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Abstract

The amount of industrial waste released into theavi@ River has decreased substantially
since the late 1950s. This has led to a markeaaser in phytoplankton abundance and species
diversity. In the past, the Dyje River, a main rigitte tributary of the Morava, served as a major
source of planktonic algae for the lowermost shreitthe Morava River. At present, production
and biological processes in the Nové Mlyny resesvsignificantly influence water quality. The
quantity of phytoplankton has decreased but dulioigsummer periods the floating biomass of
bloom forming Cyanophyta has increased signifiganthe increase of colonial cyanophytes is
an undesirable incidental phenomenon associatddthétimprovement of water quality in terms
of allochthonous organic pollution. This was alsorpoted by the damming of the Dyje River in
its lower floodplain area some fifteen years agbs@vations from 2002 indicate that a bloom of
cyanophytes could soon also affect the middle dtref the Morava. The lower stretch of the

* Results of this paper were presented on"amgernational Symposium “Use of Algae
for Monitoring Rivers” Cracow, 2-6 September 20B8Jand.
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Morava supports a species-rich community of planikt@lgae and diatoms, but above all, green
flagellated and coccal algae. The Morava represamtsnportant source of algal inoculums for
the Danube and it contributes to the species diyeas the point where it enters the Pannonian
Lowland. In this stretch of the river 25 generahwii8 species of cyanophytes and 181 genera
with 634 species and infraspecific taxa of difféargmoups of algae have been identified.
Phytoplankton abundance has increased several fimesmparison to the late 1950s. The
highest values measured in 2002 were close to @00¢@lls per ml, and the chlorophyl—
concentration was 100 pg/l.

INTRODUCTION

During the past twenty years, hydrobiologists hagen paying increasing
attention to riverine phytoplankton. The concemdrabf algal biomass reached
unacceptably high levels in the majority of Centealropean lowland rivers
(Balbi 2000, Descy 1987, Kiss and Schmidt 1996, 8198linddk and
Makovinska 1999, Hudon 2000, Makovinska 1998, R&g§d 988, Stoyneva
1998, Stoyneva and Draganov 1991). Dam reservanswaeir impoundments
as well as river bed regulations have led to chauigehe species composition
of potamoplankton (Bahnwaet al. 1998, Bastet al. 2000, Heinet al. 1999,
letswaartet al. 1999, Kalbe 1986, Montesanéd al. 2000 Noppeet al. 1999,
P6himann 1989, P6himarat al. 1989) and its functions in the river ecosystem
(HeteSa et Marvan 1997, Desey al. 1988, Singh and Singh 1999, Dokulil
1996, Kopfet al. 1988). Changes in the quantity and species diyersi
planktonic algae and cyanobacteria, in turn, affbet quantity and species
composition of benthic filtrators (Scheit al. 1999, Bastvikenet al. 1998,
Gosselainet al. 1998, McCulloughet al. 1979a, 1979b, Schadt al. 1999,
Welker and Walz 1998), and other benthic and plamktconsumers.

A number of recent studies have been devoted tmahacterial water
blooms, their development in shallow dam reservaird the fate of washed out
cyanobacterial biomass in downstream river stret¢hiaet al. 1999, Yang et
al. 1997), and to successive changes occurringvér ecosystems generally
(Ha et al. 1998, Hudoret al. 1996, Skidmoret al. 1998). The development of
phytoplankton primary production models for rivassa promising way to
improve understanding of processes and relatioadhégween river ecosystem
compartments, but the accuracy of their prognospsimtdls on more data (Kowe
et al. 1998, Whitehead and Hornberger 1984).

This first aim of this paper is to summarize data quantitative and
gualitative phytoplankton composition in the middled lower Morava River
stretches since the 1950s when the ecologicalsstatihe whole river was
strongly affected by organic pollution from numesquoint sources. The second
is to compare these data with the present stgpdyabplankton development in
the respective reaches. The third is to evaluaeitker from the point of view
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of rare and endangered species of algae. The faurth discuss the present
ecological status of the river in the context oé teU Water Framework
Directive.

N

Fig. 1. Confluence of the Morava wi e Dnube in Bratislava-Devin.

STUDY SITE

The Morava River is the first major left-side triaty of the Danube River
(fig. 1) near the point of its entry into the Paniam Lowland. It is a typical
regulated lowland river draining about 24,000%kofi the Moravian Region of
the Czech Republic, and parts of western Slovakihthe northeastern part of
lower Austria (Fig. 2).

The main stream can be divided into three segmesded on the species
diversity of planktonic organisms:

(i) The upper stretch (to about the 300 river ksnjipstream from its entry point
in the Hornomoravsky uUval floodplain. Its biosestoonsists mainly of
drifting benthic diatoms (both epipelic and epilifhand a low proportion
of true planktonic species. In the past this stretaffered heavily from
pollution caused by paper mill effluents.

(i) The middle stretch (from the 70 to 300 rivemkis upstream from the
confluence of the Dyje River, with numerous leftdaight-side tributaries
and, in previous times, meanders along its whahgtte that formed side
arms. Planktonic diatoms, green algae, and flagsllaf various taxonomic
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groups start to prevail over tychoplanktic orgarsismhe most important
tributary is the Beva River with a river basin of about 1,627 %mraining
the Vsetinské vrchy Mountains, the Javorniky Moimstand the southern
slopes of the Moravskoslezské Beskydy Mountaing Bl va River is an
important source of phytoplankton for the Morava.

(i) The lowermost stretch (from 0 to 70 km) isldne the confluence of the
Morava with the Dyje River. The Dyje drains the wees part of the
Moravian Region, including an adjacent region ofs#ia. The total river
basin area of the Dyje exceeds that of the Moraeaathe Dyje (Table 1).
The Dyje is an important source of the phytoplanktmbodiversity and
biomass for the third segment of the Morava.

Fig. 2. Map of the Morava River basin.
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Table 1
Area [km 2] and mean discharge [m3/s] of the Morava River basin

Area Qavg

[km?] [m¥s]
MoravaRiver above the stretch of the Dyje 10703.3 63.6
River in Slovakia (Myjava) 746.7 2.4
Dyje River above the stretch of the Morava RiveAustria (Thaya, 13385.9 44.1
Pulkau, and other small tributaries) 1748.0 7.6

In the 1950s, the Morava was one of the most hegalluted rivers in
Central Europe. This was particularly true for itdéddle stretch with its
numerous point sources of industrial waste. Extigmenfavorable water
quality status appeared in late autumn and wintertd the enormous amount
of pollution produced by sugar-beet factories; tb&used the nearly total
suppression of all phototrophs. During the thres thecades of the twentieth
century, the character of the Morava (and that ¢ Dyje) changed
substantially (Table 2). The straightening of thveer led to the creation of
nearly 200 shallow water bodies (dead arms) wittdinect connection to the
river. At the same time the level of organic patiat from point sources
decreased. This resulted in a considerable increaplytoplankton diversity
and abundance throughout the middle river stresamilar phenomena could
also be observed in many other Central Europeansivi he positive effect of
water quality improvement and increased biodivegrsgd to an excessive
increase of algal biomass with all its negative aetg for river ecosystem
balance. Green rivers became serious ecologicdllggrs in many countries
(Bahnwartet al. 1988, Desortovat al 1996; Salar 1969, Het al. 1998, 1999).

Table 2
The Dyje and Morava river basins in the past and at present
Dyje Morava
Water accumulation 294 mil. n? 28 mil. n?
in dam reservoirs
1950s abundant phytoplankton, mainly diatoms,  poor phytoplankton development and low
green algae, different flagellate groups; high species diversity due to heavy organic
species diversity pollution
Main changes two deep, new reservoirs in the canyon of theriver bed straightening along with the creation

Jihlava River (cooling water for the Dukovanyof nearly 200 new cut off water bodies in the
nuclear power plant); three extremely shallowMorava floodplain area; decrease of organic
new dam reservoirs in the lowermost stretch g@bllution

the Dyje River

Consequences lowering of nanoplanktonic algae, high Increased abundance and species diversity in
maxima of colonial cyanophyta waterblooms the middle Morava stretch
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MATERIAL AND METHODS

Phytoplankton samples of the Morava and Dyje riveese collected in
1954 — 1961 as part of the routine water qualitywiiooing program conducted
by the Water Research Institute in Brno. The phgtoidon of the Dyje River
was investigated in 1977 — 1990 as part of thearekeprojectsBiology of
newly impounded shallow Nové Mlyny Reservoirs om tyje River
(Czechoslovak Academy of Sciences, Institute ofaBgpt see HeteSa and
Marvan 1987, 1997) anHiodiversity of backwaters in the Lower Dyje flood-
plain area (Mendel University of Agriculture and Forestry, idr Dept. of
Fisheries and Hydrobiology). The phytoplankton e thiddle Morava stretch
was studied from 2002 in cooperation with the Margvoject by the Water
Research Institute (Brno), and included the folloyvsampling sites (see Fig.
1): 1 - Kojetin - Chropyn 202 river km; 2 - Zlin - Otrokovice, 180 river km
3 - Jaro3ov (above Uherské Hradjstl63 river km; 4 - Morava in Veseli n.
Moravou, 142 river km; 5 - Hodonin, 102 river km;-6Morava between
Lan hot (CZ) and Kuty (SK), 78 river km. The phylapkton of the Slovak
stretch of the Morava River was investigated duri8§4-2003 at the Institute
of Botany SAS (Bratislava) within the projects VE@Ad APVT (F. H., A. H.).

Table 3

The phytoplankton of the Morava River in 1954-1960, number of species of
Cyanoprokaryota (Cy) and algae: Bacillariophyceae (DiB=benthic,
DiP=planktonic), green coccal algae (GC) and flagellates from different algal
groups (F), and average cell counts for 4.-9.1954 (C54) and 4.-9. 1955-1960
(C55-60)

Cy DiB DiP GC F C54 C55-60

Above HanuSovice 10 0 3 - 34
Below HanuSovice . 7 . 1 3 15 17
Above Lukavice - - - - - 90 -
Below Lukavice 7 3 1 5 100 135
Above Olomouc 8 3 9 11 1950 2594
Below Olomouc 9 3 8 7 215 1418
Above Beva river 11 3 8 11 - 977
Be va river . 16 3 7 13 - 2226
Above Krom - - - - - 1065 -
Above Devnice river 9 3 13 9 - 7395
D evnice River 5 3 6 8 - 1415
AboveNapajedla . 9 3 11 13 1330 6712
Above Rohatec - - - - - 2875 -
Morava above Dyje . 8 2 9 7 **3805

Dyje above Beclav 2 8 7 23 8 *6795 14102
Morava Bratislava-Devin . 1 9 6 25 11

*value from Dolni Vstonice
**value from 1961
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The basic hydrological characteristics of the MaraRiver Basin are
presented in Table 1. Quantitative phytoplanktota gae based on counts of
organisms in a Burker cell after concentrating faenple by ultrafiltration
(pores 1.2 m). At least 300 organisms were counted in all dasmfrom 2003
(95% confidence interval 89 — 112%). All live saegplere analyzed no later
than 24 h after sampling. Chlorophyl-analyses were performed in the
laboratories of the Water Research Institute inoBaacording to Czech Norm

SN ISO 10260 (75 7575).

RESULTS AND DISCUSSION
Phytoplankton of the Morava River in 1954 - 1961

Selected quantitative and qualitative data on tl@kpon composition in
the middle Morava during the spring and summer geasre summarized in
Table 3. Strong pollution is reflected by the highmbers of eukaryotic
heterotrophs and by the rather low algal speciearsity. As a rule, cell counts
of phototrophic organisms were between hundreds thodsands per ml,
however, during low discharges they could even edc20,000 per ml
(maximum numbers at 24,100, 23,600, 21,900, and0P3¢ells per ml were
found in May 1957, July 1957, September 1958, aiyd1B59, respectively).

In general, diatoms prevailed in spring (April, Magnd early autumn
(September), and green coccal algae in summeguaglththere were several
exceptions. Among the centric diatomdgjlacoseiraoccurred quite rarely and
Stephanodiscu€yclotella-like diatoms usually did not reach current stagdin
crop levels.

Contrary to the Morava, the Dyje offered quite fealde conditions for
phytoplankton development as early as the 1958smtist important source
was a left-side tributary, the Jihlava River (Fig, which at the time had a
series of weir impoundments but no deep reserairpresent two deep built
up dam reservoirs substantially restrict the dguwalent of planktonic algae
downstream, see (Zelinka 1991). In the river highralances of phytoplankton
were detected in the period before World War 1l y@l@k 1937) and even
included colonial planktonic cyanophytes such Mgrocystis aeruginosa
(Kitz.) Kiutz. andAphanizomenofios-aquae(L.) Ralfs ex Bornet et Flahaut.
A broad spectrum of planktonic algae is also knawninhabit the second
important left-side tributary of the Dyje, the Stka River, which has been
highly eutrophicated by the effluent of the waterification plant in Brno.
However, above its confluence with the Jialaand Svratka, the Dyje has
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Fig. 3. Phytoplankton composition of the Morava River (sampling sites 1 — 6) from May 2 to October 2, 2002;
Chloro coccal - coccoid green algae, Chloro monadoid - monadoid green algae, Bacill pen - pennate diatoms,
Bacill centr - centric diatoms, Crypt - Cryptophyceae, Cyano - Cyanoprokaryota, ceterae - other algae.
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poorly developed phytoplankton due to its upstrelEmming near Vranov n.
Dyji.

In the past, due to the input of planktonic algaemf the Dyje, the
lowermost part of the Morava carried abundant greties-rich phytoplankton
(HeteSa and Marvan 1988), which was suppressed duniyng periods when
sugar-beet processing factories were in opera#rihat time some species
found in the lower Morava, likemphikrikos minutissimusorshikov, A. nanus
(Fott et Heynig) Hinddk Micractinium appendiculatum Korshikov,
Oocystidiumovale Korshikov, Tetrachlorellacoronata(Korshikov) Korshikov,
T. ornataKorshikov, Tetrallanthoslagerheimii Teiling, Catenaviridis Chodat
or ChrysolykosplanctonicusMack were only noted in a very restricted number
of localities.

Present state of phytoplankton development in thielshe Morava stretch

The results of phytoplankton analyses performe@002 on the middle
Morava are shown in Figs. 3 and 4. They can be sanmad as follows:
— The abundance of phytoplankton has increasedraetimes despite the
acceleration of water flow in the shortened rivelkb@he highest values
measured in 2002 were near 100,000 cells per ml thedchlorophylla
concentration was 100 mg/l. However, substantidligher values were
recorded in this river stretch in the early 19904 also in 2003.
— The number of algal taxa found in the middle Mor&ier stretch increased
significantly in comparison with data from the péBable 3); taxa noted during
counting as well as additional records involved)m$&ed values for particular
sampling sites show a slight tendency to increagbe longitudinal river axis
up to sampling site 4 (Veseli n. Mor.) and to dasecagain but the differences
are rather small. As a rule, the spring predomieasfadiatoms is replaced by a
predominance of green algae in the summer. Urgéntly, Cyanophyta played
a quite minor role in the middle Morava.
— Similar trends also show average values for thenSon-Wiener index of
diversity (see the second to last column in Tahleadues based only on data
recorded during the counting and calculated with)land evenness (based on
the Shannon-Wiener index; last column in Table rHividual index data
plotted in (figures 5 and 6) show a deep summelimim between peaks in
June and September.
— BODs values of water sank considerably but owing talatgspiration they
still remained rather high in several samples thette significantly correlated
with chlorophyll-a concentration, algal cell counts, and biovolumak{€ 5).
Recent species composition, however, provides @e@ence of water quality
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improvement. According to national criteria, it ogad from alfa-
mesosaprobity to polysaprobity, as indicated inrttagority of past samplings,
to beta-mesosaprobity, although the index valuestll near the upper limit.

Table 4

The phytoplankton of the Morava River in 2002, number of taxa at sampling
sites 1 — 6. Cy=Cyanoprokaryota, Din=Dinophyta, Cry=Cryptophyta, Chr=Chrysophyceae s.I.,
DiP=Bacillariophyceae (planktonic), DiB=Bacillariophyta (benthic), Xan=Xanthophyceae s.I.,
Eug=Euglenophyta, ChM=Chlorophyta (monadoid), ChC=Chlorophyta (coccal + trichal, excl.
Conjugatophyceae), Cjg=Conjugatophyceae

Cy Din Cry Chr DiP DiB Xan Eug ChM CmC Cjg Shannon evennes
1|11 1 4 4 13 17 2 11 8 40 2 113 1.9598 0.4306
2110 1 6 4 15 20 0 5 12 49 3 |125 2.1366 0.4690
3113 1 4 2 12 17 1 5 13 57 3 [128 2.1655 0.4740
4112 1 3 5 17 14 1 11 9 63 5 [141 2.4328 0.5313
5(7 3 3 6 20 11 3 11 10 56 5 (135 2.3333 0.5078
68 O 5 2 19 14 1 7 10 49 3 ]118 2.1633 0.4723
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Fig. 5. Changes of Shannon-Wiener index of diversity in the longitudinal axis of
Morava River in 2002
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Fig. 6. Changes of evenness (based on Shannon-Wiener index of diversity) in
the longitudinal axis of Morava River in 2002
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—It follows from Table 5 that cell counts are closetorrelated with
chlorophyll-|a concentrations. The correlation coefficient foristtpair of
variables is even higher than that for the chloytipla concentration and
volume biomass pair. This could be partly due te tact that larger cells
generally exhibit lower specific growth rates.

Table 5
Correlation analysis
Chlorophyll — a Cell counts Biovolume

BODs 0.6511 0.3582 0.5027
p>0.01% p=0.32% p<0.01%

Chlorophyll — a 0.7354 0.7120
p<0.01 p<0.015%

Cell counts 0.8074
p<0.01%

— Until recently, the middle Morava reach was knowrbé without planktonic
cyanophytes, apart from temporary occurrencesPlEnktothrix agardhii
(Gomont) Anagnostidis et Komarek, and filamentoysecges such as
Limnothrix redeke(Goor) Meffert L. planctonica(Wolosi ska) Anagnostidis
et Komarek, andPseudanabaendimnetica (Lemmermann) Anagnostidis et
Komérek. During 2002 unexpectedly strong populatioof Planktothix
agardhii, Aphanizomenomssatschenko{Ussaczew) Proshkina-Lavrenko, and
Anabaenaspp. were observed.

Table 6
Chlorophyll-a concentration in Morava and Dyje Rivers in 2002

Morava above Dyje 2.5. 29.5. 26.6 22.7. 22.8. 10.9 2.10.
1 Kojetin 6.6 18.9 20.8 16.2 12.0 229 6.2
2B lov 14.1 63.4 24.4 21.6 221 26.3 6.2
3 JaroSov 8.3 83.3 33.3 315 32.7 57.1 7.8
4 Veseli 21.6 48.0 66.2 24.9 32.2 35.1 7.3
5 Hodonin 35.2 46.0 50.6 39.4 30.7 44.4 10.9
6 Lan hot 70.9 56.5 92.0 53.9 37.6 72.2 15.6

Dyje above Morava 2.5. 29.5. 12.6. 22.7. 22.8, 10.9 2.10
8 Nové Mlyny 52 11.4 36.1 35.2 - 8.8 15.6
9 Nova Dyje 1.2 18.5 22.4 28.5 - 10.4 16.1
10 Stara Dyjea 6.6 75 6.6 14.0 - 9.9 10.4
7 Pohansko 4.6 9.1 17.0 33.7 - 12.7 17.6

Morava below Dyje 16.4. 21.5. 18.6. 16.7. 26.8. 917. 22.10.
Moravsky Sv. Jan - 73.9 - 182.3 56.6 109.5 -
Devin 66.6 120.8 95.8 314.5 44.3 92.1 29.0

— Chlorophyll-a concentrations and abundance values from samglieg & to
6 (Table 6) do not show the progressive increaae was observed in other
eutrophicated rivers (see Desortoetaal. 1996, Kiss and Schmidt 1998) and
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might have been expected here. A more or lessaeguirease was observed
only between sites &d 6. In the river segment between sampling ditaad
5,with a long weir impoundment, the phytoplankttmimdance, on the contrary,
mostly decreased, probably owing to more intensadimentation and reduced
light energy input per volume unit of water in tledatively deep water.

— In total about 300 taxa of algae (in additionseveral taxa of diatoms
represented only by empty frustules) were foundh@ Morava, including
Acanthoceraszachariasii (Brun) Simonsenand Rhizosolenia longisetaD.
Zacharias

Recent state of phytoplankton development in thgeCRtiver

Quite different changes have occurred in the DyijeRbasin (Table 2).
The damming of the Jihlava River led to a subsshntlecrease of
phytoplankton input into the Dyje. At the same tithe construction of three
very shallow reservoirs built at the confluencetaf Dyje, Jihlava, and Svratka
rivers supported the growth of planktonic algae téda and Marvan 1984,
HeteSa and Sukop, 1991). During the first years the first two reservoirs
were operational the quantity of phytoplankton hme tdownstream Dyje
increased enormously (up to 1,000,000 cells per bd}er, when the third
reservoir was put into operation, the abundancehyftoplankton decreased
again; the exception occurred in summer and thet &utumn months when
there was strong development of colonial cyanoghy#ad species diversity
diminished. Masses of cyanophytes dominated thelevbgbsequent reach of
the Morava especially in years whéficrocystis grew (HeteSa and Marvan
1987, 1997).

In 2002, phytoplankton abundance in the lowernsbigttch of the Dyje
ranged from 9,000 to 49,000 cells per ml and, withexception of the October
sample, these figures were lower than those of Bagpite 6 in the Morava
River. This observation is contrary to those madié past.

Lower Morava reach below its confluence with the [PyRiver

The phytoplankton abundance and species compositidhe lowermost
stretch of the Morava River at the boundary betw8kvakia and Austria is
significantly influenced not only by the influx @&pecies from the upstream
Morava stretch but also by that from the Dyje (TdjaRRiver. In 1955-1962,
about 110 species of planktonic algae were idextiiin this river segment.

During the last decade, a total of 206 genera W#2 species and
infraspecific taxa were identified, of which 25 gea with 58 species belonged
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to Cyanophytes, and 181 genera with 587 specigsh@pecies, 40 varieties and
5 formas belonged to different groups of algae. fighest number of species
and infraspecific taxa was determined in the Baddphyceae class at 287 (in
39 genera), whereas the highest number of genéta $@ecies (234), and
varieties (5) were in the Chlorophyceae class.

Several new taxa of cyanophytes and algae werdifieéenin the Morava
River and its surroundings,g, from CyanobacteriaCyanocatena planctonica
Hindak 1975C. verrucosaHinddk 2002 Radiocystis aphanothecoidéindak
1996 Cyanogranis basifixaHindak 1982,C. libera Hinddk 2002 Romeria
simplex (Hinddk 1975) Hindak 1988, from ChlorophyceagCeenochloris
astroidea Hindak 1988 Neocystis diplococcgHindak 1978) Hindak 1988,
Neodesmus danubialislindak 1976,Raphidocelis sigmoide&lindak 1977,
Marvania geminateHindak 1976 Hortobagyiella verrucosalindak 1976, and
others (see Hindak and Hindakova 1998, Hindako @419

Many taxa were found for the first time in Slovakieg, from the
Bacillariophyceae classGyclotella woltereckiHust.,Cyclostephanos delicatus
(Genkal) Kling et Hak.Stephanodiscus meditik., St. neoastraealak. et B.
Hickel, St. triporus Genkal et KuzminNavicula microrhombugCholnoky)
Schoeman et P.A. Archibald (Hindakovéa 2000).

Annual mean values of chlorophyleoncentration in the Morava River at
the Bratislava-Devin sampling point in 1995-2008ee from 29.3 to 70.1 pg/l
in 2002 (Téthova et al., 2003a). At the same sargptioint the chlorophyli
concentrations in 2002 varied from 4.9 ug/l in Jaguto 314.5 g/l in July
(Tothova et al., 2003b; see Table 6).

Current ecological status of the Morava

The comparison of present phytoplankton speciesrsity with that of the
past and the reduced numbers of heterotrophs suthgeéghe water quality in
the middle Morava has improved distinctly over tlast few decades. If
bioseston data are used to calculate the saprudhéxj the values hardly exceed
2.5 of the scale used in the Czech and Slovak tiggufsee Czech Technical
Norm 75 7716). It is problematic to use biotic irée based on bioseston to
evaluate saprobity, the calculation of which is dr&y the scope of this study.
Macroinvertebrate analyses carried out in the dtrbetween sampling sites 1
and 6 (Bernardovat al. 1995) led in most cases to index values highear 23,
and locally, below Otrokovice, it was even highkart 3. Less satisfactory
water quality is determined by occasional micropbginthos samplings, too,
but these refer mostly to epipelon, which are iatticy of the local ecological
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situation in the contact zone between sedimentsveatgr. This surely also

affected the results of macro-invertebrate analyses

As in other major lowland streams, it is hardly $ibke to base the evaluation of
the ecological status on comparisons with any adacreference locality. An

approximate idea of how such hypothetic referencality could perhaps look

out is as follows:

- it should most likely be moderately eutrophithea than mesotrophic, at least
in the lower segment pertaining to the Pannonianléod;

- the biotic index according to the Pantle-Bucke®iek scale should be
slightly below the value 2.0, but it could hardly below 1.5;

- the high phytoplankton abundance and chlordphayoncentrations found in
2002 point to an unacceptably high level of eutiogiion of the riverine
ecosystem, but they also signal that environmerdabitions are developing
that will support the full realization of the traplpotential of the water. Firstly,
the shallow depth of the water allows a high inpltight energy per volume
unit of water. This, together with the effectivexing of water masses and
sufficiently low grazing activities of zooplanktoman even lead to higher
standing crops of phytoplankton than would be theedn standing waters. An
abundance of algae in the order of thousands ®déthousands of algal cells
per ml could therefore be achieved under fully redtoonditions.

Instead of searching for reference localitiesgéras to be more useful to search
for ways to decrease phytoplankton abundance asdfmpress the growth of
undesirable species, especially colonial cyanoghyitkee reservoirs of the Nové
Mlyny on the Dyje River are good examples of hove tAbundance and
structure of phytoplankton of downstream river tsfnes can be changed
unintentionally(HeteSa and Marvan 1997, HeteSa and Sukop 199hnvigat
et al. 1998). During many revitalization projects measdane reconnected with
the maternal stream as a measure aimed at improengcological status of
the river. However, there may be undesirable sif#ets such as changes in the
structure, quantity, and dynamics of the phytoplankin the ecosystems that
were previously separated (Marvan and HeteSa 200@).same holds true for
weir impoundments. On the one hand, they can supporease of algal
biomass due to the extended retention time of w&arthe other hand, they
can result in the loss of algal biomass via thansedtation of drifted matter
and support light limitation of algal growth. In ethcase of the river
impoundment above Hodonin (between the samplileg ditand 5), losses seem
to prevail over production not only according tdad&om 2002 but also from
additional analyses performed in 2003.



56 P. Marvan, J. HeteSa, F. Hindak, A. Hindakowa

ACKNOWLEDGEMENTS

This study is a part of the VEGA projects No. 2024 and 2/4033/04
supported by the Slovak Academy of Sciences, and/TAR1-009102
supported by the Ministry of Education SR (F.H.HA. The authors are
obliged to Dr. Hans Sluiman, Edinburgh, for hisuale comments and for
correcting the English.

REFERENCES

Bahnwart M., Hubener T., Schubert H., 1998pwnstream changes in
phytoplankton composition and biomass in a lowlaiver-lake system
(Warnow River, Germanyhydrobiologia , 391, 99-111

Balbi D.M., 2000,Suspended chlorophyll in the River Nene, a smaliiani-
rich river in eastern England: long-term and spétiaends. Sci. Total
Environ., 251, 401-421

Bastviken D.T.E, Caraco N.F., Cole J.J., 1998perimental measurements of
zebra mussel (Dreissena polymorpha) impacts oroplamkton community
compositionFreshw. Biol. 39, 375-386

Basu B.K., Kalff J., Pinel-Alloul B., 200Qylidsummer plankton development
along a large temperate river: the St. LawrenceeRiZan. J. Fish. Aquat.
Sci. 57, 7-15

Bernardova let al, 1995,Project the Morava River. General evaluatoin and
water quality models. [Projekt Morava. Celkové hodeni a modely
jakosti vody] Final report, Water Reaserch Institute, Brnopf33

Cloot A., LeRoux G., 199'Modelling algal blooms in the middle Vaal River: A
site specific approachVater Research, 31, 271-279

Cloot A.H.J., Pieterse A.J.H., 199dpdelling phytoplankton in the Vaal River
(South Africa) Water Sci. Technol., 40, 10, 119-124

Czech Technical Norm SN 75 7716 Water Quality — Biological Analysis —
Determination of saprobic index. [Jakost vod - Bgitky rozbor —
Stanoveni saprobniho indexufzzech Normalization Institute, Praha, 174
pp.

Descy J.-P-, 198 Rhytoplankton composition and dynamics in the Riteuse
(Belgium).Arch. Hydrobiol., Suppl., 78 (2) (AlgologicalStudiet7): 225-
245

Descy J.-P., Everbecq E., Smitz J.S., 1988mary production in the River
Meuse (Belgium)Verh. Internat. Verein.Limnol. 23, 1287-1293



Phytoplankton of Morava river in the Czech Repubhd Slovakia ... 57

Desortova B., Prange A., Pwtha P., 1996,Chlorophyll-a concentrations
along the River ElbeArch. Hydrobiol. Suppl. 113, Large Rivers 10, 1-4,
203-210

Dokulil M., 1996,Evaluation of eutrophication potential in riversh& Danube
example, a reviewjin:] Use of algae for monitoring rivers INVhitton,
B.A, Rott, E. (eds), Innsbruck, 173-178

GosselainV., Viroux L., Descy J.P., 1998an a community of small-bodied
grazers control phytoplankton in riverSreshw. Biol. 39, 9-24

Ha K., Cho E.A., Kim HW., Yoo G.J., 1998jicrocystis bloom formation in
the lower Nakdong River: importance of hydrodynamand nutrient
loading.Mar. Freshw. Res., 50, 89-94

Ha K., Kim H.W., Joo,G.J., 1998 he phytoplankton succession in the lower
part of hypertrophic Nakdong River (Mulgum), SoutKorea.
Hydrobiologia, 370, 217-227

Hein T., Baranyi C., Heiler G., Holarek C., Riedler, Schiemer F., 1999,
Hydrology as a major factor determining planktonvel®pment in two
floodplain segments and the River Danube, Ausiiah. Hydrobiol., 3,
439-452

HeteSa J., Marvan P. (eds.), 19&8ology of a newly impounded reservoir
[Biologie nov napustné nadr e] Studie SAV, Praha, 1984/3, 176 pp.

HeteSa J., Marvan P. 1987hytoplankton of streams of the lower part of the
Morava River Basin [Fitoplankton vodotokov ninepsti bassejna r.
Moravy], [in:] Hydrobiological studies of the Danube and its water
reservoirs [Gidrobiologieskie issledovanija Dunaja i pridunajskich
vodojemov] Hejny S., Romanenko V. D. (eds.), Sborn. nawdov, Kiev,
Naukova Dumka, 57-73

HeteSa J., Marvan P., 199Phytoplankton primary production in the Dyje
River below Nové Mlyny reservoirActa Mus.Moraviae, Brno, Sci. biol.,
82, 19-28

HeteSa J., Sukop, I. (199I0he influence of hydrological works on the water
biome [in: ] Floodplain forest ecosystem Il. After water managem
measures Penka M., Vyskot M., Klimo E., Va®k F. (eds.), Elsevier,
Amsterdam, 587-606

Hindak F., Hinddkova A., 1995Chlorangiopsisflos-aquae (Tetrasporales,
Chlorophyceae), a new species colonizing cyanogmycgater blooms.
Biologia, Bratislava, 50, 309-313

Hindak F., Hinddkova A., 199 yanophytes and algae of the inundation lakes
Stara Morava at DeviiiSinice a riasy inundaych jazier Star4 Morava
v Deving, [in:] Flora, geology and paleontology of the National iNat
Reserve Devinska Kobylg-lora, geolégia a paleontolégia Narodnej



58 P. Marvan, J. HeteSa, F. Hindak, A. Hindakowa

prirodnej rezervécie Devinska KobylaJferakova V., (ed.), APOP,
Bratislava, 36-57

Hindak F., Hindakova A., 199&yanophytes/Cyanobacteria and Ald&énice
a riasy], [in:] Checklist of Non-Vascular and Vascular Plants afvakia
[Zoznam ni Sich a vySSich rastlin Slovenskéarhold K., Hindak F. (eds.),
VEDA, Bratislava, 11-100

Hindak F., Hindakov&., 2000,Checklist of the cyanophytes/cyanobacteria and
algae of the Slovak stretch of the Danube river2G6t2999). Biologia,
Bratislava, 557-34

Hindak F., Makovinska J., 1998se of algae for monitoring rivers in Slovakia
[in: ] Use of algae for monitoring rivers |IWhitton B. A., Rott E. (eds),
Innsbruck, 133-136

Hindak F., Makovinska J., 199Bhytoplankton of the Danube from Bratislava
(Slovakia) to Budapest (Hungaryin:] Prygiel J., Whitton B.A., Bukowska
J. (eds.), Artois-Picardie, 188-193

Hindakova A., 1994Planktic diatoms of the river Morava at Bratislaizgevin,
Slovakia.Ekolégia, Bratislava, YSuppl. 1, 37-42

Hinddkova A., 2000, Der esrte Fundort derNavicula microrhombus
(Bacillariophyceae) in Europdlgological Studies, 96, 49-58.

Hudon C., 2000 Phytoplankton assemblages in the St. LawrencerRiv
downstream of its confluence with the Ottawa R@eebec, CanadaCan.
J. Fish. Aquat. Sci., 57, 16-30

Hudon C., Paquet S., Jarry V., 19@K®wnstream variations of phytoplankton
in the St. Lawrence river (Quebec, Canaddydrobiologia, 337, 11-26

letswaart T., Breebaart L., van Zanten B., BijkBrk 1999 Plankton dynamics
in the river Rhine during downstream transport aflienced by biotic
interactions and hydrological conditiondydrobiologia, sep. 410, 1-10

Kalbe L., 1986,Zur Wirkung eingetragener Phytoplanktonbiomasse diaf
Wasserbeschaffenheit eines schnell fliessendetaridgewassersArch.
hydrochim. hydrobiol.14, 37-46

Kiss K.T., Schmidt A., 1998Changes of the Chlorophyta species in the
phytoplankton of the Hungarian section of the Dantler during the last
decades (1961-199.7Biologia, 53, 509-518

Kopf W., P6himann W., Reimann K., 1988rundlagen der Eutrophierung von
Fliessgewassern, dargestellt am Beispiel von Maid Regnitz, 2 paris
Bayerische Landesanstalt Wasserforschung, MUn&ahpp.

Kowe R., Skidmore R.E., Whitton B.A., Pinder A.C1998, Modelling
phytoplankton dynamics in the River Swale, an uplawver in NE England.
Sci. Total Environ., 210, 535-546



Phytoplankton of Morava river in the Czech Repubhd Slovakia ... 59

Makovinska J., 1998Phytoplankton development of thes ovo (HruSov)
Reservoir in the Danube river (Slovakia) during 29997 Biologia, 53,
499-502

Marvan P., HeteSa J., 200®licro- and macrovegetation of cut-off arms of
River Morava [Mikro- a makrovegetace odstavenycmea eky Moravy]

— [in:] Pihart, D. (ed.),Ecology of floodplain pools and river arms
[Ekologie aluvidlnich tni a i nich ramenProc.Conf., Lu nice at Tebo ,
May 2000], 53-57

McCullough D.A., Minshall G.W., Cushing C.E., 197®oenergetics of lotic
filter-feeding insects Simulium spp (Diptera) angdrbpsyche occidentalis
(Trichoptera) and their function in controlling cagic transport in streams.
Ecology, 60, 585-596

McCullough D.A., Minshall G.W., Cushing C.E., 1979%eston removal by
filter-feeders Ecology 60, 1075

Montesanto B., Ziller S., Danielidis D., Economowmili A., 2000,
Phytoplankton community structure in the lower e of a
Mediterranean river (Aliakmon, Greecdrch. Hydrobiol., 147, 171-191

Noppe K., Prygiel J., Coste M., Lepretre A., 19%Hytoplankton of the
canalized Scarpe River downstream from the Douarage treatment
plant.J. Freshw. Ecol., 14, 167-178

Nova ek F., 1937Phytoplankton of the Jihlavka River [Fytoplanktahldvky].
Sbor. Pirodov d. Klubu, Tebi, 1 (1936), 34-45

Pdhimann W., 198%ur Eutrophierung von Fliessgewassern. Teil 2: i
von Licht, Turbulenz, Gewassertiefe und Primarkelag des Vorfluters
auf das Wachstum von Phytoplankton (in situ-MessongZ. Wasser-
Abwasser- Forsch. 22, 156-202

Pdéhimann W., Kaul U., Kopf W., 1989Zur Eutrophierung von
Fliessgewassern. Teil 1: Einfluss von Temperatunodphor, Silikat,
Kohlenstoffdioxid, Ammonium, Nitrat und Komplexbdch auf das
Wachstum von Phytoplankton (Laborversuch& Wasser-Abwasser
Forsch., 22, 187-195

Reynolds C.S., 198&otamoplankton: Paradigms, paradoxes and prognoses.
[in:] Algae and the Environment: Contribution in honotdirJoN.G. Lund
Round, F.E. (ed.), Biopress Ltd, Bristol, 283-311

Salar', V. M. , 1984, Phytoplankton of rivers in MoldavifFitoplankton rek
Moldavii]. 1zd. tiinca, KiSinev, 216 pp.

Schol A, Kirchesch V., Bergfeld T., Muller D., 19®Model-based analysis of
oxygen budget and biological processes in the eggdlrivers Moselle and
Saar: modelling the influence of benthic filter dees on phytoplankton.
Hydrobiologia , 410, 167-176



60 P. Marvan, J. HeteSa, F. Hindak, A. Hindakowa

Sherman B.S., Webster I.T., Jones G.J., Oliver,R 298, Transitions between
Aulacoseira and Anabaena dominance in a turbidrriveir pool. Limnol.
Oceanogr., 43, 1902-1915

Skidmore R.E., Maberly S.C., Whitton B.A., 1998atterns of spatial and
temporal variation in phytoplankton chlorophyllmthe River Trent and its
tributaries. Sci. Total Environ., 210, 357-365

Stoyneva, M.P. 1998Spring-phytoplankton of the River Danube in tleary
199Q Arch. Hydrobiol 1998, 2, 167-194

Stoyneva M.P., Draganov S.J., 19@reen algae in the phytoplankton of the
Danube (Bulgarian sector) - species compositiostritiution, cell numbers
and biomassArch. Protistenkd., 139, 243-260

Tothova L., Makovinska J., Elexova E., Hrabinovg Balai P., 2003a,
Development of water quality in the Slovak sectibthe Morava River in
the last two decades [Vyvoj kvality vody na slokensuseku rieky Moravy
v poslednych dvoch desa iach]. Acta Facultatis Ecologiae, Zvolen, 10,
Suppl. 1, 251-253

Tothovd L. et al.,, 2003bHrani né toky s Rakuskom v roku 2002.
[Transboundary waters with Austria in 2002 Zavegéesprava VUVH, 22
pp. (Annual Report WRI, Bratislava]

Welker M., Walz N., 1998Can mussels control the plankton in rivers? - A
planktological approach applying a Lagrangian samglstrategy Limnol.
Oceanogr., 43, 753-762

Whitehead P.G., Hornberger G.M., 1984odelling algal behavior in the river
ThamesWat. Res., 18, 945-953

Yang J.-R., Basu B.K., Hamilton P.B., Pick F.-R997, The development of a
true riverine phytoplankton assemblage along a fde lowland river.
Arch. Hydrobiol. 140, 2, 243-260

Zelinka M., 1991 |nfluence of reservoirs on the river [Vliv nAdna matesky
tok]. Proc. §' Conf. Czechoslovak Limnol. Soc., Znojmo, 245-249



