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. Abstract: Allogether 179 periphytic algal taxa were identified from the branch-
system of the Danube at Cikolasziget, from differcnt hosts (twig, reed, and other mac-
rophytes). We found that water temperature, shadiness and water discharge affect the
composition of the periphyton. According o the species composition of our samples,
the number of taxa and the structure of thc periphyton show a transitional character
between the periphyton of standing and flowing waters.

INTRODUCTION

- The Danube entering the Carpathian Basin divides into many smaller branches.
This region is called Szigetkdz and Csall6kaz, Nowadays most of the small branch-
es arc scparated from the main branch by dams. The branch-systems of the Danub¢

~in the arca of Szigetkoz and Csall6kdz are not only among the most beautiful
landscapes of Hungary but a uniquc natural heritage of Europe and even of the
World. This wonderful part of the Danube is threatened by the hotly debated dam
at Bés. It is a very urgent task of Hungarian scicnce to possess better knowledge on
the planis and animals living there. We have only few algological data on the
phytoplankton of the Szigetkdz (BARTALIS 1978, 1982, 1987a, KISS 1987) espe-
Cially compared with the main branch of the river (e.g. BARTALIS 1987h,
BOTHAR and KISS 1990, HEGEDUS 1987, HORTOBAGYI 1979, KISS 1984,
SCHMIDT 1976, SZEMES 1967, TAMAS 1949) but we failed 1o find any publica-
tion on the attached algae of this region. The many branches, the sometimes slowly
and sometimes quickly flowing or even standing water, the different kinds of sub-
mersed macrophyte associations presumable favour the development of very
differcnt periphytic communities. Therefore our purpose was to know more on thc
atgological periphyton of this region.

The first and evident question of the periphytic studies is whether on 1 the differ-
cnt submeised objects and plants (namely substrate) the periphyton is the same or
not. However, we have no satisfying answer (o this. Many papers report the uni-

. formity of periphyton, i.e. there are no differences between the algae livin gonthe -
- different substrates (e.g. MILLIE and LOWE 1983, O’QUINN and SULLIVAN
+ 1983, SULLIVAN 1982). Perhaps more pubhcauon deal simultaneously with the
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quantitative and qualitative differences of periphyton on different hosts (LAKA-

TOS 1991, PROWSE 1959, STEVENSON and HASHIM 1989).

Fig. 1. Location of the sampling points
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According to many papers the quality of the host in flowing waters {esp. quick
rivers) is not as important as in standing waters (lakes, ponds), where the substrate
seems to be the determinant factor, This hypothesis needs to be tested.

More or less regularly the branches in the Szigetktz section of the Danube arc
flooded from time to time by the rising Danube. During the (lood the water {lows
for days or weeks in the branches. In this sense, the Szigetktz is a flowing water.
On the other hand the dams close the branches when the level of water is low. In
this case the water cannot [low through the small branches often for months. Itis a
very long period compared to the generation time of the algae, so in this sense we
can regard the Szigetkdz as many neighbouring ponds, scparated by dams. So the
Szigetkoz section of the Danube is especially suitable for a study of the connection
of the substrate and its coating (to test host specificity), and to compare the pe-
riphyton community of running and standing water periods.

According to WETZEL (1983), there are more significant differences between
the hiotic (macrophyte, leaves, twigs) and abiotic (stones, sand, mud} hasts then
among the biotic ones. At first we tricd to find differences among coats of mac-
rophyte hosts.

MATERIALS AND METHODS

The samples were coliceted on 13 and 15 July, 1991, in the second branch
system of Szigetkdz (Fig. 1), Sampling points 1, 3 and 4 were in flowing water, No.
2 was in standing water. On 13 July, 14 samplcs were collected from these points
on substrates as follows,
1. sampling point: old reed (0) in 5 repetitions
green reed (g)
Rorippa amphibia L. (Bess.) stem (R)
Polygonum amphibium L. stem (P)

2. sampling point: Carex acutiformis Ehrh. leaf (Ca)
green reed (g)
wwig (B1)
Myriophyllum verticillatum L. stem (M)

3. sampling point: green reed (g)

4. sampling point: green reed (g)

July the 15th was the first day of a remarkable flood of the Danube, s0 our
sampling points were [looded by water. This way we could collect only 1 sample
from the 2nd sampling point, namely a twig (B2).

Collection methods: the reeds were cut off at water level, and 8-10 ¢cm below
this level, then the stems were carcfully taken off and put into the collecting jar.
The other submersed plants were also carefully taken off, the leaves were cut off,
and only the stems were placed into the jars. Water temperature, conductivity and
the total hardness were measured at every sampling point.
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In the laboratory the coats were washed off with a fine brush into known
amounts of water. The surface of the substrate was measured. Afterwards the
samples were handled as if they were planktonic samples. Algae were identified
under Jight and scanning electron microscope, counted by UTERMOHLs (1958)
method taking the siatistical results of LUND et al. (1958) into consideration.
Diatoms were identified under light microscope after digestion with H203. For the
necessary SEM identification we followed KISS® method (KISS 1986).

Complexometric titration with Titriplex™ III against mixed indicator tablets
(AquamerkR 8011, E. Merck, Darmstadt, Germany) was used for determination of
total hardness. Determinations were made directly in the field immediately after
taking the water samgles. The values of water hardness in Table 1 are given in Ger-
man degrees (°d). (1 °d = 10 mg of CaO/l = 0.18 mmolA of alkaline earth ions.)

The constancy of a species was calculated as Ci= 100Ny/S, where Nij was the
number of the samples in which the species was prescnt and S was the total num-
ber of samples. A specics was given constancy value 5 if C = 80-100%, 4 if C =
60-80% etc.

The dominance valuc of a species was calculated as Di= 100Ai/M, where Aj was
the number of the individuals of the given specics and M was the total number of
individuals in the sample.

For cluster analysis the SYN-TAX 11l program was used (PODANT 1988) with
WPGMA fusion zlgorithm.

RESULTS AND DISCUSSION

Altogether 179 taxa were identified (Cyanophyta 12, Euglenophyta 6, Chro-
mophyta 88 - incl. Bacillariophyceac 83, Cryptophyta 10, Chlorophyta 63 - Fig. 2).
The detailed list of the taxa is presented in Table 2.

Hecoog ophypcaan 594 6%
Al

| Eanlhophyoesoao 1 1%
Chryscphynaas 4 2%

Tuglarcpnyla 6 3%

. L
\\ A Uryplophyte 10 6%

Chinrophyla 83 88% e |,
orophy P e CyanoOpTyig '? %

Fig. 2. Percentile proportion and number of (axa in different phyla (Chromophy-
ta divided into 3 groups Bacillariophyceae, Xanthophyceae and Chrysophyceae)
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Constancy was 4 and 5 in the following species (11%): 5: Lyngbya limnetica,
Achnanthes minutissima, Cyclotella meneghiniana, Cymbella minuta, Fragilaria ul-
na, Gomphonema panvulum, Navicula cryptocephala, Thalassiosira pseudonana,
Stigeoclonium tenue, &: Pyeudanabaena catenata, Cocconeis pediculus, Cymbella af-
finis, Fragilaria uina var. acus, Gomphonema truncatum, Navicula rhynchocephala,
Niizschia linearis, N. palea, Stephanodiscus hantzschii §. tenuis, S. invisitatus, Chara-
cium ensiforme. These species were constant, subconstant (JAKUCS 1981). The
majority (76%:) of the species was accidental (C=1 or 2).

Mainly diatoms were found abundanily in the samples (except on Carex acuti-
formis, where green algac were predominant). The high number of green algal
taxa, and their low rate of abundance were characteristic. The blue-green algac and
others were not important.

Achnanthes minutissima was the predominant taxon on each host in the 1st, 3rd,
and 4th sampling point. Cymbella minuta had more than 5% relative abundance on
the 1st, 3rd and 4th sampling point, Stigeoclonium tenue on 1st and 4th point,
Nirzschia fonticola and Fragilaria u/na on the 1st sampling point. The specics
composition of the predominant taxa was very variable in the 2nd sampling point:

substrates laxon D%
green reed Achnanthey minutissima 34.01
Fragilana brevistriata 33.75
Carex acutiformis Characium ensiforme 67.42
Achnanthes minutissima 20.05
Fragilaria brevistriata 8.02
Myriophyllum vert. Fragilaria brevisiriata 24.63
Achnanthes minutissima 15.67
Fragilania ulna 13.18
Charactum ensiforme 5.0
twig before the rise Achnanthes minulissima 26.5
Fragifaria pinnara 13.75
Characium ensiforme T 95
Fragilaria uina var. acus 6.75
Epithermia sorex 6.25
twig after the rise Nizschia fruticosa 40.25
Achnanthes lanceolata 10.25

The constant and dominant specics were (constancy 5, dominancy 5% at least in
onc sample): Achnanthes minutissima, Cymbella minuta, Fragilaria ulna, Stigeoclo-
RILmM lenue.

It is interesting that Achnanthes minutissima, the characteristic taxon of the pe-
riphyton of the investigated branch-system, was found only in ncgligible numbers
on the twig which was collected after the rise.

The samples collected by us from the branch-system of the Danube at Cikolaszi-
get seem to originaie from an mtermediate community of periphytic algae. This
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periphyton resembles at the periphyton of the flowing waters as well as that of the
standing waters.

As far as the richness of the taxa concerned these samples are reminiscent of
lake periphyton. The great number of green algae also refer to the periphyton
collected in lakes (ACS er al 1992). The structure of the coats also shows differ-
ences between samples collected from standing and flowing waters. On the basis of
our previous studies in lakes, we suppose that the typical lake periphyton consists
of many tube dwelling diatoms (Cymbeila species) and the Rhoicosphaenia,
Gomphonema and Achnanthes species become fixed (0 the substrate with long
stalks. These look like as a bucket. Achnanthes minutissima very often was the
predominant taxon in the lake periphyton, and it was fixed with Jong stalk. On the
contrary, in the summer period Achnanthes minutissima usually is not dominant in
another part of the Danube (GOd section), where it occurs usually directly fixed
onto the hosts without a stalk. In our samples from the Szigetk®z Achnanthes

simir‘.o.rity
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Fig. 3. Dendrogram of the cluster analysis of 15 samples from, the branch-system
of the Danube at Cikolasziget. Abbreviations: o=periphyton from old reed,
g=periphyton from green reed, R=periphyton from Rorippa amphibia stem,
P=periphyton from Polygonum amphibium stem Ca=periphyton from Carex acuii-
formis leaf, Bl=periphyton from twig before the flood, M=periphyton from
Myriophyllum verticillatum stem, B2=periphyton from twig after the flood
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minutissima was found in "flowing water form" {without stalk) but in "standing
water amount” (it was predominant).

Another phenomenon confirming the "flowing water” character of the sitc is the
dominancy of Achnanthes lanceolata. Achnanthes lanceolata is 4 typical, dominant
and constant taxon of flowing waler periphyton in the Danube (ACS and KISS
1991). It was compleiely absent from the samples before the fiood but it became
predominant after it. :

The result of the cluster analysis (using CZEKANOWSKI's rescmblance meas-
ure - Fig. 3) show that the sample collected from twig after the flood is separated
from the others. However, its species composition is also significantly different
from that of the other samples. (Relative abundance of Achnanthes minutissima
was found to be only 1.5 % - similar 10 the summcr samples in the main branch at
God (ACS and KISS 1991). Perhaps the flood brought this twig from the main
branch.

The sumpling points are quite well separated from cach other (Fig. 3). Within
this, the samples collected from Carex acutiformis differ from the other samplcs
collected from the 2nd sampling point. This is caused by Characium enstforme
whose dominance was as high as 67.42, while on other hosts it was only 9.5 and 5.0

abundance (F10° ind. fem )

()

[

Sampling points

Fig. 4. Abundance of periphyton in the 4 sampling points. For abbreviations sc¢e
Fig. 3.
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respectively. A more detailed study is necessary to clarify the reasons (perhaps
Carex rcleases chemicals which inhibit diatoms?). . 5
Abundance (Fig. 4) on the gld reeds was much higher (2.05 * 10" ind/cm”) than
on the green reeds (0.65 * 10” ind/cm®). It is not too surprising, because there is
more time to develop periphyton on old reed. Before the flood, the average abund-
ance was lower in the 2nd sampling point than on the 1st and the 3rd point. It may
have been caused by the lower water temperature and shadiness (Table 1), Abund-
ance in the 4th point was low, as this sampling point was shaded by high trees.

Table 1. Water temperature, total hardness and conductivity in the 4 sampling
point in Cikolasziget, on 13 July, 1991

sampling points | 2 3 4

water temperature (°C) 23.5(} 20 25 24.50

total hardness (°d) 11 13 11 12

conductivity (uS) 63 63 63 64
SUMMARY

Species composition, number of taxa and structure of the periphyton samples
collected from the Danube’s side branch-sysiem at Cikolasziget show transitional
characters between the periphyton of standing and flowing walers.{Samples draw
from the same sampling point resemble each other more than samples collected
irnm the same hosts. This result was also found by STEVENSON and HASHIM
(1989) in the branches of Maple river JIt seems that the most important factor in

the development of periphyton is water discharge. jUnder similar flowing condi-
tions similar coalts develop on the same host. Nevertheless further investigations

“are necessary 10 test these hypotheses, with more samples from different locations
under various circumstances (seasons, water discharge, etc.).
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Table 2. List of taxa with the constancy values. For abbreviations see Fig. 3.

CYANOPHYTA

Leuharena spimides Kleh

Anoboersz vigaiert 1ends el Brémy

¢ hrooce ey ity (g ) Nig.

{raetphosphocria lecustris Chodal.

Lirrghia hverertemusii Lemm.

Tangha Mmnelica | cinm.

Merismierpedia plauca (Bhrbge ) Nig.

Verivmnpedia lomaissima Lomn.

Micruesris aeruginose Bg,

(s cillatorie articelals Gadn,

(hveillatovia mougeotii Kg.

Prcudanabaenn calendda | aulerb

FLGLENOPHYTA

Fuglen sp

Lepoewmielis sp.

Pherouy s

Strombomences verreavea {Dladay ) Detl
var. vonspersa {Pasch) Dhetl,

Frachelmnonas planctoaica Svar,

Trerchivlomonas velvechna b

CHROMOPINVTA

{’hrysuphyceae

Chmsococcuy rufescens K lebs

Iinohrvon divergeny lmhot

Fhinokrvon vertulara Vi

[ psftiere vtium fagerheimil | cmm.

Svvrmera ape

Nanthophycuc

Crovtocidovis murico (A Traun ) Foll

Bucilluriepliyceae

Avheanthes inflaia Ktz

[ chnecrathey foncesfata Birdh.

[chrnzhes fancecdate var, rostroda Hasl

Achuuarthes minutiveima kot

emphara ovaliy (Rl ) Kl

Amppienn prtelieulus (Kile ) Grun

Urelovreiy amptigbaec (Bory) Clove

Cilorreis wifieofa (b Cleve

Cireconesy pedicuwiys [

Corvroneiy placentida Ehr,

Upadonte phiaviees dubizs (Tricke) Round

Croferteltoa aromuy Husl

Upelerbelia vome {Fhe.) i,

¢ Liledella menephinione K

CrcdoreNa preadostelligera Husl

Cymmatio e yolea (Brch.) W Smith

ymfopleuny solea var, agiculeia (W, Smilh) Ralls

Uvohella affinis Kz,

Cymbella aspeng (1) Cheve

Cunbella cpmbiformis sganth

tvmbella chrenbergii Katz,

Cembella feproceroy {Ehr ) Kite.

i vmbella microce phala Cron.

Cvmbreflu mipia hkse ox Rabenhorst

I vertonr elongarium Agardh
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Table 2. {continued}

{diatoma vulgare Bory
fratoma vulgare var, ghondis (Smth) Grun,
Fpithemtia sovex Kilz
{2 pithemia turgida (Tihe ) Kiitz.
Frrotia tunaris (Ehr.) Groon
Fragifaria brevistriala (run.
Fragifaria capitata (The.) Lange-Fert.
Fragiluria constreens var. dimodis (Fhr.) Grun.
Fragilaria pinnate Ehr.
Fragifaric wina (HEhr.) Lange-Berl.
Fragiuric wine var, gous (Kinz, ) Lange-Berr.
Fragilaria wing var. danica Grun
Fragifaria wlna vat, oxyrhvcius (Kitz ) Lange-Bert,
Fragilaria vauchenae (Kiitz.) 1.ange-Bert.,
Cram phovemd aouminatum Ehr.
Cromphonema anguviatum (Kiitz.) Rabenhorat
{famphonema olivaceum (Hormemann) Bréb,
(iomphonema ofivaceum

var. cadcavem (Cleve) Cleve
Cromiphionema parvalum (Fiotz ) Kitz.
Crovn phiopesad trumcatum Fhr.
Crom phonema sp.
Hunizsehia amphiyoxis {Ehr) {run.?
Melogira distans (Dh.) Kintz,
Melaxim granulata var. angusfizsdma Miill.
Melasing ftalica var. teruiesina (G ) O, Mall.
Melosirg varians C.A Ay,
Navicula capitata var. hungarica {Grun) Ross
Navicwla ervptocephala Kiitr.
Navicula exigua (Oregory) Grun.
Nopviewla gavtrum (Ebr) Kt
Navicwla lanceolata (Ag.) Bhr.
Naviewla menisciluy Schumann
Soviewla mimima Groun
Navicwla oblonga Kiitz.
Nevienla pupfa Kz,
Navicula pugmeae Ktz
Nenvicwla radiosa Kl
Navicwla Hnwichovephala Kty
Nitzyohia acicularis (Kilr. ) W. Smith
Niizyohin angustata Groun.,
Nitexchia commuiata (run,
Nitoschia divvipata (Kotz.) Grun,
Nifewchia flexa Schumann
Nitzschia fonticela Crun.
Nitzsehia fruticosa Hust,
Nitzschia lneoariy { Agardh) W, Smith
Nitzxehia palea (Kitz ) W Smith
Nitzschic sigmuoidea (Nilzsch) W. Smith
Nitzschia tndlionella Hantzsch
Finnularia vindis [Nilzsch) Fhrenborg
Rhoicosphaenia ahbreviara {Apardh) Lange-Bertalot
Rhopdodia gibba (Ehrenberg) 0 Ml
Skeletonema potamos (Weber) Hasle
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Table 2. (continued)

Stephanodiscus hantzschii Gran. £ hantzschii
Stephanodiscus hanizschii Grun.

f. tenuis {(Hust.) Hak.et Stoer.
Stephanodiscuy invisitatus Hohn et Heller
Stephanodiscus minwfula (Kitz.) Round
Thalasstosiva peewdonana Hasle et Heimd
CRYPTOPHYTA

Dinophyceae
Pevidinium wisconsinense Eddy

Pevidinium sp. I

Pevidinium sp. 1.

Peridinium sp. 111,

Cryptophyceae

Chroomonas acula Utermdohl

Chroomonas caudata Geitler

Chroomonas sp.

Cryptomonas ovaia Ehrenberg

Cryptomonas platyuris Skuja

Rhodomonas lacusivis Pascher et Ruttner

CHLOROPHYTA

Actinastrum hantzschii Lagerh.

Ankistrodesmus _falcatus (Corda) Ralfs

Ankistrodesmus gracilis (Reinsch) Kors.

Characium ensiforme Herm.

Chiamydomonas reinhardtii Dang,

Chiamydomonas sp. 1.

Chiamydomonas sp. 11,

Chiamydomonas sp. 111,

Cladophora fracta (Dillw.) Kiitz,

Cladophora glomerata (L.) Kiitz.

Closteriopsis longissima Lemm,

Clasterium acutum Bréb. f. variabile (Lemm.)
Krieg,

Coelastrum microporum Nig in ABr.

Coelastrum peeudomicroporum Kors.

Coelastrum sphaericum Nig.

Coenocysiis planctonica Kors.

Cosmarivum botrytis Menegh.

Cosmarium granatum Bréb,

Closmarivm sp.

Crucigenia punciata {Schmidle) Hajdu

Crucigenia quadrata Morr.

Crucigenia tefrapedia (Kirchn.) W. & G.5. West

Crucigeniella apiculata (Lemm. ) Kom.

Dictvosphaerium anomalum Kors,

Dictyosphaerium ehrenbergiarum Nig.

Dictyosphaerivm pulchellum Wood

Didymocystis planctonica Kors.

Elecatothrix acula Pasch.

Golenkinia radiata Chod.

Gonatozygon kinachanii (Arch.) Rabh.

Granulocystopsis coronata (Lemm.) Hind.

Juranyiella javorkae (Hortob.)} Hortob.

Kirvehneriella obesa (W. West) Schmidle

Lobomonas sp.
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Table 2. (continued)

To da lo La To 1y TK 117 200 2HE 2M 200 282 3p 3w

[

Monoraphidiom areoatum (Kors ) Hind, +
Monoraphickam conteovtum {Thur p Kom.- [ can. t | [
Monavaphicium griffivhin (Berk ) Kom,Leun, t
Monoraphtichiuem mivaram (Nig ) Kom. [ cgn, . v + ' 4
Monerphticium niubale [W. & G5 Woat) Pankow |

Momgeeita xpr -

Negrdesmity diertuh indiv |l 1
Oedegovinr xp 1

Oeevsfic borgei Snow. + + bt + b
Cdaepsfis facuvtris Ol : - i |
Plranctonene fowierbornii Schmitdls t
uadricacous efliphicus Hornloh,

NOrrecesRINY o CUEHINC Y {1 ageth )4 el | | I | |
Svenedesy ceuroy Mayen - b b
Neencdvsmuy appoulatus (W, & U8 Westh Ched, +

Newnurcle sy Picawdotuy edis

Svemnedesmiey ey {Lheenb.y Chod, + + o+ t

+ + -+
I

Newnedesmus obtusus Movon I oblevuy f
Seemedesensy cpicrihrivanctia (1 u P b Hréb. + i - + |

Svernedevnruy spintasus Uhod ' +
Nehrnrcdera nitzvchicotddes (0.5, West) Kos J

Sehreede et rodasing Kors, T+
Sodrowde i setfge e Cehiriad ) Lemm, I ' b r

Migroclonium tenne Kilz, + 4+ 4+ +

Fetraedron mininme (S D) |lansg. Fo— 3 + .
Feirvwiram plchrom (Rolly Ahlsir, & it T N ' + P
Pideadneix zominia BLOL + b . | + o+
Lranesiue elongistum tHodg. + i .
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