Sarud-basin ando®a06-basin, mainly in the protected
bays. The main species is the Trapa natans. Thagweagetation has an area of 22.4 km2. This
value did not change significantly compared tcatim@unt of 1994 (Pomogyi and Szalma 1998).

During the field measurements it became provedtti@tissolved oxygen content in
the areas covered with vegetation is very low duthe summer, near to the bed it is close
to zero. In the case of the other parameters tliasenot a significant difference in depth or
between different sampling areas.
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According to the laboratory measurements the wafethe River Tisza is I-Il.
category in quality according to the limits of thikSZ 12749:1993. Compared to each other
the higher concentration values can be found rettid exit at the Kis-Tisza. This suggests
that the area is more burdened (waters coming fileanKis-Tisza and from the Eger-
creek). On the basis of the concentration valuethefnitrogen forms (NHN, NO.-N,
NOs-N) the sampled area of the Poroszld-basin is fagourable, I-Il. category in water
quality. In case of both the a-chlorophyll and Haeteria number and biomass the area of
the Trapa natansassociation proved to be the most unfavourablegiter quality. These are
relatively shallow, quickly warming up, stagnantteraareas.

According to the results of the algological invgations, considering the water
quality the most important question is the optityalbf the size of theTrapa natans
association as well as the providing of the optimater quality for the open water areas.
The worst water quality is characteristic to theddhe of theTrapa natansassociation
while the most favourable water quality forms i fypha angustifoliaand Phragmites
australisassociations (Grigorszky 1998).

According to the zooplankton surveys the highasttlation is characteristic to the
Trapa natansassociations. The most stable community was forrredhe Typha
angustifoliaandNymphoides peltatassociations. The diversity rate was the higheshe
areas adjacent to open-water areas. The maintewditbese regions would be favourable
in the future for ensuring the biological variety.

The dragonfly-investigations (Odonata-fauna) prakat the extended open-water
areas and the connected, homogendwgpa natansassociations do not favour the
biodiversity (Dévai, Jakab and Miiller 1998).

On the basis of the coating-investigations the wyattyta-periphyton complex has an
important nutriment sting feature. From the poifiview of biomonitoring the vegetation
adjacent to open-water areas can be appropriakaitset al. 1998).

According to the measurement the spatial changewstaf nitrogen content of the
sediment is similar to the change in the TOC valUése highest values were measured
usually in the upper, the lowest values were meakir the lower regions. On the basis of
thetotal phosphorusnvestigations it can be stated that in May tHéediénces between the
three layers of sediment are higher than in therant From the measurements it can be
seen that the values of the investigated paramdemm®ase from the “upper” layer (5 cm)
to the “lower” layer (15 cm). This change can bgareled as tendency, it does not occur
consistently in every sampling area, sometimesctiange is vice versa, e.g. in theapa
natans - Potamogeton nodosusxed association.

3.4.4. Summary

The Kiskdre-reservoir is an artificially establishand operated water system. The
water turnover is periodical, it repeats yearlyribg the winter the largest part of the bed
becomes dry after emptying, after spring fillinglahe formation of macrophyte stands the
open-water and the vegetation covered surface aredsrmed.

The result prove that the fulfilled investigatidmsng lots of new information but the
biggest part of these are single results. It nudét of questions and hypothesis require
further surveys that we would like to continue. IBathe chemical and biological
investigations prove that the selected area isogguiate for biomonitoring, where the long-
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term changes can be well observed.

The last year, rich in precipitation proves thatdaining overall knowledge we need
more years as the investigation of one vegetatieriog is in sufficient for getting
information about tendencies and regularities.
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3.5.  ENVIRONMENTAL HISTORY OF OXBOW PONDS:
A SEDIMENT GEOCHEMICAL STUDY OF MAROT-ZUGI-
HoLT-TiszA, NE-HUNGARY

Braun, M., Téth, A., Alapi, K., Dévai Gy.,
Lakatos Gy., Posta, J. and Szaldki, I.

3.5.1. Introduction

Until the mid-19" century the landscape of the Hungarian lowlandfsiell was
characterised by vast areas of backwaters, oxbmasshland, wet meadows and riparian
forests associated with floodplains of major waterses. Since then the number and extent
of these have decreased greatly and the floodplaine become restricted to narrow belts
along the main stream channel between dykes (IUC®85). In the flood control
operations through the second half of"k@®ntury most of the bends (meanders) of river
Tisza were cut off the main channel which leadhi® formation of oxbow ponds both on
the reclaimed side and on the remaining (activeddplain. These two basic types are
characterised by highly contrasting hydrologieg farmer being completely or largely
independent of flood regimes and fed by groundwatezreas the latter being exposed to
flood disturbance. In such systems deposition dbgehic particles, erosion, and
accumulation of authigenic material seem to doneirdifferent periods and occur with
different intensity (Brunet and Astin, 1999). Thater and character of sediment
accumulation in oxbows are a key factor in detemgjrthe future (e.g. terrestrialization,
eutrophication) of these water bodies.

Despite their artificial origin oxbows have becoimportant features of the landscape
(Ward et al, 1999). The original wildlife has largely been ggeved by oxbow ponds, a
type of shallow, less disturbed water bodies witieaeral abundance of aquatic vegetation
(Abernethy and Willby, 1999, Milleet al, 1999, Amoroset al, 2000). According to a
recent survey, the number of oxbows with a surfaea over 5 ha is around 70 along the
river Tisza (Palfai, 1995). Owing to diverse plamd animal communities many of them
have been regarded as wildlife sanctuaries (IlUG95)

Because of their critical role in flood control,trient cycling and the maintenance of
biodiversity, floodplain wetlands either provideinfluence many landscape functions that
are valued by society. Hence we studied the enwisgtial history of a reference oxbow
pond, Marot-zugi-Holt-Tisza, to demonstrate thefuisess of palaeolimnological methods,
and particularly sediment geochemical analysis, neconstructing past aquatic
environments.

3.5.2. Methods

Marot-zugi-Holt-Tisza is a smallish oxbow pond @¢m 1.8 km; width 60 m; area 10
ha, position 48.0'28”N, 21°37'09"E) near the village Gavavencséllin NE Hungary.
Owing to the richness of the biota it has beensteged as a nature reserve and wildlife
sanctuary, and selected as part of the pilot progrea for the PHARE-sponsored
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Hungarian National Biodiversity Monitoring ProgramartDévaiet al, 1998). The basin of
the oxbow was created in 1860 when a large benivef Tisza was cut through in the
frame of the water regulation.

A sediment sequence was taken by using a rod @uergEston sampler (Walker,
1964) which provides 100 cm long undisturbed cames even from shallow water.
Sampling was carried out from ice at the deepesitmround the centre of the curved
basin, on March 8 1997. Water depth was 190 cmthadcorer stopped in the bottom
fluvial sand at 590 cm relative to the surface iG&e cores were wrapped first in
polyethylene (PE) then in aluminium foil. To avos&mple contamination volumetric
subsamples (0.785 &nwere taken from the centre of the cores at 5 mtervals using a
small sampler tube and then processed individugkygliments were described and labelled
following Troels-Smith (1955). Organic dry mattédM) was determined as loss on
ignition at 500 °C (Engstrom and Wright, 1984).

Subsamples were dried at 105°C for 24h, weigheddagekted with a mixture of 20
cnt® 65% (m/m) HNQ and 2 ¢ 30% (m/m) HO,. The samples were heated on hot plate
at 100°C until dryness and then diluted to 1G.cBefore analysis sample solutions were
filtered and stored in plastic reagent tubes. Cotmadons of Al, Ca, Cr, Cu, Fe, K, Mg,
Mn, Na, P, Pb, S, Sr and Zn were determined by dtidely coupled plasma atomic
emission spectrometry (ICP-AES) using a Spectraflamstrument (Spectro GmbH, Cleve,
Germany). Photosynthetic pigments were extracteth atetone, pigment concentration
were determined spectrophotometrically and expteasesedimentary pigment degradation
units (SPDU) following the simple method of Wetaed Likens (1991).

Against-depth plots of sediment composition dataewsroduced by using Psimpoll
3.0 (Bennett, 1997).

3.5.3. Results and Discussion

The entire length of the sediment sequence wasd#0@hich represented about a 130
yr time span (Fig. 1). The average rate of depwsitherefore was estimated at 2-3 cm/yr.
Radiometric dating of this sediment core has beeprogress and expected to provide a
more detailed and accurate estimation (e.g. Oweak, 1999).

The lower third section (590-450 cm relative to)iae the obtained core was
characterised by alternating layers of coarse semtclayey silt (Fig. 1) which indicates
that the basin was incompletely isolated from thennmiver channel. The sediment section
between 450-350 cm was found to have high clayesdnivhich suggests slow current
velocity but still a fairly continuous water suppliyhrough this period the organic content
of sediments remained very low (c. 4%).

A remarkable change in the history of the oxbowktptace at 350 cm where clearly
recognisable remains of submersed macrophytes,lynts hornwort Ceratophyllum
demersunappeared (Fig. 1). This indicates a shift towapkamanent, less disturbed pond
stage. From 350 cm upwards the lacustrine systertineed which was shown by a two-
fold increase in the organic content. Concentratiohsulphur and phosphorus showed a
similar pattern against depth (Fig. 1). Howeverssfb pigment concentration increased
earlier (at 400 cm) than the appearance of macteplgmains, together with peaks of
phosphorus and sulphur. This is likely to implytthathe first stage the dominant process
was planktonic eutrophication which was followed d¥urst of aquatic macrophytes and
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probably periphyton, i.e. benthonic eutrophicatfbakatos and Kiss, 1983). From 350 cm
upwards to the topmost 190 c@eratophyllumwas found to appear as 7 distinct peaks.
Moreover, SPDU values in the topmost 20-30 cmistilteased twofold.
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Fig. 1. Sediment description and geochemical diitiepl against depth for the oxbow pond Maro6t-Zdglt-
Tisza, NE-Hungary; depth measured relative to serfee.
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On the very top of the whole sequence a 1-2 cnktlellow clayey layer was
detected which marked the unusual yet significaintew flood of Tisza a few month before
the time of coring (early March, 1997). We sugdbat similar events may have resulted in
the repeated dieback and burial of aquaphytes etét the upper section of the sediment.

On the basis of sediment chemistry, 14 recurrextd$ were identified in the whole
sequence which is in agreement with our earliaulte$or the oxbow Tiszadobi-Holt-Tisza
(15 floods) and also historical records on majdterocatastrophic, floods of Tisza (Braun
et al, 1996).

In river water, iron and manganese are known tpresent as oxides and hydroxides
bound to suspended matter (Hoyer al, 1982, Téthet al, 1998). Consequently,
concentrations of both iron (20-40 g/kg) and maegan(0.4-0.8 g/kg) were found to be
fairly high in the sediment. These elements aranggd as subtle indicators of palaeoredox
conditions (Mackereth, 1966) as well. The largekpefathe Fe:Mn ratio at 330-300 cm was
due to a decrease of manganese relative to a obtestal of iron. This reflects a relatively
oxygen-deficient environment in the water columnttid oxbow which occurred closely
after the dieback and burial of aquaphytes.

Concentrations of Al, Mg, Cr, Na, K, Ca, Sr alohg sequence showed a dull, similar
pattern (Fig. 1.) which is primarily determined tme input of allochtonous riverine matter.
However, peaks of Cu, Pb and Zn between 540-50@eflect increased heavy metal loads
probably associated with intense ore mining ingheond half of the 9century. In the
upper 50 cm of sediment, representing the last®20r2concentration of copper was again
found to be significant (30-40 mg/kg) whereas levafl Pb and Zn did not differ from the
normal values. This suggests that either the soofgmllution or the mining technology
changed.

3.5.4. Conclusion

The chemical composition of sediment sequences foabow ponds are valuable
records of floods, trophic state, redox conditi@msl pollution history. Perspectives of
future palaeolimnological investigations on oxboavel other floodplain wetlands should
include the radiometric dating techniqué€@s and*°Pb) of sediment cores, refinement of
palaeoenvironmental reconstruction by considerioi¢ep, diatoms, molluscs other aspects
of the fossil biota, as well as the ecological cangon of oxbows on the active floodplain
and the reclaimed land, including managed and uagethones.

3.5.5. Summary

We studied the usefulness of sediment geochemicalysis as a tool for
reconstructing the environmental history of oxbowngs. >From the deepest point around
the centre of Marét-zugi-Holt-Tisza, a smallish oxbnear the village Gavavencsél(NE
Hungary), an undisturbed sediment core of 400 amgtlewas taken, representing a 130 yr
period. Sediment chemical data revealed a crub&hge in the history of the oxbow at 350
cm (around the 1920's?) where recognisable remafirmibmersed macrophytes, mostly
Ceratophyllum demersurappeared. This indicates a shift toward a permaniess
disturbed pond stage. It seems likely that planktentrophication was followed by a burst
of aquatic macrophytes and probably periphyton tfimric eutrophication). Through the
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entire sediment sequence, evidence for 14 majodflavere found, in agreement with our
earlier results and historic records. Concentratieaks of Cu, Pb and Zn between 540-500
cm suggested enlarged heavy metal loads, probablyceted with intense ore mining in
the second half of the T@entury. In the upper 50 cm of sediment (the l&s22 yr),
concentration of copper was again significant (80adg/kg) whereas levels of Pb and Zn
did not differ from the normal values which impliggat either the source of pollution or the
mining technology changed. Perspectives of futuakagolimnological investigations on
oxbows are discussed.
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3.6. EUTROPHICATION PROCESSES IN THE DANUBE RIVER
BANK REGION NEARBY NovI SAD

Djukic, N., Popovic, M., Pujin, V., Maletin, S.,@#anovic, S.,
Miljanovic, B., Malencic, D., Nikolic, L., Stojkoei S., Lazic, D.,
Teodorovic, |. and Zivkovic, L.

3.6.1. Introduction

Environmental monitoring and water quality assesgnm@ograms of the Danube
River are being systematically undertaken for thadleeades. (Djukiet al. 1996, 1998).
Measurement of chemical and physical aspects oéthironment indisputably has its role,
but it is the ecosystem health that is to be thengmy concern, and the emphasis on
biological measurements in the program reflect #vimreness. (Loeb and Spacie, 1994).
Quantitative estimation of the status and trendthéindicators of ecological conditions
requires using standardised procedures for mongdrni the region and using comparable
methods across ecological resources. Quantitatbienates of resource condition are
critical in determining the relative risk to ourodagical resources and they are also critical
for the decision-makers in order to implement dffec regulatory and management
decisions. Therefore, complex surveillance of thenllbe River bank region in period
1998/1999, including hydrological, physico-chemiaatd biological monitoring was
undertaken in the section around Novi Sad. Theativge of this study was to asses direct
and indirect impact of untreated municipal discleargn water quality, species composition
and functional organisation of the bank region gstesns and to estimate eutrophication
rate in the investigated section of the Danube Rive

3.6.2. Material and methods

In period 1998-1999 samples (water - ASTM, 199Bngton - plankton net 122;
and bank region bottom samples - Peterson dredfeceichment area 400 &nhave been
taken seasonally on 12 sampling sites: Begec huybe), Begec 2 (Danube), Begecka
Jama (the Danube River wetland), Kamenjar (Danuli62 km), Sremska Kamenica
(Danube - 1259 km), Ribnjak (Danube - 1257 km), W@ns (Danube 1257 km),
Petrovaradin (Danube - 1255 km), railway bridgemunicpipal wasterwater discharge
(Danube 1254 km), the confluence of the Canal 8yddanube - Tisza - Danube into the
Danube River (1253,5 km), public beach (Danube IKBBand Sremski Karlovci (Danube
1245 km). Saprobic Index (Pantle and Buck, 1955 bhaen calculated according to
indicator values and number of recorded taxon.higblbgical investigation have been
undertaken in two sections: upstream (1262-1269 &ma) downstream (1250) Novi Sad.
The samples have been collected using nets (vameesh size) and electric fishing.
Chemical analysis have been done by standard me{AdtHA, 1995).
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3.6.3. Results and discussion
3.6.3.1. Chemical analysis

The samples for basic physico-chemical analysi®aken in 1999, seasonally , at 5
sampling sites (Begecka Jama wetlands, Kamenjam$ka Kamenica, mouth of the canal
DTD ionto te Danube River and Sremski KarlovciheTresults are shown in Table 1.

In the River Danube section near Novi Sad, COD-MrBged from 4.2 - 13.2 mg'L
and Q content and saturation varied with the seasonewhe lowest values were recorded
in winter period, due to lack of photosyntheticiwty of algae. An exception to this was
observed at Begeéka jama locality, where dOntent decreased during summer period
probably because of the high water temperature. 8@®an indicator for organic matter
pollution showed moderate values for the most & thcalities. Maximum load was
observed in summer period at sampling site Beggka wetland. Higher values for both

Table 1. Basic physico-chemical parameters -sedsee@n values 1999. Winter (1), spring (I1), sumn(i#)
and autumn (IV)

Sampling sites

1 2 3 4 5

Parameter: (Begecka jama) (Kamenijar) (Sremska (mouth of the (Sremski
Kamenica) canal DTD) Karlovci)

1.COD-MnG I-11.6 I-55 1-4.9 I-4.2 |I-5.8
(mg QLY -11.1 nN-75 I1-6.8 I1-6.8 I1-6.9
I-9.6 m-5.9 In-6.2 n-9.1 Ih-6.8

IV-13.2 IV-6.2 IV-57 IV-11.2 IV-9.0

2. BODy |—-7.02 |- 3.65 I—4.90 1—4.26 |-5.34
(mgQL? II-8.20 II-5.10 II-4.98 Il - 6.55 Il-6.44
I-11.48 Il-5.47 II-5.76 Il - 8.66 Il-5.28
IV —-8.57 IV —-4.20 IV —3.45 IV —4.52 IV —7.55

3. NH,"-N I-0.33 1-0.34 I-0.38 1-1.20 |-0.41
(mg LY II-0.07 II-0.21 II-0.19 II-1.10 I1-0.35
I-0.51 II1-0.08 IIl-0.26 Il-2.00 II-0.64
IV-0.38 IV-0.75 IV-0.39 IV-1.62 IV -0.29
4. NOs-N |—-2.87 |-11.60 |—12.40 1—9.46 1-11.20
(mg LY II-0.03 II-3.52 II-3.00 II-2.05 Il-2.55
II1-0.35 IIl—4.58 IIl—4.08 II-1.51 Ill-3.54

IV -2.62 IV —8.55 IV -28.34 IV -6.84 IV —8.52

5. NG;-N | -0.05 I-0.10 1-0.13 |—0.06 |-0.08
(mg LY II-0.03 II-0.07 II-0.06 I1-0.11 II-0.08
Il —0.007 IIl-0.05 IIl-0.06 Il-0.10 Il1-0.08

IV-1.09 IV-0.11 IV-0.12 IV-0.13 IV-0.12

6. PQ>-P I-0.06 |-0.08 I-0.11 1-0.27 |-0.08
(mg LY II-0.08 -0 II-0.02 II-0.22 II-0.04
II-0.02 IIl-0.06 Il-0.07 Ill-0.54 II-0.01

IV -0.03 IV —-0.08 IV —-0.09 IV —-0.17 IV-0.10

7.EC I-670 |- 410 | — 460 |- 690 |- 410
(dS ) II-420 II-330 II-330 Il - 490 Il - 360
Il - 380 II-320 II—-330 II-520 II-320

IV - 1060 IV -410 IV —440 IV — 600 IV — 460

8. pH I-7.5 1-8.1 1-8.2 I-8.0 I-8.3
I1-8.3 I1-8.3 -8.1 I1-8.2 I1-7.8

In-28.4 In-8.3 n-38.1 Ih-28.0 In-8.2

V-85 IV-8.3 IV-8.2 IV-8.1 IV-28.2
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COD and BORQ were also recorded downstream of Novi Sad murlicipastewater
discharge input. Most of the total organic load eveiodegradable organic compounds.

In the spring and summer period biochemical prazesse more intensive so the
nutrient content is low, remaining within maximdloaved concentrations for class I-lI
water. The content of ionic forms of nitrogen (NONOs, NH,") and phosphorus (R®)
have not exceeded limits recorded in previous yg&mson, 1995,1996,1997). In autumn,
and especially in winter period, primary productisnmuch lower and the nutrient level
increases. Maximum concentrations of nutrients soidble salts is recorded at the mouth
of the canal DTD into the River Danube just dowesin Novi Sad. caused by the untreated
and partly treated wastewater discharge of minferdilizer factory and food processing
facilities located on the bank of the canal.

According to the results of physico-chemical analya certain trend of nutrient and
organic enrichment along the Danube River bankoregiround Novi Sad is observed.
Moreover, the section of the river downstream mipaicwastewater discharge could be
regarded as europhic.

3.6.3.2. Macrophytes

Table 2. Aquatic macrophytes as water quality iatfics of the Danube River near Novi Sad

sampling stations ecological
indices
Begecka Sremska | Petrovaradin Sremski | Rl N | H D
Jama Kamenica Karlovci

Submersed macrophytes
Ceratophyllum demersum * * * * 415 35
Myriophyllum spiccatunt.. * 41 2 | 4 5
Potamogeton pectinatus * 41 4 | 3| 4
Potamogeton lucens * * 41 4] 4 5
Potamogeton acutifoliusink * 41 3| 3| 5
Vallisneria spiralisL. * 21 2] 35
Elodea canadiensiRich. * 4 4] 3] 4
Floating macrophytes
Nymphaea alba. * 3] 3|4 5
Potamogeton fluitanRoth. * 3 3| 33
Trapa natand (agg.) * 3 3|45
Hydrocharis morsus-ranake. * 31 4| 35
Polygonum amphibiurh. * 3] 4| 3| 5
Salvinia natand.. * * * 2| 3
Lemna mior L. * * * * 3[3
Spirodela polyrrhizgL.) Scheild. * * * * 3] 3|34
Emergent macrophytes
Veronica anagallisaquatical. * 3l 4| 4 5
Phragmites communiBrin. * * 31 3| 3] 4
ecological indices - based R3 50% R3 >70% R3 80% R3,R4 40%
environmental evaluation H3 > 50% H3 100% H3 >70% H3>80%
(R,H,N and D percent values) N3 >50% N3 70% N3 60% N3 50%

D5 > 70% D5 50% D5 50% D4,D5 50%

R - pH indicator; N- nitrogen and N-compounds cahtedicator H - indicator of organomineral compdan
content; D index of transparency
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According to indicator values - ecological indicflsandolt, 1977) of the most
abundant macrophytes, the difference between thmilida River water quality upstream
and downstream of Novi Sad has been observed. T3bBampling site Begecka Jama
wetland is characterised by the presenclyrhphaea albaMyriophyllum spiccatunand
Phragmites communisindicators of mesotrophic environment.

However, the appearance of a f&®wtamogetonspecies as well ablydrocharis
morsus-ranaeéndicate occasional nutrient enrichment (mainlgaffi from the surrounding
agricultural soil). In the “inner city” river seci (sampling sites Sremska Kamenica and
Petrovaradin) the presence of small-sized floatimagrophyteslemna minor, Spirodela
polyrrhiza and Salvinia natanp indicate mezzo - eutrophic environment. (Domk al.
1993). Yet,, downstream Novi Sad (sampling sitersie Karlovci) the high abundance of
the duckweed, as well as occurrencélifdea canadiensisnply the significant increase
of nutrient input and eutrophic environment. (Lewli995). The values of ecological index
R suggest neutral to slightly alkaline pH of thenDbe River, while high values index D
point out impaired transparency along the section.

3.6.3.3. Phytoplankton

Qualitative analysis of phytoplankton reveals threspnce of 100 taxon, with the
absolute dominance ®&acillariophyta(62 taxon). Besides, 10 taxon Béiglenophytaand
Chlorophyta 6 taxon of Cyanobacteriaand 1 from Pyrrophyta Xanthophyta and
Crysophyta were recordedAsterionella formosaBacillariophyta) with saprobic index
value 1.4, indicator of oligo toward¥mezzosaprobic waters, appears as subdominant
species at all sampling sites, except Begecka jaettand. HoweverNitzschia acicularis
the typical indicator ofi-mezzosaprobic waters has been recorded also sdrafling site,
except Begecka jama wetlands. Species richnessaprdbic Index at 11 sampling sites
along the Danube River section Begec - Sremskidtarlare shown in Fig. 1. The highest

species richness
saprobic index

sampling stes

Fig. 1. Phytoplankton species richness and sapimdices in the Danube River section near Novi Sad

number of recorded species (>25) and the lowegstobi& index values (1.63) were
recorded at sampling site upstream Begec. Samgiied he Bridge (municipal wastewater
discharge point) is characterised by decrease axiap richness (<15) and high recorded
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saprobic index value (1.85). Therefore, accordinghytoplankton analysis, an impairment
of the Danube River water quality downstream NosdSs obvious. Yet, the highest
saprobic index value (1.98) and the biggest speabaess (37) were recorded at Bagecka
jama wetland, which was expected, since this wdtl@present a specific ecosystem, with
rather poor connection with the main flow of thenDbe River.

3.6.3.4. Zooplankton
As sample was taken only in winter 1998/1999 , ofdur groups -Protozoa,
Rotatoria,CladoceraandCopepodawith total number of 11 species were recorded. i@ ab

3). Such low biodiversity within the zooplanktortypical for cold period of the year.

Table 3. Relative abundance of zooplankton in taeube River section Kamenjar-Sremski Karlovci (@iirit998)

Sampling stations
Kamenjar| Sremska|Ribnjak| The public |Petro- | Danu{DTD |Sremski
Kamenicaj bridge | beach [varadin be mouth| Karlovci

PROTOZOA
Epistylis plicatilis 1 1
Paramecium aurelia 1 1 1 1 1 1 1 1 1
Votricella microstoma 1 1 1 3 1 1 1 1 1
ROTATORIA
Asplanchna priodonta 1 1
Brachionus angularis 1 1 1 1 1 1
B. calyciflorus 1 1 1 1 1 1 1 1 1
Keratella quadrata 1 1 1 1 1
Polyarthra dolichoptera | 1 1 1
Rotaria rotatoria 1 1 1 1 1 1 1 1 1
CLADOCERA
Bosmina longirostris | | | 1 [ [ [ 1 ] | |
COPEPODA
Acanthocyclops vernalis] [ [ | | [ [ [1 ]

3.6.3.5. Macrozoobenthos

Qualitative analysis of the bank region benthothian Danube River section Begec -
Sremski Karlovci - revealed the presence of 3 pso®ligochaeta, Gastropodand ,
Diptera (Chironomidae)The dominant gro In winter 1998/1999. 16 taxonge®era and 2
families - Naididae and Tubificidae: Aulophorus furcatus, Amphichaeta rostrifera, Dero
digitata, N. barbata, Nais bretscheri, N christinad. communis, N. elinguis, N. stolci,
Ophydonais serpentina, L. claparedeanus, Limnodrihoffmeisteri, L. udekemianus,
Potamothrix hammoniensis, P. isochaednd Tubifex tubifexvere recorded.

Total number of Oligochaeta in the Danube Riverdaiagion along the section Begec
- Sremski Karlovci (Fig. 2) ranged from 1666 at péing site Ribnjak to 15453 ind/mat
sampling site Sremski Karlovci, in mixing zone datveam Novi Sad municipal
wastewater discharge point. The number of Oligodsae samples from Begecka jama
wetlands, was, as expected, much higher than irDdnreube River, and reached 26058

ind/n?.

According to these results, which are in agreematht the previous research (Djukic
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et al. 1997), the Danube River bank region nearby Nod &mn be regarded as eutrophic,
while particularly enhanced eutrophication procésse been observed in the section
Kamenjar - Sremski Karlovci. Nevertheless, theatitn in future could easily worsen.
During the recent events in Yugoslavia, three lefdgcross the Danube River in Novi Sad
section have been destroyed and ruins remainedhenriver ever since. Besides, the
pontoon across the Danube River, just downstreanpliag site Ribnjak, has been built as
the only connection between left and right bankn€aguently, the Danube River flow
drastically slowed down. As a result, the total hemof Oligochaetesn the section
Sremska Kamenica - Ribnjak increased from 1666Inmst 30000 ind/f the number
typical for almost stagnant waters. (Djulical. 1998).

16000+

14000+

12000+

10000+

8000

ind/m2

6000

4000+
2000+

Begec 1 Begec 2 Kamenjar Ribnjak DTD mouth Sremski
Karlovci

sampling site

Fig. 2. Total number of Oligochaeta in the DanubeeRbank region (section Begec - Sremski Karlovci)

Moreover, qualitative analysis of the sample takewven before the pontoon
construction, in spring 1999, in high-water levetripd, at sampling site Sremska
Kamenica, suggested the total dominance Lahnodrilus hoffmeisteri(Miljanovic,
unpublished) - the typical indicator of stagnaighty eutrophic waters. (Lang, 1985 ). Yet,
if the ruins remain, even worse situation can bpeeted in forthcoming period of low
water levels and high temperatures in summer, wihideimpact of slowing flow might
spread upstream

3.6.3.6. Fish communities

Qualitative analysis of the Danube River bank regising electric fishing showed the
presence of 15 species from 5 families. The highpsties richness was recorded within
Cyprinidae family (10 species). Familipercidaewas represented by 2, while the other 3
families were represented by a single species. Qative analysis reveals the dominance
of Blicca bjoerkna(50%) and sub-dominance éfburnus alburnug17%). According to
mass percentage, B. bjoerkna is also found as andoinspecies (50% ), while Leuciscus
idus was sub-dominant (14% out of the total catch).

Fish community of Bagecka jama wetland is represerity 16 species from 6
families. Again, the highest species richness ve&®nded withinCyprinidae family (11
species), while all the other families were repnése by a single species. According to
guantitative analysisCarassius auratusan be regarded as totally dominant species (71%),



Chapter 3.Watre quality 145

while B. bjoerkna was sub-dominatit5%). HoweverSilurus glanismade 54 mass % out
of total catch, whileC. auratusmade 25% an8. bjoerknaonly 11mass % of total catch.

Structure and composition, particularly regardingrition types, indicate complexity
and stability of the fish community in investigategbions, which mainly applies to the
Danube River and to a smaller extent to the weHan@onsequently, a better
interconnection of the Danube River and the wesamdst be provided.

3.6.4. Conclusion

The results of the integrated surveillance of ttenilibe River bank region in period
1998/1999, indicate that bank region of the DarRlver section around Novi Sad must be
evaluated as eutrophic environment. The highessraf the eutrophication process were
recorded at sampling sites Kamenjar (upstream)atite sampling site Sremski Karlovci -
downstream Novi Sad’s municipal wastewater disobgrgvithin the mixing zone. The
problem of depleted velocity of the Danube Rivewflalong the investigated section,
caused by the remaining ruins of the three destrtwyiglges and the recently built pontoon,
could, in future, even worsen the situation by vesakg self-purification capacity of the
Danube River, which, eventually, leads to acceilenadf already enhanced eutrophication
process in the section around Novi Sad.

3.6.5. Summary

Complex surveillance of the Danube River bank negio period 1998/1999,
including hydrological, physico-chemical and bidtmaj monitoring was undertaken with
an aim to estimate eutrophication level in the rrigection around Novi Sad. During the
whole investigated period, The Danube River wageels were unexpectedly extremely
high. Even in winter, in high water level perioagth low rate biochemical processes, the
nutrients (N, P) concentrations were, at severaipliag sites elevated up to lll-IV class
level. Nevertheless, biological monitoring (phytadazooplankton dynamics, bottom fauna
and ichtyofauna) indicate high primary and secopga&oduction as a result of the organic
load. Therefore, the bank region of the Danube Rsextion around Novi Sad must be
regarded as eutrophic, while the highest rateRegtitrophication process were recorded at
sampling sites Kamenjar (upstream) and at the sagpsite Sremski Karlovci -
downstream Novi Sad municipal wastewater dischangigkin the mixing zone.
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3.7. METAL POLLUTION INDEX-BASED WATER QUALITY
ASSESMENT OF THE DANUBE RIVER BASIN IN
YUGOSLAVIA

Teodorovic, I., Djukic, N., Maletin, S., Miljanovi®.,
Jugovac, N. and Zivkovic, L.

3.7.1. Introduction

Although fish do not fulfil all requirements forditator organism, OECD and ICES
agreed upon using trace metal concentrations tostay fish as possible indicators in
areas affected by human activities. (JorgenserPanulrsen, 1994). Also, bioaccumulation
studies of persistent substances in aquatic bintdu¢ling fish) are required for NPDES
permit in United States (US EPA, 1991a). Fish issmetal content has been, so far,
successfully used in estimations of trace metaltiripto large European and American
rivers. (Pujinet al, 1990, Wachs, 1991, 1992/3, Allen-Gil and Martyn®995; Chevreuil
et al, 1995; Saiket al, 1995; Carriet al, 1996, Maletiret al, 1996) and lakes (Salanki, 1982,
Balogh, 1985, Stript al, 1990, Spry and Wiener, 1991, Scharenberg, ¥98%k et al, 1996).

The Danube River Basin is constantly subjectednbt to trace metal and other toxic
substances input, but to different legislative, oecément measures and monitoring
programmes along its flow. Therefore, it is becagnimevitable to establish internationally
standardised methods for water quality monitorimgich seems not to be a problem when
considering physico-chemical analysis of sedimentaters and wastewater. However,
biological monitoring and, to a certain extent,tegaological studies are highly dependent
on biodiversity and species richness within theaegin spite of the fact that the fish tissue
preparation methods, and analytical methods forahddterminations as well, have been
standardised so far, (APHA, 1989; U.S. EPA, 19%¢, question of choosing the most
appropriate fish group, species and tissue foretl@sd of monitoring studies is still to be
answered. Therefore, the objective of this papéo isontribute to ecotoxicological studies
of the Danube River by offering applicable method $tandardised monitoring of metal
pollution in the Basin. Recently introduced MetabllRtion Index (Teodorovicet al,
1998b, Teodorovicet al, 1999, Teodorovic, 1999) has been calculated sklected
ecosystems within the lower Danube River Basin waittaim to produce some useably data
for comparative, as well as monitoring purposeseadt within the region.

3.7.2. Material and Methods
3.7.2.1. Sampling and chemical analysis

The fish for this study was caught in spring anchswer 1997 from the River Danube
(1 sampling site), from The Danube wetlands (2nal&ystem Danube - Tisza - Danube
(5) , the River Jegricka (1), Backwater Tisza (Basavica (Backwater Sava) (1) and 3
reservoirs within the Basin (Fig 1).
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River wetland)

14 - The Danube River (Backa
Palanka sampling site)

Croatia

Fig. 1 Sampling stations

All samples consisted of 10 specimens Gdrassius auratus gibeljoexcept the
samples from Zasavica (backwater Sava) wiiznassius carassiugas taken. Tissue (fish
liver) digestion and sample preparation was dormraling to standard procedure (U.S.
EPA, 1991) and Perkin Elmer AAS (flame and grapHienace with background
correction) was used for Cd, Zn, Cu, Pb and Al mheiteations. (APHA, 1989). All results
are presented on a wet weight basis, as mg/kg.eloatculation by the factor 2.6 from wet
to dry weight basis for liver enables comparison.

3.7.2.2. Metal Pollution Index (MPI)

MPI has been calculated to enable presentation llofregults from 5 metal
concentrations (Cd, Cu, Zn, Pb and Al) as one vafugossible, yet overcoming the
difficulties with both application and understargliof demanding statistical analysis.
According to Jorgensen and Pedersen (1994), tlibamthat the five metal concentrations
must be normalised to make it possible to sum up@ average the different metal
concentrations into one value and, what is moreomant, to diminish the more than
thousand-fold difference between the least andrbst abundant elements. Without such
transformation, the least abundant elements woeldvthout influence on the results.
(Julshamn and Grahl-Nielsen, 1996). We have chtiseaverage values of fish liver metal
burden (Cu, Zn, Pb, Al and Cd) from the referendtess (Vruja and Moharac
microreservoir) Such normalizer is used to accdantthe biological variation in a non-
polluted area. Moreover, as seasonal variationgnétal content have been observed
(Baloghet al, 1985; Kocket al, 1996), sampling was undertaken within the saeasen
(spring/summer), at precisely defined samplingatat(Fig 1).

Since no significant difference has been found betwliver metal content in goldfish
from two microreservoirs (one way ANOVA<P.05) (Teodorovic, 1999) the sample has
been pooled so the reference values representehasrSD of 20 specimens. (Table 1).
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Table 1 Concentrations (mg/kg wet wt) of Cd, Pb, Za and Al in goldfish liver from Vruja and Mohara
microreservoirs and proposed referent values (nkerg) * below detection limit (0.015 ppm)

Cd Pb zn Cu Al
pooled sample Vruja & Moharac * 0.19:0.42 | 19.580.7 1.9%0.42 13.62+4.01
proposed normalizers 0.015 0.2 20 2 15

MPI has been calculated as:

MPI = log n=5m 1)
= ref,

where refrepresents a normalizer, or a reference valuedoh of five chosen metals (Cd,
Cu, Pb, Zn and Al) in liver, while x represents mealue (210, SD up to 30%) of metal
concentration in the same tissues from the chosepkng site). Furthermore, logarithmic
transformation enables normalisation of MPI valuHscalculated as proposed, MPI
distinguishes: non polluted if MPI< 1, polluted:NIRI<1.5, and very polluted ecosystem:
if this combined index is above 1.5. In other wordsosystems are being classified into
three categories: “non-polluted” - if the sum oé thormalised metal concentrations is up to
twice the reference value, “polluted” - if from@® time higher and “very polluted” - if the
sum of normalised metal concentration is more théime higher than the reference value.

3.7.3. Results and Discussion

Trace metal accumulation patterns in aquatic b{Staip et al, 1990, Pujinet al,
1990, Wachs, 1992/3, Allen, 1995, Kraatl al, 1995), along with bioconcentration
(Salanki et al, 1982, Wachs 1990, Kockt al, 1995 Djukic et al, 1998a,b) and
biomagnification processes (Jorgensen and Peder96d, Saikiet al, 1995, Carriet al,
1996, Teodoroviet al, 1998a,b) have been excessively studied. Therglecenclusions
regarding the named processes are that muscleeisisbue of the lowest, while liver,
kidney and gills represent the target tissues facet metal accumulation in fish. To
minimise expenses and, on the other hand, to stdisdaprocedure, fish liver was chosen
as the monitoring tissue in this study. Further msearchers mainly agree upon the fact
that Hg is the only metal which is subjected tonagnification via aquatic food chain.
Nevertheless, bentivore fish proved to accumulatea@d Pb to higher extent than the
piscivore, which is to be expected consideringdggland feeding habits of the group. To
avoid possible species-specific differend@arassius auratus gibeljovhich, according to
recently published data (Jankovic, 1994; Maletiral, 1997) makes up to 50% out of total
catch in Yugoslav part of the Danube Basin, has b@leen as sentinel species.

Besides, to diminish possible age/size influence ttate metal content, only
specimens belonging to same age group (1+) have ussal in this study.

Table 2 shows Zn, Cu, Cd, Pb and Al concentratigng/kg wet wt) in goldfish
(Carassius auratus gibeljdiver from 12 representative study sites withire tYugoslav
part of the Danube River Basin. The content ofaalilysed metals was the lowest in fish
liver from Vruja and Moharac microreservoirs. (@ll). Such results were expected as
these microreservoirs do not receive any directtevester (sewage nor industrial) input
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and are quite remote from urban areas and majdsrddoreover, when compared with the
results of previous research of trace metal lodukeimtivore fish (Pujiret al, 1992, Maletin

et al, 1992, Maletinet al, 1996, Djukic et al, 1998a,b) these concentrations are
significantly the lowest ever recorded in Yugospart of the Danube Basin. (Teodorovic,
1999). Therefore, as explained in Material and Mdthsection, these values have been
chosen as normalizers (reference values).

Table 2 Metal concentrations (mg/kg wet wt) in disld (Carassius auratus gibeljdiver (mean n=1@&SD) from
representative study sites within the Yugoslav phthe Danube River Basin

ecosystem/ Zn Cu Cd Pb Al
sampling site

HS DTD Bogojevo 20.46+2.3 2.240.42 * 0.2+0.02 15.34£1.67
HS DTD Crvenka 31.58 0.47 2.2%0.1 0.01 0.39%+ 0.1 16.020.16
HS DTD Kucura 30.4% 3.67 3.341.09 0.02 0.44+0.09 15.11 2.37
Zasavica 21.22£1.96 5.580.32 * 0.9+0.28 17.987.85
Jegricka - Zabalj 46.87% 26.18 2.£0.34 0.01 0.79% 0.38 84.912.4
Backwater Tisza - Curug 34.97.69 10.0#2.85 0.1%0.05 1.80.41 21.085.64
Karadjordjevo reservoir 75.03:20.1 2.20.2 0.130.07 1.960.21 35.234.12

Tikvara Backa Palanka 57.46t 3.69 9.22 2.55 0.12 0.08 0.9%0.21 17.8%7.13
(The Danube wetland)

HS DTD Vrbas 30.79+0.19 16.75:1.41 0.13 0.01 0.59+0.12 107+29
HS DTD Becej 34+ 9 13 2.5 0.2 0.05 3 0.6 64+ 3
Begecka Jama  (Thg 225+ 90 9.0%5.7 0.230.11 1.96 0.03 45.84 7.27
Danube wetlands)

The Danube River (Backa 123+ 20 8.71£3.2 0.26:0.07 5.18:0.5 15.8% 8.4
Palanka)

The Metal Pollution Index for selected sites in ¥algv part of the Danube River
Basin has been calculated according to equationT{i§ results are presented in Fig. 2,
where MPI based classification into 3 categoriesdiao been shown. The lowest values of
MPI are recorded at three study sites Bogojevoe@ka and Kucura along the Danube -
Tisza- Danube Canal System, 0.72, 0.83 and 0.8pentively. According to MPI-based
classification, these sites could be regarded aspotiuted, considering trace metals. The
highest values (1.61, 1.64 and 1.73) are recordeBleaej dam, in the Danube wetland
Begecka Jama (upstream Novi Sad) and in the DarmRiker (sampling site Backa
Palanka), respectively. These are the sites thatrding to MPI value, must be considered
as very polluted. Between these two extremes, ther® ecosystems: Zasavica (Backwater
Sava), the Jegricka River (sampling site ZabalpclBvater Tisza (sampling site Curug),
Reservoir Karadjordjevo, Tikvara - Backa PalankagDanube wetland upstream Novi
Sad) and Vrbas (Canal System Danube-Tisza-Danuitle)M®P| values ranging from 1.02
to 1.46, and consequently classified as polluted.

The sampling sites with the highest MPI : BackaaRkd (The Danube -1.73 and the
wetlands 1.42) and Begecka Jama wetland (1.64peated on The Danube River section
between Vukovar (Croatia) and Novi Sad. This asearbanised and industrialised, so the
Danube River receives huge amounts of untreated martly treated municipal and
industrial effluents, particularly from metal presing, leather and textile industry. The
results of Yugoslav national monitoring programnahemical analysis of water and
sediments) from this section of the Danube Rivepenod 1995-1997 (Anon, 1995, 1996,
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1.8 The River Danube - sampling site Backa Palanka
Begecka Jama - The Danube wetlands /. 173
161 @ — @1 64
Tikvara Backa Palanka - The Danube wetlands . 1.46 DTD Becej

1.39 1-4.1 './. DTD Vrbas

1.6

144 Backwater Tisza @ 1.42
MPI 1 Karadjordjevo reservoir
1.2 1-12
Jegricka
1.02 9
Zasavica Py

107 089~

0.83
./. DTD Kucura

.8 072
08 ./DTD Crvenka —@— MPI
0.6 DTD Bogojevo polluted
' very polluted

DTD - Danube - Tisza - Danube Canal System

Fig 2. MPI-based evaluation of the selected ecesystwithin the Yugoslav part of the Danube RivesiBa

1997) reveal highly changeable concentrations of(@30 pg/l), Pb (0-3fig/l) and Cu
(0-12ug/l) in water, while most of the time Cd was belthe detection limit. On the other
hand, sediment concentrations of Zn and Cu ranged 80 - 200 mg/kg, while Cd and Pb
were constantly below the detection limit. Yet, &l Pb are the main components of such
high MPI values since their average concentratiomgldfish liver from these sites are 12-
15 and 5-26 time higher than reference valuesemsgely. The similar situation is found
in Canal section Vrbas - Bezdan on sampling siteagr(MPI 1.46) located downstream
effluent discharges of industrial zone Kula - \&h@od, metal processing, leather and
textile industry). Trace metal concentrations im&lawater show even higher variability
than in the Danube. (Zn 10-18000¢/l; Cd 0-5, Pb 0-26, Cu 043/l), (Anon, 1995, 1996,
1997), while Cd and Cu contents represent the e@imponents of the MPI, being 8 times
higher than the reference values. These resuligeghe existing opinion that accumulated
trace metal content in aquatic biota has smalleiabdity and thus could serve as more
reliable indicator of the metal pollution than chieah analysis of water and sediments.
(Salankiet al, 1982, Sharenbewg al, 1994).

The “non-polluted” sites along the Canal systemg@evo, Crvenka and Kucura), as
well as “polluted” Backwater Tisza (Zabalj) and Zaisa are located in predominantly
rural areas, so that trace metal occurrence inteqaavironment is due only to patchy
inputs, mainly runoff from agricultural land.

However, the results of this study must be taketh thie utmost care. The reason for
such statement is the fact that due to economic poitical situation in Yugoslavia,
industrial facilities in the whole region have t@en working with full capacity for almost
10 years and the river transport, due to the latesnts, is insignificant compared to the
period before 1990. Therefore, toxic substanceslui@ting trace metals) inputs to the
Danube River Basin from the Yugoslav and Croateritbries is impared. Yet, MPI-based
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evaluation indicates metal pollution as an alreadyious environmental issue. Thus, it
could be expected that in future, after the norsaditbn of the situation in the region, the
problem of toxic substances input emerges as otleeohot spots in the lower part of the
River Danube. Our opinion is, therefore, that MBuld serve in future for trend analysis
and comparative purposes as an easy, relativelyngtraand inexpensive monitoring
method.

3.7.4. Summary

MPI1 - Metal Pollution Index is being introduced kian aim of improving the
freshwater pollution control, monitoring and cldissition based on fish metal body burden.
This simple mathematical model enables presentatiddd, Pb, Cu, Zn and Al fish liver
concentration as a single unit-less value andgthes, evaluation, classification and time
trend analysis within the region. Metal burdeniiret of Carassius auratus gibelibas
been used for calculations, while normal distribatiand biological variation estimation
have been achieved by using normalizers (liver entrations of selected elements in fish
from reference sites). MPI - based water qualitgeasment and classification of the
selected sites within the Yugoslav part of the Den®iver Basin have been undertaken.
The results of this study indicate that metal palu of the Danube River could be
regarded as a rather serious environmental issue.
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3.8. THE RIVER DANUBE WATER QUALITY NEARBY NoviI
SAD AS AFFECTED BY CHANGES IN RIVER WATER
FLows

Matavuly, M., Gayin, S., Petrovicy, O.,
Radnovicy, D. and Simeunovicy, Y.

3.8.1. Introduction

Continual investigations of the river Danube wajaality in the Institute of Biology
(Faculty of Science in Novi Sad) last already 2&rge Our published results (Gawnal.,
1982, 1984, 1987, Matavubt al, 1988) point to the various quality of the Danulmer at
the Novi Sad sector, with the tendency of decredseater quality after 1979 and the slight
increase of water quality after 1989 (Gagiral, 1990, 1995). Supported by Novi Sad City
Authorities for the environmental protection andnservation, investigations with 11
sampling sites at the Novi Sad sector have beeanargd in the course of 1998-1999.
Since the river Danube waterbed has been usedeamdim source of Novi Sad potable
water, and in the same time the river water has Isssving as the main recipient of
municipal sewage water, results of current saprmhiological investigations should point
to the effect of main city polluters on the riveater quality, as well as to the effect of
destruction of all three bridges over the river Dia@in Novi Sad.

(]
B @nen

Fig. 1. Novi Sad City map with sampling sites
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3.8.2. Material and methods

Samplings of the river Danube water in the Novi $egion were done seasonally
during 1998 (prewar period) and during 1999 (postweaiod). Sampling sites are shown at
fig. 1. 11 localities (left river bank: 1 Kamenyd,Shtrand, 3 Railway bridge, 4 Pover
plant; main river current: 5 Freedom bridge, 6 hegtw Petrovaradin and Railway bridges, 7
Sremski Karlovci; right river bank: 8 Sremska Katican 9 Ribnyak, 10 Petrovaradin, 11
Oficirska plazha) have been chosen with aim tcitlate the influence of the main Novi
Sad City polluters on the river Danube water qudilibm the sapromicrobiological and
enzymological point of view.

The mesophilic saprophytic bacteria were enumeratedhe nutrient agar. The
number of facultative oligotrophs has been deteechiat 10 times diluted nutrient agar.
The number of colony forming units was used for tiver Danube water categorization
into classes of quality according to Kohl (1975).

The relationship between heterotrophs, originafiogn eutrophic environments, and
facultative oligotrophs, originating from oligotroic environments, defined as H/FO ratio
was used for determination of the water selfpuaifien ability (Gayinet al., 1990).
Enzyme, phosphatase activity of nontreated watempga has been determined using p-
Nitrophenylphosphate as a substrate and Phosplatagity index (PAI) was calculated as
a mean value of acid, neutral and alkaline phosigeatctivity of water, and used for
categorization of water into classes according &aaMuly (1986).

3.8.3. Results and discussion

The results obtained by enumeration of organotmjlaicterioplankton point to the
various water quality depending on the localitywesdl as to the seasonal fluctuating in the
quality of water considering its organic load. Asuée, the lowest number of heterotrophs,
as well as facultative oligotrophs, was recordeth@spring season and the highest during
the summer-autumn seasons in the course of 1998t whs in agreement with our
previous reports. The lowest number of heterotraghtie most sampling sites in summer
or autumn season during 1999, except at the lgchlid 3 (downstream of destroyed
railway bridge), disagreed with our previous firginof bacterial seasonal fluctuations in
the river Danube water (Gayiet al, 1995), probably due to changed conditions
considering organic load caused by changed floseofage water.

The ratio between the number of facultative oligphic and heterotrophic
bacterioplankton (FO/H index, Gayiet al., 1990, 1993) point to the preserved
selfpurification ability and high rate of degradetiof pollution downstream of Novi Sad
sewage effluent, especially during warm seasons.éXeeption of this rule was localities
downstream of sewage effluent during 1998 (Fido@alities 3 and 4).

Huge amount of building material that has plung#d the riverbed due to Novi Sad
bridges destruction by NATO bombardment has draldfichanged the course of main
current of the river Danube, as well as the banteiveurrents. Consequently, the course of
municipal wastewater has been changed, what catlee@dhanges in the river Danube
water quality considering the river water horizémieofiles. These changes are the most
noticeable downstream of the destroyed railway £hkb/'s) bridge (sampling site No 3,
Fig. 1). In the course of prewar period (1998) tighest water pollution according to
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sapromicrobiological and enzymological indicatomss hbeen recorded at this locality,
caused by the nearby effluent of Novi Sad municipater (Fig. 2, Fig. 3). According to
the same parameters, the river Danube water quatlithe same locality, after the fall of
railway bridge has substantially changed, becaheemunicipal water stream has been
shifted from the bank current to the main riveeatn. The same effect has been recorded at
the sampling site No 4, downstream of Novi Sadefihery. In the course of prewar period
this locality was the second, considering the oiganllutants load (Fig. 2, Fig. 6). After
turning the municipal water into the main riverestm due to destruction of all three
bridges, the water quality at this locality shiftedm Il to II-lll class according to Kohl
(1975), (Fig. 4, Fig. 7). Such a findings were @néd by the Phosphatase activity index.
According to this parameter, the water downstrednmain sewage effluent in 1998
belonged to IlIA class in the spring and summerssea (significantly polluted water
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Figure 2 The River Danube water quality nearby
Novi Sad during 1998 according to the number of
organotrophs (spring, summer, autumn and winter)
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Figure 4 The River Danube water quality nerby
Novi Sad during 1999 according to the number of
organotrophs (spring, summer, autumn and winter)
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Figure 3 The River Danube water quality nearby
Novi Sad during 1998 according to the
phosphathase activity index (PAI) (spring, summer,
autumn and winter)
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Figure 5 The River Danube water quality nearby
Novi Sad during 1999 according to the
phosphathase activity index (PAI) (spring, summer,
autumn and winter)

according to Matavuly, 1986) (Fig 3). In 1999 thater sampled at the same locality
increased in quality one class higher (Fig 5) duéutning the sewage water from coastal
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into main Danube stream. Even though the loweseématality was found downstream of

Novi Sad sewage effluent (site 3) during both oearyprewar as well as postwar period, it
is noticeable that at the same site after formimtam made of destroyed concrete railway
bridge the coastal stream of the river flows alddfi m in opposite direction than the main
river stream flows.

According to sapromicrobiological and enzymologidadiicators, the water of the
river Danube at the most localities nearby Novi $atbnged to Il class (Kohl, 1975) and
to Il-1ll class - moderately polluted (Matavuly, 8®) respectively. Expectedly, the lowest
water quality downstream of the main sewage efflweas recorded during both, 1998 and
1999 years of investigation. Destruction of alltbfee Novi Sad bridges over the river
Danube by NATO bombardment, and formation of damhofe amount of building
material that has fallen down into the riverbedsesichanges of the river coastal streams
as well as mainstream. Consequently, the streasewége effluent changed its direction
from coastal current to the main river stream, wbatised changes in the river water
quality downstream of new formed dam in Novi Sad.
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3.8.4. Summary

Continual investigations of the river Danube waggality in the Institute of Biology
(Faculty of Science in Novi Sad) last already 28rgeSince the river Danube waterbed has
been used as the main source of Novi Sad potabierwand in the same time the river
water has been serving as the main recipient oficipai sewage water, results of current
sapromicrobiological investigations should pointhe effect of main city polluters on the
river water quality, as well as to the effect oftleying of all three bridges over the river
Danube in Novi Sad. Obtained results point to thesgrved selfpurification ability and
high rate of degradation of organic load downstrefsewage effluent. Also, huge amount
of building material that has plunged into the rbed due to Novi Sad bridges destruction
by NATO bombardment has drastically changed thesepof main current of the river
Danube, as well as the bank water currents. Coestlgu the course of municipal
wastewater has been changed, what caused the shantiee river Danube water quality
considering the river water horizontal profiles.
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3.9. ATMOSPHERIC HEAVY METAL DEPOSITION ALONG
FOUR MAJOR HUNGARIAN RIVER VALLEYS

Otvos, E., Lehoczki, R. and Tuba, Z.

3.9.1. Introduction

River valleys are the most populated areas of Hyngad the industrial centres are
also located here. On the other hand these regi@as biotops for many plant and animal
associations included protected species. Envirotaheollution accidents and damages, as
e.g. recent cyanide pollution in the north-easteugrs (Febr. 2000), Szamos and Tisza may
prove the importance of biomonitoring studies deege areas.

Bryophytes have been widely used as bioindicatérairocontaminants for the past
few decades, especially to estimate heavy metghnic and radioactive pollution (Beeg
al., 1996; Markert ed., 1993; Knulst al, 1995). Numerous studies (Gydestml, 1983;
Herpin et al, 1996; Markertet al, 1996; Meenkst al, 1991; Ruhlinget al, 1987;
Ruhling ed., 1994; Steinnet al, 1994; Tubeet al, 1994) have shown that surveys of the
heavy metals by cryptogams are valuable, easy hedpcmethod to identify the possible
emission sources and long range transport of @oltat Mosses have no root system, so
they can take up nutrients and chemical substame@sly from dust-fall and precipitation.
They are good bioaccumulators because of their lugpacity to retain many trace
elements.

An international moss monitoring programme (Ruhligigal, 1987; Ruhling ed.,
1994) was initiated and conducted by Nordic Coestrunder the Nordic Council of
Ministers in 1985 to characterize quantitativelyd agualitatively the regional and
atmospheric deposition pattern of heavy metald995-1996, about 30 European countries
joint this project, considering methods of Scandiaa guidelines to map and to compare
results among different areas.

In the Nordic countries there is a long-term survdgta from 1985 to 1995 show a
general decline in concentrations of most metals, i@ the cadmium deposition with a
reduction in 35 % in Denmark or in the lead depositwith a decrease about 30% in
Sweden, and present that the deposition is dondnagelong-range transport (Ruhlireg
al., 1987; Rihling ed., 1994; Gydesenal, 1983; Bercet al, 1996; Steinnest al, 1994.
The decrease in concentrations of metals is malnéyto stricter emission legislation, filter
technique, closure of old polluting industrial pleand use of petrol without lead.

Our present study is the first attempt to proviééadon pollution with heavy metals
by moss analysis at a larger scale, along mairr nadleys (see Fig.1.)including the
Danube which is 417 km long, Tisza with length 87%m, K6rds with 219 km and Raba
with 192 km in Hungary.

3.9.2. Materials and methods
Samples of the moss specldgpnum cupressiformeere collected from 47 sites up

to a distance of 15 km from rivers, from SeptentiseNovember, during a relatively dry
autumn in 1997This carpet-forming moss growing on stumps, bamsks, walls and soils
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is widespread in Hungary, and very useful for biagation because heavy metal content
analysis can be done months or later after thectdin.

Procedure of sampling was performed according ¢oSbandinavian guidelines; the
samples were taken mainly from forests, not expodedctly to precipitation. The
sampling sites were at least 300 m far from maadsoand built-up areas, and at least 100
m far from any roads and buildings. 5-10 subsampiere collected and mixed from each
sample point (50 x 50 m). Each sample was analiystidee repetitions.

The green parts of mosses were cleaned carefuthoui washing and then dried at
70 °C. Samples of 0,2 g were digested with 2 ofncc. HNQ and 2 cr of cc. HO; at
130°C under pressure in Teflon bombs for 45 mirerTh was filtered through Whatman
No. 42 filter paper and brought to a volume of 1l0nith bi-distilled water. Cd, Cr, Cu, Ni,
Pb, V and Zn concentrations were determined wifA-KES measurement technique.
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Fig. 1. Map of Hungary with sampling sites
3.9.3. Results and Discussion

The heavy metal concentrations data (Tables 1,d2Fa. 2) show that the highest
values were measured at the rivers Danube and ,Tdase to industrial towns. The
maximum concentrations were found at the sampliitgs ssurrounding Budapest,
Szazhalombatta, Dunaujvaros, Szolnok and TiszaggvaEffect of traffic compared to
influence of industry is much milder as the sanploints were not close to the roads and
contamination is rapidly reduced with distance @ebal., 1994).

Cadmium

Background average level for cadmium is 0.86 [fgttsat is higher than the mean
European values (0,2-0,7 pg)gand similar to Russia (Rihling 1994). Main enussi
sources may be metal industry, mining and use oSphate fertilizers in agriculture. The
highest values are found along Danube around BstlaBeazhalombatta and Dunadjvaros,
and near the river Tisza (Tiszaujvaros) due to stdki activities. There is also a high
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concentration of Cd in the village of Asvanyrar60@ pg ¢) that suggests that the
cadmium may be transported to Hungary from the himgring regions (Slovakia and
Austria) (Ruhling ed., 1994).

Table 1 Concentrations of heavy metals in mossestaear four river valleys (igigl.w.)

Cd Cr Ni \ Cu Pb zn
DUNA median 0,9 2,3 4,5 39 11,0 15,4 60,11
mean 1,0 3,4 6,0 6,9 11,4 18,7 62,6
min 0,3 0,9 2,1 15 6,7 5,4 32,1
max 2,1 7,3 19,9 46,7 17,2 43,4 1157
RABA median 0,7 1,4 4,3 1,9 11,9 9,7 38,1l
mean 0,6 1,6 4,1 2,7 10,0 15,7 4311
min 0,3 0,9 3,1 1,0 6,6 5,4 32,71
max 0,7 2,5 4,9 4,6 12,8 31,0 60,6
TISZA median 0,8 1,7 3,0 1,9 10,4 14,1 457
mean 1,0 3,2 5,6 11,8 10,1 15,8 56,5
min 0,3 0,3 1,0 1,7 7,3 79 32,4
max 2,1 14,0 30,4 86,0 15,2 35,6 1282
K OROS median 0,6 2,7 41 2,7 11,0 14,7 489
mean 0,6 2,4 4,6 2,9 11,2 16,7 55,0
min 0,3 0,7 2,5 1,7 7,2 9,7 37,4
max 0,7 4,3 7,8 4,8 16,0 25,6 82,9
AVERAGE median 0,7 2,4 4,4 2,8 11,0 15,5 51,9
mean 0,8 3,1 6,7 11,4 11,0 17,8 58,3
min 0,3 0,3 1,0 1,0 6,6 54 32,1
max 2,1 14,0 30,4 86,0 17,2 43,4 128,

Chromium

The European baseline level for chromium in rurela is around 1 pg*(Ruhling
ed., 1994). Among investigated sites, environswarrRaba is the less polluted with range
0,93-2,07 pug §. Higher concentrations are found around Budapedtia Dunaujvaros
(7.33 ug d) by the rivers Danube because the local indussecially iron and steel mills
cause contamination. The river &6s and Tisza are more polluted than Raba, due to
effects of industry of bordering country. The valweere measured above 21 |itctpse to
the frontier in Romania. A peak value was notedrniedustrial chemical centre of

Tiszaujvaros 13,98 pg'g

Nickel

The main emission sources of Ni are steel indusiityand coal burning. In most of
European countries the concentration varies betw2dn g g-1 in mosses, higher
concentrations (10-20 ug g-1) are measured neasntelters and chemical company
(Ruhling ed., 1994). The Hungarian average levelhsut 4-6ug g-1, but there are some
local emittors. Elevated concentrations were foahdEsztergom (10,28 ug g-1), Bugyi
(15,02 pg g-1), Dunaféldvar (9,34 pg g-1), Mdwmerény (7,76 ug g-1), Gyoma (11,03 ug
g-1) Szazhalombatta (19,86 ug g-1) and Tiszadjvé86s39 pg g-1). Only background
contamination (~ 4pug g-1) could be detected atriber Raba. Pollution of Ni is also
relatively low at the river Tisza apart from valugsTiszaljvaros and Tiszafired.
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Vanadium

Vanadium is mainly originated from coil and oil burg. Deposition of V in Hungary
does not reach a considerable amount and it idesitoi values of West-European countries
(4-6 ug ¢ (Ruhling ed., 1994). The concentrations of V stgiwng relationship with Ni
levels, the most polluted areas are the same dsawe already mentioned at Ni. There are
only three industrial establishments representioigitial pollution sources: an oil refinary
and an oil-fuelled heat power station located iaZbalombatta (46,69 pg-y(Tubaet al,
1994)and a chemical company in Tiszatjvaros 30,39 g g
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Fig. 2. Mean concentrations of heavy metals in m®#s the regions of four rivers (ig d.w.)

Copper

Copper can be originated from metal industry awenfcopper-containing fungicides
used by agriculture. The background concentratfaropper is about 10 pg g-1 in Hungary
that is similar to European values (Ruhling ed94)9 Local effects could be not detected,
however the input from bordering countries is rekable. Eastern part of the country (at
Eiver K 6rds) is notably more contaminated than the oth@imisoara, Romania 126 pug g

).

Lead

The main sources of lead the combustion of leaded, fwaste incineration and
industry. As we measured background contaminatibrthe country, our values are
relatively low (10-20 ug ¢ to compared with other countries (Ruhling ed.94)9
Background levels near rivers Raba andris are the lowest. Higher concentration can be
observed near towns, in the region Budapest (10¢}8") due to a long-range transport of
lead from extensive traffic.

Zinc

Zinc contamination is related with metal industri@sd use of pesticides in the
agriculture. Zn level in European countries usuddlyless than 40 pg'g(Rihling ed.,
1994), the average values in Hungary are betwee03Qug ¢. The background
contamination of Zn is the highest by Danube, infpoin Austria and Slovakia could be
well detected at the Upper Danube (60-116 {{jy bocally increased Zn levels were also
found near to central part of river, but a purifima can be definitely observed at the Lower
Danube (32-47 ug Y. Peak concentrations were found close to thetala(gird 116 pg g)
and at Tiszaujvaros (128 ud)g
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Table 2 Sampling sites and concentrations of heastals measured in collected mosses (fidrg weight)

Duna Cd Cr Ni \Y Cu Pb Zn
1 Asvanyrar 2,1 2,3 57 9,0 9,8 13,9 50,0
2 Mosonszentmiklos 0,4 1,8 3,2 2,0 11,0 7,5 81)2
3  Gonyi 0,6 14 4,9 1,9 12,8 54 60,6
4 Nagyszentjanos 0,5 2,1 3,0 2,5 6,7 13,0 34,4
5 Esztergom 1,6 59 10,3 9,8 10,2 11,7 87|19
6 Visegrad 1,7 7,0 7,1 12,3 13,6 27,0 75,9
7 Leéanyfalu 11 3,4 4,1 4,9 11,0 21,7 65,0
8 Pusztazamor 0,8 4.8 8,7 12,8 15,3 43,4 61,5
9 Erd 0,9 5,7 9,9 11,7 17,2 17,4 115,y
10 Alsénémedi 0,9 3,4 49 52 11,9 22,9 59/6
11 Bugyi 15 6,1 15,0 6,8 15,8 28,5 105,90
12 Szalkszentmarton 1,2 2,3 2,4 2,5 9,0 7,9 54,3
13 Szazhalombatta 1,9 6,0 19,9 46,7 13,9 37,9 78,2
14 Adony 1,0 3,9 51 4,8 14,8 42,3 49,8
15 Mezéfalva 1,4 1,9 2,5 3,0 9,5 21,0 40,7
16 Dunaujvaros 1,8 7,3 8,6 7,4 13,4 27,9 94{0
17 Baracs 0,9 2,3 3,8 2,3 10,3 11,2 57/1
18 Dunaféldvar 1,3 6,8 9,3 6,1 14,0 14,1 63)6
19 Bolcske 0,7 1,4 2,1 2,2 8,1 9,0 61,0
20 Paks 0,9 0,9 2,6 3,1 11,3 22,4 370
21 Kalocsa 0,6 1,0 2,2 15 6,7 6,7 47,p
22 Dombori 0,5 1,0 25 2,9 8,7 7,4 46,1
23 Baja 0,3 1,8 29 2,5 10,5 13,1 32,1
24 Pocsa 0,5 1,9 3,3 2,4 8,3 16,8 452
Tisza Cd Cr Ni \ Cu Pb Zn
1 Véasarosnamény 0,5 2,4 3,7 2,0 7,6 14,8 43,1
2 Kisvarda 0,6 3,0 4,3 3,3 10,6 21,6 80,8
3 Nyirbogdany 0,3 1,2 1,8 1,8 11,0 35,6 461
4 Tiszaujvaros 1,9 14,0 30,4 86,0 15,2 18,9 124,2
5 Poroszlé 1,2 3,0 4,3 14,2 12,2 13,3 7413
6 Tiszafured 1,9 7,5 8,6 23,2 10,3 13,2 67/5
7 Jaszkisér 0,9 1,6 4,0 1,8 8,6 14,2 45|4
8 Kunhegyes 0,3 15 2,4 2,0 11,7 14,0 34(5
9 Szolnok 2,1 0,4 1,9 1,8 8,2 15,1 55,4
10 Szentes 0,7 0,3 1,0 1,7 7,4 8,3 36(8
11 Derekegyhaza 0,8 1,0 2,3 1,8 7,3 12,5 33,8
12 Kistelek 0,7 1,8 2,4 1,7 11,3 7,9 32,2
Raba Cd Cr Ni V Cu Pb Zn
1 Kormend 0,7 1,2 3,4 1,9 6,6 9,7 32,7
2 Vasvar 0,7 2,5 4,3 4,6 11,9 31,0 50,8
3  Sarvar 0,3 0,9 31 1,0 6,6 7,9 33,y
4 Vag 0,7 2,1 4,6 42 12,1 24,5 38,1
5 Gonyi 0,6 14 4,9 1,9 12,8 54 60,6
K 6rés Cd Cr Ni \ Cu Pb Zn
1 Gyula 0,6 3,0 4,2 3,2 14,3 15,7 82,9
2 Doboz 0,3 2,6 4,0 2,3 7,6 13,6 37,6
3  Mezdberény 0,6 4,3 7.8 4,8 13,2 23,4 52,6
4 Gyoma 0,6 0,7 3,0 1,7 7,2 9,7 72,6
5 Szarvas 0,7 11 2,5 1,8 8,8 12,2 45)3
6 Ocsod 0,5 2,7 5,8 4,0 16,0 25,6 39,p
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3.9.4. Conclusion

Effects of the major pollution sources located iirer valleys and influence of the
long-distance transport from bordering countriesldde well detected on base of moss
analysis. The local emittors are steel, metal dmehical industry, oil refinery and heat
power plants, the burning of coil and oil, cemenbduction and transport. Peak
concentrations along four major river valleys weneasured in the region of Budapest,
near Szazhalombatta, Dunaujvaros, Tiszaljvarogaflised and Gyoma. The Hungarian
background concentrations of Cd, Cr, Cu and Znmaitdly elevated on an international
scale (Rihling 1994).

The level of Ni is increased compared to other tesy but it is mainly due to input
from industry of neighbouring countries (Rihling929. The values of Pb and V were
found similar to European average (Ruhling 1994).

Among the investigated river valleys, the most ytelll one is the Danube, especially
higher values of Cr, Ni and Zn were measured byeugmd central region. The valley of
the Réba is less contamined by Cr and Pb, butdedfeNi and Cu are elevated. Cd and Pb
concentration are mildly increased at surroundiofsriver Tisza, local sources and
Romanian input seems to be significant in caseNiaind V. The area of river Iros is
less polluted by Cd, but average values of Cr,ndi ¥ are elevated.

The present survey of heavy metal deposition reflacmildly increased pollution in
Hungary in 1997 compared to European values of 1B@ibling 1994). Our presented data
serve a reference data base for the future tovielip any changes and trends of the
background heavy metal pollution due to atmosphamosition.

3.9.5. Summary

The atmosphere is an important pathway for transgpodt deposition of the pollutants
to both aquatic and terrestrial ecosystems. Hunghrg to its geographical situation in the
Carpathian Basin can be regarded as a deposit airéhe contaminants. There is a
significant anthropogenic impact from neighbouric@untries, adding to it an important
internal emission, especially from the industriahters located mainly near rivers. As a
great part of population lives in the rivers vaiemnd these regions are biotops for many
rare species, there is a demand to estimate tteedsttheir surroundings.

The aim of this paper is to characterize the atmesp deposition o€d, Cr, Cu, Ni,
Pb, VandZn in largest Hungarian river valleyB@na = Danube, Tisza, Krds, Raba to
present days. Our studies join an international pimgpproject Atmospheric Heavy Metal
Deposition in Europe)(Ruhling et al, 1987; Ruhling ed., 1994) following their
standardized methods. Samples of ntégsnum cupressiformeere collected at a total of
47 sampling points near the rivers during the antwm1997 and were analysed by atomic
emission spectrometry with inductively coupled plas(ICP-AES) Results prove that
major pollution sources are the industrial towiiSzazhalombatta, Dunadjvaros,
Tiszaujvaros)and mean concentrations of heavy metals are hih@ in most European
countries, particularly in cases of cadmium anawohum. There also is significant input of
nickel by atmospheric transport from bordering daes. The values of Cu, Pb, V and Zn
were measured similar to European levels.
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3.10. WATER QALITY OF THE GORNJE PODUNAVLJE
PROTECTED AREA ESTIMATED ON THE BASIS OF
BIOINDICATORS

Brankovic, D. and Budakov, L.

3.10.1. Introduction

Along the Yugoslav section of the Danube some féabdleas still exist (Brankovet
al. 1998), and among them, the floodplain within therrje Podunavlje protected area is
the largest one (Budaket al, 1995). Protection of these floodplains is in ademce with
the Pan-European Biological and Landscape Diver8tyategy (Strasbourg, 1995),
Convention on Biological Diversity (Rio de Janeid®92) and Convention on Wetlands
(Ramsar, 1971), as well as with the Resolution @dBersity Conservation Policy in FR
Yugoslavia (Beograd, 1993).

The Gornje Podunavlje is situated along the leftkpdetween 1347 and 1433 km of
the Danube course. It is a swampy complex dividethb embankment into the two parts.
The Apatinski Rit, being the part directly conecteith the Danube, is under the influence
of flooded waters.The part which comprises MonadtoRit, a lot of canals and permanent
and ephemeral pools is separated from the Danubthébgmbancment and is under the
influence of underground waters.

In order to recognize quality of the Gornje Podujgamatural values as a basis for
protection and conservation, the Institute for Bctbne of Nature of Serbia carried out
various investigations, including phytoplankton eounity and ichthyofauna which are
very important members of aquatic biocenoses. Thgoplankton and ichthyofauna are
not only good indicators of water quality and caiadi of all the water ecosystem, but they
play an important role in selfpurification of theater and maintenance of ecolological
balance.

3.10.2. Material and Methods

The phytoplankton and ichthyofauna of the GornjeldP@avlje protected area were
investigated in the period of 1996-1998.

During the algological and saprobiological inveatigns, standard limnological
methods were used (Sladeoetkal, 1973). Qualitative composition of the phytoplank
community was shown as a participation of the diff¢ algal groups in the total number of
taxa, and quantitative composition as a partiogmatf algal groups in the total number of
algae. The density of the phytoplankton communitgswexpressed as a number of
individuals per 1 cri(ind/cnt).

Fish species were sampled by electrofisher and nets

The saprobity index was calculated after Pantle &ckB (1955) on the basis of
phytoplankton and fish species as bioindicators.
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3.10.3. Results and Discussion

Within the Gornje Podunavlje protected area, dutimg study period, very diverse
phytoplankton community was recorded - 377 speeiseties and forms of algae (Fig. 1).

Chlorophyta was the most diverse group, making &7 & all taxa. Among the green
algae, the following genera were represented byattgest number of species, varieties and
forms: Scenedesmu$23 taxa), Cosmarium (20), Staurastrum (18), Closterium (12),
Tetraedron(11). The species, such Astinastrum hantzschiiagerh., Eudorina elegans
Ehr., Micratinium pusillumFresen, although the only representatives of theera, were
wide spread in the investigated waters.

B Cyanophyta

@ Pyrrophyta

W Xanthophyta
O Chrysophyta
B Bacillariophy

26

Fig.1. Diversity of Phytoplankton Community

Among Bacillariophyta, to which belonged 27.1 %atifrecorded taxa , the genera:
Navicula (14 taxa),Cymbella (9), Gomphonema8) and Nitzschia (8) were the most
heterogenous ones. Although represented by a smadber or only one taxa, the genera:
Stephanodiscus, Cyclotella, Melosira, Asterionellaragilaria, Diatoma, Amphora,
Cocconeis, Anomoeneisere characteristic representatives of the sdicalgae of the
investigated waters.
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Fig.2. Qualitative Composition of Phytoplankton Gommity



Chapter 3. Water quality 171

Cyanophyta-with 9.5 % of all taxa, Euglenophytalmét9 %, Pyrrophyta-with 4.5 %,
Chrysophyta with-3.1 % and Xanthophyta-with 1.3 %revrepresented by a significantly
smaller number of taxa. Among Cyanophyta, @szillatoria genus, with 7 taxa, was the
most divers one but, the speciégphanisonenon flos-aquag.) Ralfs andMicrocystis
aeruginosaKutz. were present in almost all the samplegachelomonaswith 11 taxa, was
the most diverse genus within the Euglenophyta gremd within the Pyrrophyta group,
the Peridiniumgenus, with 7 taxa.

The diversity and qualitative composition of phygkton community (Fig. 2)
varied, depending on the sampling time and locakyt, variation was dependent, to a
greater extent, on the sampling time than on tlality. The diversity of phytoplankton
community was the highest during the summer, armd Ithvest during the winter and
spring. The Chlorophyta group was characterizedheymost apparent variation. During
the summer, a large number of taxa, from 57 to Xf6the Chlorophyta group were
recorded, while in the samples collected duringwheer their number rarely exceeded 10.

The diversity of Cyanophyta was, to a certain extdapendent on the sampling time,
as well. The representatives of this group werended in all the samples collected during
the summer, and their number varied between 11 lhdin the winter, Cyanophyta
appeared sporadically, with no more than 4 tax& mlembers of Xantophyta group were
recorded only in the samples collected during timareer. The diversity of the other algal
groups was rather similar during all the study @ebri
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Fig.3. Quantitative Composition of Phytoplanktorn@ounity

The density of phytoplankton community varied fr@4v to 2000 ind/ch(Fig. 4).

A common characteristic of the phytoplankton comityuwas prevalent quantitative
domination of Bacillariophyta (Fig. 3). But, thelllawing samples were exception: Basca
(Ir97) with Chrysophyta domination, Monostorski Bawvac (VII'97) in which the
Chlorophyta group was the dominant, and Bajski cévd’'98) and Fishpond (VII'98),
within the Bajski canal, which were characterizeg ®yanophyta domination. In the
localities which were under direct influence of fleoded waters of the Danube (Dunavac
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Dondo and Staro Selo), significant participatiorPgfrophyta was recorded.
Stephanodiscus hantzsckirun.,Cyclotella meneghinian&utz., Melosira granulata
(Ehr.) Ralfs, Asterionella formosaHassal, were the most abundant representatives of

Bacillariophyta, and among Chlorophyta, the specisthe genera:Scenedesmus,

Ankistrodesmus, Pediastrum, Crucigenia, Chlamyd@sorCosmariumwere the most
abundant. Among Cyanophyta, participationAgthanisomenon flos-aqude.) Ralfs, as
well as participation of the species of the gend@rsmbaenaand Oscillatoria were
significant. The Pyrrophyta group was characteribgdsignificant participation of the
genera:Cryptomonasand Peridinium while the Chrysophyta group was characterized by
significant participation of theDinobryon genus. Generally, participation of the
Euglenophyta group was low, and fhechelomonagenus was the most abundant.

The saprobity index values, calculated on the bas$iphytoplankton species as
bioindicators, varied from 1.9 to 2.8 (Fig. 4), icating § mesosaproh{)-<5 mesosaprob,
and<s mesosaprob degree - eutrophic waters.
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Fig.4. Relationship Between Density of Phytoplanl
Community and saprobity

The saprobity index values were usually in the elation with the density of
phytoplankton community (Fig.4) that was expectesbvwing that algae respond to the
increase of nutrients accelerating development.

In the water ecosystems of the Gornje Podunaviiepted area 55 fish species were
recorded. Among them, the indicators of oligosapmdgree, such a#lburnoides
bipunctatusBloch, Cottus gobid._., indicators of oligo§) mesosaprob degree, suchLasa
lota L., Sander luciopercé., indicators of§) mesosaprob degree, suchEs®x luciud..,
Rutilus rutilusVladikov, Leuciscus leuciscus, L.cephalud.., Scardinius erythrophtalmus
L., Alburnus alburnug.., Blicca bjoerkna.., Abramis bramd@avloy Chondrostoma nasus
L., Rhodeus sericeus amarH®lcik, Gobio gobioL., Barbus barbud.., Cyprinus carpio
L., Orthrius barbatulusL., Silurus glanisL., Anguilla anguillaL., Perca fluviatilisL.,
Gymnocephalus cernub, indicators of§)-6 mesosaprob degree, such Hreca tinca
L.,Carassius carassiuk., indicators ofs mesosaprob degree, suchGarassius auratus
gibelio Bloch, Lepomis gibbosus. were recorded.

The saprobity index value, calculated on the basithe fish indicator species, was
2.0, indicatingd] mesosaprob degree. That is in correlation withréiseilts obtained on the
basis of the phytoplankton.

On the basis of the presented results and literatiata (Brankovicet al, 1997;
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Budakovet al., 1997; Budakov and Brankovic 1999; Djukét al, 1997; Gayinet al,
1998; Jankoviet al, in Jankovic and Jovicic 1994, 1994; Maletinal, 1997; Obuskovic
in Jankovic & Jovicic, 1994; Puijiet al, 1997) it could be concluded that the watershef t
Gornje Podunavlje protected area are more or lessphic ones, with the phytoplankton
and ichthyofauna which are characteristic for theldnd water ecosystems of this region.

3.10.4. Summary

The Gornje Podunavlje is situated along the leftkpdetween 1347 and 1433 km of
the Danube course. It is a swampy complex dividethb embankment into the two parts.

The phytoplankton and ichthyofauna of the GornjellPavlje protected area have
been were investigated in the period from 1996%@81

During the study period, very diverse phytoplanktmmmunity was recorded, 377
species, varieties and forms, and Chlorophyta Wwasntost diverse group. A common
characteristic of the phytoplankton community wasvgplent gvantitative domination of
Bacillariophyta.

In the water ecosystems of the Gornje Podunavijéepted area, 55 fish species were
recorded.

The saprobity index values, calculated on the bafsghytoplankton and fish species
as bioindicators, varied from 1.9 to 2.8, indicgtifi mesosaproh$)-S5 mesosaprob, and
95 mesosaprob degree - eutrophic waters.

On the basis of the presented results and literatata it could be concluded that the
waters of the Gornje Podunavlje protected areananee or less eutrophic ones, with the
phytoplankton and ichthyofauna which are charastierfor the lowland water ecosystems
of this region.
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3.11. MICROALGAL BIOMASS PRODUCTION DURING THE
PURIFICATION OF THERMOMINERAL WATER

Zorica, S., Gajin, S., Petrovic, O., Simeunovi@dd Markovic, S.

3.11.1. Introduction

The south-eastern part of Pannonian plane, whitdnbe to Serbia, can be treated as
relatively perspective resource for obtaining asdge of geothermal and thermomineral
water (Milosavljeviee et al, 1995).

During the thermomineral water treatment with médgae, high quantity of algal
biomass and the mineral salts concentration deenasld be provided in both natural and
economic way, since the specific microalgae spemaesutilize most of the minerals during
their growth. Special attention should be giverthi® cyanobacteria —Spirulina platensis
because of its significantly easier cultivation dngher biomass quality comparing with
other microorganisms or higher plants (Ciferri, 398iferri and Tiboni, 1985; Richmond,
1986). Green alga8cenedesmuand Dunaliella are also actual worldwide producers of
biomass in biotechnology (Soong, 1980).

In order to racionalize the thermomineral waterpleatation, the main aim of this
research was to examine possible cyanobact@mrylina platensis and green algae
(Scenedesmus quadricaudad Dunaliella sp) usage as both biomass producers and
thermomineral waters purificators. Biomass could doasidered as an alternative high
calorie food and source of different industrialypiontamt compounds. At the same time,
high concentration of the minerals, as limithingtéa in of thermomineral waters usage,
would be reduced during the microalgal cultivation.

3.11.2. Material and methods

Microalgal strains $pirulina platensisScenedesmus quadricaudad Dunaliella sp)
are part of the Microbiology laboratory collecti@institute of Biology, University of Novi
Sad). The analyses of the total samples minetaizdhave been made after 3, 5, 7, 9 and
14 days during the thermomineral water purificati@emineralization) by microalga
Spirulina platensis.

Cultivation of microalgae in diluted and undilutdgermomineral water (20%, 40%,
60%, 80%, 100%) and in undiluted water (100%) dwaitwith 5% liquid swine manure
lasted for 15 days. Liquid pig manure was addedrder to provide higher nitrogen and
phosphorus concentrations. Cultures incubation roeduin Erlenmeyer flasks, at the
temperature of 3T, with fluorescent light intensity of 850 LUX.

Spirulina platensidiomass was performed indirectly by chlorophyllam@entration
analysis (Mackinney, 1941). The biomass conceptiatof Scenedesmus quadricaualad
Dunaliella sp. were measured by direct absorbency analyses ortrgpkotometer. All
results are the average values of four repeatedunements.
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3.11.3. Results and discussion

Cultivation of microalgal strains has been donewater samples taken from three
geothermal drill-holes, in order to examine possibéxploitation of Vojvodinian
thermomineral waters. According to our results, neixeed microalgal strains showed
specific growth in diluted thermomineral water, inasundiluted water samples enriched
with 5% liquid pig manure. However, the growth waery characteristic for different
microalgal species applied.

The increase o$pirulina platensihiomass g chl a/ml) was directly correlated to
increase of thermomineral water concentration (@4bl

Table 1. The increase dpirulina platensisbiomass grown in different dilutions of thermonmalewater
comparing with the control medium

THERMOMINERAL WATER (%) Pb-1/H Mk-1/H Sr-1/H
20% 1.105 1.298 1.162
40% 1.421 2.055 1.374
60% 1.484 2.911 2.621
80% 2.210 3.476 2.637
100% 2.386 3.941 4.020

100% + 5% pig manure 3.473 4.357 2.116

CONTROL (SOT) 3.156 4.124 3.500

Spirulina biomass was extremely high in the wasmgles taken from Pb-1/H and
Mk-1/H (+ 5% liquid swine manure). It has been shothat cultivation ofSpirulina
platensisshould be carried out in undiluted thermomineraten. Comparing the biomass
quantity in control mineral nutritive medium (SOTyyater samples from Sr-1/H
demonstrated even better growing conditions forudipa cultivation (Table 1). Water
samples from Mk-1/H and Pb-1/H showed to be lessesponding media, but enriched by
swine manure as additive substance, the deficieafcymportant elements would be
provided.

Green alg&cenedesmus quadricaudianifested very good biomass increase in water
samples diluted up to 80% (Sr-1/H and Pb-1/H) andéli samples taken from Mk-1/H,
with exception of the samples enriched with swirenore (Table 2).

Table 2.Scenedesmus quadricaudeowth in different dilutions of thermomineral wateomparing with the
control medium

THERMOMINERAL WATER (%) Pb-1/H Mk-1/H Sr-1/H
20% 0.511 0.345 0.418
40% 0.714 0.719 0.694
60% 1.149 1.362 1.217
80% 0.538 1.567 1.414
100% 0.406 1.722 1.109
100% + 5% pig manure 0.321 1.595 0.823
CONTROL (,148") 1.760 1.983 1.814

Comparing these results with the growth of contrdture in ,148” mineral medium,

the water sample Mk-1/H made this green alga aatitim the most efficacious.
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In the case oDunaliella sp., all thermomineral water samples inhibited gratya
growth (Table 3).

Table 3.Dunaliella sp.growth in different dilutions of thermomineral wwatcomparing with the control medium

THERMOMINERAL WATER (%) Pb-1/H Mk-1/H Sr-1/H
20% 0.314 0.294 0.318
40% 0.389 0.349 0.308
60% 0.286 0.364 0.339
80% 0.311 0.401 0.618
100% 0.305 0.411 0.406
100% + 5% pig manure 0.319 0.447 0.433
CONTROL (,,148") 2.680 2.735 2.842

Generally speakingDunaliella sp. biomass quantityu¢ chl a/ml) increases when
undiluted water is enriched with pig manure. Muotvér quantities of biomass has been
produced in all water samples comparing to corfffal8” medium).

The aims of microalgal cultivation in thermominenakters were both biomass
production of microalgae and thermomineral wateuwsifipation in order to decrease
minerals concentrations, which could cause the Heyel of eutrofication in water
recipients. AccordinglySpirulina platensicultivation in thermomineral water samples has
been followed by significant reduction of total mrals. The biomass increase after the
seventh day of cultivation has been demonstrateidglthe Spirulina cultivation in Pb-1/H
and Sr-1/H undiluted water samples (Figs 1 and 2).
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Fig. 1. Comparison oSpirulina platensishiomass increase and total mineralization decr@asgr-1/H water
sample.

Until the fourteenth day, water demineralizatiorstéal unperceptiblySpirulina
platensishiomass growth stagnated in Mk-1/H water samplewai as the minerals
concentration until seventh day. Sudden mineratsedse and biomass production have
been measured after the seventh day (Fig. 3), wbah be connected with eventual
bacterial occurrence in algal culture.

Even very encouraging results about Vojvodiniarrrti@nineral waters exploitation
in order to produce Spirulina biomass were pubtistem years ago in Yugoslavia (Obreht,
1988), no practical use of experimental experiemoésts until today. Vietnam is the only
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country with commercial production &pirulina platensisn thermomineral waters (Nguen
hun Thuoc et al, 1989) and the chemical comjpositf those waters is quite similar to
the Vojvodinian. The cultivation oBpirulina platensisn thermomineral water could be
followed byincredible benefits (Ciferri and Tiboni, 1985f&fi, 1983): it can be used in
purification of thermomineral water, there are magplicable parts during the biomass
production process (as like higher plants), thewtinois extremely fast (in wet or dry
climate), Spirulina is not competitive with other microorganisn®pirulina is source of
some chemical compounds in medicine and industrgafgpercentage of proteins and
vitamins) (Richmond, 1986).
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Fig. 2. Comparison oSpirulina platensishiomass increase and total mineralization decr@ageb-1/H water
sample.
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Fig. 3. Comparison @pirulina platensidiomass increase and total mineralization deciedd&-1/H water sample.

According to our resultsSpirulina platensisdemonstrated significant reduction of
total minerals and the biomass increase after élergh day of cultivation, which can be
considered as indication of futugpirulinausage in thermomineral waters purification.
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3.11.4. Summary

The growth of the microalgal speci€pirulina platensis, Scenedesmus quadricauda
andDunalliela sp., cultivated in water from three Vojvodiniaoghermal drill-holes, were
examined during 15 days. Microalgae were grownhierrhomineral water, in different
dilutions (0%, 20%, 40%, 60%, 80%), as well ashia thermomineral water enriched with
5% liquid swine manure. However, the growth wasraberized by different biomass
production for every microalgal specieSpirulina platensisshowed very significant
biomass increase in all treatment, specially in wite 5% liquid pig manure. Green alga
Scenedesmugquadricauda grew only in diluted water samplesO¢68 The growth of
Dunalliela sp. was inhibited during the cultivation in themmaoeral water. In the case of
Spirulina platensis the effect of microalgal growth on the thermomaie water
demineralization was noticed after 7 days of catiiwn.
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41.  SURVEY INTO THE AQUATIC MACROPHYTES OF THE
ZASAVICA NATURAL RESERVATION (YUGOSLAVIA)

Vukov, D., Igic, R., Boza, P., Anackov, G. and Baig B.

4.1.1. Introduction

The Natural Reservation Zasavica extending over6abha. area covers southern
Voivodina and northern Macva regions (Yugoslavi2)e to legislative measures in 1991 it
became a Special Reservation while in 1992 follgWdCN classification their habitats and
wildlife were preserved.

A very important role within this Special Naturak$ervation plays the river Zasavica
with its high diversity and richness of plant amihzal world. The two streams Prekopac and
Jovaca joins together making 33.1km long Zasavier flowing southwest-northeast and
empting into the Sava river near Macvanska Mitravidumerous depression springs supply it
with water during the whole year. The Banovo Phgality rich in springs imposing specific
ecological conditions extends over about 700m $teram. Water temperature during summer
is between 16° and 21° C, pH between 8 and 9ctttbgical characteristics make the Banovo
Polje locality a valuable and attractive habitaagfiatic plants.

4.1.2. Material and Methods

The field investigations were performed in 1998999 period. Plant material was
collected and preserved in Herbarium of the Ingtitef Biology, Novi Sad. Plant
determination was done after Flora Europaea (Tettial., 1964; Tutin et al., 1968-1980),
Hungarian flora (So6, 1964-1973), and Hinar hatr@zelfoldy, 1990). Nomenclature of
plants was adjusted to Flora Europaea. Floralesnwere given after So6 (1964-1973).

The Banovo Polje locality covering about 700m stred the Zasavica was divided into
the seven sections (100m each). Within each sectiater temperature and pH were
measured, plant material was collected, and biowfeessch recorded plant species using a five
degree scale was estimated (Kohler,1978). Data prexcessed after Pall et al. (1996) while
the results presented graphically. Plant life fomese also analyzed (Luther,1949; Pall et al.,
1996).

4.1.3. Results and Discussion

The depression springs have a great impact upoeclegical conditions of the river,
water temperature and pH in particular. In summemperature and pH values were
measured (Table 1). Rather balanced pH ranged &dm 9 , whereas oscilating water
temperature rellied upon stream proximity. The Istmemperature of 16° C was recorded
in study section VII, whereas the highest of 21if Gection V.
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Table 1. Temperature and pH values recorded at\BaRolje locality

No. of section t (°C) pH
1 18 9
2 20 8.5
3 19 9
4 19 8.5
5 21 8
6 18 9
7 16 8.5

The floristic data related to the region of the&ésa river and its surrounding are poor.
Only a few data may be found in Flora SR Srhijsifdwic, 1970-1976; Saric, 1980) and Flora
Srbije | (Saric, 1992). Our survey in the perio®84999 revealed 22 aquatic plants at the
Banovo Polje locality (Table 2).

Table 2. List of aquatic macrophytes, life formsddloral elements

Species abbreviation| Growth form| Floral elements

Ceratophyllum submersuim Cer sub Bp Eurasian (-mediterranean)

Ceratophyllumdemersum Cer dem Bp circumpolar

Hotonia palustris L. Hot pal Bp Evropska

Hydrocharis morsus-ranake. Hyd mor Ap Eurasian

Hyppuris vulgarid.. Hyp vul H circumpolar (-cosmopolitan)

Lemna minolL. Lem min Ap cosmopolitan

Lemna trisulca.. Lem tri Mp cosmopolitan

Myriophyllum spicatunt. Myr spi Bp circumpolar

Myriophyllum verticilatum L. Myr ver Bp circumpolar

Nuphar lutea (L.B5ibth. & Sm Nup lut F Eurasian (-mediterranean)

Nymphaea albé. Nym alb F Eurasian (-mediterranean)

Phragmites australi§Cav.) Trin. Ex Steudei Phr aus H cosmopolitan

Potamogeton pectinatus Pot pec Bp cosmopolitan

Potamogeton luceris Pot luc Bp Eurasian (-mediterranean)

Sagittaria sagittifolial. Sag sag H Eurasian (-mediterranean)

Salvinia natangL.) All. Sal nat Ap Eurasian, European and
submediterranean charachtefs

Scirpus lacustris L. Sci lac H Eurasian

Sparganium emersuRehmann Spa ere H Eurasian

Spirodela polyrrhizgL.) Schleid Spi pol Ap circumpolar

Stratiotes aloides. Str alo F Eurasian (Eurosiberian)

Typha angustifolid.. Typ ang H cosmopolitan

Typha latifolia(L.) Hoffm. Typ lat H circumpolar-africanean

Floristic analysis shows that the majority of ptabelongs to the eurichorn species group
with wide area range (circumpolar, Eurasian, cosiiam), some are the remnants of Tertiary
flora of north and central Europe (Meusel, 1968}levtheir relict character in the Pannonian
Plains was also reported (Budak et al.,1992). Weedrnamental floating speciddymphaea
alba and Nuphar luteumotherwise known by their European (Mediterranemmj Eurasian
(Mediterranean) distribution deserve a mention (9@%4-1973). Another Tertiary relict of
aquatic and marsh vegetation of central and sostémaEurope is Eurasian (Eusiberian)
species (So0, 1964-1973ratiotes aloidesestricted to the plains of the Pannonian regidin.
the plants cited above are protected by legislatigasures as Natural rarities. The two plants,
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Hottonia palustrisandHippuris vulgarisare under the risk of extinction therefore inclide
the Red Book of the Serbian Flora (Butorac, 1998;Révic and Panjkovic, 1999).
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Fig. 1. Distribution of percentage relative biom@RPM (%)) of aquatic plant species.

Our survey of the area shows that the highest ptges were found witRhragmites
australis (3.35%), therTypha angustifolig(2.66%), Nuphar luteum(2.11%),Ceratophyllum
submersum(1.16%), and finallyPotamogeton pectinatugl.08%), whereas the remaining
species were recorded with the values less than 1%.
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Fig. 2. Relative percentage biomass of differdetfirms of aquatic plants
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Life form analyses (Fig. 2) show the dominance ogklophytes (h-33.42%), then
benthopleustophytes (bp-31.50), and floating agsi&fi25.60%) while acropleustophytes and
mesopleustophytes were far less frequent (ap-né&orgp-1.98%, respectively).

4.1.4. Conclusions

The method after Kohler was employed to study acjuatcrophytes of the Banovo
Polje locality (Zasavica Natural Reservation). MoBR22 aquatics are widespread while the
Tertiary relicts of water and marsh vegetation likgmphaea albaNuphar lutea and
Stratiotes aloidegonserved due to legislative measures are alsemreAmong the species
being at risk of extinction arelottonia palustrisand Hippuris vulgarisincluded in the Red
Book of endangered species. The highest RPM valees found withPhragmitesaustralis,
Typha angustifoliaNuphar luteumCeratophyllum submersyrand Potamogeton pectinatus
while the remaining aquatics were less presens flesn 1%). Life form analyses show the
dominance of helophytes, then benthopleustophffteging aquatics, and acropleustophytes,
whereas only one species of the mesopleustophyt gvas observed.

4.1.5. Summary

Using the method after Kohler the aquatic macraghyof the Special Natural
Reservation Zasavica (Yugoslavia) were assesse2R @fcorded aquatics most interesting are
the Tertiary relicts of water and marsh vegetatibe Nymphaea albaNuphar luteumand
Stratiotes aloidesas well as species at a high risk of total ektindike Hottonia palustrisand
Hippuris vulgarisincluded in the Red Book of the Serbian flora. éxding to the RPM values
the highest percentages were obtained Witlhagmites australisthen Typha angustifolia
Nuphar luteumCeratophyllum submersyrandPotamogeton pectinatu$he analysis of life
forms shows the dominance of helophytes, then bpfghstophytes, floating aquatics, and
acropleustophytes, whereas only a species of nasipphyte group was recorded.
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4.2. THE MACROZOOBENTHOS OF THE RIVER BODROG
REGION AND ITS TRIBUTARIES

Szito, A.

4.2.1. Introduction

The River Tisza and its tributaries serve a poligibfor organisms, living in water to
migrate as in a corridor. The drifting of differeartimals is well known, which is a passive
travelling form for them. Fishes often swim agaith& stream.

Scientific data showed that other animals were @blaigrate against to water stream
too. Invertebrates, such the snail specieBh@odoxus fluviatiligSods, 1965), a fresh water
mussel Dreisena polimorphaMollusca, Bivalvia) or a worm specieblypania invalida
Annelida, Polychaeta) showed the praxis of the atign form in the last yearsiypania
invalida was detected first in 1969 near Szeged (Ferer@®9)1 and its specimens were
common in River Tisza near Tokaj nowadays (Szi#96).

The different parts of rivers serve as a refugdterspecies.

There were no literature sources of OligochaetaGmidonomid fauna in Upper Tisza
Region (Pop, 1943, 1950; Albu, 1966), and theretare present data collection will be a
basic, showing the situation nowadays.

The main goals were as follows: to make a dataectidin, which shows the present
situation of the species, and the identificatiorthaf species and their richness in different
parts of the river system; to find the charactexcigs on different river courses, and to try
the qualification of the river profiles by presenmeabsence of indicator species in river
courses. This work is a part of the data collectiord the evaluation of the state of
ecological health in the River Tisza and its trérigs now, and serve as a standard for the
ecological changes in the future (Szito, 1995). piesent work followed the previous data
collections in Bodrog and its tributaries now.

4.2.2. Materials and methods

Detailed sampling sites presented with the reso@isther and see Tables 1-3.

Samples were collected by hand net and washedghoaot net with 250 mesh size.
After sampling we conserved the remained mateniaBiper cent of formol solution.
Finishing the expedition, animals were picked uprfrthe organic and inorganic material
and conserved in 80 % alcohol solution and it foéd the species determination.

For taxonomic identification the following works reeused: (Bir6, 1981; Brinkhurst
and Jamieson, 1971; Cranston et al. 1983; Ferd8¢8, Fittkau, 1962; Fittkau et al. 1983;
Pinder et al. 1983; Pop, 1943, 1950).

4.2.3. Results and discussion

We found 769 individuals of 91 species during tikpeglition. The richest was the
benthos in River Ung on the spring area by Stormzhrwhere 13 species found on both
the running and standing water area as well. Thiéeated species differed on the
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mentioned sampling places, and therefore 26 speb@scterized the sampling place. 19
individuals of thePsammoryctides moravicy®ligochaeta) and 4-4 ind. ¢fotamothrix
vejdowskyandLimnodrilus hoffmeistenvere present here.

12 species of chironomids were present in standitgr area, and 11 species were in
the running water type todChironomus ripariuswas characteristic and dominant in
standing water. Temporary ecosystems had rich monice after inundations for different
insect larvae. The primary production and detritehese temporary ecosystems were the
food source for chironomid larve.

1-3 individuals of other 11 chironomid species wpresent here and showed a big
diversity of the sampling place. The most of theaiomid species were very tolerant to
environmental factors, living here (Table 1).

The hard running water with boulders and gravels @l@aracteristic ecosystem. Some
sedimentation started under the gravels covereadfghiton their surface, which was
living place and food source for them. Both of thakiefferiella and Dicrotendipes had
high individual richness. The species of Eukie##a genus were common in epiphiton,
bacteria and algae served as food source themthleuspecies of Dicrotendipes was
characteristic for sediment, its larvae often live@piphiton too.

River Ung by Nevicke upstream"f2sampling site). The main food source was the
algal epiphiton on the boulders. Some sedimentatith sand was detected in stagnant
water parts and formed benthos there. 2 chironomcies and thePerlodes
microcephalus(Plecoptera) were present in the main current. ifel?viduals of other
chironomid species were present here charactetiedlean water, living in epiphiton, for
example as the species of Cricotopus, or Cladaasiys and Tanytarsus, which species
tolerated the ecological factors both of the curesm stagnant waters.

2 Oligochaeta species and 8 chironomid species wegsent in mady sediment.
Oligochaeta were not present near the banks, o@lcHironomid species formed the
macrobenthos her&renopelopia binotataand Cryptochironomus redekevere common
for mudy part and for sandy place near the b&flkronomus ripariusvas dominant from
the mudy sediment, and the other chironomid speeir® present with 1-2 individuals
only (Table 1).

Macrozoobenthos was absent in the spring area eofritter Ung (site 3), but 2
Oligochaeta species and one chironomid species mergent with some distance from
here, by Stavne upstreamubifex nevaensisharacterized a clean water area, Nafs
pseudobtusavas most tolerant for environmental factors. 6iviithlials of Macropelopia
nebulosapresented here. Species of Cricotopus and Eukiglfferwere typical here
because of the large periphiton. There were Poljgredspecies living both in the
periphiton and sediment. THeerlodes microcephalu@Plecoptera) found here too (Table
1). The River Latorica by Pidpolozja was bad incsp® on the spring area (site 4). Only
one Oligochaeta specie$ubifex nevaensiand 5 chironomid species formed the fauna
here. The presented Oligochaeta species indicatdelaa water area, and the chironomid
species were tolerant to the environmental factors.

Oligochaeta were absent in Latorica by Pasika dtreas (site 5), but thBaétis
pumilus (Ephemeroptera) and 12 of chironomid species dmdecthe large number of
Eukiefferiella collected here, but the highest nebs had thBentapedilum sordensith 28
individuals, that showed a trophic ecosystem here.
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Table 1.The macrozoobenthos in River 1aPle 1. (cont)

Bodrog and its tributaries between

August 2-16, 1999 g g § 5
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Sampling sites E s é x 8 § E
c -l = < © =
EI 5| 2|5 2| 22| E
gl | | 5| 5| 5|2 e
Species wlolE|l E| S| o] <
Endochironomus tendens (Fabricius 1775) 1
Microtendipes chloris (Meigen 1818) 1 1]
Cladotanytarsus mancus (Walker 1856) 3
Constempellina brevicosta (Edwards 1937) 8
Micropsectra atrofasciata (Kieffer 1911) 2
Micropsectra_junci (Meigen 1818) 1
Rheotanytarsus curtistylus (Goetghebuer 1921) 1 1]
Tanytarsus gregarius (Kieffer 1909) 2 2] 1 4 7
Tanytarsus gregarius (Kieffer 1913)
Dicrotendipes nervosus (Staeger 1838) 1| 14
Dicrotendipes tritomus (Kieffer 1916) 5
Parachironomus arcuatus (Goetghebuer 1919)
Paracladopelma nigritula (Goetghebuer 1942) 1
Paralauterborniella nigrohalteralis (Malloch 1915) 3
Polypedilum convictum (Walker 1856) 1
Polypedilum laetum (Meigen 1818) 2| 1 4
Polypedilum nubifer (Skuse 1889) 12
Tripodura scalaenum (Schrank 1803) 5 1] 1
Pentapedilum sordens (van d. Wulp 1874) 1 28
Sergentia longiventris (Kieffer 1924) 1
Ephemeroptera (Kérészek)
Baétis pumilus (Burmeister 1839) 2
Plecoptera (Alkérészek)
Perlodes microcephalus (Pictet 1833) 1 1]
Perla sp.
Species no. 18 13 (8 |9 10 14 [6 [130] 2 2

The River Latorica had no benthos by Chop upstrésite 6).

The River Ung by Pavlovce (site 7) was rich in fosdurces for benthos. 18
individuals of Chironomus riparius 12 ind. of Polypedilum nubiferand 13 ind. of
Tripodura scalaenumwere present here. The presence Gffironomus ripariusand
Polypedilum species, and their individual richnet®wed a probability of temporary
human pollution (Table 1).

Perla sp. and 10 chironomid species formed the amaocbenthos in River Laborec by
Certizne upstream, in spring area. All the spesiei® clean water indicator.

The presence of 6 individuals of the predator ¢toroid Apsectrotanypus suggested
food richness for them in River Laborec by Koskodmvnstream (site 9). Chironomid
species were present, which were common living bothe periphiton and sediment.
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River Laborec by Petrovce downstream (site 10)g@lhaeta absent, 6 chironomid
species was present. Species of Cricotopus andeffetkella were present in the
periphiton, the others were common for both thépbéion and sediment too (Table 1.)

The River Laborec was bad in species by Stretawvandtream (site 11). The deep
and in organic material rich sediment had a bada@eoose. 6 individuals of the tolerant
Limnodrillus hoffmeisteri 8 ind. of Chironomus riparius and 4 ind. of both the
Polypedilum nubifeand Polypedilum convictunshowed an eutrophic environment in the
left bank river side (Table 2).

The sediment of River Latorica was rich in orgamiterial by Zlatin (site 12), but the
left river bank side was bad in species. 6 ind.Lohnodrilus hoffmeisteri8 ind. of
Chironomus riparius and 4 ind. of both thdolipedilum convictumand Polypedilum
nubifer were present here. Both the species and theivithdil richness indicated the
probability of the richness of the organic materialthe sediment (Table 2).

River Bodrog by Vinicky showed deep mudy sedimeite(13). Only one individum
of Branchiura sowerby(Oligochaeta) was found. It was the only one ftbm investigated
area during the expedition. We don't know its eaudiata from these rivers, and it presence
indicated the food richness in sediment as soohirmsodrilus hoffmeisteriwhich was
present with 13 individuals too. Ti@haoborus crystallinuandCloéon dipterunwere also
present here. Moreower 5 chironomid species wertectlsl, the presence and high
individual richness o€hironomus ripariushowed eutrophic sediment (Table 2).

River Ondava, spring area by Nizny Milosow (site).140 individuals ofBaétis
pumiluspresence indicated a clean water area, Oligoclzdestant, 7 species of chironomid
were present. 12 ind. of the predatApsectrotanypus trifascipenni€Chironomidae)
indicated food richness for them. The epiphitorinkivspecies were characteristic for this
area (Table 2).

River Ondava by Cicava (site 15). The periphitors Wan, and the sedimentation was
not optimal for benthos. Oligochaeta absent, 3oclimid species formed the fauna with
dominant amphipod®8aétis fuscuindicated a clean water area with the other specie

River Ondava by Horovce (site 16). Oligochaeta ahst ind. ofCloéon dipterum
found with 6 chironomid species. 16 individum Tipodura scalaenunwere more than
the total ind. of other species (Table 2).

The mouth area of River Ondava by Brechov had demfiment. TheGomphus
flavipeswas the only species here. Some species presér@kgochate and chironomid
would be prognostized with high individual richndsg the environment, but we don’t
know the cause of their lack.

River Bodrog by Fel$berecki (site 18). The sediment was deep with aesirface.
The lack of the fauna was surprising (Table 2).

River Bodorog by Bodrogolaszi (site 19). The sedim&as rich in organic material
by right side of the river bank. The very toleraminnodrilus hoffmeister{Oligochaeta)
species was present only, but the tolerant chirathepecies absent.

River Bodrog by Bodrogkeresztar, mouth area (si®. 2t was rich in organic
materials. 4 species found. Thennodrilus hoffmeisterivas the only Oligochaeta species
present here, 3 chironomid species were preseht i individuals only. The fauna was
bad both in species and individuals too (Table 2).
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Table 2. The macrozoobenthos in River Bodrog astfiltutaries between August 2-16, 1999

Species

11. Stretawka downsnei@oorec

Latorca

12. Zatin

Bodrog
Ondava
Ondava

13. Vinicky
15. Cicava

pring areal4. Nizny Milosow

Ondava

16. Horovce

Ondava tork. vid.

17. Brehov

Bodrog

18. Fel$berecki

Bodrog

19. B. olaszi

Bodrog

20. Bodrogkeresztar

Oligochaeta

5
[

viduals in sampleg

Branchiura sowerbyi (Beddard 1892)

Tubifex nevaensis (Michaelsen 1903)

Limnodrilus hoffmesiteri (Claparéde 1862)

13

(n

Chironomidae

Anatopynia plumipes (Fries 1823)

Apsectrotanypus trifascipennis (Zetterstedt 1838)

12

Procladius choreus (Meigen 1804)

Prodiamesa olivacea (Meigen 1818)

Cricotopus bicinctus (Meigen 1818)

Cricotopus flavocinctus (Kieffer 1924)

Rheocricotopus effusus (Walker 1856)

IN

Eukiefferiella brevicalcar (Kieffer 1911)

Eukiefferiella clypeata(Kieffer 1923)

Chironomus riparius (Meigen 1804)

12

Tanytarsus gregarius (Kieffer 1909)

Paracladopelma camptolabis (Kieffer 1913)

Paralauterborniella nigrohalteralis (Malloch 1915)

Polypedilum convictum (Walker 1856)

Polypedilum nubifer (Skuse 1889)

Tripodura scalaenum (Schrank 1803)

Pentapedilum sordens (van d. Wulp 1874)

Amphipoda (Felemaslabu rakok)

Dikerogammarus haemobaphes fluviatilis (Martino\19p

34

Odonata (Szitakoik)

Gomphus flavipes (Charpentier 1825)

Ephemeroptera (Kérészek)

Baétis pumilus (Burmeister 1839)

10

Habrophlebia fusca (Curtis 1831)

Cloéon dipterum (Linnaeus 1761)

Culicidae ( szGnyogok)

Chaoborus crystallinus (De Geer 1776)

Species no.
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4.2.4. Summary

The investigations and the indicator species shaWwatRiver Ung, Latorica, Ondava,
Laborec and River Bodrog were clean mostly. Thers were polluted on some sampling
areas as follows: River Latorica by Chop upstreBimer Ung by Pavlovce, River Latorica
by Velky Kapusany downstream, River Laborec by Kngle and Stretavka downstream,
River Latorica by Zlatin, River Bodrog by VinickiRiver Ondava mouth area by Brechov,
River Bodrog by Felgberecki and Bodrogolaszi.

The backwaters were hypertrophic and therefore rabae conditions were during
summer periods on the sediment surface. The bemtbstly absent or very bad, if it present.
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4.3. DOMINANT PLANT AND ANIMAL SPECIES IN
AQUATIC BIOTOPES OF KOVILJSKIRIT
MARSH AREA (VOIVODINA, YUGOSLAVIA)

Popovic, E., Vuckovic, M., Radulovic, S., Paje\ic, Kostic, D.,
Bjelic-Cabirilo, O., Miljanovic, B.

4.3.1. Introduction

Unlike other cities, in the vicinity of Novi Sad @afic habitats like marshes, pools,
backwaters, and even those closely related to wed@nen (river islands) are found. They are
refuges and maybe last oases for many rare plamtsamimals. In past, natural aquatic
ecosystems showing a powerful biological diversitgre widespread in the plains of
Voivodina. In the response to the impact of huntamsever, they are in most part destroyed
or degraded following changes in ecological coaddj disturbed biocoenotyc relationships,
and the ecological balance in general. Consequendpy plant and animal species are extinct
in their natural habitats, some withdrawn, or untte threat of extincion. Taking into
consideration the fact that the Novi Sad regiolagt year was exposed to harmful effects like
crude oil flowing off, combustion of oil derivates,lifur compounds, canceregenous and other
harmful substances, the living conditions have becoworse. The main aim of these
investigations was to establish a present statydamt and animal compositions in aquatic
ecosistems of the region of the Novi Sad city daadirroundings, i.e. to recognize possible
consequences and changes of the biological compoaiéected by war destruction.
Investigation were aimed at Koviljski rit Marsh iads into consideration its considerable
endangereness with substances after the oil rafines destroyed.

Koviljski Rit Marsh is situated on the left bank thie Danube (between 1230 and 1249
river km) downstream of Novi Sad. In 1998, this @8@ area of an extraordinary importance
legislatively became a special natural reservationaddition, it is registered among the
internationally important European bird regionsA)BIt has also been put on a list of marshes,
candidates for a list of regions of the internain recognized importance (Ramsar
convencion, 1971)

4.3.2. Material and Methods

The investigations were carried out in the perimiedDecember of 1999. Determination
and nomenclature of plant taxa were done accorttinglora SR Srbije (Josifovic 1970-
1977; Saric and Diclic 1986), Iconographia FloraartiB Austro-Orientalis Europae
Centralis (Javorka and Csapody 1975) and Felfdl@9Q).

The total metal concentrations were determined toyn& absorption spectrophoto-
metry.

At the area of Koviljski rit marsh 28 specimengyoéen frogs were cought by random
sample principe. Collected material was used faagtological and food composition,
investigations of this species.

To analyze qualitative and quantitative fish fauramposition electrofishing at
moderate water level was employed. Body mass, &otdl standard body length, and sex
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and age determination were performed (Cugunova)195

4.3.3. Results and Discussion

When qualitative floristic structure is discussddnp investigation results show that
aquatic habitats of Koviljski Rit Marsh area an#l preserved, i.e. a great diversity of plant
species occur. More than fifty species of vascuatacrophytes have been recorded. The
greatest abundance was established Qeratophyllum demersunk., Myriophyllum
spicatumL., Nymphaea albd.., Nuphar luteum(L)Sm, Nymphoides flavadill., Salvinia
natans(L) All., Azolla caroliniana,Spirodela polyrrhiza.., Lemna minoi., Lemna gibba
L., Hydrocharis morsus ranaé.., Trapa longicarpaJank, Potamogeton crispud..,
Potamogeton luceng., Potamogeton perfoliatug , Phragmites communigrin., Iris
pseudacorug. andButomus umbellatus..

Plant species:
1. Ceratophyllum demersum
2000 2. Salvinia natans

. _
[ F 3. Nymphoides flava
i e 4. Trapa natans

5. Hydrocharis

6. Phragmites comm. (leaf)

7. Phragmites comm. (rhiz.)

1200 |L rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr T
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ez P |

Plant species

ug/g dry matter (ppm)

Plant species:
1. Ceratophylium demersum

. Nomphotdes inun Water Mud
7. Phragmites comm. (thiz) Fe 0.73 16154
' ! Mn <0.03 496.0
Pb <0.04 29.6
Cd <0.05 0.6

Plant species

|Plant species:
|1. Ceratophyllum demersum
2. Salvinia natans

racharis

8
I agmites comm. (lea)
0 I—I I I

7. Phragmites comm. (thiz.)
Pllnt species

£ (=)}

g/g dry matter (ppm)
N

|;

Fig. 1. Concentration of Fe, Mn and Pb in someroptytes of the Koviljki rit. Concentration of Cd5ug/g
dry matter.
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To determine heavy metal pollution in samples of Bidicator plant species,
concentration of micronutrients (Fe and Mn) andupoits (Pb and Cd) was analyzed. An
extremely high Fe (up to 1600 /g dry mass) dughtamical composition of sediments was
obtained. A submerse@€. demersunshowed the highest bioaccumulation rate while
pollution was not indicated by tissue Pb and CdyhHvalues of mud Fe and Mn were
evident (Fig. 1).

Changes of ecological conditions in an environmewty also be indicated by the
presence of certain fish species and tailless digyis together with their parasites. Koviljski
Rit Marsh area is dominated by edible frétatia “kl”. esculentd. Stomach content analyses
of Rana lessonaandR. “kI”. esculentashow the presence of insects (87%), snails (8.@A6),
araneids (4.3%). In addition, the four fluke andirfmematode species among which
Diplodiscus subclavatus, Cosmocerca ornagad Aplectana acuminatadominated were
observed (Tables 1 and 2).

Table 1. Fluke infestation extensity of Rana hosts

TREMATODA SPECIES 95 T
Hosts Trematodes Hosts Trematodeg
N° % NP % N° % N° %
Haematoloechus schul zei 1 11.11 1 1.89
H. variegatus dubininae 25 1 5.88
Haematol oechus sp. 25 1 5.88
Opisthioglyphe ranae 1 11.11 2 3.77 1 25 3 17.64
Diplodiscus subclavatus 7 77.78 50 94.34 3 75 12 70.5
S 53 17
Table 2. Nematode infestation extensity and peag@s in Rana hosts
Organon Nematoda species  of hosts Ext. inf. (%) Riof % of S
nematodes nematodes
Pulmo Rhabdias bufonis 3 16.67 4 2.22
Int. Oswaldocruzia 1 5.55 7 3.89
filiformis
Cosmocerca ornata 3 16.67 9 5.00
Aplectana acuminata 2 11.11 5 2.77
Rectum Cosmocerca ornata 8 44.44 110 61.11
Aplectana acuminata 9 50.00 43 23.89
V. urin. Cosmocerca ornata 1 5.55 2 1.11
S 18 64.28 180

The fish fauna included twelve fish species in families (Table 4), three allochthonous
and the remaining autochthonous fishes. With ewjtderved species the abundance of
Cyprinidae was evident. The highest percentage® wbtained withRutilus rutilus then
Lepomis gibossusvhile in total mass an introduced speci@arassius auratus gibelio
diminated. Economically important fish species waire since only very small percentages of
Cyprinus carpicandEsox luciusvere recorded. Fish age was between 1+ and 4&tnhmary,
Koviljski Rit Marsh waters belong to Il class.

Research results only show the present statuseobtlosystem conditions. Further
complex hydrobiological investigations showing aren@lear picture of this and other
valuable natural aquatic resources surrounding [Sad are need.
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Table 3. Fish fauna composition

FAMILY AND FISH SPECIES | % OF TOTAL INDIVIDUAL NUMBER
Fam. Cyprinidae

Cyprinus carpioL. 0.47
Blicca bjoerknal. 0.93
Aspius aspius. 0.93
Carassius auratus gibeliBloch 17.76
Scardinius erytrophthalmus 11.68
Rutilus rutilusL. 42.99
Alburnus alburnug.. 1.40
Leuciscus cephalus 1.40
Fam. Esocidae

Esox luciud.. 0.47
Fam. Percidae

Perca fluviatilisL. 0.47
Fam. Centrarchidae

Lepomis gibbosus. 20.09
Fam. Ictaluridae

Ictalurus nebulosuke Sueur 1.40
NUMBER OF FAMILIES 5
NUMBER OF FISH SPECIES 12
NUMBER OF SPECIMENTS 214

4.3.4. Summary

The paper is a contribution to a complex hydrolgadal investigations into the
Koviljski Rit Marsh area covering a flood zone ofdale Danube (between 1230 and 1249
river stream km) .

A relatively great species diversity of this arsadrrelated with plant world inhabiting
aquatic biotopes. Over fifty species of vasculacimghytes have been recorded. Among them,
a considerable number of Tertiary relict, rare, amflangered plants occur. In addition,
dominance of Rana species was studied. Stomacénta@mtalysis of showed the occurrence of
insects (87%), snails (8.7%), and araneids (4.3Bdevn helminthological investigations four
fluke and four nematode species were recorded. feigha includes twelve species in five
families with most abundant Cyprinidae represeveati
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4.4. FISH-FAUNISTIC SURVEY OF THE JASZSAGI CANAL
SYSTEM

Pekli, J. and Zsuga, K.

4.4.1. Introduction

The Jaszsagi main canal is one of the biggestatidg canals branching out of the
Kiskére Reservoir. The primary role of the canasteyn partthe which is to provide
irrigation water for the agricultural productiondato fulfil the water demand of many fish
ponds. With the continuous expansion of the caystiesn, nowadays there is an artificial
surface water spread to the whole Jaszsagi-plameo.

Only few data were available on the fish faunahef §aszsagi canal system. Endes
and Harka (1985, 1987) examined the vertebrateafafithe Jaszsagi-plain and the Heves-
Borsodi-plain. An important survey is given by Harkl985, 1987), about the fishes of
Kiskoére Reservoir. More current data can be founthe works of Kovacs (1990, 1995)
and Gyore (1995 a,b). Considering a wider regicerkll (1988) redorded the spread of the
Proteorhinus marmoratus in the catchment areaeoRilier Tisza. Pintér (1991) described
the appearance of another, previously rare fisltispeHe investigated the spread of the
Ictalurus melas in the water system of the Rivezai In his opinion, the fish-farms dealing
with this species are responsible for its spread.

4.4.2. Materials and methods

During the faunistical survey we investigated tegreent of the so-called J-IlI-1 and
J-111-2 irrigation canal at Sajfok-Ktelek and the segment of the Dobai main canal ketwe
Tiszaslly and Kitelek. These canals provide water to the fish ponds

For the survey of the fish fauna we applied sevekethods. The most data derived from
yearly fishing. With this method we gained inforimatmainly on the bigger and older fishes.
Thus, we had to complete our survey with the fighpointing to the smaller-sized species. We
compared our results with the literature data caieg the fish fauna of the water regions
(upper segment of the Jaszsagi main canal, Mil&n canal, Kiskore Reservoir) in this area.

Besides our own investigations we followed the cidfi fishing. Moreover, we
included our previous faunistical investigationseat a canal joining the Jaszsagi canal
system.

In the nomenclature, we followed Pintér (1992).

The Jaszsagi main canal receives its water fromKibkére Reservoir. The water
supply provides the irrigation water and fish pondriment water from the first half of
March until the end of October and the beginnindNovember. The water amount given
off to the main canal is about 2-&sec usually. During summer these values are often
much higher to fulfil the higher demands, for tipeisg this is lower-rate.

The water quality of the Jaszsag main canal angidits branches can be regarded
good as for the fish pond-utilisation. The watetha canal system is first-class in the most
cases but sometimes second-class water qualityrrecctor some components (dissolved
oxygen, nitrite, dissolved orthophosphate content).
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4.4.3. Results

Following fish species were recorded

Acipenseridae:

Acipenser ruthenus Rare. Nowadays we can find less individualsénehe River Tisza.

Esocidae:

Esox luciud. It is often occurring in the canal system, eaenording to the literature
data. Its reproduction guild is phytophil (Bir6,983), so the floating and fixed pondweeds
of the canals provide the conditions of its repiiitun.

Cyprinidae:

Rutilus rutilusL. Common almost everywhere, it appeared in higmimers in all
three years and literature data also mentionsittdproduction guild is phyto-lytophil, so it
can reproduce in the canal.

Ctenopharyngodon idell€uv. et Val. Its constant appearance in the inyattd area
is due to the supply from the fish ponds and theéuction. Its presence helps to maintain
the physical state of the macrovegetation by copsiom

Hypophthalmichthys molitrixCuv. et Val. Its population is mainly from intrazction
and it likely can colonize frrom the from fish pandoo.

Aristichthys mobilisRich. Appears every year but in a smaller numlhamntthe
Hypophthalmichthys molitrix Cuv. et Val. No data this species in the literature.

Scardinius erythrophtalmus. Appears in low numbers but often. Literatur¢adalso
include it (Endes and Harka 1985, 1987)

Leuciscus idug. Occurred every year but in low numbers.

Leucaspius delineatudeckel It occurred only in 1994 in the canal buidés and
Harka (1985) recorded from the Millér and the Jagzsanals. Although it is phytophil,
making it possible, it still could not spread irttanal system. This can be explained by its
higher oxygen demand, which not provided duringuser in the canal.

Aspius aspius. It is recorded by Endes and Harka (1987). Nwaduction can take
place in the canal.

Alburnus alburnud.. Common. As a phyto-lytophil species, it canrogfuce in the
investigated area.

Blicca bjoerknal. Endes and Harka caught in the Jaszsagi cadathenMillér main
canal. It is rare in the investigated area.

Abramis brama.. Frequent species, reproduction is also possikiiee canal system.

Abramis sapd.. Rare.

Tinca tincal. It appears everywhere and constantly becaugheo§low water flow
and the steady water-type.

Chondrostoma nasus. It appears at Jaszsagi canal accidentally fteenreservoir.
No reproduction in the canal.

Barbus barbud.. Its appearance is similar @hondrostoma nasus

Gobio gobiol. As a psammophilous species, cannot reprodutieeicanal.

Pseudorasbora parvaSchegel It is high number everywhere. Its popaoiatis
increasing. In fishponds its overproduction canseaas damage.

Rhodeus sericeus amarBsoch Our only ostracophyl fish species. A sigrafit shell
population is likely to be present, on the basithefappearance of this species in masses.

Carassius carassiuls. Frequent species.
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Carassius auratus. It breeds in the Kolopi Fishfarm, the populatimay originated
from there. The environmental conditions are faable for its reproduction.

Cyprinus carpioL.. Common everywhere in the canal.

Cobitidae:

Cobitis taenial. Reproduces in the canal. It occurs probablseiveral localities.

Siluridae:

Silurus glanisL. Introduced and coming from the fish ponds.

Ictaluridae:

Ictalurus nebulosusLe Sueur The conditions are favourable for thisecsgs
everywhere in the canal. Therefore, its populatamesgrowing.

Ictalurus melasRafinesque A few individuals come out of the Kolbghfarm. It
probably has a stable populaiton. The way of Idesimilar to that of the Ictalurus
nebulosus. Pintér recorded from the River Tiszd981. Thus, its appearance in other
segments of the canal system is possible. It rebTiszasily in May 1995 from HAKI in
Szarvas and two months later it ran away from ifte fonds to the canal.

Centarchidae:

Lepomis gibbosuk. Occurs everywhere but in a small number.

Percidae:

Perca fluviatilis L. Everywhere common. It appeared in the canakheyear, the
literature mentions it, too.

Gymnocephalus cernuls Its distribution is similar to that of the Parfluviatilis.

Stizostedion lucioperch. It is an important part of the good haul ohfismen of the
canal. It can come from the reservoir and the tigdibh farms.

Gobiidae:

Proterorhinus marmoratusall. Previous data mention it from the Danuberkda
found it first in the water system of the River Zasand its further distribution in East
Hungary is possible. During our investigationsgpeared in 1993 at one of the fish ponds.
This fish pond next to Szolnok gets its water sygmm the Millér main canal that is part
of the Jaszséagi canal system. Its presence istp@ssithe whole canal system.

4.4.4. Discussion

During our survey, we found 30 species in the itigated area, this is more than
mentioned in literature (Endes and Harka, 1985,719But fewer than in the Kiskdre
Reservoir. This differences are brought about by ¢mvironmental conditions and the
different investigation intervals. The dominanctuaiions are similar. From the fishing
data theCyprinus carpioand theCarassius specieare characteristic for the Kiskore
Reservoir. (Tajékoztatd 1995) According to our syrvhese species were the most
frequent. From the 11 protected species, two oeduin the canal systenbeucaspius
delineatusandCobitis taenia

The fish fauna of the Jaszsagi canal system remeseshift between the species of
the river and the lake associations. The water dl@lowly in the canal, thus due to the
strong sedimentation those fish species disappheaiptefer the fast flowing water and the
sandy, flinty riverbed (e.gchondrostoma nasus, Barbus barpuEhe appearance of these
species is accidental and they cannot reproduee Méose species occur in high numbers
that prefer steady and slow water and gain thetrimant from the silt Tinca tinca
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Cyprinus carpid. From the predatory fish, Ictalurus nebulasusicem the highest rate but
Esox lucius and th8tizostedion luciopercean be found, too.

The fish pond farming has an effect on the commosibf the fish fauna. The
presence of the ornamental fish species in the lesnghhows this well. The appearance of
Ictalurus meals and the distribution of Pseudoresparva is due to the water-management
in fishponds. Pseudorasbora parva can overprodudleei fish ponds, where fish are fed
and in the canal it is a competitor of other specie

The fish fauna of the canal system is influencedtwy various utilisation methods.
The upper part of the Jaszsagi main canal is rathgling water, whereas the lower is used
for fishing. During the fish introductions of thegi years 3 yearSyprinus carpiowere
disposed to the canal.

In the fish industry it is impossible to take tlug-term interests into consideration.
Under the present uncertain economic and reguktiomditions the investments can only
be recovered in a short term.

4.4.5. Summary

The Jaszsagi canal system was established atrtfeetsae the Kiskore

Reservoir was built. The fish fauna of the canaltem has been examined by few
researchers, and the previous data relate to thehref Jaszsagi main canal at Heves
county. In the present fish-faunistic survey thacteof J-11I-2 irrigation canal at Sajfok-K
6telek and the connecting to this reach of the Dahail at Tiszaslly-Kstelek was
examined. In the course of the qualitative and ttaive survey, completed with the data
of previous observations, altogether 30 speciesevieund at the examined area. It is
proved that the fish fauna of canal system shoamssttion between river's and pond’s
fauna. In addition to environmental conditions thifferent economical utilisation and the
fish breeding affect the composition of the fishrfa, too.
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