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Abstract

A process of water purification is characteristic for the second biggest Hungarian river in tho
stretch between the mouth of the Saj6 river and Szolnok. Because of the considerable water con-
sumption of Szolnok for industrial purposes and drinking-water supply, the water quality and its
longterm changes are of outmost importance. Our analysis is based on the evaluation of results ob'
tained in the studies of water samples collected weekly from the Tisza reach at Szolnok (335,4 river
km, Fig. 1) in the period 1970-1988. In order to obtain sufficiently detailed information on the
water quality the most important 27 water quality parameters have been considered in the present
study.

The changes observed in the annual maximal, minimal and mean values of several parameters
in the period between 1970 and 1988 are shown in Figs 2-5. The changes in the water quality
reflected by the mean values of the quality par.rmeters were not considerable, altogether deteriora-
tion of water quality was observed (Table 1), which is proven by the increase in the average concentra-
tions in most of the parameters.

The direction and extent of the changes were determined for the periods 1970-1978 and
1979-1988 by means of regression analysis (Table 1). It was found that a considerable deterioration
of water quality took place in the 70s. Among the parameters studied 52% showed an improved or
unchanged water quality, 22Yo indrcated slight and 22% - considerable deterioration between 1979
and 1988 (Table 2).

The quality of water in the Tisza met the I. class requirements when used for industrial and
irrigation purposes during the whole period studied (Table 3). From 1976 on it corresponded only
to If. class in covering the needs of fishery or drinking-water supply, and in this field a further de-
terioration of water quality is to be expected.

Introduction

The water of the Tisza river reaching the territory of Hungary is very clean,
all water euality parameters meet the requirements for I. class water quality. Ho-
wever, the river water is influenced unfavourably by its tributaries, in the first place
by the polluting materials carried by the Szamos and Saj6 rivers. A process of water
purification is characteristic for the Tisza stretch from the mouth of Saj6 to the
reach at Szolnok, where our studies have been carried out (VrcH 1983).

Since the consumption of water for industrial purposes and drinking-water
supply in Szolnok is significant, the water quality and its long-term changes are of
a particular importance. The changes have been followed in our studies on the basis
of data obtained for the reach at Szolnok Q35,4 river km) above the mouth of the



Zagyva river (Fig. 1). Samples have been collected in this reach practically every
week (52 samples/year) between 1970 and 1988. In our analysis data on 27 important,
almost exclusively rnacro-component parameters were evaluated.

Anornsou-ZAGoRSKI (1968) studied 3 water quality parameters (dissolved Or,
BOD5 and coliform bacteria) in a reach of the Passaic river between 1955 and 1968
assuming linearity of the trends. Epwanps-Tuonwrs (1973) studied the tendencies
in 8 water quality parameters on the basis of weekly measurements in the Staur river
during a twenty-year period (1950-1970). HonvAut-PANNoNHALMI-Vipev
(1981) compared the relation between concentration and massflow in respect to four
parameters (CODft, NH4, NOs and POo) for the whole stretch of the Danube on the
territory of Hungary during two periods (1968-1972 and 1973-1978). RorscmtN
(1981) evaluated a series of COD, measurements carried out on water samples from
the Danube between 1950 and 1978 in a function of time. SrncueN (1976) estab-
lished trend equations for 9 parameters measured in Oker between 1965 and 1974.

Hocr (1981) determined the trends for a ten-year series of 6 water quality
parameteis measured in 25 incoming and 3 outgoing reaches of Hungarian border
rivers. In 1983 he developed a water quality model for prediction of the trends in
water quality changes, the results of which were demonstrated on the data measured
between 1970 and 1979 in 11 border reaches ofthe Tisza river system (Tisza, Szamos,
Bodrog, Saj6, B6dva, Hern6d, Feh6r-Kcjrix, Fekete-Kcircis, Sebes-Kcircis, Beretty6,
Maros). From l1 border reaches studied, in 9 cases for the concentration of POn-ion
8,0-18%, for ammonium-ion in 8 rivers 3,0-12,7o/o, for nitrate-ion as well in 8
border rivers 3,5-10,6 %, for dissolved o.2in 7 rivers 0,8-2,99'o, for BOD5 in 3 rivers
2,5-8,5% annual water quality deterioration was established. Among the six border
rivers from the water-shed area of the Tisza above Szolnok the most significant water
quality deterioration occurred in the Szamos.
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Fig. 1. Tbe stretch of the Tisza river on the territory of Hungary



Materials and Methods

In the evaluation of the water quality of the Tisza river were used the results of measurements
carried out on samples taken from the reach at Szolnok (above the influx of the Zagyva river, 335,4
river km). This reach belongs to the national basic surface water network, where the water tests
are carried out weekly (number of samples: 52ly.ear). The water quality parameters were measured
in the samples in the Laboratory of KOTI-KOVIZIG (Directorate of Environmental and Water
Conservancy of the Central Tisza Region) in Szolnok according to the effective regulations and
CMEA methodology.

Results and Discussion

Concent ra t ion  changes in  func t ion  o f  t ime

It is important to emphasize that annual changes in water quality are influenced
to a considerable extent not only by the varying pollution load but by the hydrolo-
gical and meteorological factors as well.

One of the most important factors modifying the water quality - the water
output, varied significantly from year to year (Fig. 2). The maxima often exceeded
many times the mean value.
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Fig. 2. Changes in water output, total suspended matter and COD* concentrations in the Tisza
(Szolnok)
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.fhe 
total concentration of the suspended mater depended strongly on the river

flow. In all cases maximal values were measured during the periods of high water,
reaching occasionally extremely high values, exceeding 1000 mg/I. Minimal values
between 1 and 10 mg/l coincided with the summer periods of low water (Fig. 2).

The annual maxima of COD measured in the original samples by the chro-
mate method, appeared together with the maxima in suspended mater concentra-
tions (Fig. 2). The mean values were close to or even in one year exceeded the I.
class limit value.

The changes in BOD, concentration values in difierent years were less pronoun-
ced than those of COD.

The concentration ofdissolved O, (and the oxygen saturation) tended to decrease
in the course ofthe 19 years ofobservation, hou'ever, since 1978 the decrease stopped
(Fig. 3). The oxygen iontent of water was always sufficient for supporting the iife
functions of aquatic organisms. The minimal values fell between the limit values for
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Fig. 3. Changes in concentration values of dissolved oxygen, ammonium-ion and phosphate-ion
in the Tisza (Szolnok)
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L and II. class, and were observed in the summer-autumn periods of low water.
The trend in the changes of this parameter is in accordance with the increase of the
organic rnater content in the water.

Among plant nutrients the concentration of ammonium-ion steadily increased
(Fig. 3). In the last years its mean values exceeded the I. class limit value. Maximal
values were observed always in winter periods characterized by low water tempera-
ture (WarraNor 1987). Minimal values were registered in warm summer periods.
The values of this parameters varied in a relatively wide range from year to year.

The mean concentrations of nitrite-ion fell in the II. class water quality range.
'Iill 

1980 its values increased, after which they decreased to a similar extent. :

The concentration of nitrate-ion hardly changed in the studied period, and its
mean values never exceeded 9 mg/I. The maximal values were lower than the I.
class limit values (Wauaxnr 1988).

'fhe 
measurements of total nitrogen content started in 1975. The values showed

a strongly decreasing tendency. The maxima coincided with the periods of the
maximal concentration of suspended mater. Since 1979 the changes in the mean
values showed a gteat similarity to the changes in the average water output.

The phosphate-ion content of the Tisza increased significantly (Fig. 3).

l t c

l c

Fig. 4. Changes in the concentration of total dissolved matter, Na% and pH values in the Tisza
(Szolnok)
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This increase can not be attributed slowly to the application of phosphate artif-
cial fertilizers in the agriculture, since the phosphate concentration of communal
waste-waters is as well significant (Wurlunr 1988).

The changes in the mean concentration of the total phosphorus did not follow
in magnitude the increase in the phosphate-ion concentration. The maximal values
are remarkably high and usually coincided in time with the suspended matter maxima.

Among the mineral components the total mineral salts are included in good
approximation in the total dissolved matter. The values of this parameter are con-
sidered to be favourable since even the maximal values are within the I. class range
Gig. a).

Considerable changes in unfavourable direction were observed in the Na l;
values (Fig. a). The increase in this parameter is probably related to the raise in
chloride- and sulphate-ion concentrations. In the last years during lasting periods
of low water the maximal values fell already into II. class range. The source of the
increased Na load is the industry and partially the thermal waters in the Tisza water-
shed area.

The total hardness and alkalinity of the Tisza water did not change noticably
in the last 19 years.
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Fig. 5. Changes in the concentrations of anion active detergents, a-chlorophill and saprobity-index
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The chloride- and sulphate-ion concentrations showed a slight increase but
remained in the favourable lower half of the I. class ranse.

, The pH values were in the I. class range of 6,5-.8,5, except for one case. Both
the mean and maximal values showed an increasing tendency Gig. +y.

Phenols originating mainly from antropogen sources showed an increase in
the last few years.

The concentration of anion active detergents is favourably Iow. The mean con-
centrations did not increase since 1980. However, occasionally strikingly high maxi-
ma were detected, which tended to be less pronounced in ihe last years (r'ig. s).

___ The apolar mineral oils (UV-oils) have been determined photometrically in the
uv spectral region (MSZ-12750123-16). According to some oppinions,-besides
the oils other organic substances absorb as well at the waveJerifth used in our
measurements. For this reason the measured values contain certain positive error
of unknown magnitude. The concentration values showed a definite inirease.

{.mong the biological components the values of s-index (Saprobity index)
practically did not change, except for insignificant variations (Fig. s). the-changei
in S-index did not follow the increase in the organic matter contJnt.

The increase in the mean value of a-chlorophill followed with considerable
variations the increase in the concentrations of ammonium- and phosphate-ion,
which being plant nutrients are easily taken up by the algae. The maximal valuei
increased significantly in the last yeari 1Fig. 5).lnd were miasured in warm summer
periods of low water.

Tendenc ies  in  water  qua l i t y  changes

In a series of water quality data measured during a comparatively long period
components reflecting long-term trends, periodicity and randomly occurring chan-
ges can be distinguished (KdvEs-PinNrczr<v 1986).

_ 11 lhe present evaluation we did not look for the causes of water quality changes
and did not estimate the individual effects of different modifying factors (waler
output, loading, meteorological circumstances, etc.). For diffeieni consumers the
r-esulting water q]rality is of a primary importance. It can be seen from the figures
that the changes in the mean values are comparatively small. For this reason asium-
ing a linear trend, the regression lines were ialculated for the mean values obtained
in the peliods 1970-1978 and, 1979-1988. with their help the annual changes
were obtained and are summarized in Table I in percent and concentration valies
(because of. the importance of water output, the corresponding data for this para-
rneter are given as well).

Among the 27 parameters studied - Iaking into consideration the mean values
obtained in the two-periods - altogether in 6 cases an improvement of water quality
was obseryed (Table 1). Thus during the whole l9-yeai period a deterioration of
water quality occurred.

. Ifthe two periods - 1970-1978 and 1978-198s - are considered separately,
it can be seen that a considerable water quality deterioration took place in ttre ZOs.
In this period the organic mater load increased and the dissolved oxyg"tr and oxygen
saturation decreased (Because of the significant increase in CoD.. vitues in 197g-
79, a deueasing tendency was obtained for both periods). The toncentrations of
ammonium-, nitrite- and nitrate-ions considerably increased.

- In 1979-1988 period a significant increase was observed in Na% and pH
values, concentrations of phosphate-ion, phenols and a-chlorophill. However, ihe



absolute increase of phenol concentration is negligibly small' During this period

among the parameteri studied 52% showed improved or unchanged water quality.

22% {ndicaied small and 22% -- a considerable deterioration (Table 2). The ab-

solute value of the change observed lbr the only substantially deteriorated para-

meter - dissolved Mn - is insignificant (Table l).

Changes in  water  quat i t y  accord ing  to  the  spec i f i c i t y  o f  consumer

Since 1978 the biological stability of water determined on the basis of l7 fre'

quently measured components according to the regulations- (MSZ-10-17213-85)

"ttutrg"r 
steadily from i. to IL class (Table 3). The mineral components important

wheriwater is uied for inclustrial and irrigation purposes did not.change significantly,

as described above. In these two fields of consumption the Tisza water was of I'

Table 1. Measure of water quality changes in the Tisza reachat Szolnok

/ 1970-1988 )

Component
1970-78 1979-1988

change
gtolyear nglllYear

197A-78 1979-1988
Mean value

mg/l

Water output 4 ,O -7 ,1  -41  (m3 ls ) 568 580

Total suspended mater
Dissolved Fe
Dissolved Mn

- 8,4

- 8,8

- 6 , 9
. A

9,4

- ) a

0,007

108
0,10
0,078

147
0,22
0,03

Er COD"'
Er COD"
BODs
Dissolved Or
02 saturation

- 0,04
-0,53
-0,10

0,o34
0,37(%)

5,97 6,68
19,6 21,4
4,62 4,47

t0 ,1  9 .24
91,4 82,9

-  0 ,1*
I  t *

-  1 r8
-  1 , 8

t o

-0,6
_- ' )  <
_ _ ) ' )

o,4
0,4

Total alkalinity
Total hardness

Cl-- ion
SOr-ion

Total dissolved matter
sp. conductivity
Na% value
pH value**

-  1 ,0
-  1,0

o,3
) <
0,8
0,8
) 4

- 0,8

-0,7
--o,7

1,5
1 ,3
o,7
0r6

-o,02 2,62 2,51
- 0,68 92,5 90.5

0,5 30,5 33,4
o,7 47,6 52.2
2,0 257 282
2,6 (uS/cm) 361 400
0,7 (%) 20,6 23,2
0,007(-)  7,38 7,5 '1

NHn-ion
NO2-iori
NO.-ion
Total N
POo-ion
Total P

I  1 , 5
4 ,1

_ t r  ( *

0,6
- q  5

-  1 ,0
-7,O

6,0
-3 .1

0,006
-o,o21
- 0,08
-0 ,3 i

o,012
-0,01 I

o,74 0,95
o,fr 0,22
7,2 

'1,6

4,4
0,13 0,21

o,29

Phenols
ANA detergents
UV oils

- 5,6
5 ?

- ) n

6 ,5

0,ooo2
0,001
0,018

0,004
0.034 0,050

0,28

S-index
a-chlorophill

-v o12
4,6

0,005 ( - )
o,6o (mg/m3)

2 ,12  2 , l r
13,0

* 1971-1978
** calgtrlaf ion of the measUre

l 0

of change: changel2,O (the L class range 8'5-6'5:2.0)



class during the whole period studied and in the near future its classification is not
expected to change.

. . _Th" majority o{ the parameters important from the point of view of fishery and
drinking-water supply showed unfavourable changes. Consequently from l9i6 on

Table 2. Eualuafion oJ water quality changes in the period
1979-1988 on the basis of MSZ l0-t72lj-83

1 .  P r a c t i c a l l y  u n c h a n g e d  o r  i m p r o v i n g  c o m p o n e n t s  ( n  :  1 4 ,  S l , g % )

2.  S l igh t ly  de ter io ra ted  components  (=3o/o lyear )  (n  :  6 ,  22 ,2%\

Na% value
amonium-ion
S-index

total dissolved mater
sp. conductivity

3 .  S ign i f i can t ly  de ter io ra ted  components  (3 -Z%iyear )  (n  :  6 ,  22 ,2%)

toal suspended matter
dissolved Fe
erCOD"o
erCODp

BOD5
dissolved O,
O2 saturation
total alkalinity
total hardness

Cl--ion
SOn-ion

Na% value
pH value
POn-ion

N02-ion
NOr-ion

total N
total P
ANA detergents

phenols
UV oil
a-chlorophill

4 ,  M a r k e d l y  d e t e r i o r a t e d  c o m p o n e n t s  ( - 7 % l y e a t )  ( n :  l ,  3 , 7 % )
dissolved Mn

Table 3. Classification of water quality in the Tisza at Szolnok
(remark: v)ithout UV oil)

Year Biol. stab Industr. water lrrig-water Water used in Used in drink-
fishery ingwater supply

1970.
r97 t .
t972.
t973.
1974.
r97 5.
t976.
1977.
1978.
1979.
1980.
1981.
1982.
1983.
1984.
1985.
1986.
r987.
t988.

I .
I .
I ,

II.
II.
I .
n.
I .

II.
n.
u.
II.
II.
n.
II.
II.
II.
n.
il.

I .
I .
I .
I .
I .
I .

II.
I .

II.
II.
u.
II.
u.
I I .
II.
II.
I .

il.
II.

I .
I .
I .
I .
I .
l .

II.
I ,

II.
I I .
II.
II.
n.
II.
II.
il.
I .
u.
II.

1 l



almost every year the quality of the Tisza water was of II. class and in these respect

further deterioration is to be expected.

This is a particulary unfavourable situation, since drinkin-swater supply of

Szolnok and neighbouring settlements comes from the Tisza'

References

ANonnsoN, p. W.-ZocoRsxr, J. S. (1968): Analysis of Long-term Trends in Water Quality Para-- - 
*"t"ir, proceeding of the fourth American water Research conference, - New York.

EDryARDS, A. M.-TsonNes, J. B. (1973): Annual Cycle in River Resources Research, S. 1286-1295.

lro"", n.'Crss 1): vizmin6s6g-viltoz6si.tenclenci6k vizsg6lata vlzfolYrisainhon (Study of the te-nden-

Cies in wafer quality chinges in the rivers of Hungary). - VITUKI rcpott 1ll!3151 (Manus-

cript).
ffocx, ti. itS3f)r Vizmin6s6g-v6ltoz6sok avizhozam6savizh6mdrsdkletfigyelembev6tel€vel szabad

:lrami6sri vizfoly6sokoi(Changes in the water quality influenced by*water output and water

teipiiature in ihe free-flowingitreams). - Candidate dissertation (Budapest)'

HonvArn, L.-P.qNNoNHar,vr, M.-VAno,lv, N. (1981): A Duna magyarorsz6gi szakasz6nak szeny---- - 
nl:"i"ttiege 6s vizmin6s egv6ltoz6sa (Pollution and water quality chaages in the Danube stretch

ott th" t"ititory of Hungiryl. - {ater Conservancy Reports 4, 506-520'

Kovrs, p.-pLnNrizry, G."(tSAOl: Altalanos statisztika. - (General Statistics). - Budapest'

MSZ*t2lSOtZ3-76. Felszini vizet vizsgalata. Extrah6l6 anyagok meghatAroz6sa (Studies of

surface waters. Determination of extractable substances)'

fvfSZ-iO-f iill-6S. A felszini vizek min6s6ge. A t<irzsh6l6zati mintav6teli helyeken vixgi{and6--r.ompon"ritek 
ktir6nek, a m6r6sek gyakorisdg6nak 6s a hatSr6rt6keknek a meghatiiroz6sa

ib""'tity of surface waters. Components to be measured at the sampling points of basic net'

wirk, tie frequency of measurements and limit values determination)'

norscnem (1981): A Duna sierves anyagok 6ltal okozott szennyez6d6s6nek vizsg6lati eredm6nyei.

(Studies of pollution caused by ttt-e drganic substances in the Danube. Bulletin of Management

of Water'supplies). - CMEA VYE 22-24.
STEGMANN, R, (19?6): Answertung uncl Prognose von Gewasser giitedaten. Ver<iffentlichung des

Instituts fiir Stadtbauwesen' -- Braunschweig'
Vrcn, Gy. (1983): Magyarorszdg vizmin6s6gi helyzete 1982. (Survey of the water quality in Hungarv

in iSdZ.l - Institute for Management of Water Supplies' Budapest'

W.cuANoi, j.'(1987): Mintav6telezds-optim6ldsa a Tisza kciz6ps6. szakaszdn a vizmin6s6g folyamatos- 

"if.rOireienei. 
(Optimization of water sampling in the. mi{{le reach of the Tisza in the con-

tinuous survey of water quality.) - Doctoral Dissertation' Veszprdm'-

WeunNJr, J. (1988): e fiiia-tir-in6s6g-v6ltoz5sa az elmtlirt 18 6vben (Water quality of the Tisza

in the last 18 months). (Szolnok. Manuscript.)

r\ Tisza vizmin6s6g6nek vdltozisa Szolnokndl

1970-1988 kiiziitt

WaraNor J.

KdTIKOVIZIG Szolnok Tiszaliget

Kivonat

A Tisza folyot a Saj6 torkolatritol Szolnokig a tisztulSs jellemzi. Szolnolcndl jelent6s m€rtdkfi

az ipai 6s iv6viz-c6ln vizitasznillat, ez€rt nagy jelent6s6ge van a viz min6s9.s6ryk 6s hosszabb t6vri

uati^o"esanot. Elemzdsiink sor6n a foly6 iiolnoki szelvdny6ben (335,4fkm) heti gyakoris6ggal

lSZ0-tgAS krizritti id6szakban vett viimint6k vizsg6latanak eredmdnyeit haszndltuk fel. A leg'

fontosabb 27 vizminlslgi komponenssel foglalkoztunk'
Bemutattuk n6h6ny tomfio""n. 6venk?nti minimum-, maxipury_' 6s 6tlag6rt6keinek alakuliisit

1970 6s iSAg tdrOtt. Az atlagdrtdkek 6ltal reprezentdlt vizmin6sdg-viltozds m6rt6ke nem volt nagy,

3ir*.regef"ttuir-i.r6r6g.ottiliis j6tsz6dott l;. Az 19.70-1978 es 1979-198S-as id6szakokra vonat-

to"O ."6"5a6s egyenesikfelhaizn6l6s6val meghat6roztuk a v6ltoz6sok ir6ny6t 6s mdrt6k€t. Meg-
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6fanilhlt6 volt, hogy a nagyobb mdrt6kfi vizmin6s6groml6s a hetvenes dvekben j6tsz6dott le. A
vizsg6lt komponensek 52o,4-a jauul6 vagy v|ltozatlan min6s6get, 22-22%-a kism6rt6kben, ill. nagy-
m6rt6kben romlott 1979 6s 1988 k<izcirt.

Az ipari 6s tintciz6viz c1ljilra a Tisza vize a vizsgiilat teljes id6szakdban I. osztSlyri volt. A hal-
gazdas64_6s iv6viznyer6s c61jfua 1976-t6l 6ltal6ban csak II. oszt6lyri min6s6ggel rendelkezett 6s ezen
vizhaszn6latok szempontj6b6l a tovdbbi vizmin6s6groml6snak van nagyobb val6szinfis$ge.

KAqECTBO BOAbI pEKr,r T?ICA B PAIIOHE COJTHOKA B nEpUOA
1970-1988

iI. Baftau:lr

.{na orperra Trncrr uexgy ycrbeM IIIafio u Connorou >:apaKTepgo ynyqueHtre xaqecrBa
oogrr. Bcne4crBr{e 3lraql,rreJrrnoro norpe6nenur BoAbr B paftoue Connoira, utnonr:yevroft r rpo-
MbrlrrJreHrrr,B rlentx n AJUI cfia6xerllls ulIrrenofi ao.qofi, (arrecTBo BoAhI r{ TeEAeHr{trE ero tr3MelreHut
B 6yayqev Rueror oco6oe 3lr€qenr{e. B auam,r3e, rrpoBeAeHHoM aBTopoM, r{ctroJrb3oBarrbl pgyJrb-
Tarbr tr3MepeHllfi ua,npo6ax, 6paruuxca exeueAeJrbno Ha orp€r(e Tzcrr y Connoxa (335,4^p. icrra.)
B rrepfio.q 1970-1988 rr. Errro ucctreAoBaHo 27 rcraulorlee saxur,rx xaparieprcrur (aqecrBa BoAhr.

floragano It3MeI{eHI4o Marcr{MaJrblrbrx, Mr{ErrMiltlglrbrx tr cpeAgrrx giraqegr,rft HecxoJrbxr{x
KoMrroEeHToB B [epuoA 1970-1988 rr. B grot treprroA ne na6nro4anocb 3rralrrrreJrbrrbrx rnMegerrufi
xallecrBa Bo,ubr, cyAq rro cpeArrtrM 3HaqeHrrrM fiapaMerpoB, s o6rqeM trpoE3ortrno yxy,qffenEe
ftaq@TBa 494u. IIp4 rroMorr{r perpeccnoggblx npqMErx, flocrpoegurD( rro AaHrbrM, rroJrJ reurrrrM B
rIepEo.qEI 1974-1978 n u 1979-1988 rr, 6rrrr olpeAenerbr cretreub r.r HalpaBJregrre tr3Megegrft
xarlecrBa soABr BrIJIo ycrauoBJreuo, qro 3uarrl4TeJrbrroe yxy,{[eure KaqecrBa BoAhr npotr3oruro
g 70x roaax. CpeA[ [ccneAyeMhD( rrapaMerpoB 52% yrazsrnator Ha yfiyqmenre q.1a orcyrcrBr{e
repeMelr' 22o/o ga rle3rraql{TeJrbFoe n 22% na gnaqrare;rr,noe yxyAltreHtre KaqecrBa BoAhr.

B reqenne Bcero [epr4oAa na6mogerun? KaqecrBo ro4ri Tucrr coorBercrBoBano l xareropRn
B ctryqae trctroJlb3oBarr[t B npoMhrrrlJreHHocrrr rr opoEerltrtr, Ognaxo, fipu [pnMeHeHrar n psr6oro4-
crBe tr Ars cna6xerrlls fifiTbeBoft soAofi c 1976 r. ee KarlecrBo yAoBnerBoprno rpe6orarnxu au#r
II xareropzr n s grofi o6nacrn oxtrAaercs ganrnetmee )xyAmer{ue.

Kvaliteta vode kod Solnoka u periodu od X9Z0 do 1988 godine

J. WaulNor

Vodopriwedna uprava Srednje Tise-Hemijska laboratorija, Szolnok, Tiszaliget

Rezime

- P*go najvecu reku Madarske od u56e Sajo do Solnoka odi5ienje karakteriSe. Kod Solnoka
znadajnaje potroinja vode i u ind Lstrialnom i u gradanskom vidu, zatole potrebno pratiti promenu
kvaliteta.vode i oplirne promene. prilikom analize u o6ssl<u,d'liine (lrs,,i km, rig.-i j;;a;lj;;;;
vadili primerke u periodu od 1970. gg 19ss. godine. Analizirani iu it najva{niji k;;dilnri:

. $a 2- l^._{icima 
je prikazan godi5nji min., maks. i prosedne krive nekoliko io-pon'"nuta o

periodu od 1970. do 1988. ProseCne krive ne pokazuju v-edu promenu kvaliteta vode ali u celini
kvaliteta se kvario g"b. 1.). Ovo je do*azano i sa prose6nom koncentracijom, jer r" pou-CafitoO
vrse komponenata. Sa metodom regresije odredili su pravac i meru promene za periode D"l0_78 i
197,9--.1988 (Tab. l.). Veci kvar dogodilo se sedamdesetih. Izuieni komponenti u^52%-u su pokazili

999:$.nj:^4 stagnacijg ali komponentin 22%'u su pokazali manje ilivece kvarenje u peiioAu oO
!g.lS-99 1988.god. (Tab. 2.) Prema industrijalniq i meliorizacionim kriterijumirna u<iOu fiiele
bilal klasa preko celog izubenog_perioda (Tab. 3.). Za dobivanje vode za ribolo-varstvo i za potrosnju
gradana kvaliteta vode ja bila II klasa od 1976. god. I daljd semoZeodekivati tvaren;etvatteria
vode.
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Vertretung der erdiil- und phenolabbauenden Bakterien im
Theisswasser

Glnu S., Petnovrd O., Marlvur.l M., Gaur.an M., ReoNovrd D.

Institut fiir Biologie der Naturwissenschaftlichen Fakultat. Novi Sad

Resiimee

- - Pi" Belastung der oberfliichlichen Gewiisser mit Erdcil und Phenol stellt ein bedeutendes
Plol2lem der Gegenwart dar. Da durch die methabolische Aktivit?it der Mikroorganismen die Selbst-
reinigungsprozesse von siimtlichen_.orgaqischen Belastungsstoffen stattfinden, iar unsere Absicht,
mit dieser Arbeit das Auftreten dieser Bakteriengruppelm Theisswasser, die bedeutend frir diri
mikrobiellen Abbau des Erdcils und phenols ist. dar2ustellen.

. Die zweijiihrigen Untersuchungen der erdcil- und phenolabbauenden Bakterien im Theisswasser
zeigfen das zeitweise oder dauernde Auftreten dieser bakteriengruppen urrull.tt untersuchten pro-
beentnahmestellen.

Der Anteil dieser Bakterie-ngxuppe an der heterotrophen population war sehr groB (3&_t2g %
ffir iilabbauende und 0,8-5,6 fiii phenolabbauende Baklerien). bas Auftiiiin dieGr Bakterien im
lnersswasser spricht tiber die zeitweise oder dauernde Anwesenheit von Erdijl und phenol als
Bela_stungsstoffe aber auch riber die methabolische Aktivitiit der Mikroflora, die gute MOsfihkiii
fiir Selbstreinigunsprozesse im Theis darbietet.

Einleitung

Aufgrund der Untersuchung des Auftretens und der Vertretung der Bakterien-
gruppe,- die fiir den mikrobiellen Abbau der Erddl- und Phenolbelastung im Theiss-
wasser in der Zeit zwischen 1987 und 1988 von der Bedeutung ist, wurie ihre zeit-
weise oder dauernde Anwesenheit an allen untersuchten Frobeentnahmestellen
festgestellt.

Die Zahl dieser Bakteriengruppe in der heterotrophen population liegt sehr
hoch, insbesondere der Erdiilabbauenden. Das Auftreten dieser Bikterien im theiss-
wasser deutet auf die zeitweise oder dauernde Anwesenheit von Erddl und Phenol
als Belastungsstoffe im Theisswasser hin aber auch darauf dass die methabolische
Aktivitat der autochtonen Mikroflora die gute Selbstreinigunsmciglichkeit darbietel.

Material und Methode

. Pi" Untersuchungen erfolgten im Laufe 1987 und 1988 an den 5 Probeentnahmestellen auf
dem jugoslawischen Theissabschnitt. Die wasserproben wurden auf dem 1,52., i0s.,66., 37. und 5. km
stromaufwirts von der Theissmiindung in die Donau entnommen. Die Gesimtbikterienzanf wuiOe
mittels der bakteriologischen Filtration (Razulrov 1932) mit bakteriologischen Filtern ,,$ito;;;
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No. 2 festgestellt und die Zahl der aeroben Heterotrophen und lipolitischen Bakterien mit Hilfe der

iiblichen Zuchtmethoden. Die Vertretung und die Zahl der phenol- und erdcilabbauenden Bakterien

wurOJ" auf spezifischen N?ihrbciden festgestellt. Die erddlabbauenden Bakterien wurden auf dem

modifizierten 
-Nihrboden 

MSWYE mit dim Oelpulver aus Erdtilparaffinbase (War,xnn et al. 1976)

untersucht. Die Zahl der Bakterien, die Phenol als Niihrstoffquelle verwerten wurde auf dern Niihr-

boden aus Phenol und Bromthymolblau als dem Indikator (Rnr-sroN und VELA 1974) bestirnrnt'

Ergebnisse und Diskussion

Die mikrobiologischen Analysen zeigten, daB in den meisten Proben aus dem

Theisswasser die Bikterien vorhanden waren, die Erdiil und Phenol a1s Kohlen-

wasserstoff- und Energiequelle verwerten. Die durchschnittliche Zahl der Bakterien-

kolonien auf dem Erdbhehrboden betrug im Laufe der zweijiihrigen Untersuchun-
gen meistens einige Zehntausenden und seltener einige Hunderttausenden/cmg

fuatr"t (Abb. 1). Auf Oem Phenolniihrboderi wurden oft keine Kolonien festgestellt

oder ihri ZahI war gering und betrug einige Tausenden oder anige Zehntausenden

/cms Wasser.
Da in den entnommenen Wasserproben auch die Gesamtzahl des Bakterien-

planktons und die Zahl der aeroben Heterotrophen untersucht w-urde, war es inte-

iessant die gegenseitige Beziehung dieser Bakteriengruppen mlt kohlenwasserstoff-

abbauenden-fatteriei festzustellen. Die erdcil- und phenolabbauenden Bakterien

zeigten verhiiltnismiissig geringen Anteil an dem Gesamtplankton (Tab..l)t Pi?
erdlhbbauenden Bakteiie-tt waie.t mit 3,7 und 22,9 Prozent) im Durchschnitt 8'1%)

vertreten wii.hrend der Prozentsatz der phenolabbauenden Bakterien bedeutend

niedriger lag, zwischen 0,2 und 0,5 Prozent (im Durchschnitt_ O,3o/o). Aber der

proze;tuale Anteil dieser Bakteriengruppe an der Pop.llation der Heterotrophgn

iag wesentlich hciher und betrug 0,8 bis 5,6 Prozent (im DurchPhnitt 1,9%) der

pfenolabbauenden und 38-128 Prozent (im Durchschnitt 48%) der erdcilabbauen-^clen 
Bakterien. Es ist bemerkbar, daB es vorkam, da8 die Zatlan Bakterienkolonien

auf dem Erdcilniihrboden grci8er war als die Kolonienzahl auf dem standarden

Agarniihrboden. Es bestehi die Meinung (Snmnn 19-60, .Sre9e1 1972, GruNnrnc

eiat. l98I), dafi die kohlenwasserstoffabbauenden Bakterien keine- eng spe'ifische

Gruppe darstellen, sondern da8 es sich meistens um die zahlreichen einfachen

Forffen handelt, die ganz gut auf dem standerden Niihrboden gedeihen und unter

unterschiedlichen phyiiologischen Bakteriengruppen nt treffen sind'

Erdi i lobbouende bokterien Phenolobbouende bokter ien

Dur(hschn i t i  im
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Aulgrund der Untersuchung der Mikroorganismen, der aktiven erdcilabbauen-
den Bakterien in Gewdssern von Dnjeper (Kv.asmrov et at. lggl\ fiihrt Kvesuxov
an, daB die Zahl der isolierten Bakterien in der direkten Abhiingigkeit von der
Qualitiit.und Menge der vorhandenen erdcilorganischen Stoffen iil-Wasser war.
{ryh _1e-iner Angaben waren diese Bakterien zahlenmiissig durchschnittlich mit
100-130.000/cms wasser vertreten. TnZnova und Mxrosovrdrvl (19g7) und
Honsra (1987) bewiesen experimentell die Fiihigkeit der organotrophen Bakterien
im Donauwasser, die Kohlenwasserstoffe zu degiadieren. TnZnove und Mtrosovr-
6ovl (1989) fiihren an, daB aus dem Donauwasser 86 Bakterienstdmme isoliert
wurden, die thhig sind, Erddlstoffe abzubauen.

Es ist sehr wahrscheinlich, da8 die Bakterien die aus Theisswasserproben stam-
men und auf dem Erdcilniihrboden gedeihen, die Belastungsstoffe darstellen aber
daB ihre Anwesenheit gleichzeitig die selbstreinigungsprozesse ermciglicht.

- .E_inige Autoren (BnnNrr, et al. l97B) sind der-Meinung, daB 
-eine 

korrelative
Beziehung zwischen der Lipasebildung und dem Verbrauch Jes Kohlenwasserstoffes
besteht, wiihrend die anderen hervorheben, da8 die lipolitischen Bakterien die
physiologische Gruppe darstellen, die sich aktiv an der Ufrwandlung der Zwischen-
produkte des abbauenden Erd<ils beteiligen. Sie empfehlen sie soga-r als Indikator-
gruppe zur Beurteilung der Wasserbelastung mit Erd<il und seinen Produkten.

Es war interessant in dieser Beziehung, in unseren Proben die durchschnittliche
Vertretung der erdcilabbauenden mit rnit derselben der lipolitischen Bakterien zu
v.ergleichen._Die zweijiihrigen Untersuchungen des Theisiassers zeigten, da3 dii
lipolitische Bakterienflora (Abb. 2) ausgesprochen vertreten war und da der Korre-
lationskoeffizient zwischen di-esen zwef G?uppen hoch war (r:0,g4) sino wir aer
Ansicht, daB sie ein Zeichen fiir selbstreinigiigsprozesse darsiellt.

.. pUer. die phenolabbauende Fiihigkeit i"r ilailronoru Aer Oottuuwassers zeugen
die Angaben einiger Autoren (Jarscn und RyvenoBN 1980). unsere friiheren'Er-
gebnisse (Daruaclra et al. 1987) sprechen auch iiber Oie U<;gtictrkeit der mikio-
liellen Phe-nolb_eseitigung aus dem wasser mit Hilfe des Bioslrptio"ryrt"-r. 

-ou,

Auftreten der phenolabbauenden Bakterien im Theisswasser an den unterichiedlichen

rqerk,  !  erOOtoUbsuende bqkter ien

f f i  Lipoti i ischen b.
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Probeentnahmestellen (Abb. 1) zeugt unsererAnsicht nach, iiber die Vollziehung
der Selbstreinigungsprozesse.

Die zweijiihrige Untersuchung der erdril- und phenolabbauenden Bakterien im
Theisswasser zeigte die zeitweise oder dauernde Anwesenheit dieser Bakteriengruppe
a1s Indikatorgruppe fiir Belastungsstoffe an allen Probeantnahmestellen.

Der Anteil dieser Bakteriengruppe an der Heterotrophenpopulation war sehr
groB (38-128 Prozent fiir erdrilabbauende und 0,8-5,6 Prozent fiir phenolabbauen-
de Bakterien). Die Anwesenheit dieser Bakterien im Theisswasser deutet auf die
zeitweise oder dauernde Anwesenheit von Erdol und Phenol als Belastungsstoffe
hin aber auch darauf, daB die methabolische Aktivitat der autochtonen Mikroflora
die gute Mciglichkeit ftir Selbstreinigungsprozesse darstellt.

Table 1. Prozentuale teilnahme der Erdiil- und Phenolabbauenden
Boakterien an der Bakterienpopulation im Theisswasser

Anteil an der popu-
tation der heterot-

rophen

48 (38-r28)
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A nafta 6s fenol oxirl6l6 baktdriumok jelenldte a Tisza viz6ben

G.q,nN S., Pnrnovri O., Marnvuu M., Gevran M., RanNovr6 D.

Biol6giai Intlzet, Ujvlagt (Novi Sad)

Kivonat

A naft6val 6s fenollal szennyezett felszini vizek jelent6s probl€rnrit jelentenek az ut6bbi id6ben.
.ltfiyel g mikroorganizmusok meiabolikus aktivit6sa 6ltal aiiz dntiszt-ul minden szerves anyagt6l,
kis6rttik a Tisza viz6ben azon baktdriumcsoportok jelenl6tdt, amelyek a naftrit6l es a fenottOtiiiiiitl
jdk a vizet.

- tr(6t6ves peri6dus alatt a nafta- 6s fenolbont6 baktdriumok id6legesen, vagy dlland6an jelen
voltak a Tisza viz6ben, minden lokalit6son.

F bakt6riumcsoportok r6szvdtele a heterotr6fok popul6ci6iban nagyon nagy volt (38_l2g%
a 

.naftaoxid4l6k6.ds 0.8-5,6% a fenoloxid6l6k6) de liiilSncisen a nafta-oxiddl6ti6. f tatteriumoi
Jelenlete a 

'Iisza 
vizdben a nafta 6s a fenol id6leges, vagy 6lland6 jelenl6tdre mutat de arra is hogy az

autoht6n mikrofl6ra metabolikus aktivitdsai6 iehet6seget ad a iisza viz6nek tintisztul6s6ra iiirto-purifik6ci6).

IIPI4CyTCTBIE MI,IKPOOPIAHI3MOB, OKnCJIflIOItrUX
HEOTb trT OEHOJI, B BOTE PEKI{ TI{CA

C, I 'aftnn, O. f lerpoerar, M. Maraeyal, M. fanrap u .{.  paguornu

B nocnegwlne roAbr 3arpt3ner$te rroBep&rocrHbrx ro4 ne$rrro r ([erolou crannr gce 6oaee
cepl{o3rrbre npo6leur,r. flocronrxy B pe3yrbrare rrpoqeccoB o6vena ierqecr" Mffpoopragx3MoB
lpol4cxoAtrT caMootlr{rqeEl{e BoALr or opraHlFlecKrx BeqecrB, aBTopaMrr 6rr.uo nccae4oaaao
lpncyJcrBfie rpyrm 6arcrepufi, oqtrIqarcqrx BoAy or neSrn a (!euona, n pexe Tuca,
- B reqeHlre AB]xJrernero nepr{oAa ua6.nroAeraft npeuernroe rrJrtrr'rrocrorggoe [ptrcyrcBtre
6arrepuii, pa3Jrararonrrx ue$rr n $euo:r, na6nto4anocr i ro4e pern Trca Bo Bcex rotrKax B3rrtrt
nDoo.

Ilpeo6na4anre 3Tux rpyrm Mrmpoopra[[3MoB B rereporpotbrofi troryJrqrlnrl 6rrno oserm
3EaqtrTeJ-rbEbrM (38-128% gru nerfreorrcjrrrotrIn( u O,S_5,e% Anr @enonorucnsron$rx). npr_
cyrcrBne gTrrx 1\r{Kpoopralrtr3MoB s soAe Tficrt yKa3brBaer Ea BpeMerruoe uJrtr 11ocrorr{Hoe coAep-
xarrEe 3 neft re$ru n Senola, a Tari(e rra 3Haqeure uera6onrtnoi axTr4br{ocrn aBToxrorilrotr
Mr.rrpolpJropbr Arr caMooqur{etrug so.u Tncsr.

Prisustvo bakterije koje oksidi5u naftu i fenola u vodu Tise

S. GAJTN, O. PerRovii, M. Mlravun, M. Gnlmn, D. RapNovrd

Bioloiki fnstitut, PMF, Novi Sad

Rezime

Zagadene povr3inske vode sa naftom i fenolom.dodaju_ nam puno problema u poslednjem
vremenu. Sa metabolidnom aktivitetom mikroorganizmima svaka vodi samooEi3euuu ,. oO orLadrte
materije, autori su pratili one grupe bakterija, koje odiSdavaju..reku od nafte i fenola. pr"tJt""!.:

{iSnjeg 
perioda bakterije kojeoksidi5u naftu i fbnob delirniEno ili stalno su-uili priJut"i u uEai

r lse u svlm lokalltetrma-

,,o .O^"^"",gy?: 
bakterija su bili prisutni u veiim procenama medu heterotrofnim populacijama

!1-5,"i-ri" P.i-kr. 
koje.oks. naftu i 0,8-5,6o/o koje oks. fenola) a najznalainiji su ip-ak one,-kojc

oKsldlsu naltu' Pnsustvo gore pomenutih bakterija dokazuje da nafta i fenol delimiino ili italno
su pnsutnr u reci Iise. S druge strane, prisustvo tih bakterija ukazuje da metabolidni aktivitet autoh-
tonske mikroflore donesi dobar mogucnost za samoodildavanje voie qautopuiifikacije) 

-- - '
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BACTERIOLOGICAL QUALITY OF THE FRESH WATERS
IN THE REGION OF THE LOWER TISZA IN TTIE PERIOD

1977-1986

M. Hrcrniis*, Zs. Foonf,*x, E. DoBLEn*

(Receiued fanuary 20, 1990)

Abstract

The quality of water in the rivers Tisza, H6rmas-Kcircis and Maros was characterized on the
basis of bacteriological investigations carried out by the authors in the period between 1977 and
1986. The changes of the bacteriological parameters in the course of the years are shown in the
figures. Quality ofwater at different sampling points was evaluated by cluster and centroid analysis.
On the basis of the results obtained in the bacteriological studies the following conclusions have
been reached:
- The quality of water in the river Tisza has been gradually deteriorating during the last ten years

in all the four sampling points. The water was particularly polluted and contaminated in the
sections at Mindszent and Tiszasziget.

- The bacteriological quality of water in the Hdrmas-Kcircis was the most favourable above its
influx into the Tisza, though even at this sampling point temporary deterioration of water quality
was observed.

-- The water quality in the tributary Maros has deteriorated significantly during the period under
investigation. Since 1980 pollution and contamination have been registerd at both sampling
points.

Introduction

In order to follow the quality of surface waters in the rivers of the region under
survey samples have been regularly taken in the last years for bacteriological, chemi-
cal and biological analysis. In the present paper the results of the bacteriological
investigations are presented. T'he investigations have been carried out in the Public
Health Station of County Csongr6d in the framework of the collaboration agreement
between the two institutions.

The quality of water in the river Tisza has been investigated in the 60s by Plrr
(1961, 1964,1965). h has been found that significant pollution of the river occurs
only at three points, whether at the other sampling points water has been characte-
rized as "clean". DBAr-ScuTEFNER (1971, 1982) in parallel studies of the longitudi-
nal section of the Tisza and its six most important tributaries found that the pollu-

* Enaironmental Protection and Water Conzeruancy Directorate of the
Lower Tisza, Szeged, Hungary

x* Public Heahh Station of County Csongrdd, Szeged
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tion in the rivers Hdrmas-Kdrds and Maros was insignificant, whether the quality

of water in the Tisza dropped by one category in ten years.
In several papers Hrcnoi.is et al. (1979,1980, 1983, 1985) reported on the bacte-

riological quality-of the surface waters in the County Csongr6d. It has been found

that ihe quatity of water in the river Tisza gradually deteriorated in the investigated
period.

Materials and Methods

In the present communication the quality of water in the rivers Tisza, H6rmas-K<iriis and

Maros is chaiacterized on the basis of a series of bacteriological data collected in a ten years' period.

Samples were taken at four sections along theTisza: Csongr5d 246riv, km.,Mindszent 2l6,2riv.

tm.,fapg fi7,5 r|v. km. and Tiszasziget 162,5 tiv. km. The tributaries rvere studied at the influx,

andihe-river Maros in the section below the town of M.lr6 (24,3 riv. km) as well. In the period of

investigation the samples were taken generally every month and 12 000 tests were carried out.

The bacteriological tests were carried out according to the "Methodological Guide to thc-

Hygienic Bacteriological Investigations of Surface Waters", published by the National Institute of

Priblic Uygiene (1977) and the "Bacteriological Investigation of Drinking Water" standard (1971).

The evaluition of results was based on the limit values suggested in the Eti. SZ-OVHSZ l41l'f

"Plan of Sectorial Normalization for Classifying the Surface Water Qualification" (1972)'

Results and Discussion

Close similarity was observed in the changes of the annual mean values for
coliform and faecalis coliform bacteria at the four sampling points in the longitudinal
section of the Tisza (Fig. la, b). Since 1982 their values showed an increase at all

the four sampling points, the coliform number being in the order of several thousands

andthatof faecaliicoliform - several hundreds. For both paramet€rs the highest

A
,-J :'-"*

c .  
] r  

s i rep iococcus

/ \" '*" 't"^t""\A
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values_were registered at sampling points Mindszent and Tiszasziget, and their values
tended to be lower for the sampling points atTdpl and csongr6a. rne annual mean
values for faecalis strep,tococcus (Fig. lc) showed similar changes at sampling points
T6p6, Mindszent and Csongrdd. These obligate faecal indicator bacteria weie^isola-
ted in high numbers from water samples collected in the section atTiszasziget. This
is due to the inffux of unpurified sewage water from the town of Szeged. ThIe lowest
mean values of anaerobic sulfite-reducing Clostridium (Fig. ld) weie registered in
1982,.at. all sampling.points. The highest values were measured in 1984, exceeding
at all the four sampling points the limit value of 50/40 cms.

The counts of the coloniforming bacteria at 20oc and 37 'c (Fig. 2a, b) were
determined on meatpeptonagar culture medium. The mean values outained for
these bacteria showed a significant scattering in the investigated period. It could be
stated altogether that before 1980 the values were in the order-of ten thousands,
and subsequently values several times higher became frequent.

As far as the enteral pathogens are concerned, tests wire carried out for demon-
stration of bacteria from Salmonella genus (Fig.2c). Among the sampling points
of the longitudinal section of the Tisza most frequently Salmonella positiiity was
observed for samples originating from Tiszasziget, followed by those from the section
at Mindszent. The salmonella contamination at CsongrSd and T6p6 sampling points
was of lesser extent and became significant only in single years. 

-

On the basis of the ten years' data series the number of objected samples was
calculated and presented in percentage in Fig.2d. From bacteriological point of
v-lew-a sample is considered as objected if the value of any of its parameters exceeds
the limit value for II. category water quality. It can be s-een from the figure that in
1971 25y" of all the samples taken at csongriid and 60-80% of those taken at the
other three sampling points were objected.
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Fig. 2. Results of bacteriological investigations (me4nvalues)
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In the last ten years the percentage ofthe objected samples changed unfavourably,
its values after 1986 reaching tipically 80-100%. The water quality of the tributaries
depending on their source and watershed area, differs, from that of the Tisza. On the
baiis of all bacteriological parameters studied during the ten years' period (Fig.

3a, b, c, d) the quality of water in the H6rmas-K6rtjs proved to be more favourable,

Fig. 3. Results of bacteriotogical investigations (meanvalues)
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i.e. less contaminated by laecal indicator bacteria than that of the Maros. In the
period studied the values ofall bacterjological parameters under investigation proved
to be higher for the samples taken from both sampling points at the Maros, their
order of magnitude being indicative for faecal contamination (Fig. 3a, b, c, d).
The changes in the counts of coloniforming bacteria/cms showed significant differen-
ces in water of the tributaries. In the ten years' period higher values were measured
at both temperatures in the Maros water.

The water of the H6rmas-Kcircis (Fig. ac) is less contaminated with Salmonella
bacteria at the confluence with river Tisza than that of the Maros river. The Salmo-
nella positivity of the samples from the HSrmas-Korcjs exceeded the tolerance limit
value of 33o/o only in 1980, whether in the water of the Maros its value was under
33o/o only in 1985 and 1986. The annual percentage of the objected samples in the
tributaries was calculated (Fig. 4d). The changing level of contamination of the
H6rmas-Kcircis, as well as the less favourable quality of water at the two sampling
points of the Maros river is unequivocally proven by the percentage of the objected
samples.

The results described above show that in the period studied significant changes
occurred in the water quality of the rivers in the region. For more precise charac-
terization of the process mathematical analysis was carried out. CzereNovszKy (1909)
similarity index was used in the cluster analysis and the relation between the sampling
points was characterized by multivariable statistical analysis (Plant geography,
cenology and ecology, 1981).

The dendrogram (Fig. 5) of the sampling points situated along the 
-fisza 

shows
that two characteristic groups can be distinguished as a function of the years of
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investigation. The results registered at the four sampling points between 1977 and
1980, i.e. values for the number of bacteria/cms in the order of 100 for coliform,
10 for faecalis coliform and 10 for faecalis streptococcus, constitute the first group.
Here belong as well the still favourable water quality parameters measured at Csong-
r6d and T6p6 in 1981. The second group is constituted by the results obtained bet-
ween 1982 and 1986: number of bacteria/cms in the order of 1000 for coliform, 100
for faecalis coliform and 10 to several times this number for faecalis streptococcus.
Thus significant deterioration of the water quality in the Tisza river was observed
at Csongr6d, and T6p6 since 1982, and at Mindszent and Tiszasziget - one year
earlier.

The relation between the quality of water at different sampling points in the
tributaries is shown by a dendrogram in Fig. 6. The first group is formed by the
favourable results measured for the H6rmas-Kcircis during eight years and by those
for the Maros at Mak6 and the mouth sampling points in 1977,1978 and 1980.
The second group is constituted by the contaminated samples, collected at the two
sampling points of the Maros and those taken from the Hdrmas-Krirds in 1982 and
1986.
Finally, Fig. 7 shows the ordination of the sampling points based on the centroid
analysis carried out for the ten years'period. In the analysis the number/cm3 values
for coliform, faecalis coliform and faecalis streptococcus were taken into considera-
tion. It can be seen that sampling points at the HSrmas-Koros and Csongrdd and
T6p6 on the Tisza belong to the same group, situated close to the axis of ordinates,
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characterized. by lower values,-thus representing a group of sampling points with
cleaner water. The sampling points at Tiszasziget and Mindszent ori thJfjsza belong
to the group characterized by contaminated water.

The sampling points at the Maros are as well close to each other due to the hisher
values of the parameters. i.e. higher level of contamination.
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Foly6vizek bakteriokigiai mindsdge az als6 Tisza vid6k6n
1977-l98Gig

Miinrn Hecrprjs*, Zs6nn Foon6*x, ENr6 Donr,sn*
* Als6-Tisza Vid€ki Kcirnyezetvddelmi 6s Viziigyi lgazgat6sdg, Szeged,

** Csongrdd Megyei Kiizeg6szs6giigyi 6s J6rvrinytigyi Allomiis, Szeged

I(ivonat

A szerz6k az 1977-86-ig vdgzett bakteriol6giai vizsg6latok eredm6nyei alapj6n a Tisza, a Hdr-
mas Kiir<js 6s a Maros foly6k vizmin6s6g6t elemzik. A bakteriol6giai param6terek v6ltoz6s6t a vizs-
g6lati 6vek fiig;gy6ny6ben 6br6kon mutatj6k be. A mintavdteli helyek vizmin6s6g6nek jellemz6s6re

cluster 6s centroid analfuist alkalmaztak. A vizbakteriol6giai vizsg6latok eredmdnyei alapj6n a kdvet-
keziket 6llapitott6k meg :
- A Tisza vimin6s6ge az elmrilt tiz 6v alatt tbkozatosan romlott mind a n6ry mintavdteli helyen.

Kiiltjniisen szennyezelt 6s fert6z<itt a vizmin6s6g a foly6 mindszenti 6s tiszaszigeti szelvdnydben.
- A Hrirmas-Kdriis bakteriol6giai vizmin6s6ge a TiszSba tjml6s felett a legkedvez6bb, b6r egy-egy

6vet tekintve e mintav6teli helyen is tapasztaltak id6szakos roml6st.
- A Maros mell6kfoly6 vizrnin6sdge jelent6sen romlott a vizsg6lati id6szak alatt. Mindk6t minta-

v6teti hetyen szennyezett 6s fert6ziitt vizmin6s6get regisztr6ltak az 1980-as 6vetc6l.

EAKTEPITOJIOT'FIECKITE XAPAKTEP'ICTI,IKII NPOTOIIIIbIX BOA
HII}I{HEI'O TETIEHI4fl TI4CbI B nEptIOn 1979_1986

Mapux XereErorq ,  Xo$ua OoApe,  Snuxe Ao6nep

Arroprr anairn3zpyror xatrecrBo BoAbr per Tuca, Xapuam-Kepem u Maponr Ea ocrloBanrtr
p6yJrbraroB 6arrepuonorr.recKm recroB, trpoBoAtrMblx B rlepuor 1977-1986 rt. Ilglresen[r
6arrepuo:rorrrecxr{x trapaMerpoB [peAcraBJrenrr rpa$nuecrtr B 3aBtrcltMocr[ or roAa rrpoBeAerwl
rruepenrrfi. ,{nr oxaparrep}BoBantrr KarlecrBa B0[6I B Mecrlx n:arur npo6 flptrMeugJrlr Knacrep-
rrrr6 u qesrponAsrrfi analr:. Ha ocuosaar,m pe3yirbraror 6axreprororlilrecKffi uccneAoBalrnft
BOIIbI CAeJTaII6I CneAyrolq[e 3aKJlroqeHr{,'t:

- 3a nocneAsre ,4ecrrb .ner na6noAa:roc6 nocrerreur{oe yxy.unerue (aqecrBa soArr Tucrr
Bo Bcex qerbrpex Mecr€x nsxrra npo6. Oco6enso BEIcoKat crenerrb 3arpt3Herilu tr 3apaxerruocrn
ua6moAaracr Ant orpgrtoB perra y MurAcenr n Ttcacutet.

- BaxrepuonorfltrecKre xapar(Teptrcrrru BoAbI pexu Xapuam-Kepem naA MecroM ee Brra-

Aerrurr B Tzcy 6rrrm nas6oree 6laronpuarnrrufi, xorr B orAeJrbHBre roabr u gAecr na6moAa:rocr
BpeMerlEoe yxyAltreElle (aqecTBa BoAbr.

- KasecrBo Bo,&r flptrToKa Mapom 3galrrrreJrbno yxyAlrruJlocb 3a trccfieAye]tgtft ueptroA.
C 1980 r. s o6en Mecrax usxrun npo6 pertrcrprpoBaJrrr 3arpt3renue r{ 3apaxextre Bo,&r.
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Bakteriolo5ka kvaliteta reke u doniim regiiama Tise u periodu od
1971 do 1986 godine

M. HrcEoiis+, Zs. FoDRf,++, E. Doslrn'
r Prirodoza$titna i vodoprivredna uprava Donje Tise, Szeged

+ r Zdravstvena-epidemiolo3ka stanica Zupanije Csongr6d, Szeged

Rezime

Autori su prou6avali kvalitetu vodama reke Tise, H6rmas-K<irijs i MaroS prema rezultatima
bakterioloBke analize u periodu od 1977 do 1986. Promene bakteriolo3kih parametaraje pokazana

na slicima u pratnju godine. Za analizu izvadene uzorke voda upotrebljeni su clusterna i centroidna
analiaa. Prema dobivenim rezultatima utvrdene su sledece:
- Kvantiteta vode reke Tise kvario se preko celog izudenog perioda na svih Eetiri mesta vadene

uzorke. Rekaje najvi$e zagatlena u odseku Mindszent i Tiszasziget.
- Iznad u56a reke H6rmas-Kiircis najbolja je bakteriolo5ka kvaliteta vode bez obzfua za l-2 go'

dine, kad je bila vidna kvarenja kvaliteta.
- Kvaliteta vode Maro5 je pokazal najvedi kvar u izudenom periodu. Na oba dva mesta su regist-

rovali prljav5tinu i kontaminiranu vodu od osamdesetih godina.
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HYDROECOLOGICAL RELATIONS OF LITTORAL,
MARSH AND MEADOW ASSOCIATION AT BODROGZUG

Gv. Boonocrdzv

Auila ldzsef Uniuersity, Department of Botany, Szeged
(Receioed october 23, 1989)

Abstract

In the flood-plain of the Hungarian Upper-Tisza stretch, at the junction of the Tisza and
Bodrog, the composition of vegetation cover of Bodrogzug, formed in the Tokaj-region differs
significantly from that found in other locations of the Tisza flood-plain. This can be attributed in
the first place to the mountain effect, and to the diversity of soil and hydroecological conditions.
The southern region of the flood-plain converted into a nature conservation area is under environ-
mental stress effect of damming. As a consequence large areas became occupied by Scirpo-Phragmi-
tetum at the expense of other cenoses. In the middle and lower stretches due to mineralogen and
biogen filling up the river-beds of dead-arms have been occupied by Sparganio-Sagittarietum,
Rorippo'Oenanthetum, at places by Glycerietunt maximae replacing hydatophyton associations.
Propagation of Caricetum gracilis subassociation units was observed as well.

In degraded moist habitats mud vegetation of Eleocharito-Schoenoplectetum supini could be
found.

In the middle and upper regions of Bodrogzug vast rnarshy green field developed. At another
places of higher moisture content Carici melanostachyae-Alopecuretum pratensis, on higher reliefs
Lythro airgatae-Alopecuretum played a subordinate role as compared to other locations of the
Tisza flood-plain. In drier places Poo angustifoliae-Alopecuretum vegetation has been plough up.
In moist places used for intensive gl:azing lalio-Potentilletum aaserinae, at places Lolio-Abpecure-
tum pratensis pastures developed.

lntroduction

From the point of view of its vegetation cover Bodrogzug is one of the most
valuable regions of the Tisza flood-plain. Due to its geographical position, under
the mountain effect (SrrraoN 1950, 1960) its meso€limate is cooler, richer in precipitation.
However, the Tisza barrage damming significantly affected the habitat, in the first
place the hydroecological relations. The repeated inundations ofthe Tisza and Bodrog
and the Tisza flood-plain led to formation of stable dead-water patches in low reliefs.
On high-lying areas the indigenous vegetation survived, and at present, with the
establishment of the nature conservation area its preservation seems guaranteed.
- The studies of the region began with the phytocenological investigations of

Orv{nos (1940). Synecololical invlstigations havi 6een carriEd out since 1960 with
shorter or longer intermissions (Boonocrdzy 1962, 1982, 1985). This enabled a
comparative analysis of the effect of changing hydroecological conditions on meadow
associations. The results obtained were useful from nature conservancy poht of
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view as well, contributing to establishing of Tokaj-Bodrogzug Nature Conservation
Area.

The introduction of nature conservancy regulations was essential, since in the
beginning of the 80s the water-supply management urged building of a storage lake
in this low-lying region. At present this plan has been ultimately rejected. The nature
conservancy status of the area enables continuous complex hydrobiological and
biogeocenological investigations, registration of seasonal dynamics changes and
analysis of existing interactions in these specific ecosystems formed at the border
of the Great Hungarian Plain and Central Highlands, and parallel to this a compara-
tive analysis of meadow associations found in other locations of the Tisza flood-plain,
as well as following the long-term changes, too.

Materials and Methods

In the framwork of the programme, parallel to the preparation of littoral, marsh and meadow
cenosis tables, registration of existing soil and hydroecological conditions, their changes in time,
as well as the prediction of future developments are of outmost importance. For this purpose, simi-
larly to investigations carried out in other locations, species components belonging to the most
wide-spread associations and smaller subassociation units found in this region were assigned to
hydroecotogical categories. In order to establish the differences in soil ecological relations as com-
pared to other flood-plain locations, soil analyses have been performed for several associations as
well. The interdependence of these factors has been emphasized by several authors (Swon 1960,
Wrsnrorr 1969).

Determination of moisture requirements of plant species and associations has been analysed
byErr.nNnrnc (1952), as areflection of the Westem-European, and inthe first place Atlanticinfluence,
in the Hungarian relation the assignment corresponding to the continental efiect and determination
of W-values has been performed by Z6r;;our et al. (1967). 5o6 presented F-values for several plant

species (1964-1970).
The generally applied Errrrnsno system, as rvell as the assignment based on moisture require-

ments used in the Hungarian relation as suggested by 3o6 and Z6tvour et a/. needed further refine-
ment. Thus, within 10 hydroecological categories 30 subgroups could be distinguished (Boonocrdzv

1985). For easier and faster survey graphical presentation of the data was deemed suitable (Sec

Figs. 1-16). For simplification the names of different categories are given in abbreviated form.
The subgroups are indicated by numbers. In the figures subgroups I and 3 indicate the ftansition
to the preceeding or following category, while subgroup 2 marks the typical plant species in the
particular category.

The hydroecological charts of difierent cenoses can be drawn only after the hydroecological
curves oftheir species components are constructed. They are used for assignment to different sub-
groups. Since in the region studied no species living in extremely dry conditions were observed, the
10th category, i.e. steno xerophyta are not present. Among the smaller units within different asso-
ciations only those reflecting preceeding, present or predictable future reliations of cenosis succession
have been analysed.

The importance of hydrobiological investigations from the practical point of view has been
emphasized by Szar.ev (1957).

Results and Discussion

Permanent  dead-arms

In the first place of interest were the hydatophyta associations of the extended
dead-arms like Fekete-t6 and Nagy-16, i.e.

S ah:ini o - S p ir o dc I e tum
H y drochari- S tr atio t e tum

P o t amoget onetum lucmtis

Nymphoidetum alb o-luteae

32



Trapetunt natantis formed a mosiic complex with the above mentioned phytocenoses.
Here they are not analysed in details. Cenosystematical classification of marsh and
marshmeadow associations in Bodrogzug.
(Compiled on the basis of the So6-system)

CYPERO-PHRAGMITEA 506 68
PHRAGMITETEA Tx. et Pnsc.42

PHRAGI{ITETALIA W. Kocs 26

Phragmit ion communis W. Kocn 26

S parg ani o-S agit t ar ietum Tx. 53
- - myriophylletosum spicatae
- - sparganietosum erecti (:typigtJmi

S cirpo-Phragmitetum austro-orientale 5o6 57
- - oenanthetosum aquaticac
- - Phragmitetosum (:typicum)
- - caricetosum gracilis .

Rorippo-Oenanthetum aquaticae (506 27) Lonu. 50
- - oenanthetosum aquaticae
- - caricetosunt gracilis

Glycerietum maximae Huscx 31
- - oenathetosum aquaticae
- - glYcetietosum (:tyPicum)
- - caricetosum gracilis

NASTURTIO-GLYCERIETALIA Bn.-Br.25

Glycerio-sparganion Bn.-81. et  Srss. 42

S par ganio-G Iy cerietum fluitantis Br._8t.25
- - glycerietosum fluilanlr.r (: 1yni6-,
- - agrostetgsum stoloniferae

ISOETO-NANOJLNCETEA Bn.-Br.43
NANOCYPERETALIA Kuxr 35

Elat ini-Lindernion 506 71

Eleochari to acicalaris-S choenopkctetum supini 3o6 et Unn. 48
- - myriophylletosum spicati
- - eleocharetosum' acicularis
- - agrostetosum stoloniferae

BOLBOSCHOENETALIA 506 62

Bolboschoenion mari t imi cont inentale SM 47

Poly gono- B ol b os choenetum msit imi Boom. 62

MAGNOCARICETALIA PrcN.. 53

Caricion gracilis Nnuneusr". 57
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Caricetum gracilis (Gnmwen et HUBcK 3l) Tx. 37
- - glycerietosum maximce
- - caricetosum gracilis (: typicum)
- - agrostetosum stoloniferae

Caricetum acutiformis - ripariae (5o6 27/30)
- - (typicum)

MOLINIO.ARRHENATIIEREA 506 68
MOLINIO-JUNCETEA Bn.-Bl. 49

MOLINIETALIA W.Kocg 26

D e s champ si on c ae s pitosae Honvlnd 30

Agrostio-Ty phoidetum 506 71

Alopecurion pratensis 506 71

C arici melanostachyae-Alopecuretum pratensds 5o6 71
- - caricetosum gracilis (: typicum)
- - agrostietosum stoloniferae
- - alopecuretosum pratmsis

Ly thro airgatae-Alopecaretum pralensir Boom. 62
- - alopecuretosum pratensis
- - lythretosum airgatae (typicum)
- - agropyretosum repentis

P oo angus tifoli ae-Alopecuretum pr atensd,r Boom. 62
- - alopecuretosum pratensis
- - poiitosum angustifoliae (: typicum)
- - trifolietosum repentis

ARRHENATHERETEA Bn.-Br. 47
ARRHENATHERETALIA Prw. 28

A r rh e na t h e r i o n e I a t i oris Bn.-8r.25
Pastinaco-Arrhenatheretum elatioris (Klupp 54) Prss. 64

CI{ENOPODIO.SCL,ERANTIIEA 506 ?I
BIDENTETEA TRIPARTITAE Bn._BI. et TX. 43

BIDENTETALIA BR.-BI. eT Tx. 43

Bident ion tr ioart i tae Nonos. 50
Bidentetum tiipartitae (Kocs 26) Lnren 32

PLANTAGINETEA MAJORIS Tx. et Pnsc. 50
PLANTAGINETALIA Tx. (47) 50

A g r o p y r o - Rumi c i on c ri s pi Nonon. 40

Lolio-Potentilletum anserinae Kttlpp 46.
- - potentilletosum anserinae
- - Iolietosum Perennis (: typicum)

Lolio- Alopecuretum pratensis Bopnr. 62

Detailed analysis of the essential associations of the Bodrogzug flood-plain.
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S parganio-S agit tarietum Tx. 53

As a consequence of mineralogen and biogen filling up the littoral vegetation
of older dead-arms penetrated deeply in the river-bed. At places it was restricted
to wider or narrower river-side strips of the dead-arms. Under the effect of damming
at Tiszal<ik mainly in the southern part of Bodrogzug they occupied the regioni
covered with helophyta as well. Otherwise the composition of the association is very
similar to that of hydatohelophyta in other locations of the Tisza flood-plain UlvAnoir
(1940), HnrNy (1960), Boonocrdzy (1965,1976,1982), Tnra{n (1950), TruAn and
Boonocxdzy (1959).

At the same time upon comparison with the descriptions of the association
found in other parts of Europe (Wesnrorr et al. 1969) it could be seen that a number
of similarity markers existed.

The stands were located in the strip of the littoral zone adjasent to water, often
forming mosaic complexes with Lemno-Potamogetonetea cenosis. At places a tran-
sition between them was observed. Subassociation units:

Sp.-S a. myriophylletosum s picati

At places of increased filling up transitional cenoses developed. Their differen-
tial species are: Myriophyllum spicatum, Ceratophyllum demersum, C. submersum,
Utricularia aulgaris, at places Stratiotes aloides. In some drying out river-bed stret-
ches of the dead-arms, having, however, fresh soil even in the autumn, propagation
of Myriophyllum spicatum forma terrestris was observed.

Soil ecology. The laboratory analysis of the soil segment of this association
probed in the autumn period showed that the lake and its surroundings had taken
on a marshy character. Namely, in spite of the prolonged oxydation process the
content of organic mater in the I level of the soil segment exceeded 7%. The total
content of salts was high, though even in the l-level it did not reach the lower limit
for alkalinity of 0,lo/o.

, Hydroecology. The covering quota of its species components was the highest
in the transitory subgroup of hydato-helophyton category (hhel), but the quoia of
hydatophyta (hd3) was significant, too.

Sp.-'Sa. sparganietosum erecti (: typicum)

The subassociation occupied the zona stretch adjacent to the bank. Its differen-
tial species originated from Phragmitetea elements,like Sagittaria sagittifulia, Oenan-
the aquatica, Butotmts umbellatus.

Hydroecology. The two subassociation units can be clearly distinguished
from hydroecological point of view as well. Namely, in the latter beside thJinvari-
ably dominant hhel not hd3, but rather hhe3 representatives reached a significant
quota-value (Fig. l).

Scirpo-Phragmiletum austro orientale 506 64

Phragmitetalia is widely spread all over Europe. Several authors worked on its
cenosystematics (Bonn 1942, wrsruoFF et al. 1969).In the relation of Hungary the
work of 506 (1964-1980) provides an overview.

In the region studied it was found in the fittoral zone of the dead-arms, at some
distance from the river-beds. A high variability ofits stands'appearance was obser-
ved, depending on the character of adjacent vegetation as well. li can be found often
in the immediate proximity of Sparyanio-sagittarietum descibed above, or forming
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a mosaic complex with it. It was not unfrequent that in cases of drying out due to
filling up of dead-arms, or drainage, it formed complexqs with Myriophyllo-Pota:

twgetonetum or Nymphoeet4ln albo-lulece, From allthis follows that sever-al variants
of Scirpo-Phragmitetumcan be distinguished 

' , ." ' ,
An indication for previously existing marsh habitat relations, is the fact that

occasionally even speciel Tike Ranunculus lingua, Carex cesicsriii could be obsdrved,
wtrich are almost nonexistant in the southern region of the. Tisza flood-plain. Wide-
sptead, essential variants :

Sc.-Phr. oenanthetosum aquqllgae :

. e enologie al relations.- Soo (195?) assigried 'it-to'Oenmtthawrr qquaticse.

In the lo. w-lying reeds temno-Potamea- species; like Lemna'minor; Nymphaea alba,
Stratiotes aloides were pre$ent, ho-fvever, still the,highel'values of the covering quo&i
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were reached by the representatives of Phragmitetea, such as the differential species
Oenanthe aquatica and Butontus umbellatus.

Hydroecology. The changes caused by lengthening of inundation periods
brought by dammin-q of the barrage in the inner regions of the littoral zone are
reflected in the constructed chart. It is valid in the first place for the lower region of
Bodrogzug. Namely, here hydatophyta reached the total covering quota of l5%.
Here the representatives of hhe category outnumbered those belonging to the tran-
sitory hel subgroup. The typical helophyta did not find yet their essential conditions.

Sc.-Phr. phragmitetosum (: typicum)

Cenological relations. It formed the second biggest zona region. Under
the effect of damming, in the first place in the southern parts, the marsh-zone has
been occupied by reeds. Thus, beside Phragmites and.Typhaspecies Rorippaamphibia,
Carex gracilis were found in the lower grass level. Lately a drainage system has been
built up for fast outlet of flood waters, which led to disappearance of Lemno-Potamea
and Nymphaeion elements from the association.

Hydroecology. The changing hydrobiological conditions caused a significant
shift as compared to the variant described above. The total covering quota of species
components assigned to hidatohelophyton category (hhe2,3) is surpassed signifi-
canfly by the transitory hel subgroup.

S c.-P hr. c aric et o sunt gr acili s

Cenological relations. This variant developed in the areas where the sedge
zone was only partially occupied by reeds. Beside Carex gracilis, Lathyrus palustris
and Mentha aruensis are its differential species.

Hydroecology. The transitory character of its stands from littoral vegetation
zone to marsh zone is reflected in the constructed chart. It can be seen that the co-
vering quota for the species decreased to the same extent as was the increase for
the hel species (Fig. 2).

Rorippo-Oenranthetum aquaticae (5o6 27) Losrvr. 50

The association has been described first by 5o6 (1921), its final nomenclature
being published by Lonlrsvrn (1950). Though not very wide-spread, still it has been
observed more often in the region studied as compared to other locations of the
Tisza flood-plain. In general it appeared at places where reeds were missing from
the fittoral vegetation zone. Since its stands can tolerate without damages even pro-
longed inundations, some representatives of Lemno-Potamea could be found in
its cenoses; in the first place Myriophyllum spicatum, Hydrocharis morsus-rsnqe.
Its species composition is extremely poor. Character species are Oenanthe aquatica,
Rorippa amphibia. Subassociation units :

R.-Oe. oenanthetosurn aquaticae (: typicum)

Cenological relations. In its cenoses above the river-bed zone Lemno-
Potamea species can be considered as differential elements, beside them Oenanthe
aquatica, some Phragmitetea species like Schoenoplectus lacustris, Iris pseudacorus
aie present; Eleocharis palustris belongs already to Mofinio-Juncetea.

comBrising thelittoral zone. All the three subgroups (hhel,2,3) are represented in
its species components.
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Fig. 2. Hydroecology ofsubassociation units of Scirpo'Phragmitetum

R.-O e. cariceto sum gracilis

Its differential species arc: Carex gracilis, Rorippa amphibia.lhe stands forming

this vegetation zone show transition towards the marsh zone'

Glycerietum maxim(E Huscr 3l

Its cenoses are wide-spread, and are frequently found.in the vegetation of the

Tisza flood-plain. Thus, thiy are often obs,erved in the region studied, and formed

the next str;tch of the littoral zone. It often replaced reeds. It formed extended

stands mainly in the filled up river-beds of dead-arms. This is the explanation for

the significant variations in species composition of its cenoses. Three very characte-

ristic iubassociations could be distinguished :

Gl. m. oenanthetosum aquaticae

Cenological relations. This is a relatively-rare-variant jounp in the upper

regions of Bodrogzug, where the duration of the inundation effect is shorter, and

it ian be considered is a variant of Glycerietum pionir, which penetrates the river-

beds of dead-arms. It often gets into contact with Sparganio-Sagittariett m cenoses.
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Phragmitetea elements are dominant in species composition. At places it formed
mosaic complexes with Scirpo-Phragmitetum.

Differential species : Oenanthe aquatica, Schoenoplectus lacustris, Sagittaria
sagittifolia.

From hydroecological point ofview it can be characterized by transitory hydato-
helophyta (hdl) having covering quota above l0%. The highest quota is reached,
however, by species components belonging to hhe3 subgroup. For further details
see Table 3.

Gl. m, glycerietosum maximre (: typicum)

Cenological relations. This is the most wide-spread stand of the association,
with a number of species somewhat higher as compared to the variant described
above. Among species components beside Phragmitetea elements Caricion and
Molinio-Juncetea species were found as well. Due to their tolerance characteristics,
though their quota is still low, they succeeded in finding their essential conditions.
In places close to reed zone Phragmites utstralis showed a significant expansion.
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Fig. 3. Hydroecology of Glycerietum maximae; typicum soil segment in spring aspect
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Hydroecology. Since the duration of inundation in early summer is shorter
as compared to the previous variant, the effect of moisture supply on the distribution
of species components is evident. This is reflected by the absence of hydatophyta.
Similarly, the representatives of hhel,2 subgroup were missing, too. The highest
covering quota in the subassociation was observed for hhe3 subgroup and reached
50%. The high values observed for hel were caused by propagation of Phragmites
australis. The species quota showed a steady decrease towards further hydroecolo-
gical categories; Lythrum salicaria, Veronica scutellata and Lycopus europqeus
belonged to hhgl (Fig.3).

GI. nt. caricetosum gracilis

Cenological relations. This is the most extensively spreading variant in the
upper part of the region studied. This change brought by the last dry climatic period
was at the expense of the typical variant of the association. The expansion of Carex
variant have been going on for years.

Differential species are: Carex gracillis, Myosotis palustris, Juncus inflexus.
Hydroecology. The above conclusions are reflected in the chart constructed

for the subassociation. Because of the higher relief the species components total
covering quota in the hhe3 group decreased significantly in comparison with its
typical association. At the same time the duota of the transitory hel species of the
marsh-zone increased. The decreasing moisture supply led to the appearance of
hygro-mesophyta (hgml,3), such as Mentha aramsis, Polygonum lapathifoliunt in
the stand.
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Comparative soil ecological characteristics of the association

The laboratory analisys of soil segments probed in early summer in the habitat
of different variants showed significant differences (Fig. a)'

In case of the typical variant the formation of the physical structure of the soil

was related to the changes in the hydrological state. The changes in the total content
of harmful salts expressed in percent here as well was an indication of the danger
oflater soil alkalization; though here the alkalization did not reach yet the dangerous
timit of 0,10%. The diluting effect of the favourable water supply, protected the
vegetation from damages, and halophyta did not appear yet in the cenoses.

The soil segment probed in the habitat of Carex gracilis variant was different.
Binding relations were similar but the moisture content decreased, the salt content
reached 0,lo/o and increased with depth. The concentration of the saline solution was,
however, still low and could not ensure at present the appearance of less competitive
halophyton elements, due to the competition effect of glycophytons.

Sparganio - Glycerietum fluitantis Bn.-Br. 25

This association is found when moving away from the littoral zone cf the dead-
arms and is not too frequent. Depending on the relief here as well significant diffe-
rences were observed. Usually Phragmitetea elements, which could survive the dry
summer periods, prevailed. In these cenoses everywhere a dominant role was played

by Glyceria fluitans. The propagation of Glyceria maxima indicated the effect of the
association bearing similar name. The same is valid for the propagation of Oenanthe
aquatica observed at places. They all belonged to Phragmitetea elements. Two sub-
association units could be distinguished:

Sp.-G. f. glycerietosum fluilantis (: typicum)

Cenological relations. As far as the species composition of its cenoses is
concerned. as a consequence ofincreasing dryness they replaced Sparganio-Sagitta-
rietum. Relict specieslike Oenanthe aquatica, Butomus umbellalus and Alisma plantago-

aquatica could be considered as differential ones.
Hydroecology. The total covering quota of the relict species of the littoral

zone contributed to the percentage value of hydato-helophyta. The species belonging
to the three subgroups (hhei, 2,3) of the category taken together reached 30%. The
representatives belonging to the transitory subgroup (he3) of the marsh zone had
a lemarkably high quota-value. However, none of the species components of its
cenoses could be found in the drying marsh zone. Its cenoses were extremely poor in
number of species.

Soil ecology. In order to detect the changes ocurring in the soil composition
and moisture content during the vegetation period, soil segment has been probed in
the autumn aspect. In the analysis of changes in moisture content, in the first place

data expressed as volume weights provided reliable estimations. According to the

data the vegetation cover utilized the moisture content of the soil up to depth of
30 cm. The binding relations, organic mater and salt content were similar to those
observed for the previous association.

Sp.-G. f . agr o s t et osum st olonifer ae

Cenological relations. The number of species components representing

Phragmitetea decreased. Elements belonging to Molinietea and Agropyro-Rumicion
came,into prominence. The habitat relations manifested in the first place in a higher-
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lying relief as compared to the previous variant were suitable for the propagation of
lSr91til stolonifera.and appearance of Lythnnn tirgatunt, Mentha aruensis and even
Stellaria graminea in the Cenoses.

. Hydroecology. It was chanctenzed by the decrease in covering quota of
the species components of both littoral and maish zones and by increase oF the values
Ior drylng marsh zone (hel,3). At the same tjme single representatives of hgm and
even m categories could be found.

Eleocharito acic'ularis - scltoenoplectetutn supini so6 et usn. 4g

^ It developed on the devastated patches ofthe filted up dead-arms ofBodrogzug,
forming a wider or narrower mud v-egetation zone. It had a wide range of poisitid
occurrence from river-beds drying out in summer up to drying out marsh zone.
Some of the. representatives 

-of its phytocenoses weie- reficf spLies b.i;;gi"g i;
cenoses existing befor_e the- devastati,on, e.g. Phragmition-Phragmitetea ellmJnt*
I-1 lhe vegetation of diversified coinposition severil subassociati[n units could be
distinguished. Three of them are analiysed in details:

E. a.-Sch. s. rnyriophylletosum spicati

Celological rela ti o ns. This mud vegetation variant penetrated in the deepest
parts of the dead-arms river-beds, where Lernno-Potamea, Fhragmiteteu una-Nulro-
cyperion elements fo11ne{ mgsaic comple-xes. The differential siecies ayrripnitim
spicatum (20'/") and. Eleocharis acicularis (309/,) had a dominant role.

. If vdroecology. Although it reached the highest covering quota in the transi-
torv {ryilg marsh zones (hhel), the total covering quota of [ydatophyta tnar,Jl
was significant as well (30%). Among the latter Myriophyllum ipicatum f . terrestris
and Trapa natans f. terrestris \4'ere present. Oenanthe iqiatica aid Alit*a plantago--
aquatica were found 

1.*oog .hydato-helophyta; helophyta were repres6nted 
"by

LlryoseJla aquatica, Galiym palustre. Among ihe repres-eniatives of mud vegetatioi
the leading role belongedto Eleocharis aciciraris from the hhgl subgroup (F-ig. 5).

E. a.-Sch. s. eleocharietosum acicularrs (: ttni"u-,

.-cenological relations. In comparison to the mud vegetation variant de-
scribed above this variant is found in tfe devastated areas of tfre zone proximal to
dead-arms banks and showed a significant species composition diversity'. fn" Aif"-
rential species were: .veronica.beccabunga,-Gnaphalium uliginosum. The covering
quota of its characteristic species increased and Lemno-potimea and Nymphaeiofi
elements were missing.

. . . 
Hydro-ecology. Here. the transirory helo-hygrophyta (hhgl) reached the

hlgh^est total covering quota-in the typical cenoses but there *'as a sfunificant presen:
ce of helophyta (hel) as well.

E. a.-Sch. s. agrostetosum stoloniferae

. _ Cenological relations. The initiation of succession towards marsh meadows
is observed in the bank-side stretch ofthe mud vegetation zone and on the devastated
patches of flat marsh meadows. The environmental hydrological conditions prevailing
here are already favourable for the appearance of some Molinio-Juncete elementi
as well.

Its differential species are Agrostis storonifera, Juncus compressus and
Gratiola officinalis,
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Fig. 5. Hydroecolosiy of subassoc-iation units oi{Jffi;":"rf:lWlectetum. Soil segrnent of My-

Hydroecology. As a consequence of reduced water supply the covering
quota of its species components in respect of both species number and covering
quota was distributed within hydato-helophyton category (hhgl and hhg3), mainly
through propagation of Agrostis stolonifera,Veronicabeccabunga, Rorippa armoracioi-
de.r. Within the hygrophyton category (h91,2,3) propagation of Polygonum hydro-
piper, P. mite and Rownculus rcpens.

Poly gono-Bolboschoerrctum mdritimi Bopm. 62

It appeared partly in the dead-arm and partly in the flat marsh zones, when the.
content of harmful salts in the soil A-level exceeded 0,1%. Both from soil ecological
and hydroecological point of view nearly identical results were obtained in the
regions of Bodrogzug and Alp6r. The detailed analysis of this association and its
smaller units is presented by Boonocrdzy (1962).
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Caricetum gracilis (GnAnrn et Huecr 31) Tx. 37

Sorne authors assign it to the C aricetum acuto-aesicariae W . KocH 26 cenosvste-
matical category. It is extremely wide-spread in damp habitats of the Tisza flbod-
plain. This can be explained by the fact that in the flood-plain conditions it can
tolerate better than other sedge cenoses the mud and mud-meadow soils poor in
nutrients. Since in Bodrogzug, and in the first place in its upper areas drying out of
sedge habitats occurred, they were replaced by Caricetunt acutiformis cenoses. Thus,
several variants resambling reeds could be distinguished. Other sedge cenoses could
be traced up to Glycerietum zone.

Although a number of species components belonging to Phragmitetea was found
in its cenoses, here as well many Molinio-Juncetea elements occurred, such as
El-e9c\ari1 palustris, Latlryrus palustris, Leucanthemutn serotinunt In the analysis
of their distribution a number of subassociations and variants could be distineuished.
In wiiat follows three of them are discussed in details:

C. gr. glycerietosunt me.t:itnqe

C eno logica I rela ti on s. Its cenoses were in contact with Glycerietum maximqc.
Phragmitetea elements such as lris pseudacarus, Stachys palustris, Gl.vceria maximct
dominated and could be considered as differential species.

Hydroecolo-ey. Beside helophyta (hel) a significant quota of littoral zone
representatives (hhe3) was observed. The quota of some drying marsh components
(hhgl) such as Lathyrus palustris, Lythrttm salicaria due to their broad tolerance
range exceeded l0%.

C. gr. caricetosum gracilis (: typicum)

Cenological relations. In the region studied it formed extended stands,
in the first place in the vicinity of Nagyn6das-t6. If compared with the composition
of the variant described above, the presence of species components indicating more
arid conditions can be noted. Thus. beside Molinio-Juncetea, appear Molinietalia,
Molinio-Arrhenatheretea species, such as Mentha aruensis, Trifulium hybridum,
Sy mphy ttrm officinale ssp. ttliginosum.

I{ydroecology. Among the variants described, here thc species components
reached the highest helophyton (hel) total covering quota, but within different
categories they could be traced up to hygro-mesophyta. Polygonunt amphibium f.
tenestris appeared as a hgml component (Fig. 6).

C. g. agrostetosum stoloniJbrae

Among the variants distinguished within the association, it occupied the highest-
lying relief, thus the water supply is decreased. Although the species components of
the above two variants having a broad range of tolerance wers present in.these
cenoses as well, new components were present. too, and could be considered as
differential species. These were partly Molinio-Arrhenatherea representatives. such
as Trifolium hybridum, and partly Plantaginetea elements llke Inula britarutica. The
latter together with Cirsium qruense, belonging to Chenopodio-Scleranthea, indicated
the beginning of weed overgrowth.

Hydroecology. From the constructed chart it can be seen that the total cover-
ing quota of the marsh species components further decreased and was only 40%,.
At the same time increased the expansion of helohygrophyta (hhgl,3) and they
could be traced on the chart up to rnesophyta.
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Fig' 6. Hydroecology of Caricetum gracilis subassociation; typicum soil segment in spring aspect.

As lar as the number of species in different categories of the association is con-
cerned' it was found that in this zone as well the number of species is extremely low.
This can be explained in the first place by the fact that few rpecies are able to tolerate
the harmful effect of repeated floods.

In the Bodrogz-ug flood-plains dominated vast marsh-meadows. In their species
composition prevailed components highly tolerant to the environmental stress-effect
of frequent floods. This negative effect, i.e. longer or shorter periods of inundation
by stagnant water, has^ been compensated at places by favoirrable soil ecological
conditions. Namely, before the conitruction of protectivi dams, in some areas of the
tlood-plain marshes dominated. Thus, marsh-meadows having vegetation richer
than exp_ected or than that found in other locations of the Tis-za fl6od-plain wire
preserved there till to-day.

From cenosystematical point of view marsh-meadows of similar character have
been introduced in the literature under the name Alopecuretum pratensr (nrcrr 25)
srrrrrw 3l association (Bar{rolA-Turl,cxov{ 1974, JrauprriNc 1960). Howevei

1l 
rf".Tit^t: flood-plain and adjoining tide lands Alopecuretum pratensis'hungaricunt

(so6 1952) due to differences observed both in species composition, as welil as in
habitat and hydroecological characteristics could 6e devidedln several associations
ard_subunits (Boor.ocrdzu 1962). These cenoses could be clearly distinguisheJ i;
the Bodrogzug region, too:

45



C ar i c i me I ano s t achy ae- Al o p e cur e tum pr nten'ss Bopm' 62

Due to specific habitat relations this is the most extended marsh-meadow in the

region studieO. ltt 
".ttoi"s 

varied in a broad rangc in the co.uTe of meadow formation'

Ti'is is proven by the existance of a number of subassocratlon unlts.

C. m.-A. p. caricetosum gracilis (: typicum)

Cenological relations. This variant showed a transition ftom Caricetum

Sro"iiii.-Di{fZrentiat species are: Csrex gracilis ssp. intermedia, Stachys palustris'
'Aiiiirit", 

flammula, iilipendula ulmarial Cnidium dubium, Veronica scutellata.

C o r i c i - A t o P e c u r  e t u m  P r o t e n s i s
C.-  A.p ogrosi ietos-um sio loni feroe
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Beside caricion gracilis elements, representatives of phragmiteta, Molinio_
Juncetea were pres,ent. The occasional occirrence of c""tiani piiu^onanthe, Serra-
tula tinctoria, cnidium dubium among the specres components was an indication ofmarsh origin.

Hydroec-ology. Three categories could be distinguished in this sedge-marsh-
meadow: the dominant role was divided among the subgroups oithe helo-Iiygropht_
ton category. The components belo''grng to hhgl played thi leading rote. t[" ioilar
species number was as well the highest in ttris irgirp.'rori"rirrrii"tuil, ,." Fig.'i.

.Soil ecology-. In order to elucidate the ioil retations *ithirr the variant. ses-

TT:-:1,.t*_11j 
iTportant facies were probed..For the r""&:rtiG-r;li.i;'i;;;A

or -Ereocharis palustris-Iris pseudacorus facies in spring aspect due to increased
evaporation soil moisture expressed as volume yeight d'..t"'ur"o ,ig"in*riv, in"
content of organic matter was high and that of salts-Inegligible. In case of Serratula
facies organic mater content-reiched 6%, which is u" ;fiil;i; 

"f 
*;;rh ;;igir.

Fot Gentiana pneumonanthe facies (along Ftizes-t6) the moisture content decreased
as compared to the facies_ described above, the soil was hummus, however, the salt
content exceeded 0,1%. The salt content, however, did not evoke the appearance of
haloph-yton elements in the cenoses. The occurrence of Salix cinereawas an indica-
tion of marsh origin as well (Fig. 8.9).

Fig. 8. Serrautla facies in spring

Fig,9. Gentiou pneumonanthe facies in autumn aspect
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C. m.-A. p. agrostetosum stoloniferae

Cenological relations. Its cenoses are often hardly- distinguishable from

those of the v-ariant described above. However, in most cases the species components

**p.riti"" is a good basis for distintion. Its cenoses developed mqs-qy on the

higffirblyi;g reliefi- The Phragmitetea-re-presentatives dropped o-ut. Differential

rl?"i"r"utJ: Scutellaria galeriiulata,Thafictrum htcidum, Ranunculus auricomus, ssp.

iinatus.In general pt.i"-'n". of Molinio-Arrhenatherea, Molinietalia, Calistegion

elements was typical' 
An rrrp n^nsrrrrnted r:1 observed: one atHydroecology' On the constructed chart two maxtma were

ttre tia"niitory variint hhg3 within helohygrophyton category, the other - at the

variant hgml of drying marsh-meadows.
Soil-ecology. f'n.-..Jts of the soil segment tests showed that the oxydation

of G-otiginuffy"marfi soil was highe{ than in the previous. variant and reached

3--4%. The salt 
"ont"r,t 

is stitt noi sTgnificant. As far as the ph1'sical characteristics

ur" 
"oo""rn"d, 

it is less hard, which iright be favourable from the point. of view of

eventual effect of a*a-lvut"i content. fhe moisture content of the typical variant

decreased significantly (Fig. l0).

C. m.-A' p. agropyretosum repentts

Cenological relations. In the vicinity of settlements at ferry crossing- points

marsh-meado'ws dried up laster after ffoodi. Thus, after mowing the stands their

ir"o"a yield have been u-titized through grazing. Under this zoogen effect formation

of marsh-meadow Pastures began.*- 
Siil;;.ntial^speci 

"r, 
Zor"* hirta, Polygonum xrite, P' amphibiumf . terrestris,

Agropyron rePens.
g"".t'uf, beside Molinio-Arrhenatherea, Agropyro-Rumicion and even

pestucolgromea elements were of importance. Among the latter Ranunculus poly'

itiii^, fitipendula wtlgaris, Poa coinpressa ssp. langiana, Carex praecox should

be emphasized.
Hlaro""ology. The total covering qugta of-the representatives of helo-

t Vgropfr'to" and hllrophyton categories wis of subordinate importance as compared
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-to th_ut of hygro-mesophyta.'The total species number was as well the highest in
hgml subgroup. The distribution of species components could be traced up t6 meso-
xerophyta.

Lythro aitgatae-Alopecuretunx pratensis Boonr. 62

In Bodrogzug region it is found less frequently than in the southern Tisza flood-
plain. This is due in the_firs! place to the effect of damming at the Tiszaldk hydro-
electric power station. The flood-plain mixed flowery marsli-meadows changed into
C-arici'Alopgcuretum. Some of its cenoses were driven back to the protectiie dams
along the Tisza and Bodrog.

characteristic,specie s: Thalictrum flawm, Lythrunt uirgatum, Lychnis flos'cuculi, Galiunt rubioides, Senecio erraticas ssp. barbereifolius. Subassociaiion utritrt

L, u.-4. p. alopecuretosum pratenslir (: ttp;",r-,

Cenological relations. It showed a transition towards the association
described above. Beside Molinio-Juncetea and Molinietalia elements. the domi-
nance of Alopecurion was significant, too.

Di ffe r en ti a l s p eci e s : Lathyrus palust ris, G rat i ol a ffi cinalis, Leucanthenwm
ser o t inunt, Ver oni c a ser py llifoli a.

Hydroecology. At places, where its cenoses came close to the littoral zone of
dead-arms, beside the significant total covering quota ofhelo-hygrophyta and hygro-
phyta (hhg3, hg?), here as well a high quota of species componentj characteristic
for drying out marsh-meadows (hgml) was observed. They cin be followed up to
mel_o-xerophyton category on the constructed chart. Some of them still could 

-not,

while others already could tolerate the habitat moisture conditions.

- . Soil ecology. soil'iegments p-robe{ in two early autumn aspects were analysed.
In the root zone of damp habitats of Cnidium dubium facies soil moisture of 2,5 fdmg
was detected. In the course of oxydation process taking place in the original marsh
soil at present 5?6 organic rnatter content was measurid. ttre content-of harmful
sodium salts due to their upward flux reached 0,10% (Fig. ll l2),

L. a.-A. p, qgropyreto.sum repentis

^ Cenological relations. This variant showing signs of weed overgrowth was
found as well in the vicinity of settlements at river ciosslng points. It wai under the
continuous joint effect of more arid habitat and increased zoogen effect due to gra-
zing Differential species: Agropyron repens Rorippa syliestris, calamagristis
epigeios, Carex praecox.

_ In comparison to the previous variant beside Alopecurion, Molinio-Arrhena-
therea, the representatives of Agropyro-Rumicion, Chenopodio-scleranthea and
Festuco-Brometea found their essential conditions.

_ Hydroecology. In comparison to the variant described above, it was found
that the decrease in the quota of hhg and hg species components was of the same
extent as the increase in the quota of hygro-mesophyta, mesophyta and meso-
xerophyta.

Poo angustifultae-Alopecuretum pratmsls Boom. 62

It occurs at Bodrogzug, siqrlarly to other marsh-meadows along the Tisza, at
comparatively higher-lying retigfs, Uneven retief provided different ilfe conditions,
due to which within the association a number of variants could be distinguished.
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Lylhro virgoloe - Alopecurelum Prolensis

L v-A.p. otopecuretosum

Lr-Ap. o. ogropfretosum
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Fig. 11. Hydroecology of Lythro airgatae-Alopecuretum; typicum soil segment in autumn

Characteristic species: Poa triaialis, Poa angustifolia, Stenactis 4nnu4'

Rori ppa austriaca. Subassociation units :

P. a.-A. p. trifolietosum repentis

Cenological relations. Present were representatives of lVlolinio-Juncetea,

such as Lathfrus pratensis, L. palusrtis, Tanacetum serotinum. Molonietalia elements

were frequent as well, such ai Ftlipmdula ulmaria, (algiqna fficinalis, which is an

indication of marsh origin. Thalictrumlucidum. The facies forming Ranunculus repm',

belonging to Molinio-Arrhenaterea, Agr os t is s tolonifer a, .Y icia cr acca.

Ilydroecology. In comparison to the previous variant here hygroph-yta P1o'
pagation occurredit the expence of hhg-species, this is va$ {o1 the total.species

ilrirUer as well. Nearly eqGl totat covering quota \ilas reached by the drying out

marsh-meadow components (hgmi), at reduced species number.
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Fig. 12. SoiI segment oftypicum Cnidiun dubiumfacies

P. a.-A. p. alopecuretosum pratensis

- Cenological relations. Its cenoses were found at flood-plain locations
characterized by lower moisture content, where beside Alopecurus pratensis, Festuca
rubra, Mentha araensis, Aristolochia clematitis, Galium rubioides were found. The
extension of this marsh-meadow variant nowadays is significantly reduced, since
due to increased grazingit underwent transition inio different association.

Hydroecology. As compared to the variant described above in this subassocia-
tion hhg representatives entirely and overwhelming majority of hygrophyta r,vere
forced out, while the quota of hygromesophyta (ngmt) exceeded qo;/,, ini that of
the ml,3 and mx2 representatives were aaove 5y" (Fig.'13).

P. a.-A. p. podtosum angustifolitte (= typicum)

- 9enological relations. This association, similarty to other locations along
the Tisza, is found in the highest-lying reliefs of the rnarsh,meadows. Since herE
drying occfirs in shorter time after hoods, in its cenoses Chenopodio-Scteranttrea,
Festuco-Bromea, even Festucio_n pseudovinae species propagation occurred. Among
tn:. ttt. leadile role is played beiide Alopecurus praieniis, characterized uy tioafi
adaptation ability, by Poa angustifolia as well.

Hydroecology. In the species composition the decrease of marsh-meadow
species- was of the same extent as the increase in the mesophyta (m2,3) and even
more in meso-xe_rophyta (mxl, 2) total covering quota. TLj q,rotu of dominant
representatives of the dt4ng o_ut. marsh-meadows hardly changed in comparison
t9 tle- previous ty,pical variant. In its cenoses, however, were fourid species 

"tiutu"i"-rized by such.l tolerance in respect of moisture content and competitiveness tfrat ifrly
can be considered drought-resistant (axl, 3), e.g. Festuca piudouina and carex
praecox.

Associations developing as a consequence of intensive grazing in the studied
region:
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FE. 13. Hydroecology of Poo'Alopecuretum

Lolio-Potmtilletum anserince KNepp 48

In the Bodrogzug flood-plain in the vicinity of settlements marsh-meadow pas-

turesha-ve Ueen iarled for^grazing. Under the intensive zoogen effect secondary

"""o*o 
A"u.foped depenJing"o' thE relief.relations. This association developed in

pi"c* of highe? moisture co;tent. Two variants were analysed:

L.-P. a. potentillettosum anserinae (- typicum)

Cen o I o gical r el a ti o n s. Drying out marsh-meadow sp€cies dominated, such

as treading tolerant Potentilla anse;in;., Agrostis stolonifera, Potentilla reptlls' Pog

;;;.-T;";p*f" 
"o*por""tr 

betonged hqi.Uy to Agropyro-Rumieion, Plantagi-

netea, which were Molinio-Arrhenatherea elements

ffydtoecology. th" nieh".t covering. quqta was reached by helo'hygrop.hyta

(ngZ, gj. B".ide thi aUove mEntioned species Rorippa syluestis, Potmtilla supina

ii.6igingtohg,hgmandmcategoriesihowednearlyequalquota(Fig.la).

Lolio- Alopeanretum pratensrs Boonr' 62

Lofio pastures have been studied in details by Fonsrnn (1968),tne auttroi de:

termi;d ti"i, 
".oorystematical 

positiol and poor species composition.-- - 
f" *.}rritory studied, the highest-lying areas' emerging first after floods, were
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Fig. 14. Hydroecological relations ofsubassociation units of Lolio-Potentilletum anserinae

chosen as pastures. Under the influence of this harmful enyironmental effect, the
species composition of the original marsh-meadow cenoses changed significantly.
The sensitive components were replaced by more agressive ones. Depending on
habitat moisture relations secondary associations developed from different original
associations. Their composition is similar to that of marsh pastures in other locations
of the Tisza flood-plain (Bounocrdzy 1985).

L.-4. p. agrostetosum stoloniferae

Cenological relations. It developed in the first place frorn Poo angustifoliae-
Alopecuretum under the increased zoogen effect. Its differential species are:
Euphorbia lucida, Carex aulpina, Agrostis stolonifera. Among species components
a number of Molino-Juncetea, Agropyro-Rumicion elements could be found.

Hydroecology. The total covering quota showed a steady increase from
helo-hygrophyta towards hygrophyta up to mesophyta. Among helophyta Euphorbia
Iucida, in hygrophyton category Rammcalus repens, Poa triuialis, Potentilla replans,
and among mesophyta Lolium perenne presence should be emphasized.

L,-4. p. alopecuretosum pratensis

Cenological relati ons. Molinio-Arrhennatherea, Agropyro rumicion be-
came dominant, Molinio-Juncetea elements dropped out. Differential species,:
Rorippa anstiaca, Mentha araensis Althaea fficinalis.

1 2 3
hh9
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Fig. 15. Lolio-Alopecaretum pratensis

Hydroecology. Helo-hydrophyta dropped out, the highest covering quota

was reached by hiEro-mesophyta, the quota of species components belonging to

mesophyton transitory subgroup increased (Fig. 15)'

L.-A. p. Iolietosum

Both in cenological relations and hydroecology it closely resembles the units

described in other locations of the Tisza flood-plain or other more distant areas

(Manrovrd 1978, KAnpAn et aL.1963, Bopnocrdzv 1985).
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Bodrogzug vlzparti- mocs{r 6s r6tt6rsut{sai, hidrodkol6giai viszonyaik

Bopnocr<izY GY.

J. A. Tudom6nyegyetem Nijv€nytani Tanszdk, Szeged

Klvonat

A magyarorsz6gi Fels6-Tisza szakasz hull6mter6ben a Bodrog^€s a Tisza 6sszefollais6n6l'

fomj igniftUen kia-lakult Bodrogzug n0vdnytakar6j6nak iisszei€tele j6r6szt 
_elt6r a Tiszahulldmt6r

mailiaetei*f 6lomdnyait6l. Ez-ek6sorbara montiin hatds, illetve az el!6r6,talai 6s hidroitkol6'

giai viszonyok ktivetkefr6nye. A napjainkban m6r term6szetv6delmi teriilett€ nyilvrinitott_hullAm-

igi Ag11 szakas"a vizvisszaduzzasztSs- kdrnyezeti sztresszhatilsa alil ker0lt. Hat6sdra a Scirpo-

iir;;^igt;^ mis ciinozisok rovisilra naryicitgrjeqegff teriileteket vett birtokba. A kdz6ps6 es als6

izakaszokon viszont a mineralogdn 6s biojdn feltiilt6dds ktivetkezt6ben a holtrigak medr€t a hyda'

topfriton aUomanyok rovris6ra Sporgorio-Sagittarietam, Rorippo--Oenanthetum, nhsutt Glycerie:

lii'^*i-*loitaG eL ueya;csit elterjediek a Caricetum grac_ilis asszoci6ci6 alatti egysdgei.

A degrad6lt-nedves terfi6helyeken ai Eleocharito-schoewplectetum supini iszapniiv6nyzeto

volt fellelhet6.- 
Sodrogog kdzdps6 6s fels6 szakaszln viszont vdgel4thatatlan mocs6rr€tek alakultak ki. A

"eOueieUU 
i'elyEken a'Carici melanostachyae-Alopecureium pratensl's, magasabb t6rszinen a Lytlyg

;Wi;il";"irr"tim al6rendeltebb szirepfi mint a Tisza huftimt6r m6s vid6kein. A szlrazabb

szjkaszokon i poo angustifuliae-Alopecuritum dllorniinyait sokhelyen felsz6ntottiik. - Intenzlven

tegetietett tretyeken ne?veiebb ktiriilm6nyek kozdtt Lolio-Potentilletum anserinae, milsutt Lolio-

Alopecuretum pratensis legel6k alakultak ki.

ruAPo-9KOJTOTUTIECKAE 3ABTTCIIMOCTII TTPITEPEXHbD('
BOJIOTIIbIX II JIyTOBbX COOBqECTB B OBJIACTI{ 6OAPOr3yT

A. Eorporregr

B uofiuax Bepxnet Trcsr B patroEe Torar pacrrrernrocr o6traqs Bopporsyr, o6pasoraa'

uefcg trpE cJE u; per Bo4por iTsca,ornnsaercs or coo6uecrB uofnr Tncn rpyrn o6lacrefi.
gro o6ricxcercs np6x,ue Bcero xoJrMtrcrbrM xaparrepoM Aamot o6nacrr z sBlrr€rcr cJreAcrBtreM
papJr5.1lr6p5 norIBeEEbD( tr urApo-g1oJrorrrecKn( ycnoad. B sacroflqee apelvrr roxnrrt orpe3oK

nohr,or, o6rmnetrEd 3atroBeAsofi o6racrrro, Eaxolgrct no,q crpeccoBbrM Bo3AeficrBtreM 3atrpy-

rrfrBa: u. Bcne,Ecrsue aroro sa6ffoAaercq 3EaqtrTeJGHoe pactrpocrpanegze Scirpo-Phragmitetum

3a crrer Apyrrx coo6uecrs, B cpe,ryeft u aepxnet sacrtr o6nacru BcJle,4crBtre MrueparoresEoro tr

6rorernroro ganoJrrregtrr B pycnax MeprBbD( pyKaBoB Sparganio-Sagittarietum, RorippoCenanthetum

" "i*otop"r" 
Mecrax Glyiirietum iaimae Bblrecsurrtr coo6qecrsa rrgpot[uronon. Tarxe pac'

rrpocrparrrJlr{cb gJreMenTbr cy6accouarw Caricetum gracilis.- 
li uuexux, BJraxE6D( Me€Tar( upotr3pacraJla uJrbxart pacrsrerbEocrt Eleocharito-Schoenoplec-

tetum supini.
B cpefuefi z repxnefi sacrtr BoAporsyr o6pa3osamcr o6lupnrre 6onornrre nyra. Bo gnaxssrx

H!13KD( irecra* Carici melanostachyie-Alopecuretum pratensis, sa 6oreeslrcowynctxaxlythro

airgatae-Alopecuretum ErpaJIu BTOpOcTetresEJ/Io pO_JIb B cpaBEeHtrtr c trofu{aMtr ,Upyr,ID( OTpBKoB

Tucsr. Bo Mgor6 Mecro( 
"a 

cy"w< yqacr1arx coo6qecrga Poo angustihliae'Alopecuretum -6bufr
[epe[axagbl. B vecrax trETeIBtrBEoro Blrryna B yrlacr(ax c troBbrltrexrrofi snaxlrocrrrc o6pa:o-
ganncr uacr6o'{a Lolio-Potentilletum anserinae, B Apyrn( Mecrax - Lolio'Alopecuretum pratensis.
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Obalne i moCvarne zajednice livade i hiilroekolo5ke osobine
teritorije Bodrogzug

Gy. Boonocrozy

Botanidki Institut, JATE, Szeged

Rezime

U gornjem otseku Tise nalazi se popliavno zemlji5te u u56u reke Bodrog (pored Tokaja), toje
teritorija Bodrogzug, vegetacioni pokrov dosta razlikuje od biljnog pokrova ostalog poplavnog
zemlji5ta. Ova Einjenica obja5njava se prvotno sa gorskim (montan) uticajem, odnosno sa diferen-
cijama hidroekolo5kih okolnosti i sa razliditostima tla. Ova teritorija je prirodno zaStitna teritorija,
juZni otsek je ispod stresom smanjene vode. Zbog toga zajednica Scirpo-Phragmitetum je postao
dominiraju6a na radun druge zajednice. Srednji i donji otsek nasipava s mineralogenskim i biogenskim
materijama, koren mrtvaje na teret hidatofiton vegetacije zauzirnali stt, Sparganio-sagittarietum,
Rorippo-Oenanthetunt, Glycerietum maximae. Jako su proiireni podasocijacije zajednice Caricetum
gracilis.

Na degradiranim vlaZnim mestima nadena je zajednica malja Eleocharito-Schoenoplectetum
supini. Na srednjem i gornjem otseku Bodrogzug dominirajuda je modvarna livada. Na vlaZnijim
mestima zeleni se zajednica Carici melanostachyae-Alopecuretum pratensis, a na vi5im terenima
zajednica Lythro airgatae-Alopecuretum. Na suvim mestima zajednice Poo angustifoliae-Alopeca-
retum s! nestali, napravili su oranicu od njih. Na painjacima metlu vlaZnijim okolnostima rastu
zajednice Lolio-Ps1sn1;llstum anserinae, drugde Lolio-Alopecuretum pratensis,
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GROWTH OF DIFFERENT FORMS OF CARP (CYPRINUS CARPIO L.)
IN KISKORE STORAGE.LAKE

A. Hanre

,,Lajos Kossuth" Secondary School, Tiszafiired
(Receiued fanuary 16, 1989)

Abstract

Carps in Kiskiire storage-lake (newly called the Tisza-lake) can be classified in three groups
on the basis of their profile index (Pr: ratio of body leng:th to body hight). The most widespread
formistheusualwildcarpcharacterizedby a medium hight spinearch(Pt:2,8-3,5), butbeside
it the low spine arch rangy carp (Pr=3,5) and the markedly high spine arch culture-carp (Pr=2,8)
can be found as well.

No significant differences have been found in the longitudinal growth of the three forms.
However, the wild forms are lagging behind in gain of weight as compared to the culture ones.
Irrespective of this in natural waters the maintenance of wild forms in the first place seems to be
justified, on the one hand because of their excellent sport characteristics (when hooked they struggle
vigorously and persistantly), and on the other hand because they preserve the genetic diversity of
the species, Supplementing or increasing of the carp population in the storage-lake is to be solved
in the future preferably by propagation of wild carps in it and not by introducing culture ones as
practiced formerly.

lntroduction

Carps in Kiskore storage-lake (newly called the Tisza-lake) can be classified
in three groups on the basis of their profile index (P1) defined as the ratio of body
length to body hight. The most widespread form is the usual wild carp characterized
by a medium hight spine arch (Pr: 2,8-3,5), but beside it the low spine arch,
so-called rangy carp (C. c. morpha hungaricus Hncrrr; Pt:=3,5) and the markedly
high spine arch culture-carp (C. c. morpha acuminatus Hrcrnr; Pi=2,8) can be
found as well.

While in a previous paper (HARKA 1988) the avcrage growth of the carp popula-
tion comprising the above three forms was investigated, the present paper deals
with the growth of these forms separately.

Materials and Methods

In the study the data of 65 scaly carps caught between 1985 and t987 in the north-eastern
basin of the Tisza-lake, in the vicinity of Tiszafiired and Poroszl6, wefe used. The body length of the
specimens investigated ranged between 320 and 600 mmn and their body weight between 950 and
4780 e.
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The age of the specimens was determined on the basis of scalimetric analysis according to
LEE (1920). Bertalaffy's matematical model (BrvrnroN and Hor,r 1957, GurrnNo 1963) was used
for description ofgrowth as suggested byDrcKrE (1971). The relation between the body length and
body weight was determined according to Trscu (1971),

Results

The profile index of the specimens studied varied between 2,32 and 3,86, the
average value being 3,20. The frequency showed nearly normal distribution (Fig. l).
The occurrence of the three forms was as follows: 2A,00o/o rangy carp, 69,230/o tsuaT
wild carp, 10,77 o/o culture-carp.

Fig. l. Frequency distribution of profile indexes (Pr) of the specimens studied

l .  L o n g i t u d i n a l  g r o w t h
'Ihe 

following relations were obtained for the body length of carps at the age
of "1" years (2,: standard body length in mm):

a) rangy fornt

b/ usual form

Lt = 82311- e-0,16e2C-o'24)]

Ir :  886[l  -e-0,1423(t+o,o?)]

c) culture form L.: 929U-e-0,128?(t+0'16)] (e = 2,718)

To make the comparisons easier the expected body length was calculated for
different ages and summarized in Table I. It can be seen that for age groups between
I and l0 years no significant difference exists in the body length for the three forms.
In this respect the three forms are of neady equal value.

2 .  Re la t ion  be tween body  length  and body  we igh t

The relation between body length (standard length: L") and body weight (w)
is described by the lineary transformed function suggested 6y Tnscr (igil)

z 3 ? 5 U 2 9 3 1 3 ) 3 5 t l 3 e P i
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using the following equations:

a) rangy form

b) usual form

lg W : -5,1188+3,1567 lg L"

lgw :  *4,6095+2,991719 L"

c) culture form lgW : -4,1351*2,849519L.

where body weight is given in g and body length - in mm.
Gradual changes are observed in the equation parameters. The value of constant

"b" is the highest for rangy form, indicating the highest growth rate, however, for
this form the value of constant "a" is the lowest, showing the lowest starting weight
(Fig.2). This initial drawback can not be overcome completely even at the symptotic
body length (823 mm).

3 .  B o d y  w e i g h t  g a i n
'fhe 

expected body weights at diferent ages are calculated from the data on
body length summarized in'Iable 1 using the relation between body length and body
weight described above (Table 2). Contrary to the results obtained for body length

A-cul ture form
B-usuol form
C-rongy form

Z5 Z0 2:l 2,9 lg Lc

Fig. 2. Relation between o.ol"t31l,,r1"l"??Sr3:9, 
ffi*,rll?, 

for different forms (A: culture

tgw

3,9

3,6

3'4

3,2

30

A

B
(

6 1



A-  cu t iu re  fo r rn
B-usuot  v i ld  fo rn
(  -  r0ngy  fo fm

|  2  3  4  5  6  7  I  9  1 O y e o r

Fig. 3. Gain in body weight (I/) in different forms (A: culture form, B: usual wild form, C: rangy
form)

there are significant differences in expected body weight for different forms. From
the curves showing body weight growth (Fig. 3) the advantage of the culture form
and the disadvantage of the rangy form in comparison to the usual wild carp become
obvious.

Conclusions

Taking into consideration the small number of specimens studied, the results
can be considered only as preliminary information. Its reality, however, is supported
by the fact that the present findings are in a good agreement with previous results
involving a higher number of specimens (Hanra 1988).

Thus the body length growth for the three forms does not differ significantly,
contrary to the gain in body weight showing differences increasing with age. Or,
put in a different way, the specimens belonging to different forms reach the same
body weight at different ages. E.g. body weight of specimens belonging to the culture
form exceeds 6 kg already at the age of 8 years, while for those of the usual form it
occurs at 9, and for the rangy form - only at the age of l0 years. It should be noted,
however, on the one hand that the majority of carp population belongs to the younger
age groups, where the differences are smaller, and on the other hand the draw-backs
of the wild forms are only relative, since e.g. the wild carps in the K<ircis backwaters
grow even slower than the slowest growing rangy carps in the Tisza-lake (Tar,lar
and Or,As 1986). This statement is not valid for the first two years of life, but this
fact is of no significance, since the specimens did not reach yet the catching size.

In spite of the slower growth of the wild forms still they are more valuable,
not only because they preserve the genetic diversity of the species but also because
of their excellent sport characteristics. When hooked they struggle vigorously and
persistantly, thus being of a greater interest for anglers. At present the supplementing
and increasing of the carp population is achieved by introducing culture carps from
fish-farms, however, in the future it is desirable to use for the purpose wild carps
propagated at the spot.
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Table l. Longitudinal growth of diferent
carpforms in the Tisza-lake

Age in
years

Body length in mm

rangy form usual form cultureform

Table 2. Gain in body weight in diferent carp forms

Body weigth in g

rangy form usual form cultureform

1
2
a

5
6
7
8
9

l 0

t25
226
3 1 4
3e0
455
512
562
605
642
675

99
212
307
387
455
512
561
602
636
665

127
225
3 1 0
384
450
508
559
604
643
677

Age in
years

I

2
J

^

5
6
7
8
9

l0

l 5
168
540

1122
I 870
2714
3621
4524
538 I
6194

46
271
1'' <

I  387
2200
3r32
4139
5160
6t63
7160

72
369
921

r694
2662
3761
4939
61  58
7360
8524

References

BrvERroN, R. J. G., Horr, S. J. (1957): On the dynamics of exploited fish populations. - Fish.
Inv. London 19.

DIcKtn, M. L. (1971): Mathematical models of growth, * In Rrcrnn (ed.): Method for Assessment
of Fish Production in Fresh Waters. - Oxford and Edinburgh.

GutLlNo, J. A. (1965): Manual of methods for fish stock assessment.Fishpopulation analysis.
- FAO Fish. Tech. Reo. 40.

HAnxA, A. ( 1SSS): Growth of the carp ( Cyprinus carpio r.) in the Kiskcire storage.lake. - Tiscia
(Szeged) 24,79-86.

Lrr, R. M. (1920): A review of the methods of age and growth determination in fishery by means
ofscales. - Fish. Inv. London 4.

Trr'n.rr, K. M. M., Or,iu, J. (1986): Fishery studies on Cyprinus carpio r. in Hungarian inland
waters 2. Age and growth of Cyprinus carpio r,. in Kiircis backwater reservoir. - Aquacultura
Hungarica 5,241-250.

Trscg, F. W. (1971): Age and Growth. - In Rrcrrn. (ed.): Methods for Assessment of Fish Produc-
tion in Fresh Waters. - Oxford and Edinburgh.

63



A ponty (Cyprinus carpio L.) kiiliinbtiz6 formav{ltozetainak
ntiveked6se a Kiskiirei-tdroz6ttiban

Hanr.c A.

Kossuth Lajos Ktjz6piskola, Tiszaftired

Kivonat

Profilindex (Pi: a standard testhossz 6s a testmagassdg hiinyadosa) alapjdn a Kiskdrei-tiiroz6t6
(rijabb nev6n Tisza-t6) pontyai h6rom csoportba sorolhat6k. Leggyakoribb viltozat a m6rs6kelten
magas h6trl k6z<ins6ges vadponty (Pi: 2,8-3,5), de el6fordul az alacsony h6t$ nyurgaponty (Pi:

nagyobb 5,5-n6l) 6s a kifejezetten magas h6tri nemesponty is (Pi: kisebb 2,8-n6l).
Hosszntjveked6sben a h6rom formavhltozat kdzdtt nem mutatkozott l6nyeges elt6rds, tiimeg-

ndvekedrgsben azonban a vad form6k elmaradnak a kultrirforma mcigdtt. A term6szetes vizekben
m6gis indokolt a vad formdk fenntart6sa, uryanis ezek kiv6l6 sporthalak (horogra akadva kitart6an
6s er6sen kiizdenek), m6sr6szt a faj genetikai v6ltozatoss6g6nak 6rz6i. Atilroz6t6 pontyillomiinydt
jelenleg tbgazdasdei nemespontyokkal p6tolj6k, illetve n<ivelik, a jiiv6ben azonban c6lszerff lenne
ezt a vadpontyok helyben tdrt6n6 szaporitds6val megoldani.

POCT OTAEJIbHbIX PA3HOBKTAHOCTEfi KAPIIA
(CYPRINUS CARPIO L.) B BOAOXPAHIIJIIITT{F' KLIItrKEPE

A. Xapra

Ha ocgorarur lHaqenufl npo$unrnoro llHAeKca (P1: ornomerme craHAaprnofi Ananrr x
Bbrcore rynosfirqa) r<aptrbr, o6nrarorque B BoAoxpaHrrnuqe Kuurxepe (noroe uasaarue - Tuccroe
osepo), uoryr 6uru pa3AeneHbr Ha rpr{ rpyrmbr. Har.r6onee pac[pocrpatennofi pa3HoB[AHocrblo

rBJt{ercr o6rr.rgHfi r<aptr, xapaKTeprryeMbrfi yMepeuuo-BbrcoKttM cBoAoM cuznu (Pr:J,8-3,5),

Ho Bcrpeqarorcr raxxe ca3ar c ur{3KrrM cBo,uoM cmlrr,r (P' >5,5) r rylrrypurrfi rapn c noAqepr-
Hyro BhrcorgM cBo,4oM cnnnur (P1<2,8).

B ornouerum upoAoJrLgoro pocra MexAy 3Tr{MIr rpeMt pa3goBuAnocrtMtr lre 6uno cyulecr-
BeHr{bD( pa3ilnwfit, B To BpeMr Kar( B orrrourexrrrr yBer}rqeHl,tt ux Macchr Alrrne ibopurr orcraBaJllr
or rynr,iypnrrx. Heclrorpr Ea 9To B ecrecrBerrrrbrx soAax o6ocsoBallo pa3BeAeHIae 4Iarux (fopu,

c oAHot cropon6l B cBrsu c ux [peBocxoArrbrMr.r xapaKreprcrrrraMlr c rollrr4 3peHl{tr cnopra (no-

rraBrrrzcb Ha yAoqKy oHE ,qoJrro ll ycrrneuo co[porrrBJrtlorct), a c lpyrofi - rn coxpauennt
rererr.r.recxoft rapua6elraocrrr BrrAa. .{nr uononneuut r,r yBerltqerrrn nonyJrfiqul{ KaprroB B Bo.qox-
panrrJruqe B Hacrorr{ee BpeMfl r{c[oJrb3y]or KynbrypHbrx raprloB, pa3BoAItMbIx n prr6nrrx xosrft-
cTBax; B 6y,{yqeu, oArraKo, qenecoo6paono nepefT[ K pa3BeAeH[Io ArrKrrx KapnoB B BoAoxpalrl4-
JUTEE.

Prirast variiantnih oblika Sarana (Cyprinus carpio L.)
u rezervoaru za Yodu Kiskiire

A. Hnma

Gimnazija,,Kossuth Lajos", Tiszafiired

Rezime

Prema profil-indeksu (Pi: kvocijent standardne duZine tela i standardne visine tela) Sarani u
rezervoaru za vodu Kiskrire (novije ime je: Tisa-jezero) poretlaju se u tri grupe. Najde5Ci varijanti
su divlji Sarani sa umereno visokim letlima (Pi: 2,8-3,5) ali nalazi se i suvonjav Saran sa niZim ledima
(Pi: >5,5; i maloljuskavi Saran sa izrazito visokim letlima (Pi: =2,8).

Prema duiinu tela nije naden izrazita diferencija, s druge strane, divlji Sarani zaostaju sa
rastom teZine. U prirodnim vodama ipak je potrebno odrZati divlje varijante, jer ove su odlidne
sportske ribe (prilikom ulova tedko daju svoje Zivote), a one prenose multivarijantne genetske oso-
bine. Sastav Sarana u rezervoaru naknaduju odnosno povedavaju sa maloljuskavim Saranima.
U budu6nosti bilo bi celishodno ovaj proces dopuniti sa mnoZenjem divljih Sarana na licu mesta.
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SYSTEMATIC STATUS OF HUNGARIAN BULLHEAD POUT:
ICTALURUS NEBULOSUS PANNONICUS ssp. n.

A. Hlnxa and K. prNTuR*

,, Lajos Kossuth" Secondary S chool, TiszaJ'ired
* Ministry of Agriculture'and Food, Budapest

(Receiued fanuary 10, 1989)

Abstract

Morphological studies have been carrie<l out by the authors on 337 specrmens of bullheadpout (Ictalurus nebulasus) caughtjn Hungarian waters, and the results *#" 
"ompur.d 

with thedata available t'rom the literatur_e. Taking into consi<teraiion the ditrerinces oiierueo in the number

,.j*:l_::t.gg 
in-th-e pectorial spine, ilis justified to.diJtinC"irr.tir,iiiiir"ialion orbuflhead pour

rn Hungary and bordering regions showing the same,characteristics as a separate subspecies underthe name lctalurus nebulouts pannorucas (ssp. n.). The rormition oi ttr" 
".* 

rlr."i"r ."r t" 
"ttriu"iorto.thc introgres.sive hybridization during the inirocluction of the speciei in r'uiop", as well as to the

adaptation to the new, differrent environmental conditions.

Introduction

l-he acclimatization of the North-Anrerican ictalurid bullhead pout in Eurone
Itas b9su1 at the end of the_last.century. The firsr European intioauciio. t"tr. prli,
in 1871 in-.France (vrvrun J95r). According to american data(KrNoen 1910) thc
relgu.l$ delivery_started with the first shipmint to tselgium in tsS+. The occurience
of this speci"s- in Germany has been observed sincJ tgs5 (ScmNorrn 1953). Its
further spreading in Europe occurred on the one hand from bermany, and on the
other *- from further a.merican j.rnport shipments. _The prournun"i of ftr" i-poriei
fish.were the -swantps in the Mississippi river valley, .fr.t" 

"oit."tions 
have been

carned out tollowing the withdrawals of the floods_ The rnajority of the imported
bullhead pout has been identified, as lctalunrs nebulosus, howevei, L punctaius ha.s
beenintroduced as well, and, probabry. I. nataris was presenti" irr",rrlp*"n;;, i;;
(WHrrrrn 1978).

. Fot- a long tinre th-e bullhead pout, which.becanre widespread in Europe has
been referred to in the literature',ry{9rqly a.s Amiurus (Ameiurus n"butosui), ini
later as lctalurus nebulo.vus (Brnc 1949, Bf,ninnscu 1964, Leorcrs and vocr 1965"
BrnnrEv 1966). For the first time the occurrence of I. melas species ir n"."p" *"5
reported by Rroecre (1941, cited in Wnprrnn l97g) in Holland.

In the 60s SpnruaNN (1967), TonroNrsr (lg6i) and BiN,qnnscu (196g) reached
the conclusion that the populations found in France, Italy and Roumania ietongeJ
not to I. nebulosus but to I. melas species. Several autirors attributed the eariier
I. nebulosus data to misidentification and stated that the genus was represented in
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Europe solely by I. melas (BlNtrnBscu 1968, Hurr 1970, BuNc et al. l97l). Contrary

to thise findingi the resulis obtained by HordIr (1972') confirmed the earlier identi-

fication (1. nebulosu.r) in the population in Czechoslovakia, however, the author

emphasized that the number ol anat rays observed overlaps the numbers reqgl!{

for-these two species. After reviewing the data on bullhead pou!, Wurnrrn (1978)

contravened the findings of Hum (1970) and Br,eNc et al. (1971) concerning the

exclusive occurrence oi L melas in Europe and accepted the occurrence of both

I. melas and I. nebulorur on the continent. At the same time the author found that

in Great Britain I. melas is the more often imported species, which he brings into

connection with the fact that the provenance of bullhead pout imported for aquarium

keeping or as experimental animals is usually Italy- _'Among 
the publications dealing with this problem, particular attention is to be

paid to the-work of Reurlrcr et. al. (1966). actording to which thc electrophoretic

itudy of hemoglobin in the population found in the vicinity of Ferrara indicates

mixi"ng of charicteristic traiti of 3 species (1. melas, I. natalis and I. nebulosus)--

Howe-ver, the above paper does not deal with the morphological -characteristics of

the fish. Scorr and in6ssulN (1973) pointed at the occurrence ofhybridization of

I. melas and I. nebulosus species in natural conditions.
In the first place the iesults described above called for the investigation ̂of-the

systematic statui of bullhead pout found in Hungary. The study was justified as

well bv the fact that in 1980 L melas has been imported to Hungary from a fish farm

in the vicinity of Modena (Italy), and in the near future the appearance of its progeny

is to be expected in a number of water basins.

Materids and Methoils

The identification of Hungarian bullhead pout was based on live specimens caught in the

Tisza river and the Hortob6gy hshpond in 1983-87 (n:2OO+ 100 individuals), as well qs 9n !h9
JonJerveA specim"ns in the cdttectioh of the Museum of Natural Sciences in Budapest (lz:54 indivi-

Ouals). I.trotatter originat€d mainly from the Danube (r:30 individuals) and other water basins

in Hungary (for dctails on provenance see Brnlwrsv 1972).

trithe work on ideniification the following studies have been used JonpnN and EvBnvar{

(1985), TnnurulN (1957), BLA1R et al. (1957), Husss and LaclBn (1958), Scnutrn'VlNIz (1968)'

icori'and Cnossr.llx (1973), Movr-s (1976), Lnn et al. (1980) and Epnv (1969).

For comparison we had at our disposal l0 live I. melas specimens bSfgnStne to.the Fr Senefg'
tion ofthe pdpubtion imported in 198b from ltaly. The provenance of these specimens was P6r

fishfarm (Western Hungary).

Results

As expected the question of identification has been eventually restricted to two

species: I.nebulosusaidl.melas.Inthesolution.oftheproblemthefollowingcharac-
teristic features have been taken into consideration:

1. The hind side of the pectoral spine in all specimens (n:354) without excep-

tion was markedly indented.
2. The flank colouring in every live specimen (n:300) was to a greater or lesser

extent clouded and spotted. In the conserved specimens similar observations were

made, however, those can not be considered authentical as far as the colouring is

concerned.
3. The light-coloured transversal strip characteristic for .L melas was migqing

from the tail-fin base of the specimens (n:3OO). Although a lighter line was visible
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in three palecoloured yoynq specimens, it was significantly weaker and narrower
than in the control I. melas individuals.

4. 'the 
colour of the fin-membranes was more or less identical with the colouring

of the body and the rays (n=300), the smoky, blackish colouring characteristic for
I. melas specimens have not been detected in any of the studied iidiviauals.

Thus our results sup_port earlierfirrdings-thit Hungarian bullhead pout belongs
t9^!t 

rybulgsas species (Lov,l,ssv 1927, vAiARHrr,vr 1d61, Brnnruy tgoo, Hlnr],r
1974, Pnrrfn 1976).

T'he number of anal rays in L meras and L nebulosus was considered by Jonn,lN
and Evrnuar'rN (1896) to be an.important distinguishing character as well. iloweuer,
It has been shown in later studies that there is an overlapping in the number of anai
rays.reported for these two species (Fig. l), and thus trre iay number can not be
considered as a species distinguishing character.

Fig , Numbc;;;:.",1i'. -,^, ^^n

Moyle ( t976, CalifornioJ

*,oll, C ro ss n an | 1923, Conada)

Snti th -Voniz I  l96E,Alobono)

Troulnan (1957, 2itioJ

Jorden, Evernan ( 1896)

L nebulosus

I. nebulosus accorcling to different authors

I

t 7  t 8
5 1 9

19,92

20
131

t 9
86

2t 22 23
B r 1 3  2

Discussinn

-Our findings are in agreement wjth the data obtained in the regions bordering
on-Hungary. In a study of 43 specimens originating from Czechosl-ovakia Hordri
1972) exileme values of 17 and 23, and, a mean.valuJof 20,09 weie register.a, it"
results obtained_by MrlnrrN (1992) in Jugoslavia on270 specimens were as follows:
extreme values 18 and 22, meanvalue 1927.

Similar results were obtained in Roumania as well, where the number of anal
rays was 19-12 (BINXnrscu 1964) and 17--20 (BiNXnescu 196g). In the latter

In the Hungarian L nebulo.sus specimens studied (n:337, since some or-the
conserv-ed-specimens were not suitable for investigation) the number of 

"nui-iayswas as follows:

Number of rays
Number of specimens
Mean value:
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work the author taking into consideration among others the number of anal rtls

uttignrd the Roumaniin population to L melas species, however, Hordx (1972)

rogE"itra a revision ofthis classification, based on the studies carried outon speci-

-Jn'r fto111 the Timis river (Roumania). The markedly indented pectoral _spine of the

Roumanian bullhead pout specimens found in the collection of the Museum of

Natural Sciences in nudapesf @:62) iustify the reassignment' The number of anal

rays in this group varied between 17 and 23, mean value 19,15'
' 

Compaiison of the East-Middle-European and North-American data shows that

the minimal number of anal rays detected in the European,L nebulo,rus populations

was significantly lower, and the mean values as well did not reach the minimal

numbers observed in America (Fie.2).

€

---l-

-€t-

--.+.--
-.+-

I

Noyle | 1976, Californio)

Sco I I, Crossmon | 1973, Canado )

Sni th - Voniz ( 1966, At o bon ol

Hubbs, Logler (lSSGreot ld<esRegi

Troutnon 11957, OhioJ

Jordan. Ever nonn ( 1896 )
0urdata I Hungory)- '
Maletin | 1982, Yugosloviol

Hol ii k | 1972, C2xltosl ovoki a )
Berg ( 1949, Soviet Union )

15 20 25

n rodii

-.€l- in generol + nean

Fig. 2. Number of anal rays of 1. nebalosus Ponul?ti"rf,:# Europe and North-America according

According to Hor,drr (1972) the differences obsetved are due possibly !o 1{up-
tation, howev-er, the possitility of hybridization should not be neglected either,

since among thj specimens imported to Europe besides I. neb.ulosus the occurrence

oiifr" i"riy relaied I. rnelas is highly probable, and since initially the fish were

kept in artificial conditions'' 
The number of anal rays in the Eastern-Middle-EuroPfln I- nebulosus (17-24)

u"a|.-itiiii (16__24) populations is nearly identical, which can be considered to

i.rrfi fr"- frytriOizaliin'of these two speties, in tle course_ of which some traits

characteristi c'for I. melas werc transferred to I . nebulosas (and vice versa), and since

d";i;; th.i;spreading in Europe the specimens did not encounter a pure population,

the acquired properties became stabilized.
Another^sta'bilized characteristic feature of the Hungarian bullhead pout ls

that ihe front side of the pectoral spine is not completely smooth but finely barbed'

.oueh oi o"casionally indented Gi!. 3)..These feaiures resemble the characteristics

if-f.-natatfs, thus in our case tire possibility of triple hybridization suggested by-

dtr*r." et al. (1966) can be considiered as well. The roughness of the front side of

pr"iorui rpine is cleaity visible in the figure based on the studies of Hordrc (1972)

in Czechoslovakia.
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Fig. 3. Ruggedness of the pectoral spine of lctalurus nebulosus pannonicus ssp. n.
Above: original pectoral spine (length 23,5 mm) of an individual caughtln the Tisza river at Tisza-
Below: Pectoral spine (length 21,1 *-l or urrfliifui{qal causht in the Danube at srurovo (after

Hordrx, 1972)

I'aking into consideration the differences in the number of anal rays and inpectoral spine, as well as the separate_spreading region, it is 3usiinea to olrtirrguirii
the pop-ulation in Hungary and _bordeiing regrons as a separate species unoe? it*name of 1. nebulosus pannonicus (ssp. n.). 

-

Ictalurus nebulorus pannonicus (ssp. n.)

^ .Hgl-otype: l'emale, standard length 213 mm. Deposited in the fish collection
of the Museum of Natural Sciences ii Budapest (No:8t.-i. 

-i.1.'coil."t"a 
il-X.

Henr,l in the Tisza river ar poroszr6. on epiit 14: 1987. cr,"ruJtlriJi;ig;urJ, l
Table l.

Table 1. Charucteristics of the hototype and paratypes of lctalurus
nebulosus pannonicus ssp. n.

Trait Holotype
Paratype

extreme
values mean value

Standard length
Full length
Body max. length
Tail shaft min. heisht
Predorsal distance-
Head length
Interorbital distance
Eye diameter
Preorbital distance
Length of the anal fin
Hight of the anal fin
Number of anal rays

213
250
46
25
76
6 l
30
8

2l
48
3 l
20

132-t48
158-178
27-35
15-t9
49-60
38-44
t7-25
4-5

1 t -15
30-34
16-21
19-21

139,2
167,6
30,9
16,6
52,4
&16
20,5
4,6

13,l
32,8
18,7
20,l

The measures are given in mm
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Paratypcs: 13 specimens, standard length varying between 132 and.l48 mm.
Deposited in the same collection as the holotype (No. 87.2.1.). Collected by A. H,mra
in the Tisza river at Poroszl6 on June 24, 1987. Characteristic features - summarized
in Table 1.

Other materials (deposited in the same collection): No. 87.3.1. 6 bone prepara-
tions of lcta lurus n. pannonicus (skull * spine * the trst ray of the pectoral and dorsal
fin), Tisza (Tiszafiired), November 74, 1986 (1. A. Heme). No. 87.4.1. 10 bone
preparations of lctalurus n. pannonicus (see the item above), Tisza (Poroszl6), Novem-
ber 20, 1936 0. A. Hlnna). No. 87.5.1. 9 bone preparations of Ictalurus n. pannonicus
(see the items above), Tisza (Poroszl6), April 14, 1987 0. A. Henrl).

Description. Pinna dorsalis: 115-6; p. analis:- 3-+ll4'19; p. pectoralis:
ll7-8; p. ventralis: 117; p. caudalis: 16-19*a number of rudiments. The number
of vertebra, without Weberbones 37-39, the mean value based on 27 specimens
37,6. The side line in the fore and middle part of the body is continuous, at the tail
shaft often broken or incomplete, and can differ at the two flanks. The main morpho-
metric characteristics essentially agree with the values given by Scort and Cnosstr,t c,r.l
(1973)for I. nebuloszs species (Table 2).

Table 2. Morphometric characteristics of I. nebulosus ( a ) and
L n. pannonicus (b, c)

E x p r e s s e d  a s  p e r c e n t a g e

Head length
Max. body hight
Tail shaft min. hight
Predorsal distance
Base of the anal fin

E x p r e s s e d  a s  p e r c e n t a g e

Preorbital length
Interorbital length
Eye diameter

o f  t b e  f u l l  l e n g t h :

o f  t h e  h e a d  l e n g t h :

21,2-26,5 23,8
17,0-22,3 18,8
8,6-10,6 9,8

27,6-33,2 31,3
17,6-22,2 19,8

22,6-26,3
17,7-26,3
8, t-9,9

30,4-34,3
17,5-20,7

35,6-44,2
45,2-53,2
10,0-18,7

31,0-41,8
45,2-63,6
6,9-14,1

35,6
52,6
10,7

a: After Scott and Crossman (1973)

b and c: extreme values and mean value (based on 50 individuals)

70

Fig.4. Ictalurus nebulosus pannonicus ssp. n. from the Tisza river (photo: A. mqnr.ql



. Colouring. The dorsal colouring varies from yellowish-brown to blackish-
brown' the flanks are of paler colour, t6 a greater or lesser extent cloudy, the abdo-
men is off-white or yellowish white. The c-olouring of the nns is simitdi to inat of
the body, their distai parts being often less pig-".ri.a tfll n 

-'

. -Ec-ology. The,subspecies does not impose particular'requirements, favours
in the first place shallow waters with rich vegetation but can be'found ir irn. iinri,
as well.

Terra typica: Storage-lake of the'fisza river, Eastern Hungary.
. . G.eographical distribution: At present known to occuiin tne Carnatian
basin in.the.river systems of the Danube and Tisza, tut u""oralrre ,rirr" olij'"?
Frank (cited in Hordx, 1972) onthe Elba region, a wider spreading c-ould be possibf
too.

. Etymology. 'rle 
nam€ pannonicus refers to the presently known spreading

region of the subspecies - Caipathian or pannonian basin.
Forrnation. The formation of the new subspecies in the course of the species

introduction in Europe is possibly due to envirorimentur aoaptatio;-";d'il, ff;-gression of the various lctaturus-species (1. nebulosus, L metis, i, natalis).
Distinction of Ic talurus nebulosus subspecies.
The distinction of the I. nebulosus subspecies can be based on the following key:
l. The front side^of the pectoral spine is smooth, the number of anal rays is

generally 22-24.
l/a The flanks are faintly spotty, cloudy. occurrence: South-canada; uSA

I. n. nebulosas (LeSueun, lglg)

l/b rhe flanks are markedly spotty, croudy. occurrence: uSA, from Indiana
to Florida 

I. n, marmoratr,rs (Horrnoor lg55)
2. The front side of the pectoral spine is uneven, finely barbed, rough or rugged,

the number of anal rays is generally 18-21. Octurrence: paiern-tvtillte-
Europe.

I. n, pannoniuls ssp. n.

A c k n  o w l e  d g e m e n t s

Thanks are due to JURAJ HoldIK (slovak Academy of -Agricultural sciences, Laboratory ofFisherv Research and Hvdrobiolqsr, ilratislava), srEv.AT U;!;ii" inrl,,irsitr of-Novi.!lo-l'M. D. F' Uovenpv (calif., State uiiversity, saciimento) ioitireir terpin oui *o.t.
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Magyarorszfg tiirpeharcsdinak rendszertani helye:
fctalurus nebulosus pannonicus ssp. n.

Henra Aros 6s hx-rfn triinor,Y*

Kossuth Lajos Gimndzium, Tiszaftired
t Mez6gazdas6gi 6s Eiehez6siigyi Miniszt€rium, Budapest

Kivonat

A.szerz6k 337 db,magyarorsz6givizekb6l sz.brmaz6tdrpeharcsa (Ictalurusnebulosas) morfol6'

eiai vizsc{lat6t v6gezt6k e|6s eredm€nyeiket dsszevetettdk a rendelkezdsre 6116 irodalmi anyaggal.

A farokitatti risz6iugarainak (anal rays) sz6ma 6s a melftisz6 ttiske (pectoral spine) elt6r6sei alapj6n

indokolt a magyarorszigi valiamint a kcirnyez6 teriiletek hasonl6jellegzetess€gekkel blr6 tiirpeharcsa
populaci6inak 

-On6ll6 
aifaji megkiilcinbiiztetase lctalurus nebulosus pannonigus (s:P. !.) 9ev9n. 4e

ii; *fal kialakul6sa az eui6paibeteleplt6skor bekiivetkezett introgresszlv hibridizaci6val valamint

a2 ti, EttAA kdrnyezeti visionyokhoz val6 adapt6ci6val magyatdzhatO.
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clICTEMATr,IrmcKAff KJIACCUOTIKATTI{{ BEHTEPCKOIO COMA:
ICTALURUS NEBULOSUS PANNONICUS ssp. n.

A. Xapxa r K. f luNrep

__ Arropat"rr trpoBeAeHLI nopSonorr.rrecKue rnccneAoBasas, 337 oco6eft lctalurus nebulosus,
uoftvannrrx B BeHrepcKr{x BoAax, tr pe3yJrLTarhr cpaBHeHbI c nrrreparypHbrMrr AagrrbrMtr. Ilpuxavar
Bo BHnMaHrre pa3Jrrl.Mt, ua6nto4aeuue B qr{cJre nyueft ananunoro nJIaBHr,rKa u n nexropanHroft
ocn4 o6ocnonano o6oco6lenue tronyJrrqtrr coMa, pacnpocrpanernroft r Benrpur r,r nptrMblKarousx
o6lacrrx, r orgenrnnft noABtrA noA Ha3BaHtrevr-Ictalurus- nebulosus panninicus (isp. nj. nog-
rlllKHoBel{r{e HoBoft uouyntl{Er,r Moxer 6rtrb o6rscneuo lruTporpecctranoft rra6pr.rgugaqraeft so
BpeMt BBeAeHI{t 3Toro BI{Aa B Enpone, a raKxe aAauraquefi K ycnoBnrM noaoi orpyxarorqefi
cpeabr.

Mesto patuljastih somi6a (Ictalurus nebulosus pannonicusl ssp. n.)
u zootaksonomiji nailene u Mailarskoj

A,, HAR.re*, K. Pnvrfn**
* Gimnazija ,,Kossuth Lajos", Tiszafi.ired

' Ministarstvo poljoprivrede i ishrane, Budapest

Rezime

Autori su izvr5ili morfolo5ku analizu 337 primeraka patuljastih somi(a (Ictalurus nebulosus)
poticane iz maelarskih voda, dobiveni rezultati su bili uporetleni sa literaturnim podacima. Nu t"*.f]ir
broj zraka analnog peraja (anal tays) i diferencijama-boclljama prsnog peraja (pectoral spine) po'tl
rebno je odvajati podvrste patuljastog somiCa nadene u nradarskim i u 6totnlniregijama na iin-enu
Ictalur.us nebulosus..pannonicu.s- ssp._n. Razvoj novog poclvrstamolese objasniti-irrtrogrJsivnom
hibridizacijom, koji se dogodilo poslije nasele u Evropu i sa adaptacijo- primu novim 6koloskim
okolnostima.
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ON FOOD COMPOSITION OF FOUR HERON SPECIES

Gy. MoluAn

Hungarian Ornitholo-gical Sgciety, Local Group No. 37, Szegetl
(Recehsed December 12, 1989)

Abstract

The wet weight and the nraximum length of the aliment animal organisms found in the food
samples_ g_btained by the neck collar method in nestlings of Purple IJerci ( Ardea piiprii"f. Nieht
Helon ( Nycticorax nycticor.a.y) , Little Egret ( Egreua garzeua) ind Squaccb ]flierci l Ardeoia raitoi-

!e_s! !1uelen.studied by the author between tggS anii 1989. in all of ihe four heron species a signi-
ncan_t consumptron of fish ancl frogs was observed. Night Heron and Purple Heron tencle4 to capiure
big fish in smaller numbers. The proportion ofinsecls, fish ancl frogi wis fJuno to Ue uest balanced
in the. food of Squacco Heron. Thc overlap inrespcci to the bod! weight oi the aliment animal
organisms was strikingly highbetwccn Little Egret and Squacco Heron. TIe overlap ln sire e*cJJaeii
50% between Night Heron, Little Egret and Squacco Heion.

The food composition of Purple Heron ancl Night Heron shows the highest diversity. Con.
sunrption of small mammals was observed_ only in Purple Heron and Night Feron in iS8i, *hi;t
a .9efinite mouse gradatiou occurred. On the basis of tire obtained data ihe biomass consurirption
of the nestlings of an average heron colony can be calculatecl.

Introduction

The analysis of aliinentation of heron species breeding in colonies is incomplete
according to the literature. 'fhe 

metbods used are far liom being precise, 6p."iully
in respect to the quantity and size of fbod. For these reasons a sludy the'food com-
position of nestlings of four heron species breeding in the Nagy-i6 heron colony
(near Tiszaalpdri) has been carried oui by the authoi by the meins of neck-ligation
method. Besides the study.of fo-od composition, the aim of the present study ias to
establish -the weight and size of the prey animal organisms fed to the nesilings by
different herol species, as well as the biomass consumed during the growth of iesti-
ings. From the data conclusions can be dravrn concerning tle reiition of niche-
overlap and niche-width of the four heron species.

Jne !99{_co-ryposition of the four heron species has been studied in details by
vasvAnr (1931, 1939, 1954) and srrnsBrz (1954, 1961) in the carpathian basin.
They were basically interested in stomach content, pellets and regurgitated food.
Further data are based on studies of regurgitated food (Soour t9g5, szlwrn l9g6),
as well as onfield observations (FAsoLA 1986, FInrNnn et a/. 19g6).
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Materials and Methods

The neck ligation method has been applied for the first time in singing birds by Kr.urvrn
(1933). Since then this very succesful method has been applied only rarely in big birds, and never
in herons. In our investigation a modification of the above method was used: the base of the neck
above the fourchette (furcula) was ligated by a suitable string in such a way that it did not obstruct
the nestling's breathing but did not allow the nutriment to be swallowed. The nutriment was reco-
vered from the pharynx by means of tweegers after massaging the food towards the beak.

Samples were collected altogether from 6l nestlings in 33 nests of Purple Heron (Ardea pur-
purea), Night Heron (Nycticorax nycticorax), Little Egret (Egretta garzetta) and Squacco Heron
(Ardeola ralloides) (Table 1). Altogether 165 animal organisms were identified. Samples were taken
only twice from the same nest to avoid the disturbance during feeding. The samples were kept in
formalin solution. During the sampling procedure no nestling was founded or died.

The elaboration and identification has been carried out in laboratory by means of binocular
microscope. based on P,lnr (1943), M6czAn (1969) and Prvrfn (1989, 1989).

The wet body weight and the maximum length of prey animal organisms were measured.
In the data procening the extent of overlap was calculated on the basis of Schoener equation

I
c in :  

;  E lP1, -P1,1

Ihe nutriment diversity (width) was calculated by equation

H l S l  :  -  E P t l n P t

and the cvenness - on the basis of the formula

Results and Discussion

In the lbod of the four heron species studied Insecta, Pisces, Amphibia and
Mammalia were found (Table 2). Besides these consumption of lizards, newts,snails
and small mammals (mouse, shrew) is described in the literature (Vasvinr 1931,
1939 , 1954, Srnnsnrz 1954, 196l), and also Sonm ( I 985) and Szrwra ( I 986) detected
annelids, shell-fish, ringed snake and bird nestlings. However, the percentage of those
is negligable. All authors agree that the majority of prey animal organisms come from
the following four groups: Insecta, Pjsces, Amphibia and Mammalia. The nutriment
of heron species is composed mainly from species belonging to the first three groups.
regular consumption of mammals is observed only in Purple Heron and Night Heron,
while in Little Egrets and Squacco Heron do not feed at all on these preys or only
sporadicly.

Table l. Number ol studied nests and nestlings of diferent heron species

H

H^u*

Number of nests Total number of nestlines

Purple Heron
(Ardea purpurea)

Night Heron
( Nycticorax nycticora.r )

Little Egret
( Egretta garzetta )

Squacco Heron
( Ardeola ralloides )
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Table 2. Food composition of the four heron species studied

A. purpurea
n w

N. nycticorax
n w

E. garzetta A, ralloides

I N S E C T A
Ephemer idae la rva
An izoptera  la rva
Zygoptera larva
Coenagrion puella
C. puellalarva
Odonata  spp.
D ip te ra  la rva
Naucoris cimicoides
Notonecta glauca
Hidrous piceus larva
Dytiscus sp.
Acilius sulcatus
Coleoptera  sp .
D e r m a t  o p t e r a
I n d e t .  I n s e c t a

P I S C E S
Rutilus rutilus
Scardinius eritrophtal mus
Alburnus alburnus
Abramis brama
Vimba uimba
Tinca tinca
Rhodeus sericeus amarus
Carassius carassius
Carassius auratus
Cyprinus carpio
Misgurnus fossilis
Ictalurus nebulosus
Perca fluuiatilis
Indet. Pisces

A M P H I B I A
Anwa tadpole
Rana ridibunda

M A M M A L I A
Microtus arualis

2 2t ,9 29 {  t { 15 24,12

0, l  l

0,4

0,005
0,037

0,09
0,88

0,05
0,24

t

I

I
3

I
1

2

0,9
1,33
0 ,1

0,1

0,05

5

I

l 20,9 3

I
4
I
2

I

l 0
1

I

l l
l l

I

l 0

9

T

108,6

7,4

1,0

5,8
t2,5

L ,32

1,43

8'4
26,6
6,8

17,7

34,79

o,66

2,74
3,94
0 , 1 3

22,32

13,8  I

4,34

r,302

0,09

1,32
8,2

l ,35

2,46

I

a

I

1 9

l 5

43

8

l 3

27
2

7 tt7,0

I  1 ,6
| 20,3

rt3,9r

64,5
25,8

47,28

{ t {

13,42

24,12

90,3

2 20,4 3 20,45
n : number of prey animal organisms; w : body weight/gr

The main nutriment of freron species-,are fish and frogs of different ages. 'fhe
fo:d g9gposj1i91 lenificantly differi in different heron spe"cies. Accordingi" v1"
vAru (1931,-1954) Purple Heron and Little Egret are -iinty piscivoroui. This is
proven by the distribution of. prey animals according to the 6ody weight shown in
Fig. I' but the fish consumption 6y Night Heron is ilso significa"nt. If these results
are compared with the distribution according to the numbei of individuals (Fig. 2),
it can be seen that Purple Heron and Nigfit Heron consume big fish in'sriatiei
numbers.

It should be taken into consideration that the collected samples originate from
medium aged nestlings, since it was physically to apply ligatiot io v'e.y sma"ll nestlings,
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while older nestlings left the nests if disturbed. Thus the nutriment of adult birds

showed differ fromlhose of nestlings probably in size and body weight. Besides this

the difficulties in field did not allow, the collection of a significant number of samples,

especially in the case of Purple Heron, thus making the comparison less accurate.^ 
It cin be seen from Fig. 

-1 
. and Fig. 2., that Little Egrets feed the nestlings with

many small fish, while in the case of Night Heron frogs prevail in the prey. In.both

casei fish progenies and tadpoles, are the most common food, and these animals

occur in hfoh iensities in thai places. This suggests thatth€ time of raising nestlin-gs

has developed to coincide with the periods of fish and frog swarming during the

evolution,

WZ n 
",n 

[-l ,,,,., El o.rn,o,o l]il]llNommorio

A,  purpufeq  N.  ny t t i co fsx  E  gorze t to  A '  fo t lo ides

Fig. t. Distribution of prey weight as percent of total weight

W,nrrr,o l-l 0,,,.. E rmptriuiq [[JIll romrnotio

A. fottoides
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. _ Among the four heron species the balance of nutriment composition is the best
in Squacco Heron, particularly in respect to the distribution according to the number
o.f individuals. Fish species found in the samples agree well both withipecies compo-
sition and frequency of the results of investigations carried out by Fanras (19S9)
in the Oxbovlake of Lakitelek. This back-water is one of the main feeding ui"u oi
herons. Alburnus alburnus, Abramis branta, carassius auratus and cyprinis carpio
occur frequently in that back-water, and these species are often found in the nutrimbnt
of herons as well. From 26 fish species described by F.rnras (1989) ll are found as
prey ofherons.

The overlap between the species was calculated from the distributions of aliment
animal organisms according to both body weight (Table 3) and length (Table 4).

A. purpurea
N. nycticorax
E, garzetta
A. ralloides

A. purpurea
N. nycticorax
E, garzetta
A. ralloides

A. purpurea N. nycticorax E. garzetta A. ralloides

0,33
0,15
0 ,14

A. purpurea N. nycticorax E. garzetta A. ralloides

oiq
0,37
o,34

0,65
0,55

0,26
0,08
0,oo2

^ The _overlap_ between Purple Heron and Little Egret, and purple Heron and
Squacco Heron is not significant, it is generally about 0,3, while ii is substantial
between Little lgret and Squacco Heron. So these two species feed their nestlings
with prey animals of similar body weight.

The data presented in Table 4 support the above findings, with the difference
that there_ is a_significant overlaps between Night Heron, Little Egret and squacco
Heron, which is most probably due to beak size and structure in the first place and
also to body size (VesvAnl 1939).

- The diversity of aliment animal organisms in respect to body weight and size
plgb-abJy changes in relation to the body size of various heron ipecies (Table 5),
which is reflected by the value of evenneis as well. However the use of different of
samplesize it can cause distortion in diversity estimations. The values obtained for

0,67

Table 5. Diuersity of prey IHISJ according to weight and size, and euenness

Weight
H(S)

Evenness
J

Size
H(S)

Evenness
J

A. purpurea
N. nycticorax
E. garzetta
A. ralloides

1,96
1,94
1,02
0,97

o,74
o,'73
0,46
0,44

119
2,336
1,522
1,496

o,7
0,86
o,73
o,72

Table 3. Ouerlap (Ci) of prey weight in the four heron species

Table 4. Ouerlap (Ci) of prey size in thefour heron species

ualues of the four heron species
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Night Heron are strikingly high, which are irrespective to distortions and it might

be in causal relation with the frequency as well.
Naturally, the hunting habitJ can be decisive too, as well as the fact that during

nestling raisi'ng Night Heron searches for food both day and night. The mainly

diurnal PurplJ Heion hunts at night in this period as well,. while the two other

species-do^not. Further difference in behaviour is that Night Heron flys long

distances in serching for food while Purple Heron does not move far a$/ay, and

Squacco Heron conlrs the smallest area (VasvARI 1931, 1939). The division of

feiding area also influences prey capturing. Fasore (1986) showed that in close to

naturaf habitats Night Hero; segregates from Little Egret in feeding areas, probably

due to competitive interference'
The samples taken from the same nest showed that in majority of the cases the

nestlings wer; feed with prey animal organisms belonging to the same sneli-es, leing
of neaily identical size in length. This lupports the fact that once an adult bird is

find a food patch e.g. fish progeny school, lodpole groups' it try to make the maximal

use of it.
Plant mass was found only in several samples of Night Heron. Most-pto_!1!lt

they were grasped together with the prey in case of less precise hits. Vmvdu (1931)

des-cribes occuirence of plant remnants in Purple Heron too.

Mammals were not detected in samples collected between 1985 and 1988 but in

field mice (Microtus arualis) were found in the food composition of Purple Heron

and Night Heron. Although'a few were detected in our samples, the inspection of the

nests oithese two species iesulted in finding both fur in pellets and mice in regurgita-

ted.food. This phenomenon was observed by us in June, 1989 in the heron colony

situated in Pacimag Lake, Tam6si, (Transdanubia), where botl. fur and remnants

of field mice were found not only in nests of Purple Heron and Night Heron, brrt

also in that of Great White Egiet (Casmerodius albus) and Grey Heron (Arlea

cinerea). This is most probably due to a strong gradation of field mice, which led to

changa in alimentation of the above heron species. Mammals were not found tn

nutri-ment of Little Egret and Squacco Heron. The significance of this finding has

been emphasized in tle fiteraturi too. Vnsv{nl (1931, 1939) a1{ SrBnsErz (1954)

found rnammals in food composition of Purple Heron- and Night Heron in. every

studied case, while in Little Egret and Squacco Heron it was observgd gnly it ftry

cases. The latter two species sEem irrespective to the abundance of field mice, and

no change occurred in the food compoiition so fish and frogs remained their chief

food.
The number of breeding heron pairs was registered between 1985 and 1989 in

the colony as well. During th-is period on average 160-pairs_of Night Heron, ?.pairs
of Little Egret, 14 pairs of Squicco Heron and 14 pairs of Purple Heron bred in the

colony. fr6m itre avrrug. number of nestlungs raised by the- herons and the weight

of prey fed to one nestli-ng, the amount of biomass exploited from the environment

during 28 days of feeding can be calculated. Assuming three food hoarding trips

per da:y the amount is 428.649 g,leaving the food consumed by the adult birds out of

consideration.
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N6gy g6mfaj tripldl6k-iisszet6tetdnek vizsgdlata Tiszaalpdr t6rsdg6ben

Gy. MolNAn

Magyar Mad6rtani Egyestilet 37. Helyi Csoport, Szegecl

Kivonat

Szerz6 1985-1989 krizbtt vcirds g6m. (Ardea pw.purea),,bakcso (Nycticorax nycticorax), ki.
k6.csag (.Egretta,gayzgtta) 6.; i.istcikdsg6m ( Ardeola-railoides) fioruk nyit6tkdt6ssel kipott tipiife-t-
mintriib6l a tripl6l6k6llatok nedves tCrmeg6t 6s legnagyobb hossz6t -ert.. tutinO 

" "eg'v!enrf!: 
f,"i-

ds.b6kafogyasztdsa jelent6s._A bakcs6 €i a vcircts gein tisebb sz6mri, cle nagyouu meretri halakat
zs6kmdnyolt. A rovar, hal, b6ka afitnya az iistcikciJgdmn6l a legkiegylnlitettJUU. A tdpl6l6k6llatok
testtdmeg szerinti 6tfeddse a-kis k6csag 6s az iistdkcisg6m krjzi feliiin6en nagy. A trotsrmgi"tii-
fed6sek a bakcs6, kisk6csag 6s tistcikcisg6m krizt 50% felettiek.

A vcircisgdnr 6s a bakcso tdpl6ldkcisszet6tele a leginkdbb cliverz. Kiseml6scjk fogyasztiisa csak
a vcircis g6mndl €s a bakcs6ndl fordult el6 1989-ben, m-ly 6vben er6s pocokgradrici6 iolt. az aOaiot
afa pj6n kiszrimithat6 egy 6tlagos gdmtelep fi6k6inak biomassza-fogyiszt6si.

I4CCJIEAOBAHNE COCTABA IINuI4 qETbIPEX BI4AOB UAIIJII4
B OEJIACTPI TI,ICAAJIIIAP

A.  Monsap

. B uepuog 1985-1989 rr. aBropoM IiccreAoBan cocraB rrl{rr1u [reHrIoB qerbrpex BrrAoB rla11J1r:
Ardea purpurea, Nycticorax nycticbrax, Egretta garzetta u A.rdeola iijto*t, Mero.uoM nepeB-
t3brBaHlrfl ltrel4 Ir I'r3MepeHI'reM BJrax[oro Beca r MaKcllManr,nof .qJrrlHbl opraH[3MoB, BcTpeqalo-
n{trxct B o6paaqax nnura. V Bcex terbrpex BLTAoB 3gaqtrTenuro norpe6nenue prr6u'r""rivrui*.
[ttz Nycticorax nycticorax xapaKTepgo uorpe6neuze MeHbrrrero q[c.]ra orrroc[reruuo 6oree
KpyrrHblx prr6. CoornoureHr{e:{aceroMrrx, pr,r6 rr Jrtrynex tBJrrerct uar6onee ypaBEoBeEeHHbIM
B rrl{Iqe Ardeola ralloides. [nn Egretta garzetta v' Ardeola ralloides na6lroAanocr [oarrepr-
Iryroe [epeKpbrrl'Ie rro Becy opraHrr3MoB, Bcrpetrarofil[xcr B nrrtrIe, fleperprrrue opraHr,I3MoB rro
,4Jrrrlre rena upeBocxoAlrJro 5O% Ann Nycticorax nycticorax, Egretta garzeita u Arleola ralloi4es.

Han6onee pa:uoo6pa:usrM tBJrterc{ cocraB IIr,rul[I ArTea pu"rpurea u Nycticorax nycticorax.
florpe6neuue M€JrKfx MJreKorrl{TarotrIux na6nrcAanocr ronrx6 y' Ardea pirprrro u Nycticorax
nycticorax s 1989 r. B cBt3ll co 3garlureJlbHoii rpagaqneft nonesru. Ha oinosanura noJryqeHHbrx
AaaHSIt( BhrlIItCJreEo norpe6nenue 6zouaccgr rrrerrrlaMr{ cpeAneft ROJTOKtrI{ Uannrr.
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Proulavanie sastav hrane kod 4 wsta Eaplia u okoliBu Tiszaalpfr

Gv. Mor-NAn

Rezime

Autor je analizirao sastav hrane, vezivao je vrat dapljiCima_i merio je vlaZnu masu i najvecu

duZinu irabijene iivotinje. Prou6avao je sledede vr,lte 6aplja: srebrnasta ilaplia (Egret-ta Cgrlelta),
..*"" E"pij" (Ardea iurpureaJ, gak-kvakavac (Nycticorax nycrtcorax).i Zuta daplja (lr(gola'

iitt"idtt j.' iotrisnja ribe i zaU6 u Jvim sludajevima je znadajna. Gak_kvakavac i crvena 6aplj.1 sq

touiti veSe iibe ali-u manjem broju. Kod Zutih daplja je najuravnoteZenija potro5nja bube,-ribe i

{"a". iiiiii-er"Utjeni Zivotinje ji skoro jednak kod 6ve dve vrste: gak kvakavac i Zuta daplja'

n"ji"" iiaUi.iEni Zivotinje je isii iile nego 
-u 

50 % sludajevima kod gak kvakavca i srebrnaste Zaplje.

Sastav hiane qvene 6ap[e i gak kvakavcaje najkolebljiva.- -poitoin:a 
male siijvcej]-e bio znadajni samo 1989. godine tojest kod crvene daplje i gak kva'

kavci ali te godine gradaciji pacova biia je jaka. Premi dobivenim podacima moie se izratunati

biotnitu potr6lene triane 6a-pliieima u sludaju jednog prosednog skladi5te C€plja.
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Tiscia (Szeged) Vol. XXV, pp. 83-86 (1990)

FROM THE LIFE OF TISZA.RESEARCH WORKING
COMMITTEE, WHICH HAS BECOME INTERNATIONAL

Dn. Isrv,4N Krss

1910-1990

Dr. Istviin Kiss was born in 1910 in Pusztafdldv6r, County Bdkis. I{e graduated
from the secondary school in Oroshdza, and continued hii studies in itte State
Teachers' Training School in Szeged. Already in his student years he was remarkable
for his broad interests and erudition; in l93i he worked in the Hungarian niotogicai
Research Institute in Tihany under the supervision of prof. G6za ENrz and Frof.
Aran,{n ScHnnnnrn. On several occasions-he was awarded prizes for his scientihc
publications. In 1933 he graduated as teacher in biology-ch'emistry-geography and
in handwork-technique.

He continued his studies at the Szeged University choosing botany as his main
subject which played a decisive role in his whole life. 

-

During his long and_ successful teaching career he worked in Kdszeg, L6va and
Pdpa training teachers,.tlen in the stormy historic times he was a prisolier of wai,
and finally, from 1949 till his retirement ii 1977 he was the professofand head of the
Department of.Botany of the Teachers' Training School in'Szeged,

His scientific work has been carried out from the beginning of the 30s in the
first place in the sodic soil regions of the Great Hungariariplain]His main fields of
research have been taxonomic, cytological and biosyn-optical mass production studies
of .plant microorganisms. He carried out thorough and systematic studies of the al-
gology and.hydrological relations of the most typical Hungarian sodic soils. In the
course.of his investigations 86 new algae, mainly intraspecific variations, have been
found in the sodic biotops studied. HL made a iignificant contribution t"iil 

"l;;-logical studies of the dead arms alons the Tisza river.
In the center of his interest were- again the development of algae mass produc-

tion andstudies of saprobiological and irophic relationi in water-b-asins. His'scienti-
lic work has not been interrupted even in the years of captivity. He made many inter-
esting observations and returned home wiih numerous samples collected in the
Caucasus mountains.

Dn. IsrvAN Klss defended his PhD thesis in 1939 and,his candidate dissertation
- in 1959.

The results of his fruitful scientific work have been presented in 183 scientific
publications, including the university lecture notes.

83



His outstanding scientific and teaching activity has been honoured with a num'

ber of awards. In 1951 he received the Award of the Hungarian Academy of Sciences,

and in 1962 - the title of Eminent Pedagogue.
ln 1973 he was awarded the Silver Order of Labour and pedagogic award Pro.

Juventure, and in 1987 for his life work - the Homo pro meritis award. In 1983 he

received the golden diploma of the state school, and in 1986 - that of the Teachers'

Training School.
ln tgsg he was elected an honorary member of the Hungarian Hydrological

Society.
Several scientific committees, in the first place the Tisza Research Work-Group,

as well as the nature conservation area of the Southern Great Hungarian Plain were

under his supervision.
Upon his proposition four regions were given a status of nature conservation

atea,

He succeedecl to impress his committment and interest itr nature conservancy

in his pupils, who are carrying on this important work, keeping the remembrance

and deep respect for their professor'

Dn. J. D6zsa.

Impor tan t  sc ien t i f i c  pub l i ca t ions  o f  d r .  I s rvAN Ktss :

1939: B€k6s vdrmegye szikes vizeinek mikrovegetdcioja. I. Oroshdza 6s-kcirnydke_._(Die Mikro'-- - 
vegetation d# Natrongewilsser des Comit. B6k6s. I. Orosh6za und dessen Umgebung) -

Fol. Crypt. 48,216-266.
fS+Z: Bioktidatol6giai megfigyel$se az Eudorina elegans. vizyirhgzds6ban. (Bioklimatologische- - 

S"ob;htungEn Uei d-er-'Wasserbliite der Eudorina eleg_an.r'1 -.A:13 B-ot. Szeged, I:81 .9!'
1957: A Snirulini platensis planococcas halmazair6l 6s Microcystic-jellegfi dllapota k€rd6sdr6l.-- 

tUUdr planococcus-Haufen der Spiyulina platensis und die Fragc des Microcystis'dhnlichen

Zustandes) - Szegedi Ped. F6isk. Evk. ?, 35-65'

1958: A vizviriigz6sr6l. iUber das Wasserbltite) -- Hidrol. Kdzl' 38, 381-388'- - 
A ntiv6nli mikroszervezetek vizvir6gz6sos t<imegprodukci6j6nak dsszefoglal6 vizsgdlata'

(Zusimminfassende Untersuchung der Wasserbliite- hervorrufenden Massenproduktion

ifl anzlichen Mikroorganismen) - STegedi Ped. F6isk. Evk' 3 I 2, 23--5.6'.

e, ntivenyi mikroszeivezetek't<imeges felszaporodds6nak meteorol6giai vizsg6lata 1930-

1957.- TMB,3-7.
Neneny ntivdriyi mikroszervezet ttjmegprodukci6j6nak_ meteo-rol6giai elemz6se (Meteorolo'

gische 
-Analirse 

der Massenproduktion einiger pflanzlicher Mikroorganismen) - Szegedi

Ped. F6isk. Evk.3l2, 57-72.
1959: A ntiv6nyi mikroszeivezetek tcimeges felszaporod6sa (tcjmegprodukci6ja) mint bioindikiitor-

jelens6g.'(Die Vermehrung (Massenproduktion) der pflanzlichen Mikroorganismen als Bio'

indikator'Erscheinung) - Biol' Kozl. 6' I I 1-1 18'

Adatok a Szeghalom f6rny6ki szikes vizek mikrovegeticiljilhoz. (Daten zur Mikrovegetation

der Natrongewilsser in der umgebung von szeghalom) l49ta Acad. Ped. Szeged. 39- :66.
SynoptischJ meteorobiologischJ Analyse der. Massenproduktion einiger pflanzlichen Mikro-

oiganismen. - Actn BioI. Acad. Sci. Hung. 9' 317-342'

Ai Oroshrizaktirny€ki szikes vizek mikroveget6ci6j6nak vizsgillata. (Untersuchung der

Mitrou"gJtution dir Alkaliwasser in der Umgebung von Oroshdza) - Szint6-Kov6cs Muz.

Evk.225-256.
1960: A ,,t6lyoggyrik6r" el6fordul6sa Oroshiiaa hat6r6ban. (V-orkotnren _des Achnis uolgensis

Sran. in der Markung von orosh6za) - sz6nt6-Kov6cs Mriz. Evk.3O7-324.

1963: Szinoptikus meteorodiol6giai vizsgdiatok mikroszervezetek ttimegprodukci6j6ban-Orosh6za

ktirny6k6n. (Synoptische 
-meteorobiologische 

Untersuchungen an Massenproduktion_ von

pflan2tchen friin6oiganismen in der Umgebung von Oroshdza) - Sz6nt6'Kov6cs Mriz.

Evk. 80--108.
Vtrt"tttirgr.t vizsgblata az Oroshhza kdrny6ki szikes teriileteken, ktiltinds tekintettel a talai'

iillapot 6s a niiv{riyzet vhltozfusbra. (Untersuchungen iiber Wasserbriiche auf den Sodabiiden
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in dor Umgebung von Oroshdza, mit besonderer Rticksicht auf die Anderung des Bodenzust-
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TrSZA-RESEARCH CONFERENCE XX (1989)

Compiled by

Gv. Bopnocxozv

Department of Botany, Attila J6zsef University, Szeged, Hungary

I. Lecture on studies from the Tisza research in the Soviet Union

Koutnpin, L.:

On the  sc ien t i f i c  work  car r ied  ou t  in  1989 by  the  T isza  Research
G r o u p  i n  U z g o r o d  a n d  i t s  f u t u r e  t r e n d s

Complex botanical investigations of the Ukranian stretch of the Tisza river have been carried
out by the Department of Botany, University of Uzgorod.

In-the. syntaxonomic studies participated V. I. Kotr,tpNoAn, V. V. KRrcsrelusr, from the Aca-
demy of Sciences in Lvov K. A. Marwovsrr, from the University in Ufa B. M. Mnrn and Arner
Izsenrow,,L Fopon, Research continued in the nature conservation area, in the fust place on the
monographic description of rare epheneroid plants: V. I. Szlluoos defended his candidate thesis
on Leucoium aeslioum species and G. Mez6-KnIcsFALUsI - on Ornithogallum umbellatqm.

Successful work has been carried out by N. V. Sutvtcsxru, (Leucojum tsernum r,),K. S. Pevlrxt
(Rosa canina r..), S. P. Lrscsur (Rumex alpinus t-.) in the preparation of their candidate dissertations.
V. V. Knrcsrar.usr and V. I. KoueNoAn completed their book on rare plants (Carpathian flora),
which is at present in press in Lvov.

Beeu Mot Nrin completed her diploma work on aquatic plants under the supervision of
V. I. Kor'.rpNnAn and E, Szerul (Szeged).

_, . Interestingjoint research has been initiated on lris sibirica species on the territory ofthe Soviet
Union and Hungary (V. I. Korr.reNpr(n, S. Gur,y,,is (Szeged) and Gy. Csrzuazra (Szeged).

_ The ptrytocenological, phytogeographical, ecological and zoocenological aspects ofthis species
have been investigated.

In the field of zoologic research further studies of vertebrate fauna are envisaged. A plan for
joint research in the Sub-Carpathian Nature Conservation Area has been worked 

-out 
in ihe field

of dynamics of bird populations along different stretches of the Tisza.
Further results were obtained on the influence of micromammalia on the Tisza dam (endanger-

ing the flood protection).
The manuscript of a joint Ukranian-Hungarian-Jugoslavian educational book on the

Tisza river has been completed (Korr.cNoAr-Csrzrralzra-Mrxrs).
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il. Reports on the Hungarian Tisza reach

Hrcnoris, M{nr,q, and Dosrs,n, ENIr6:

Compara t ive  s tuc l ies  o f  the  Dead-T isza  arms

In 1989 investigations have been carried out in six dead-arms in the southern stretch of the
Tisza. Samples have been collected monthly during the vegetation periods, and one sample was
taken every season as well.

Chemical parameters tested routinely in the practice of water-supply management have been
measured; in the course of the biological studies quantitative analysis of chlorophill forms, sapro-
biological evaluation, as well as algae-count and biomass determination in two dead-arms havc
been carried out.

The following results were obtained:

- Saprobiological evaluation carried out by ecological methods showed that the water in the
dead-arms at Atka, M6rtely and Serh6zzug was typically beta-mesosaprobic.

The water in the dead-arms at Kcirtv6lyes, Gy6la and Nagyfa differed significantly liom that
of the previous group and was of alpha-beta mesosaprobic quality.

- The level of trophicity estimated on the basis of a-chlorophill content showed signilicant
variations. The lowest (mesotrophic) level of trophicity was registered in the dead-arms at Miirt6ly
and Atka, and the highest - poli- or hypertrophic - in the dead-arm at Nagyfa. The rest of the
dead-arms were characterized by alternate changes of eutrophic and eupolitrophic states.

- Algae-count and biomass determinations were carried out in the water samples collected
in the dead-arms at Miirt6ly and Atka. It was found that the annual biomass content differred
significantly in the two dead-arms, which can be explained by the differences in their species com-
positions.

BaNcsr, I.:

R o t a t o r i a  f a u n a  i n  t h e  r e e d - g r a s s  a n d  m a r s h  v e g e t a t i o n  o f
the  K isk i i re  s to rage- lake

On the teritory of the Kiskdre storage-lake, along the dead-arms and mortlakes rich reed-
gf,ass vegetation developed. In the shallow waters and island-Iike emergences rich marsh vegetation
can be found, A cross-stretch of the arm at Csap6 and an old dead-arm of the Tisza with well-
developed reed-grass were chosen for the present study. The following plant populations were in-
vestigated:

- Scirpo-Phragmi te tum-p hr ag ntite tosunt
- Typhetunt angus tifoliae
- Nymphoidetum peltatae
- Trapeturn natantis
- Nymphaeetum albo-luteae.

In the course of thc studies water samples were collected from free-water and plant-covered
areas and from the coating of leaves and stems of various plant species.

8l Rotatoria species were identified in the samples. The fauna of water-chestnut proved to be
the richest. 30 Rotatoria taxons were fonnd in water-chestnuts of both the Csap6 and Nagy-Morotva-
arms. In the live-coating ofwater-chestnut 23 taxons were identified.

The areas covered by Nymphoideftrm peltatae and its live-coating rvere comparatively poor in
Rotatoria.

Most of the Rotatoria taxons were found only in a few samples. From 8l taxons 29 were
detected only once, l8 - twice and 10 - three times, The rest of tl.rem were found in 4--l I samples.

The characteristic Rotatoria spccies of the metaphyton w€re as follows: Anuraeopsis fissa,
Brachionus quadridentatus, Euchlanis dilatata, Lecane bulla, Mythilina uentralis var. rnacracanthct,
Synchaeta stylata, Testudinella patina, Trichocerca pusilla. Among rarely found species Colurella
obtusa, Conochilus dossuarius, Eosphora najas, Lacinularia flosculosa, Lecane myriofilli and Tricho-
cerca scipio should bc mentioned.
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Wlrrlsor, J.:

C h a n g e s  o f  w a t e r  q u a l i t y  o f t h e  T i s z a  r i v e r  b e t w e e n  l 9 Z 0  a n d  1 9 8 7

A process of water purification is characteristic for the second biggest Hungarian river in the
stretch between the mouth ofthe Saj6 river ancl Szolnok. Because ofthe considerable water consump-
tion of Szolnok for industrial purposes and drinkingwater supply, the water quality and its long-
term changes are of outmost importance. The analysis is based on the evaluation ol the iesults obtained
in the studies of water samples collected weekly from the Tisza reach at Szolnok (335,4 river km)
in the period 1970-1988. In order to obtain sufficiently detailed information on the water quality
the most important 2l water quality parameters have been considered in the present study.
, - The changes observed in the annual maximal, minimal and mean values of several pirameters
in the period between l970,and 1988 were presented. The changes in the water quality rbflected by
the mean values of the quality parameters were not considerable, altogether cteterioration of watei
quality was observed. The direction and extent of the changes were determined for the periods
1970-1978 and 1979-1988 by means of regression analysis. It was found that a considerable de-
terioration of water quality took place in the 70s. Among the parameters studied 52% showed an
improved or unchanged water quality, 22% tndicated a slight and 22% - considerable deterioration
between 1979 and 1988.

. The quality of water in the Tisza met the f. class requirements when used for industrial and
irrigation purposes during the whole period studied. From 1976 on it corresponded only to II. class
rn covering the needs offishery or drinking-water supply, and in this field a further deterioration of
water quality is to be expected.

Sztr6, A.:

S e a s o n a l  c h a n g e s  i n  m o s q u i t o  ( C u l i c i d a e )  f a u n a  i n  t h e  K i s k i j r e
s to rage- lake

... .Several high water periods afl'ected unl'avourably the clevelopment of mosquito fauna, thus
l4l t!9 eld of May the individual density was low and the number of bites/houi hardly reached
50-60. From mid-June the number of individuals increased drastically and e.g. at Tiszafgred
3888 bites/hour were measured, while at Kiskcire only (!) 120.

- This year anopheles species were of a secondary importance, however, Aedes rossicus an<l
Aedes nigrinus were observed in large numbers. The following species were detecied in trace numbers:
Ae.,cataphilla, Ae. sticticus, Ae. cinereus, In comparison to the previous years a decrease was observed
in the number of Aedes aexans. In July the number ofbites was unbearable in all basins ofthe sto-
rage-lake.

_ _The composition of mosquito fauna changed in summer and autumn, but the number of
individuals, which belonged to the surnmer dominant species, was the highe6t in autumn as well.

Szn6, A. and Szns6, T.:

The sed iment - fauna o f  the  T isza  r i ver  based on  the
long i tud ina l  segment  s tud ies  in  1989

- The three-longitudinal segments dgscribed in our previuos studies have been investigated in
a low-water period, after sunrmer drought. The present siudy was carried out immediately ifterttri
withdrawal of the high water and the following observations were made:

- The upper Tisza-stretch-, approximately till Tuzsdr, is poor in Oligochaeta and Chironomida,
regardin-g both the species and individual numbers, mollusks similarly to the previous results were
absent, later, however, an increase in Oligochaeta and Chrionomida species and individual numbers
was observed. This was experienced not only in the shore region, but as well in the current.

Mollusks can be found in the Tisza-stretch above the mouth of Bodrog, in accordance with
previous results their appearance can be detected from here on in varying number of individuals,
mainly in the shore'band. Phryganea and water-flea occur in the places characterized by rapid-flo#
and stony, gravel riverbed.

- -C-ontrary to the previous observations some representatives of the sedimental fauna groups
could be found in all tributaries. 1 km above the mouth of the Maros a high individuat oeriity bf
O-ligochaeta, characteristic for waste-waters was detected in the sandy sedirnent of the left-hand
shore (500O-8000 ind./mr).
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Boros. Mm.crr:

S t u d i e s  o f  O l i g o c h a e t a  i n  t h e  H u n g a r i a n  s t r e t c h  o f  t h e  T i s z a

Aquatic annelids (Oligochaeta) are important participants in mater and energy turnovcr in
dead- and fresh water ecosystems. They play an important role in the degradation of organic matter
in the sediment, contribute to water selfpurification and are valuable fish nutriment.

Oligochaeta are dominant fauna elements in the nacrozoobenthos of freshwaters, in the first
place in the shore regions (FrnrNcz 1979), thus their quantitative and qualitative investigations
provide information on the quality of aquatic environment as well.

In the presentation the author reports on the newest results obtained in 1989. The results
accumulated in the course of the Tisza research carried out systematically for several years enable
the analysis of recent changes.

Bise, K.:

A study of snail populations of Fraxino-Alnetum, Molinetum coeruleae, Alopecuretunt pratensis
plant associations based on 204 live and 384 dead individuals belonging to 13 species was carried
out in 1988-89.

The collected data were analysed by means of mathematical methods.
Seasonally spring and summer-autumn aspects can be distinguished in Fraxino-Alnetum and

Molinetum, ln dry Alopecuretum spring, summer and autumn aspects can be distinguished. The
aspect-formation is influencecl by changes in the characterspecies populations. In different biotops
the propagation of identical species occur in different months. In biotops di.fferring in humidity the
variability ofecological species groups decreases with drying. The herbivor and saprophage elements
are complementary, and with drying the latter types become dominant. From zoogeographical point
of view drying leads to prevalence of holoarctic elements having a broad range of endurance.

GvovnI, F.:

D y n a m i c s  ( d e n s i t y ,  r e p r o d u c t i o n ,  m o r t a l i t y )  o f  m o o r  f r o g

f l o o d - p l a i n  f o r e s t - b i o c e n o s i s

A 70% decrease in the population density and biomass ofR. arvalis population in Tiszaalp6r
has been observed in 1989 in comparison to the previous year. Here, in alder forest the autumn
biomass was 9,2 kg/ha. In the same period in the Tisza Kdrtvdlyes-Barci rdt flood-plain the bio-
mass measuted in the plant associations was as followsi Caricetum gracilis: 1,7kglha, dry cutting
area 4,2kglha. wet cutting area 7,6kglha, Ulmo-Fraxinetum Populus canescens facies: 13,2kglha.

In Tiszaalpdr the average number of eggs found in March for two-year old small size females
was 489 and for three-year old bigger size females- 1104. Inspringan enormous number of eggs
started to develop in 14-45 cm decp oligotrophic marshes, However, the Iarval development has
bcen hampered by later drainages.

The above data and unfavourable developments observed clearly show that drainages caused
the most heavy damages. It is by all meansjustified to preserve the fringing forests and marshes in
a close to natural state.

. KovAcs, P.:

Ich thyo faun is t i c  eva lua t ion  o f  ca tches  o f  f i shers  and ang lers  in
t h e  K i s  k i i r e  s t o r a g e - l a k e  ( 1 9 7 5 - 1 9 8 8 )

General environmental and ichthyobiological conditions before the building of the storage- lake.
Characteristics of the new living-space, its influence on fish population.
Evaluation of species composition on the basis of earlier literary data.
.Fish species occurrence judged by catching results: (barbel, tench, bullhead pout, amur, silver

carp, bighead caro, pike, pike-perch, bream, silur; eel; sturgeon, carp, crucian, carpbream, new
species in the storach€-lake).

General statements, conclusions :
- composition of fish population,

- influence ofartificial fish introduction
- migxation,
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T6rrr, MArm and PuuN, Vr,lsr,c.:

Combined e f fec t  o f  the  Bega and T isza  on  zoop lank ton  compos i t ion

The lecture deals with the resutts of chemical and physical analysis carried out in 1988-89,

as well as with the composition of the zooplankton of the lower Tisza and its left-hand tributary -

Bega. The determination of physical and chemical characteristics showed that both rivers had a

slightly alkaline pH, corresponding to average values 0,82 in the Trsza and 0,98 mg OrA in the Bega.

The mean concentration of ammonium ion was 4,83 in the Tisza and 3,85 mg/l in the Bega.

In the two rivers altogether 36 zooplankton taxons were identified - 32in the Tisza and 34 in

the Bega, i.e. 3 Protozoa in both rivers, 27 Rotatoria - 24inttre Tisza and 25 in the Bega,.4 Clado-

cera in both rivers and 2 Copepoda - I in the Tisza and 2 in the Bega. The number of species varied
significantly in different years and seasons. In the Tisza the lowest number of species was observed

in the spring of 1988 and the highest - in the summer of 1989. In the Bega the lowest number of

species was iegisterd in the spring of 1989 and the highest one - in the summer of 1988.- 
The results of the studies prove that there is a marked combined effect of the Tisza and the

Bega on the composition of zooplankton, since 78 samples, representing more than 50%, had iden'

tical species composition.

R.lrlr.rlc, RuZrce:

Compos i t ion  and dynamics  o f  C ladocera  in  the  T isza

Between l98l and 1988 samples have been collected seasonally, at times even more frequently

at five locations along the Tisza. Altogether 22Cladocera species have been identified. Quantitative
composition and number ofspecies differed from year to year and from season to season. As far as

the jeasonal variations are concerned, it can be started that in winter the number of species is the

lowest, it increases in spring and summer and reaches the maximum in autumn. Only in 1982 and

1988 the number ofspecies was the highest in summer. In every season Alona quadrangularis, Bosmina

longirostris and Chydorus sphaet'rcas were present. Other species occurred more tarely. Diaphonosoma

brachyurum was more frequently observed in the warm periods of the year.
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