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Long-term changes of the reed cover of the Lake Velence (12 years) were summarised for this
paper, with emphasis on the results of investigations in 1989 and 1990. On the basis of the analyses
it appeared that the water surface of the lake had lost its former mosaic-like character, which was
primarily caused by intensive reed harvesting. Due to the scarcity of water since 1989, the salinity
of the lake was increasing, as indicated by the increasing relative abundance of Chaetoceros muel-
leri as well as other factors. Scarcity of water also explains that algal fields detached from the base-
ment are getting wide-spread even in protected areas (still preserving the water quality characteris-
tic of the dark brown water surfaces), especially species of filamentous blue algae.
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INTRODUCTION

Lake Velence is the second largest alkaline lake in Hungary. In the forma-
tion of the bed of the 10-15,000 years old lake, tectonic forces, eolian processes,
as well as the closing of the outlets contributed most.

Sodification of the water was largely promoted by the primeval reed field
which practically closed the outlets of the lake (FELFOLDY 1981). The water
level of the Lake Velence had considerable changes from time to time, as it is
characteristic of sodaic lakes in general and even went dry once in every 100
years. Currently we have information of 13 dry periods. The last desiccation was
registered between 1863 and 1866. By the help of the Dinnyés dam and the Diny-
nyés-Kajtor channel building at the end of the last century, the water level of the
lake became regulable. It was further supported by two additional water reser-
voirs built on the inlet of the Csaszér-stream (Patka and Zamoly reservoirs).

Due to the originally extent reed cover, the water quality of the lake was
mosaic-like (FELFOLDY 1972). On the SW parts, the small inner lakes sur-
rounded by reed fields were characterised by dark brown water, while the water
of the open surface at the middle of the lake was grey due to grains of silt per-
turbed by the wind. Reed fields at the NE parts of the lake enclosed brownish
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water surfaces with algae, while the riparian parts without reed was characterised
by green water. The quality of certain water surfaces was changeable depending
on the courses of the wind; these were of transitional character.

In course of a restoration work in the eighties 4.1 km of reed fields were
cleared, aiming at better recreation circumstances.

The water chemical conditions of the lake are known from the works of
FELFOLDY (1972a, 1973, 1974, 1975, 1977) and GORzO (mscr.). Phytoplankton
studies were performed by BARTHA (1977, 1979, 1980), BARTHA and HAJDU
(1978), periphyton studies by LAKATOS (1975, 1976, 1978, 1983, 1986, 1989),
LAKATOS and BARTHA (1989), LAKATOS and Acs (1990), LAKATOS et al.
(1991), ACS and LAKATOS (1990), Acs etal. (1991).

The present paper discusses the investigations of the reed cover of Lake
Velence in 1989 and 1990. Studies in 1988 have already been published in details
(Acs and LAKATOS 1990, Acs et al. 1991, LAKATOS and Acs 1991). For the
evaluation of the formation of the mosaic-like character as well as for the inter-
pretation of certain remarkable changes, data gathered in 1988 were also used, as
well as the observations by LAKATOS and BARTHA (1989).

MATERIALS AND METHODS

Algal coating samples were collected in July 1988, 1989 and 1990 from the
side of the reed-fields facing the open water surfaces, from the green reed stems
just under the water surface level (5-35 cm below the surface). Sampling points
coincided with those of LAKATOS and BARTHA (1989) who collected samples in
1978. Their points were originally selected with an eye based on the water
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quality existing in those days. Besides these an additional sampling point was se-
lected at the 'Német-tisztas', which is located within the protected area (Fig. 1).

The elaboration method of the samples has already been published in details
(Acs etal. 1991). Cluster analysis based on Czekanowski-index (CZEKANOWSKI
1909), was performed with the WPGM fusion algorithm using the software pack-
age SYNTAX Il (PODANI 1988).

Sampling points and their abbreviations on the Figures, correspond with the
water quality districts of 1978, are as follows:

a) regions of dark brown water: Vendel-tisztds (Ve), Nagyté-Rigya (Na),
Gallér (Ga), Vaskapu (V), Hollés (Ho), Német-tisztas (Né)

b) regions of grey water: Nagy-tisztas (Nt), Fels6-t6 (Fe), Nadas-t6 (N),
Bels6-tisztas (B)

c) regions of algal brown water: Oreg-tisztas (O), Karaszos (K)

d) regions of green water: Firdetd (Fu)

e) regions of water with transitional character: HosszU-tisztas (Ht), Langi-
tisztds (L), Kayak-canoe grounds (Kk)

RESULTS AND DISCUSSION

From the coatings in 1989 and 1990, 119 and 110 algal taxa were identified
respectively (Table 1). Their distribution according to phyla is summarised in
Table 2.

There were remarkable changes in the reed coating of Német-tisztas (Né).
The sample taken from this site in 1988 did not appear as separate from the
others on the dendrogram of the cluster analysis (Fig. 3). In the subsequent year
this sample joined to the rest at 0.42 similarity rate (Fig.4), while in 1990 it
formed a considerably separate group together with the sample of the neighbour-
ing Vendel-tisztas (Ve) (Fig. 5). Changes in the taxonomic composition are dem-
onstrated on Fig. 6.

It is remarkable that the taxon number of blue algae has increased, together
with their individual number. While in 1988 and 1989 the three predominant
algal organisms were diatoms (Achnanthes minutissima = ACHMIN, Cymbella
lacustris = CYMLAC, Fragilaria capucina var. vaucheriae = FRACVYV, and A.
minutissima, F. construens = FRACON, Rhoicosphenia abbreviata = RHOABB
respectively), in 1990, two filamentous blue-green algal taxa were found in high
guantities (Oscillatoria chlorina = OSCCHL, Pseudanabaena tenuis -
PSETEN), though the most abundant was a diatom (Cocconeis placentula =
COCPLA) again. The two blue-green algae can be described as inhabitants of
base sediments, i.e. rotting silt (FELFOLDY 1972b). Due to the extremely dry
years since 1989, an increasing deficiency of water appeared in the lake. In 1990



Table 1. List of taxa

Taxa 1989 1990
Cyanophyta

Anabaena catenula (Kitz.) Born, et Flah. ? + +
Anabaena sp. +
Anabaenopsis sp. +

Aphanocapsa grevillei (Hass.) Rabenh. + +
Chroococcus minutas (Kitz.) Nageli + +
Lyngbya kitzingii Schmidle +
L. limnetica Lemmerm. + +
Merismopedia glauca (Ehrbg.) Négeli + +
M. tenuissima Lemmerm. + +
Microcystis aeruginosa Kiitz. +
Nostoc sp. +
Oscillatoria amphibia Agh. ? +

O. chlorina Kiitz. + +
O. mougeotii Kitz. +
O. planctonica Wolosz. +
O. tenuis Agh. + +
Oscillatoria sp. + +
Pseudanabaena tenuis Koppe + +
Snowella lacustris (Chodat.) Korn, et Hindak + +
Spirulina laxissima G. S. West +
S. subtilissima Kiitz. + +
Synechococcus cedrorum Sauv. +

Euglenophyta

Euglena acus Ehr. +
E. polymorpha Dang. + +
Phacus caudatus Hibner +
P. acuminatus Stokes +
P. curvicauda Swir. + +
Phacus sp. I. + +
Phacus sp. II. +

Chrysophyta, Xanthophyceae

Goniochloris fallax Fott + +



Taxa 1989 1990
Chrysophyta, Bacillariophyceae

Achnanthes minutissima Kitz. + +
Amphora libyca E. +
A. ovalis (Kitz.) Kitz. +

A. pediculus (Kitz.) Grun.
A. veneta Kitz. + +
Anomoeoneis sphaerophora (Ehr.) Pfitzer + +

A. sphaerophora costata (Kutz.) Schmid

A, sphaerophora f. sculpta Krammer +
Aulacoseira granulata var. angustissima (0. Muller) Simons + +
A. italica var. tenuissima (Grun.) Simonsen +
Caloneis silicula (Ehr.) Cl. + +
Campylodiscus clypeus Ehr. +
C. hibernicus Ehr. + +
Centrales sp. + +
Chaetoceros muelleri Lemmerm. + +
Cocconeis neothumensis Krammer + +
C. pediculus Ehr. + +
C.placentula Ehr. + +
Cyclotella meneghiniana Kitz. + +
Cymatopleura solea (Bréb.) W. Smith +
Cymbella affinis Kiitz. +
C. aspera (Ehr.) Cleve +
C. caespitosa (Kutz.) Brun. +
C. cistula (Ehr.) Kirchn. +
C. cymbiformis Ag. + +
C. delicatula Kitz. + +
C. lacustris (Ag.) CI. + +
C. leptoceros (Ehr.) Kitz. +
C. microcephala Grun. + +
C. minuta Hilse +
C. prostrata (Berkeley) CI. +
C. silesiaca Bleisch +
Diatoma tenuis Ag. + +

D. vulgare Bory +



Taxa
Diploneis oblongella (Né&geli) Cleve-Euler
Entoinoneis alata (Ehr.) Ehr.
E. costata (Hust.) Reimer
Epithemia adnata (Kiitz.) Bréb.
E. sorex Kitz.
Eunctia bilunaris (E.) Mills
Fragilaria capucina var. rumpens (Kutz.) Lange-Bert.
. capucina var. vaucheriae (Kutz.) Lange-Bert.
. construens (Ehr.) Grun.
. nana Steemann-Nielsen
. pinnata Ehr.
. pulchella (Ralfs) Lange-Bert.

. ulna (Nitzsch) Lange-Bert.

L U o A o e R o R 0

. ulna var. acus (Kutz.) Lange-Bert.
Fragilaria sp.

Frustulia rhomboides var. crassinervia (Bréb.) Ross
Gomphonema angustum Ag.

G. gracile Ehr.

G. olivaceum (Hornemann) Bréb.

G. olivaceum var. calcareum (Cl.) Cl.
G. parvulum (Kitz.) Kitz.
Gomphonema. .

Gyrosigma acuminatum (Kutz.) Rabenh.
Mastogloia smithii Thwaites

Melosira varians Ag.

Navicula capitata Ehr.

N. capitata var. hungarica (Grun.) Ross
N. cryptocephala Kiitz.

N. cuspidata (Kutz.) Kitz.

. halophyla (Grun.) Cl.

. lanceolata (Ag.) Ehr.

. lenzii Hust.

.margalithii Lange-Bert.

. oblonga Kiitz.

z2 2 2z 2Z2 Z2 Z

. pseudotuscula Hust.



Taxa
N. pupula Kitz.
N. rédiésa Kiitz.
N. rynchocephala Kiitz.
N. veneta Kutz.
Nitzschia acicularis (Kutz.) W. Smith
. angustata Grun.
. capitellata Hust.
. dissipata (Kutz.) Grun.
. frustulum (Kditz.) Grun.
. linearis (Ag.) W. Smith
. pusilla Grun.
. sigmoidea (Nitzsch) W. Smith

z2 2 Z2 Z2 Z2 Z2 Z2

Nitzschia sp. I.

Nitzschia sp. Il.

Nitzschia sp. Il1.

Ophiocytium capitatum Wolle
Pinnularia interrupta W. Smith

P. subcapitata Gregroy

Rhoicosphenia abbreviata (Ag.) Lange-Bert.

Rophalodia gibba (Ehr.) 0. Muller
Skeletonema potamos (Weber) Hasle
Surirella ovalis Bréb.
S. peisonis Pant.
Cryptophyta
Cryptomonas erosa Ehr.
C. ovata Ehr.
Chlorophyta
Cladophorafracta (Dillw.) Kitz.

Closteriuin moniliferum (Bory) Ehr.

Coelastrum microporum Nageliin A. Br.

C. pseudomicroporum Kors.

C. sphaericum Négeli

Cosmarium granatum Bréb.

C. laeve var. westii Krieg, et Gerl.

C. polygonatum Haléasz

1989

1990



Taxa 1989 1990

C. tenue (Arch.) W. West + +
C. trilobulatum (Reinsch.) W. West + +
Crucigenia quadrata Morr. + +
C. tetrapedia (Kirchn.) W.et G. S. West +
Didymocystis planctonica Kors. + +
Golenkinia radiata Chod. +

Lagerheimia cdiata (Lagerh.) Chod. +

L. genevensis (Chod.) Chod. +

L. subsalsa Lemmerm. +

Monoraphidium contortum (Thur.) Kom.-Legn. +

M. griffithii (Berk.) Kom.-Legn. +
M. minutum (Né&geli) Kom.-Legn. + +
Mougeotia sp. + +
Oedogonium sp. + +
Qocystis borgei Snow +
0. lacustris Chod. + +
0. solitaria Wittr. in Wittr. et Nordst. + +
Pediastrum boryanum (Turp.) Menegh. + +
P. tétras (Ehr.) Ralfs + +
Scenedesmus acuminatus (Lagerh.) Chod. + +
S. acutus Meyen. + +
S. apiculatus (W.et G. S. West) Chod. +

S. armatus Chod. + +
S. ecornis (Ehr.) Chod. + +
S. opoliensis P. Rieht. + +
S. quadricauda (Turp.) Bréb. + +
S. spinosus Chod. + +

Schroederia setigera (Schréd.) Lemmerm.

S. spiralis (Printz) Kors. +
Spirogyra sp. +
Staurastrum cingulum (W.et G. S. West) G. M. Sm. + +
Tetraédron caudatum (Corda) Hansg. + +
T. minimum (A. Br.) Hansg. +

Tetrastrum glabrum (Roll) Ahlstr. et Tiff. +



Table 2. Distribution of taxa

1989 1990

Cyanophyta 14 20
Euglenophyta 7 3
Chrysophyta

Xanthophyceae 1 1

Bacillariophyceae 84 64
Cryptophyta 2
Chlorophyta 39 33
Sum 145 123

the reservoir went dry. The estimated amount of missing water was about
12-14 X 106 m’ in 1993, which was one third of the total water stock of the lake.
Due to the shortage of water, the algal cover of the basement in the Német-tisztas
got degraded, broken, and floated to the surface causing anaerobic conditions
underneath (GORzO mscr.).

The dendrograms of the 1978 and 1988 surveys show fairly distinct groups
for the samples collected from planktonically eutrophised water districts (Fur-
detd, Oreg-tisztas, Karaszos) (Figs 2-3). These samples, however, cannot be dis-
tinguished from the rest on the 1989 and 1990 graphs (Figs 4-5).

The coating of the planktonically eutrophised waters can be characterized
by a low taxon number (LAKATOS and BARTHA 1989). In 1978, the taxon num-
ber of the sampling sites Fiirdet6 and Oreg-tisztas were smaller than at the other
three sampling years (Fig. 7). Though the sampling site Karaszos belonged to the
brown water district, too, its individual number of planktonic algae was smaller
than at the other two sampling points (LAKATOS and BARTHA 1989). In the last
ten years, there was a general sinking observable in the trophic level of the NE
parts of the lake. The artificial reed field planted at Kapolnasnyék in 1986-87
reserved 25-30% of nitrogen and 90-100% of phosphorus (GorRz0O mscr.). Prob-
ably this fact can explain the rise in the taxon number of the coating observable
since 1988. Salinisation as a consequence of the sinking water level may be the
cause of the increasing relative abundance of the siliceous alga Chaetoceros
muelleri (Fig. 8) since 1988. This species is well known for its resistance to
higher salinity. In 1978 samples taken from different water quality regions of the
lake formed several distinct clusters at 50% level of SICC (Similarity Index
Community Coefficient) (CUNG et al 1991) (Fig. 2). By 1988 all the samples
joined at higher levels of similarity than 50% (Fig. 3). Since 1989 we have ob-
served a gradual separation of the algal coating of the Német-tisztas, while all the



Fig. 2. Dendrogram of the 1978 samples based on the Czekanowski-index. See the text for abbrevi-
ations

Fig. 3. Dendrogram of the 1988 samples based on the Czekanowski-index. See thetext for abbrevi-
ations



Fig. 4. Dendrogram of the 1989 samples based on the Czekanowski-index. See the text for abbrevi-
ations

Fig. 5. Dendrogram of the 1990 samples based on the Czekanowski-index. See the text for abbrevi-
ations



Fig. 6. Taxonomic composition of reed-periphyton of Német-tisztas sampling site in 1988, 1989
and 1990 with 3-3 dominant species. See text for abbreviations

Fig. 7. Changes of the number of taxa at Fiirdetd, Oreg-tisztas and Karaszos sampling sites in the
four examined years



Fig. 8. Changes of relative abundance of Chaetoceros muelleri inthe four years examined

other samples are getting more and more similar (Figs 4-5). On the basis of the
analyses of the periphyton samples it ssemsthat the lake hes lost its former mo-
saic-like character, except the natural protection area where the original water
quality was more or less preserved, though the composition of its algal coating
has been aso transformed, by the immigration of certain blue-green algae origin-
ally characteristic of the basement regions.

CONCLUSIONS

By our days the Lake Veence has amost completely lost the former mo-
saic-like character of its water quality. Traces of the original water quality is
maintained only by the protected western parts of the lake. Due to artificial inter-
ference, by the clearing of the remaining reed fields the water of formerly distinct
regions have been mixed. Formerly, the unwelcome effects of local deterioration
of water quality were isolated (local) effects (e.g. massfish decay due to tempor-
ary decrease of oxigen), but lately the disadvantageous effects could spread al-
most without obstacles throughout the whole lake (e.g. the mass spread of the



toxic blue-green alga Microcystis aeruginosa Kitz. within the plankton in the last
three years). The improvement in the water quality of the lake achieved in course
of the reconstruction measurements cannot be considered permanent as the more
than 20 km long artificial shore, the low extent of the reed fields and the low
water level exposed the lake very sensitively to changes caused by diffuse pollu-
tions.

Acknowledgement. The authors gratefully acknowledge the financial support of the Hungarian
Research Fund (OTKA F5251 project).

REFERENCES

ACS, E. and LAKATOS, GY. (1990): Velencei-tavi nadbevonatok algadsszetételének Osszehasonlitd
vizsgdlata. [Comparative study of algal-composition of the reedperiphyton in Lake
Velence.] - XXXII. Hidrobiolégus napok, pp. 15-17.

Acs, E.,BUCZKO, K. and LAKATOS, GY. (1991): A Velencei-t6 és a Fert6 nadbevonatanak 6sszeha-
sonlité algolégiai el§vizsgalata (Comparative algological study of the reed-periphyton in
Lake Velence and Lake Fert8). - Bot. Kozlem. 78: 95-111.

BARTHA, ZS. (1977): Phytoplankton investigations on Lake Velence (Algal count and biomass). -
Acta Bot. Acad. Sei. Hung. 23: 1-11.

BARTHA, ZS. (1979): Scenedesmusok a Velencei- t6b6l. (Scenedesmus-Arten aus dem Velenceer
See). -Bot. Kozlem. 66: 165-176.

BARTHA, ZS. (1980): A Velencei-t6 mozaikossaganak véltozasa afitoplankton vizsgalatok tikrében.
- XXII. Hidrobiol6gus Napok, p. 14.

BARTHA, ZS. and HAJDU, L. (1978): Phytoplankton community structure studies on Lake Velence,
Hungary. I.Diversity. - Acta. Bot. Acad. Sei. Hung. 25: 187-222.

CUNG, H., LEE, H. J. and LEE, I. K. (1991): Vertical distribution of marine algae on a Gallam rocky
shore of the mid-east coast of Korea. - Korean J. Phyc. 6: 55-67.

CZEKANOWSKI, J. (1909): Zur differential Diagnose der Neandertalgruppe. - Korrespbl. dt. Ges.
Anthrop. 40: 44-47.

FELFOLDY, L. (1972a): A Velencei-t6 vizmindségi vizsgalata. 3. részjelentés. - VITUKI témabesza-
mol6, pp. 1-131. (kézirat)

FELFOLDY, L. (1972b): A kékalgak (Cyanophyta) kishatarozéja. - VHB 1, VIZDOK, Budapest, pp.
257.

FELFOLDY, L. (1973): A Velencei-t6 vizminGségi vizsgalata. 4. részjelentés. - VITUKI témabesza-
mol6, pp. 1-82. (mscr.)

FELFOLDY, L. (1974): A Velencei-t6 vizminGségi vizsgalata. 5. részjelentés. - VITUKI témabesza-
mold, pp. 1-38. (mscr.)

FELFOLDY, L. (1975): A Velencei-to vizminGségi vizsgalata. 6. részjelentés. - VITUKI témabesza-
mold, pp. 1-42. (mscr.)

FELFOLDY, L. (1977): A Velencei-t6. - In: FELFOLDY, L. (ed.): Hidrobiol6giai Tovabbképz§ Tanfo-
lyam, Tihany, pp. 230-240.

FELFOLDY, L. (1981): A vizek kornyezettana. Altalanos hidrobiolégia. -Mez6gazdasagi Kiado, Bu-
dapest, 290 pp.

GORZO, GY.: Hydrological conditions and water quality of Lake Velence, Hungary. - (mscr.)



LAKATOS, GY.(1975): A bentonikus eutrofizalodas jelentésége és aktualis kérdései a Velencei-
tavon. -Palyami (mscr.), pp. 1-118.

LAKATOS, GY. (1976): On the photosynthesis and chlorophyll efficiency in benthonic communities
dominated by Vaucheria dichotoma Agh. inLake Velence. - Acta Bot. Acad. Sei. Hung.22:
381-391.

LAKATOS, GY. (1978): The phenomenon and significance of bentonic eutrophication in Lake
Velence, Hungary. - Acta Biol. Debrecina 15: 147-163.

LAKATOS, GY. (1983): Accumulation of elements in biotecton forming on reed (Phragmites aust-
ralis) in two shallow lakes in Hungary. - Proc. Int. Symp. Aquat. Macrophytes, Nijmegen,
18-23: September, pp. 117-122.

LAKATOS, GY. (1986): A Velencei-t6 nadasainak él6bevonata 1979-1984. In: A tavak élete és viz-
gazdalkodasa. - Magyar Hidrologiai Tarsasag V1. Orszagos Vandorgyd(lés I, pp. 61-70.

LAKATOS, GY.(1989): The effect of rehabilitation on the reed-biotecton (Periphyton) in Lake
Velence (Hungary). -BFB-Bericht  71: 135-139.

LAKATOS, GY. and BARTHA, ZS. (1989): Plankton- und Biotekton-Untersuchungen im Velencei-
See (Ungarn). - Acta Biol. Debrecina 21: 37-66.

LAKATOS, GY. and ACS, E. (1991): NAd élébevonat vizsgalatok a Velencei-tavon (1978-88). [In-
vestigations on the reed-periphyton in Lake Velence (1978-88).] - V. Fejér megyei Kor-
nyezetvédelmi Szeminarium 1990. okt. 15-17,2:291-302.

LAKATOS, GY., Acs, E. and BUCHTIJAROVA, L. N. (1991): Study on reed-peri phyton in Lake
Velence. - Annls hist.-nat. Mus. natn. Hung. 83: 187-197.

PODANI, J. (1988): SYN-TAX Il1User's manual. - Abstracta botanica (Budapest) 12(Suppl.1),
183 pp.

(Received, 30 November, 1993)





