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Abstract

In every year maxima can be observed in summer and early autumn in the plankton algal
populations in the Tisza and in the Eastern Main Canal.

The Eastern Main Canal is an irrigation canal built to the east of the Tisza in the eastern half
of Hungary. Its water is led off from the river Tisza, dammed up at Tiszalok. The length of the canal
is 98 km; its width is 40 m, and its depth 2.3—4.2 m. Its maximum flow rate is 60 m?/s.

The population maximum is characterized by the dominance of the Cyclorella species, Synedra
actinastroides and the Chlorococcales species. It was observed in the present studies that there is
a definite correlation between the rapid multiplication of the plankton algae and the photoclimatic
conditions of the water. If the Tisza is free from flooding for 2—3 weeks in the summer and early
autumn, then the seston settles out of the slowly-flowing water, the transparency of the water in-
creases, the photoclimate becomes more favourable, and the population maximum develops. At
such time the number of algae can rise to 5—20 million per litre. The Cyclotella species, Synedra
actinastroides and the Chlorococcales species can comprise 80—95% of the total population.

Introduction

The large-scale multiplication of algae can be observed increasingly more often
in the surface waters in Hungary. Algal associations rich in numbers of species.
and individuals may develop not merely in standing waters, but also in slow
running rivers (BEHNING 1929, UHERKOVICH 1968a, b, 1969, 1971, FELFOLDY—TOTH
1970). In every year in the Tisza it is possible to observe algal population maxima
(UnerkovicH 1971, Kiss KEVE 1974a, b), characteristic water-quality states of the
river.

At the time of the population maxima it is primarily the true plankton algae
which multiply; their numbers often exceed one million individuals per litre.

The development of the Cyclotella population maximum to be observed
in the Eastern Main Canal and in the Tisza at the end of winter and in early spring
is decisively affected by the light conditions prevailing in the water (Kiss KEVE
1974a; b). In the present work a study is made of whether a similar correlation
can be observed in the case of the mass multiplication of the algae in summer and
autumn.



Sampling and examination methods

As regards the water quality, the dammed-up section of the Tisza at Tiszalok was regarded
as starting point. From here the changes in the qualitative and quantitative compositions of the
algae were followed in the lake-like river section throughout the year, as were the changes in the
composition of the algal association in the Eastern Main Canal, proceeding towards Balmazjvaros.

Water samples were taken at Tiszalok, Tiszavasvari and Balmazuajvaros, in all cases from the
surface and from the current line. In winter, if the water was frozen, the samples were taken through
holes cut in the ice (Kiss KEVE 1974b).

The samples from Tiszalok and Tiszavasvari were always taken on one day, one after the
other. In the sampling at Balmazijvaros an effort was made to ensure that the water samples
should be taken from the water mass already examined in the upper canal section. Accordingly,
taking into account the momentary water rates in the Tisza and the canal, water samples were
taken at Balmazujvdros 2—7 days after the sampling at Tiszalok and Tiszavasvari (UHERKOVICH
1968a). Water samples have been taken every week at these three sites since 1968.

2 &% Tiszavasvari

‘——‘

Hajdunanas

12922 4104y ud 34903

. By
Balmazijvaros Hajduboszormeng

2)%3

Legend:
@

DEBRECEN * sample poinfs

V lock gates
HajdUszoboszl

Bererrgébj falu
@z

Fig. 1. Map of the Eastern Main Canal.

Quality examinations were carried out on settled-out samples and on the simultaneously
‘netted plankton samples. For the quantitative analyses, 100—250 ml (depending on its seston
rcontent) of the original, shaken water sample was filtered through a membrane with a pore dia-
meter of 0.45 u. The material remaining on the membrane was diluted to a few ml and fixed with
formalin. The concentrated sample, the volume of which was known exactly, was examined in

-a Biirker chamber. Since 1971 the quantitative analyses have been performed by the method of
UTeERMOHL (1958).
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Development of maxima of plankton algal populations
in the Tisza and the Eastern Main Canal

The development of a number of population maxima in the Tisza has been
described by UHERKOVICH (1968a, b, 1969, 1971). His observations showed that
the majority of these occurred in the section of the river below Tiszalok. Data
on the occurrence of population maxima in the Eastern Main Canal have not so
far been published. In every year since 1968 it has been possible at the three sampling
sites to observe rich algal populations each representing a characteristic state of
the water quality.

The population maxima observed in our investigations to date can be classified
into three types (Kiss KEVE 1974a, b):

1. A summer population maximum characterized by the dominance of Cyclotella—
Synedra actinastroides (UHERKOVICH 1968a, Kiss KEVE 1974a).

2. An autumn population maximum characterized by the dominance of Cyclotella—
Chlorococcales (UHERKOVICH 1968a, Kiss KEVE 1974a).

3. An early spring population maximum characterized by Cyclorella dominance

An account of this latter type has already been reported (Kiss KEveE 1974 b)-

Population maximum characterized by
Cyclotella—Synedra actinastroides dominance

This rich algal association, which can be observed in almost every year, is
typical of the summer plankton of the Tisza and the Eastern Main Canal. It develops
in general in July and August. If the river is flood-free for a few weeks, then the
algae begin to multiply rapidly. Within 1—2 weeks their number may rise from
a few hundred thousand to 5—20 million per litre. The Cyclotella species and
Synedra actinastroides may then comprise 80—90% of the overall population
{Tables 1—2).

In our investigations to date it has been found that the total number of indi-
vidual organisms is less in the Balmazujvéaros section of the canal than in the Tisza.
The decrease is primarily observed for the Cyclotella species and Synedra actinas-
troides.

As characteristic species, mention may be made of Melosira granulata var.
angustissima, Nitzschia acicularis, Actinastrum hantzschil, Ankistrodesmus acicularis,
A. angustus, Crucigenia tetrapedia, Kirchneriella lunaris, and Scenedesmus species.
The species-richness of the Chlorococcales group is characteristic of the population
maximum.

In the interest of the decrease in size of Table 2, quantitative data are presented
for only three typical sampling series. Algal species found during the entire exami-
nation period (24 May — 11 August 1972), but omitted from the Table, are as
follows: Attheya zachariasi, Ceratoneis arcus, C. arcus var. amphioxys, Cymatopleura
solea, Cymbella ventricosa, Melosira granulata var. angustissima f. spiralis, M.
varians, Nitzschia sigmoidea, Rhoicosphenia curvata, Surirella ovata, Ankistrodesmus
falcatus, Franceia tenuispina, Lagerheimia wratislaviensis, Pediastrum duplex,
Scenedesmus denticulatus var. linearis f. granulatus, S. ecornis var. disciformis,
S. intermedius var. acaudatus, S. intermedius var. balatonicus, S. lefevrii var. semi-
serratus, S. quadricauda var. maximus, S. spinosus, Anabaena spiroides, Merismo-
pedia glauca, Phacus longicauda, Ophiocytium capitatum and Closterium acutum.
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The Cyclotella— Synedra actinastroides population maximum generally lapses
within a few weeks, and then in September, if the river is flood-free, a new rich
algal association develops in the Tisza; this is characterized by the dominance
of the Cyclotella and Chlorococcales species.

Population maximum characterized by
Cyclotella—Chlorococcales dominance

In early autumn, if the end of the summer is not rainy, a species-rich algal
association usually develops in the Tisza and the Eastern Main Canal. In addition
to the Cyclotella species, a considerable number of organisms belonging to the
Chlorococcales group are then found. Of these one may stress Ankistrodesmus
acicularis, A. angustus, Crucigenia tetrapedia, Tetrastrum glabrum and Scenedesmus
species. With high numbers of individuals, these are the main components of the
phytoplankton population. On 29 September 1969, for instance, the number of

Synedra Cyclotella Chlorococcales
million acfinasfroides
ind./L dom i nance
Synedra acfingstroides
9 [ Cyclotella spp
] [J chlorococcales spp
8 B orner algae
7_
6_
5_
i I
3_.
2
|
30 30 31 19 9 22 9595 27 KMN®XI 6 6 8
Sample VII. 1968 VIl 1969 Vi 1971 1969 X.1971
points: 1 2 3 b2 @3 028 .28 1273

Fig. 2. Quantitative compositions of the phytoplankton of the Tisza
and the Eastern Main Canal, based on one characteristic sample
each from 1) Tiszalok, 2) Tiszavasvari and 3) Balmazujvaros.



individuals from the Scenedesmus species reached 990 thousand per litre. They
then comprised 23.8% of the total population.

The number of individuals is generally less in the canal than in the Tisza; this
is primarily the result of the decrease in the number of individuals in the Cyclotella
species. In some cases, however, (e.g. 23 September—22 October 1971) it was found
that the number of phytoplankton organisms was higher at Balmazuajvaros. This
increase was caused by the enhanced multiplication of the species of the Chloro-
coccales group (Table 3).

The size of Table 3 has been decreased by reporting the quantitative data for
only three characteristic sampling series. The algal species found in the course of
the full examination period (4 August—29 October 1971), but not reported in the
Table, are as follows: Diatoma vulgare, Gyrosigma scalproides, Melosira granulata,
M. varians, Surirella robusta var. splendida, Coelastrum cambricum, Crucigenia
quadrata, Desmatractum indutum, Franceia tenuispina, Lagerheimia marsonii, L.
quadrisete, L. wratislaviensis, L. wratislaviensis var. trisetigera, Micractinium pusillum,
Pandorina morum, Pediastrum boryanum, P. tetras var. tetraodon, Scenedesmus
acutus f. costulatus, S. armatus, S. carinatus f. granulatus, S. gutwinskii var. bacsensis,
Schroederia setigera, Tetraédron minimum, T. muticum, Lyngbya limnetica, Merismo-
pedia glauca, M. teniussima, Spirulina maior, Euglena acus, E. proxima, Phacus
longicauda, Trachelomonas oblonga, Ceratium hirundinella, Dinobryon divergens,
D. sertularia and D. sociale.

Comparison of the Cyclotella—Synedra actinastroides and the Cyclotella—
Chlorococcales population maxima leads to the conclusion that in many respects,
they resemble one another. One decisive difference between them is that in the
first type the number of Synedra actinastroides individuals reaches and exceeds
100,000 per litre, frequently being above one million per litre, whereas in the second
type it does not. The former rich algal association develops at the height of the
summer, at the earliest in the middle of June. After a few weeks have passed, the
Synedra actinastroides disappear from the phytoplankton population, which is
then characterized by the predominance of the Cyclotella and Chlorococcales species.
This transition is shown in Fig. 2.

Ecological factors affecting the development
of the population maximum

Factors of importance in the multiplication of the algae and in the development
of the population maxima are the nutrients (HErRON 1961, LuND 1964, 1965,
BELCHER—SWALE—HERON 1966, WANG—EVANS 1969, AHLGREN 1970, HOLLAND—
BEETON 1972), the temperature (LUND 1965, WANG—EVANS 1969, UHERKOVICH 1971).
and the light (SwaALE 1963, LunDp 1965, 1967, UNERKOVICH 1970).

No exact measurements are available as to the nutrient contents of the Tisza
and the Eastern Main Canal. It may be assumed that at the end of summer and in
early autumn, when there is no flooding, the seston settles out from the slowly-
flowing river, and in parallel with this an anaerobic bottom-zone develops and the
release of nutrient is increased. Thus, the nutrients do not mean a minimum factor
as regards the development of the population maximum. It is desired to clarify
this assumption with further measurements.

In his publications on his investigations from the Tisza, UHERKOVICH (1968a,
1969, 1971) indicates on several occasions that the development of the population
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maximum, and its character, are affected by whether the river water is warmer
or colder. In our examinations to date we have not found a relation between the
occurrence of the summer and autumn population maxima and the change of the
water temperature.

A third important ecological factor influencing the overmultiplication of the
algae is the light (SWALE 1963, LunD 1965). Our own observations so far have
revealed that the development of the population maxima is affected considerably
by the light conditions. This is also pointed out in the papers of UHERKOVICH
(1968a, 1971).

A slight digression must be made here to clarify what factors affect the photo-
climate of the waters examined. It is well known that the water of the Tisza is strongly
alluvial (UHERKOVICH 1971). At the time of flooding at Tiszaldk, suspended-matter
contents of even 600—800 mg/l have been measured (Kiss KEVE—PINTER—
MuUNKACSY 1974). As a result of the shading effect of the large amount of seston,
there is a rapid absorption of the light entering the water. Only the uppermost
layer of the water is well provided with light, although this undergoes continuous
exchange because of the turbulence of the river water. Our observations indicate
that the photoclimates of the waters of the Tisza and the Eastern Main Canal are
primarily determined by their seston contents. In rainy, overcast weather, if the
amount of seston is small the light conditions may still be more favourable than
in sunny weather combined with a high seston content.

In our investigations there was no possibility of carrying out on-the-spot,
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Fig. 3. Quantitative conditions of the phytoplankton of the Tisza and
the Eastern Main Canal, and the change in the turbidity of the water
between 2 June and 23 November 1969.
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instrumental, underwater photomeasurements. Instead of this, photometric turbidity
measurements were made at 442 mu. The values of the turbidity were expressed
in units of mg mastix/l. Since the turbidity of the water depends on the seston
content, while the amount of seston also decisively affects the photoclimate of the
water, in the knowledge of the turbidity it is possible to draw conclusions on the
light conditions prevailing in the Tisza and the Eastern Main Canal. Of course,
this can be done only to the extent of saying whether these are favourable or un-
favourable for the multiplication of the algae.

From Figures 3—6 it can be stated that if the turbidity of the water of the
river or the canal decreases (to be less than a turbidity value of ca. 3), i.e. if the
photoclimate becomes favourable, then the rapid multiplication of the algae will
begin and the population maxima will develop. With the increase of the turbidity,
however, there is a parallel decrease in the number of algae, and the population
maximum declines. At a turbidity of 3 the seston content of the water varies in the
range 20—40 mg/l, while the Secchi transparency is 100—150 cm.

The dependence of the total number of algae on the turbidity was studied by
carrying out correlation calculations (THEISS 1958). (The data of Figs. 3—6 were
utilized. The data for the numbers of algae referring to the same turbidity values
were averaged.) The result was:

Correlation index I =0.583
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The correlation can be described by a hyperbolic function (see Fig. 7):

1
Y =317. 75.4 - —
317.3430 Y
From a comparison of the turbidity values from Figures 3—7, it may be stated
that plankton algal population maxima can develop in the Tisza and in the Eastern
Main Canal if the turbidity of the water decreases below 3. At such time the light
conditions are favourable for the overmultiplication of the algae.
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Fig. 7. Hyperbolic relation between the overall number
of algae and the turbidity.

There may be significant differences between the total numbers of algae at the
three sampling points at any time. The reason for this is in part that in summer
and early autumn the rate of flow of the Tisza section dammed up at Tiszaldk is
small because of the low water-level, whereas the water flow in the canal may be
rapid because of the intensive irrigation (UHERKOVICH 1964, 1966, 1971, Kiss KEvE—
PINTER—MUNKACSY 1974) and the increased turbulence is not favourable for the
multiplication of the algae. The rich algal association of the Tisza becomes poorer
in the Canal, and the numbers of algae decrease. It can be observed in Figures 3—6
that if a population maximum develops in the Tisza, then the turbidity there is less
than in the Balmaz(jvaros section of the Canal. Naturally, the reverse situation also
occurs in several cases. It is beyond doubt, however, that, besides the flow conditions,
the light and the turbidity, other unexamined ecological factors (such as the nutrient
supply) also affect the development of the number of algae. Nevertheless, it can be
seen from the results of the investigations that if the value of the turbidity is high
and . if the photoclimate of the water is unfavourable, then the population maxima
can not develop in the Tisza and in the Eastern Main Canal.

Our observations lead to the conclusion that if the Tisza is flood-free for 2—3
weeks after May—June and its water becomes clearer, then the possibility exists
for the population maxima of the plankton algae to develop in it.
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