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Abstract: ‘The periphyton of the Danube st God (near Budapest) was studicd on artificial
substrate in the growing scason. The abundance ol periphyton depends significantly on the
posiion (direction) of the substrate, In 1985- 86 we used matt-glass tubes as substrates, fixed
perpendicularly 100 the water surface. This way we assured the most optimal position (*all”
directions) lot the colonization of periphytic algac. ln our qualitative investigation we found
126 algal taxa from 3 phyla. The average number of algae was 2 million ind./em”. Diatoms
represented the greatest number. "I'he number of eyanophytes and chlorophytes was higher in
the summer than in other periods. The diversity was higher at the beginning of the colonisation
and the species number was greater in the low water periond, Towards autumn the species
compusilion became meore or less unchanged. We have found 7 constunt and dominant taxa,
all [rom the Pennales. The colonization process and scasonal dynamcs were similar for 6 taxa
also [rom Pennales.

We showed by cluster analysis that the similarity of samples are delerouned by the seasonality,
though in [985 the samples of the flood periods formed a separate group. .
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Introduction

Periphyton of large rivers are much less known than their phytoplankton. Et is
especially truc for the quantitative aspects of research. The main reason for it might
be that the phytoplankion is more tmportant in terms of primary production.
Furthermore methodoelogy of phytoplankton investigation 1s much simpler.

ERrTL & Tomarka (1973) pointed out the importance of periphyton in the life of
the Danube. In other studies periphyton proved to be a useful paramelter in waler-
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quality monitoning (PaTkick 1973}. Analysis of chlorophyll @ content of periphyton
i« u more sensitive method for following the eutrophication process, than the
detection of physical-chemicil paramelers (ITeinoNEN 1984).

Periphyton rescarch in the Hungarian section of the Danube has a long history.
[sTvANFFI ( 1981) studied the effeet of the thermal springs on the specics composition
of the periphyton at Budapest. HaLAs (1936, 1937) studicd the periphyton ol the
litoral region and Palik (1961) the periphyton of the concrele buildings in the
Soroksar arm of the Danube. SziMes (1961) and TamAs (1964, 1966) collecled
samples from pontoons and hesides species composition, they provide some quan-
titative data as well.

BackHAUS (1967) published data on the periphyton at the river head of the
Danube. The Austrian scction of the river was studicd by CHOLNOKY (1933).
fETzMANN (1963) and Buksix (1964). On the Slavakian stretch of the Danube JURS
(1973) carried out a quantitative analysis study of the periphyton of slides, LRTIL et
al. (1972) investigated the seasonal change of biomass and chlorophyll & content,
and LT & Tomaska (1973) primary production. The periphyton of the lower reach
of the Danube is known [rom VIADIMIROVA'S WoTks (19614, b), SERBANESCU (1963},
OLTREAN (1968, 1969, 19704, b, 1971} and Rubrscu et al. (1970) studied the
periphyton ol the reeds of the Danube delta.

When studying the periphyton of rivers there are many problems that have to be
solved cither it is a study of natural or atificial substratc, or quantitative or
qualitative aspect of rescarch. Actually the sampling method for quantitative analy-
sis of periphyton of big rivers growing on artificial substrate is not worked out in
detai! yet.

[n our study we wanted to work out 4 sampling method that would be useful tor
the reliable quantitative analysis of periphytic algae of large rivers, Meanwhilc we
wanted to get data about seasonal dynamics, constaney-dominancy relations of the
periphyton of the Danube at God. This sampling methed can alse be used for
chlorophyll studies and cstimating primary productivity.

Material and methods

The similarity and difference between natural and artificial substrates had been
studied by several investigators (Lowy: & GALF 1980, CasTENIIONZ 1961, SLADUE-
KovA 1962. SCHWOERREL 1966, cic.). 1n the historical outlines of periphyton investi-
gation WET7EL (1979) writes that the periphyton on artificial subsirate is very
similar to the periphyton on natural substrate, although itis not a fully accepted fact.
SLADECKOVA { 1962) pointed oul the difficulties in coliccting from natural substrates.
and the advantage of using artificial oncs.

For the same rcason we uscd artificial substrate, which we positioned to the
stream line side of a pontoon 1669 river km of the Danube, protected from tlotsam.
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It was made of glass, at this is the most similar material to the natural basesment of
the Danube, the quarlz pebbles.

Backiaus worn us in his work (1967) that the divection of the substrate is very
important in respect of species composition. ‘Therefore we carried out an experi-
ment in 1984 10 analyze the connection between the substrate divections and the
numbcr of algac. We put 2-2 slides in a frame according to the well known method
(SLankCkova 1962, Scuworksin 1966). An important change from the original
method was that the slides were matted by blowing sand on one side of them, The
roughened surface resembles the natural one more. The matt side of the slides were
put in 4 difterent directions to the water flow (Fig. 1),
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Fig. I The frame and slides that were used to study the connection between Mow direction of
the substrates, Arrow shows the ditection of stream Mow-regime (AL B, C T indhe texi),

Muwir et al, (1983) suggested the use of glass tubes instead of slides, because the
variability of data would be smaller. So we repeated our experiment in 1985 and
1986 with glass tubes {diameter 10 mm), the surface of which were matted. We put
the tubes vertically in the [rame leaving 5 cm between them. There was 5 em”
suitable surface arca on cach tbe for colonization. The remaining area was covered
with plastic tape that was removed when samples were taken. The tubes were piaced
10 em below the water surface. The tubes were put in on 21st May 1985, and 20th
May 1986, Samples were taken weekly till November. The periphyton was washed
of with a finc brush with known amount of water. After that the samples were
handled as if they were plankton samples. Algac were identified under light and
electron microscope, counted by UTERMGHL'S (1958) method aking the statistical
results of Lunw et al. {(1938) into consideration. Samples were fixed with LuGor
solution. Tiatoms were identified in light microscope after digested with H.QO-, and

A1 Archiv 1. Hwdrataaligie . Suppl. B3d. 89
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mounted by Pleurax. Electron microscopic investigations (SEM, TEM) were
described in an earlicr paper (Kiss 1986},

The constancy of the specics i) was caleulated as — C; = 100 N#/S — where N, =
number of samples in which the specics () was present, and $ = number of ali
samples. A species was given constancy value 5 if C = 80-100%, 411 C = 60- 8%,
elc,

The dominaney valuc of a species (i) was caleulated as — Dy = 100.A/M — where
A; = number of individuals of the species (i}, M = number of individuals ol all
species in a sampie.

When caleulating the dominaney curves, we considered those species dominant
which had at lcast in one samplc a relative abundance of 3% (SCHILDMACIITR 1982,

For the cluster analysis we used the Syn-tax T program (Ponant 1988), using the
function described by Crekanowskr (1909).

Results

We put the slides in different directions (two slides in the same position — X,. X:) the
water (Jow in September 1984, and exposed them for 25 days. The ones perpendicu-
lar to the water Aow (both towards (A) and backwards (B}) had onc order of
magnituck: more individuals than the ones standing parallcl (o the water llow (C).
the smallest number we got when the slides were placed horizontally matt-side up

(D):

A B C D

X, [ind.fmm?] 26528 20849 4392 394
X, |ind./mm?| 2110 15928 3091 451
X [ind.imm-] 23814 19888 3741 422
S 3831 1358 921) 40)

-

(X = average of X, and X5, s = standard deviation).

number of taxa

ol r
E=3Chlorophyta

S0 & MmeEuglenophyta
/ pzzafennales

L0 % [JCentrales

30 % E){anthophyceae
% EdChrysophyceae

20 F '*"//’ XN Pyrrhophyta
/ -Cyanaphyta

10 | %

0 .

Fig. 2 Distribution of taxa.
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Because of this considerable difference we decided to usc matted glass tubes
instead. In this investigation we have found 126 tuxa belonging to 5 phyla. Among
the taxa 24 is new 1o the Danube periphyton (Table 1). The canstancy and domi-
nancy values of some typical samples are given in Table 1. There were 2 taxa that are
new in the Hunganian algal-flora: Navicula subminuscufa, Synura glabra. Most taxa
were found from Pennales, the least from Pyrrhophyta (Fig. 2).

Diatoms were in the largest number in every sample (Fig, 3). Non-diatoms were
found in the greatest number in the summer months, although it still did not reach
the number of diatoms. Species from Luglenophyta were present in a small number
and only in the beginning of colontzation.

Minimum number of algac in 1985 — 0.01 X 10° 1986 - 0.45 x 10°. Maximum
number of algac in 1983 - 5.84 x 10° 1986 —7.16 x 10°, Average number in 1985 —
2.16 X 10 ind.fem®, 1986 - 2.72 X 10°ind./cm? (Figs. 4. 5). In 1985 the (irsl increase
of algac was noticed at the end of June, and in 1986 al the beginning of June, The
maximum number was reached in early Angust in both years. The values for
diversity and evenness were higher at the beginning of colonization in both years
(Fig. 6). The number of species was higher when the water level was low, and it got
stabilized in the autumn in both years.

49% of taxa had a constancy value 1in 1985, and 439 in 1986, 22% of taxa had
constancy value 4 or 5 in 1983, and 27% in 1986.

These latter can be considered as permanent elements of the periphyton. Asit
can be seen from the list below, there arc 7 species (*) among the 9 dominant species
that are constant. (Constancy values 4 or 5). All of the dominant species and most of
the constant spectes are dialoms:

Taxa Constant Dominant

(in both vears)
Lynghya imnetica ~
Stephancdiscus hantzscii {. tenuls
Thalussicsira pseadonuna
Achnanthes lancenlata
A. minutissima™
Amphora pedicutus®
Cocconels placentula®

+ o+ o+ o+

Cyinbefla sintata™
Gomphonerna angustalum
(. olivacewn

+ o+ + + o+ o+

Navicula menisculus®
N. saprophilu

N, subminuscula
Nitzschia romana®

+

Rhoicosphenia abbreviata®

+ 4+ + + + 4+

Stigeocionium tenue
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Fig. 4 Abundance values of the 1985 sumples, und discharge ol the Danube in 1985,

We plotted the relative abundance of the dominant species against time. The
curves can be grouped according to their shapes. Several species belonged to the
same group in both years (Fig. 7). Using these figures the dominant species can be
grouped on the basis of their position in the colonization process. Both (rom-
phonema angustatwn and G ofivacewn became domiinant at the beginming of
colonization. then soon disappeared almost completely., Cvmnbella sirteata also
became dominant quite quickly, and stayed that way. Coceonels placeniula showed
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Fig. 5 Abundance values of the 1986 samples. and discharge of the Danube in 1486,

asmall peak in the carly time of colonization, but becane dominant ortly at the end
of August, carly antumn in both years. Amphora pediculis became dominant in the
middle or end of summer and staved dominant. Achnanthes minutissima hecame
dominant in the middle of the summer, but disappeared trom the periphyton by the
autumn.
[n the investigated periods the stream flow-regime was significantly ditferent in
the two years {Figs 4, 5). In Junc and July of 1985 the water discharge was 979 and
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Fig. o Diversity (HY, irs masimuom (H,,0, oumber of species (8). and evenness (1) of sam-
ples from May to October 1986,

844 respectively (compared to the average of the Last 30 vears). In Augustitroseto
[142%: and in September 123% . In 1986 the water discharge was between 71-98%
except for June when it was 104%:. The average water discharge for May-November
was 99% in 1985, and only 84% in 1986, "This difference can be seen in the clusier
analysis, too (Fig. 8). In 1985 the sinmlarity of the samples depended also on the rate
of tlew besides the scasonal changes. (Those samples that were taken during the two
lMood periods can be placed in the same group with the samples from the beginning
of the colonization. ) In 1986 when the stream flow-regime was more balanced. we
have noticed a much stronger scasonal dependence. In both years samples taken at
the beginning ol (he colonization formed a more or less separale group.

Discussion

Backnaus (1967) noticed, based on investigation in the Danube in Germany. that
the number of periphyton species depends on the direction of the substrate, Our
cxperiments show that not only the number of species, but the number of individu-
als is dependent on that. The greatest number we counted when the slides (artilicial
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Fig. 8 Dendogram of the 1985 samples based on the CzekaNowsKI-index.

substrate) was placed perpendicular and backwards to the water flow. The same was
observed by Casauson (1986) and Casaugon et al. (1986) who studied the periphy-
ton of the upper, lower, and back sides of stones. They have counted 36 taxa on the
back side, while only 16 taxa on the side towards the flow. The number of indivi-
duals was one order of magnitude less on the latter. We did not find such a great
difference on the two sides. It should be noted that CasauBoN worked with stones
20—30 cm in diameter, while we used slides that were only 2 em wide. (The bigger
the microhabitat for the colonization, on the back of it.) One order of magnitude
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was the ditference in our investigation between slides that were pat perpendicular
and paraltel 1o the flow-direction. and two orders of magnitude less individuals were
found on slides that were placed hotizontally into the water. Besides that the quickly
moving wiler washes off algac in this case, the effect of the waves was more
significant, too,

The conclusion is that when investigating a river’s periphyton composition., it is
advisable to use an artificial substrate where colonization can start from every
direction {e.g- 4 tubce). We rarely find natural substrale that would have only one
side for colonization.

Figure 3 shows the typical periphyton composition of rivers, Most species are
diatoms, and they can be found in the highest number too. Similar compositicn was
found e g. by Waranane et al. (1988) in small rivers near Tonlause, and by ANTOINR
etal. (1985} in the River Wye. They found that green algac arc present mainly in the
summer samples and may be comptetely missing in other periods. In the periphyton
of the Danube the number of green algae was higher in the summer too. Specics
from the Luglenophyla were present only at the beginning of colonization in both
YUOIrs.

Following the changes in individual number, we observed that the average
abundance periphyton forms 3-4 weeks after placing the substrate into (he water.
This. naturaily, depends on the starting date of exposition. At times of floods or a
the end of autumn this process is slower, in the summer, when the water level is low
it is quicker. Besides the microscopic picture, (he diversity and evenness values can
help us to understand the colonization process. These values were higher at the
beginning of the colonization, because several colonizing specics appeared simul-
lancously in about the same number then (Fig. 6). Later both of these values
decrcasc. when one of the species grows more quickly than the others. S1EviNson
(1983} explaincd this decrease with the propagation of r-strategic species. During
our investigation we found that alter a flood, when colonization basically restarts.
smitl sized species are present in the greatest number, and species that can attach to
the substrate more strongly. In 1985 and 1986 the constant-dominant species of (he
Danube periphyton at God wete: Achrantes minutissima, Amphora pediculus,
Coceonels placemiuta, Cymbella sinuata, Navicula menisculus, Nitzschia romuna,
Rhoicosphenia abbreviaia. S7emEs (1961) published Cocconets placentude as a rare
species from a pontoon at the God section. On the contrary. this species was onc of
the basic elements of the periphyton in our investigation in 1985 and 1986 $7EMrs
described Gomphionema parvahom as an abundant species: while in 1985 it had a
constaney value of 2, and dominancy 0,2% and in 1986 (he constancy value was 3.
and dominancy max. 6.3%.

Plotting the relative abundance of dominant specics against time, we found 6
specics which belonged to the same group in each vear. We can conclude that these
species behave the same way in the colonization process and their scasonal
dynamics are similar (Fig. 7}.
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Waranasi et ab. (1988) also drew figures about the relative abundance of
dominant species based on studies in small rivers close to Toulouse. One of the
species was Achnanies minntissina. They ok samples in two periods (May —June,
{)ctoher—November). In samples from May—June the species had a greater abund-
ance. We observed the same in the Danube, though it can besecn that the maximum
was between these two pentods in the summer.

The similarity of the samples were determined by the seasonality. In 1985
though, when in the studied period there were twao floods, samples taken from that
time were more similar (o the samples taken at the beginning of colanization. Thisis
understandable, as the flood washes off the substrate and colonization hay Lo
restart.

Summary

During our investigation we studicd the guantitative and seasonul changes of the periphytonin
the Danube at Gad (near Budapuest). We used matt-glass slides ot tubes as a substrate. These
were pul in o frame (hal was attached to the stream line side of 4 pontaon at 1669 river kim ol
the Danube.

[n an other experiment, in 1954 we studicd the connection Between the direcuon of the
substrate and the number of individuals. Our experiment proved that the dircetion of 1he
substrate is significant [or the growth of periphyton in rivers. Therefore it is advisable to use a
substrate, a tube lor cxample, where the colonization can begin from different directions.

In 1985 we used gluss Wbes, cxposed them from May till the imiddle of October, and in 1986
il the middle of November. Samples were collected woeekly.

We delermined 126 taxa that belonged to 5 phyla. Among these. 24 taxa are new in the
Danube periphyton and 2 taxa arc new in the Hungarian flora.

[n every sample diatoms were present in the greatest quantity. Non-diatoms wore present
in the greatest number in the summer but were still far rom the distoms. The average number
of periphyton wus uround 2 million ind./em®. This ligure was a little bit higher in 1986 when the
stream flow regime was more balanced than in the previous year,

Diversily and cvenness were higher in the beginning of the colonizuhion mn hath years,
because several species appeared simualtancously in about the same number. These values
decreused when one of the specics prolilerated more guickly than the others. The number of
specics wus bigh when the water level wus low, and it got more or less stabilized in the autumn.

We huve lound 7 species that were constunt-dominant in both years: Achnanthes srinis-
vimar, Amphora pedicults, Cocconets placentula, Cymbella sinuwaty, Navicale meniendus,
Nitzschiia rommna, Rhoicasphenia abbreviata. 6 of these had a similar colonization and sca-
sonul dynamics in hoth years,

Similarity calculated by clusier-unalysis showed that it is dotermined by scasonality.
aithongh samples taken in the Nood porioeds in 1985 was more similar to the samples taken in
the beginning of the colonization,
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