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Abstract. The sll|uct]ule of Cladoceru fauna was investigated in the period 1981-1988 at five
localities of Tisza from the Hungarian border up to ifs mouth into Danube in seasonal
intervals. In the investigated period, a lotal nurnber of ZZ Clddocera species wcrc as€crtaincd.
With regard to qualilative structure and nunber of specics, dilfcrcnccs wcrc noticcd between
seasons and particular ycars invcsligated. When s€asonal var;adons arc in question, the lowest
numbcr of species was found in winter, thdn in spring and summer, while rbe highost number
was observed in autumn. The number of species was ihe highcst during summer only in thc
years 1982 and L988, Alono quadnnE ais, Bosnina lottgirosttis, Chydonls sphaeicus ar,d
Moina nicmru species were present in all scasons Diaplnnosotna bruchlurun had the highest
froouencv in the warmer Deriod ot the vear. Other spccies aDDcarcd in small numbcr of
saniples lnd as individual iamplcs. The highest numbci of speciis was rccorded in the year
1983 (13), and the lowest in tho years 1981 and 1985 (7),
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R. Ratajac, Institut€ of Biology, University of Novi Sad,21000 Novi Sad, Yugoslavia

Inlroducaion

This paper presenls results of thc invosxigation
of seasonal and annual changes of Clddocerc
spccics in thc ritcr Tis/a. This group was not much
investigated (Kalatatic et al., 1982; Puiin er al.,
1984). neither much attention was Daid to it. For
this i6ason, we considered it as in(e'resting to grve
a srr(hesis of our many years' study on the
Cl.ldoceru grollp in Tisza, wh:ch worc conducted
within the framc of the complcx community
ecologlr researches of the river Tisza.

Mat€rial and m€lhods

Mater ial  qas col lecred along Tkza during
cight years (1981-1988) at 5 localities: Martonos,
Padej, Novi Becej, Zabal.i and Titol. Sampling was
done in scasonal intervals in all localities, it was
more frequent only in Tisza nea.r Martonos. Total
of 200 sanples was elaborated. Standard nethods
were used for sampling and treatment of the
material. Investigations were done in Institute of
Biology in Novi Sad.

Resul0s and discusslon

A lotal of /2 Clodoceru species was collected.
Thc highest number of species was found in the
year 1983 (13), and the lowcst numbor in the years
1981 and 1985 (7), (Tab 1). Regarding seasonal
vdrialions. the highesr number of species was in
autumn, whereas the lowgst numbor was in winter
as a rule. The number of species was the highest
during sumncr only in the years 1982 and 1988
(Fig. 1). The spc.ies Boenha longitostrh,
Chy.lorus sphaeicus and. Moitlo t icnra were
represented in all scasons and each invostigatod
year, *lnle Alotfi quu&an&r/aff was reprosented
in all seasons. The species Diaphanosoma
bmchi rutn \\as frequonlly prcsent in the warmer
period of the year. Thosc spccies were also most
frequent in samples, together \riIh Daphtia
tongispina anJ D. c|rullaQ. Otficr spfcic<
appoared in few samples or in certain period ofthe
year and with fcwcr individuals. We can say that
lhere cdmc inlo Tirza l rom surrounding trrraine,
since they are characteristic for smaller water
basins, floody surfaccs and more polluted walers.
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Cladoceru, ot of \\hich 12 were common for both
water basins.

Ratajac (1989) investigatcd Cladocen in De^d
Tisza registedng 19 species, out of which 16 were
common for both water basins. All these results
show a great dependence of the Cladocela fatJna
on smaller water basins in the region of Tisza. The
samc spocies were dominant in D€ad Tisza and
Tisza, and they also had very similar frequency of
appearance in samples ?nd populalion densily. The
large number of species in Tisza can be explained
by their arrival th.rough confluences at surrounding

It can be said th^t Cladoceft ]n Tisza
rcpresented by the number of species, but not by
population density, take an important place in the
zooplankton of this water basin.

Conclusion

within the trame of complex biocenological
rc.carchcs of the r iver Tisza, s iecial  at tcnt ion \ras
paid to thc slructure of Chdoceru fanna in this

Pcriod of 1981-1988 was includcd, and fivc
localitjcs in Tisza startiog from the Hungarian
border up to the mouth of Tisza into Danube. A
lotal of 22 Clddacerd spccics were registered,

Soasonal varialions and a difforent numbcr of
spocics in diffcrcnt investigation ycars wcro
ascertained. The highesl number of species were
ascertained in the year 1983 (13), the lowest
numbcr in the years 1981 and 1985 (7). Thc
hishest number of sDecies was recordod in
autumn. than 'n .suf i iner and spf lng and Ihc
mlnlmum qunng wnter.

Thoro woro recorded spocios ,4/o/rd
quadtungulais, Bosmiha lotigtroshi,t, Clrydoi11t
sphaeicus and Molina nricnrra in all seasons, while
Diaphonosonn brochyunun appeated morc
frequently in the warmer period o[ the year. Thcse
spccics were also most frcqucnt in samplcs, and
also speci,es Daphkia longispina and D. clc lata.

Other species dppearrd more rarely in a
definite period of the year and as individual
samples. In this group, thcrc are ph',tophyllous
species Acroperus haryae, Daphnia pukx and
Moin bruchiata characteristic for eutropHc
watc.s, as well as spccics Macrcthit loticontis and
the representatives of the genus Scapl@lebeis,
characteristic for littoral and benthos.

19€1 1932 1933 1934 19a5 19A6 19a7 1$A

Irig. L Nunbo of Clddo.afd spccics in thc rivcr Tisza.

The phytophyllous speciEs Actupen$ haryae
was rccorded only in 2 investigatcd years, as w€ll
as DaDhnia Dulex and Moitn bqchiala
charactiristic foi eutroohic watcrs, Thc soecies
Macrcttiit taticomis And the reDresentatives 

-of 
thc

genr$ Scapholebeis, characteri:dc for thc littoral
zone and benthos. were reoresented only in fcw
samples and in small num6er of individirak. All
other species (Tab. 1) were found rarely and ncvor
as dominant, were found in this investigation of
Tisza as individual samples and in small numbcr of
samples.

Kalafatic et al. (1982) recorded a verv small
population densiry in spring when the watiir lcvel
of Tisza was high, only for thrce specics of
Cladocerd, O\t of thcse spccics B. lotlgitoslis ^td
D, longispiha were also ftequently present in our
samples, whereas the speaes Alonella nana Baild
was not observed in our investiaations,

In the work of Pujin et a1,11984),7 Cladocela
species !r'ere recorded in the lower flow of Tisza,
out of which 6 are recorded also in this present

In the investigations of Pujin et al. (1986) in
Carska bara which is linked with Tisza, 12
Cladoc$a specie\ were recorded. Out ol lhem. o
wcrc recorded also in onr researches ofTisza.

It is interesting to compare the structure of
Cladocera in Tisza and in Dead Tisza which is a
stagnanr rributary of river Tisza and is in
connection with the mair flow. ln ucr
investigation of zooplanlton in Dead Tisza, Pujin
and Ratajac (1988) registered 14 spccics of
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Table 1. SDecies comoosition of Cladoceru in theTisza

Acroperus  ha fpae (Ba j fd )

A.quadrangulr r is  (o, f . r ' r0 l  t .  )

aLoneL t6 excis€ a ischer
Bosnina coregoni Baird
8,  Longi .o3rr is  (0.  F. i lu t  t .  )
ce.ioddphni6 quadrangut6

( o , F . l , l u t t . )
Chydorus sphaericus O. F,Niit t.
D€pl.ja cucuttata sa.s
D. tongispina 0.  F. f l t j t  t .

D.p( tex Leydis.ef l  .scour f  ieLd
Di6pha.osm brachyufw

(Lj  ev.  )
teydis ia Leydjs j  j  (schoedLer)
t6crothr ix  tEt icofn is

(Jur ine)

PLeufoxus trunc6tus
(0.  r . i lo t  t .  )

scaphoteb€ris kinsi s6rs
s.fiJcron6t5 ( o. F.l'lu t L er )

1981 1982 1981 1 9 A 4  1 5 1 9 8 6  1 7 1 9 A A

1 t
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A SECOND DISCOYERY OF SCENEDESMUS GRAHNEISII
ffiEYNIG) FOTT IN HUNGARY

A. Schmidt

Incroduccion

The basionym of Scenedesnwr gahneisii is
Didrnoctstis gahneisii, which was dcscribed by
He],nig (1962). This taxon aho includcs Didyro-
clstis comasii Kon. (Hcgcwald and Silva, 1988),
Previous discovcrics identificd two celled and four
ccllcd cocnobia coexistina in rhc same sample
(Folt, l9?3; Hindak and 

-Klasov6, 
1974; Schmldt

and Uhcrkovich, 1976; Uherkovich and Rai, 19?7;
Tsarenko, 1990). Fott (19?3) corrected the name
fuofi Didytkocyslis gahneitii to Scenedesnus
gafurcisii, Thc oarly data about Scetrcdesftus
gralrrcisii were mainly from Middle Europer ceF
many (HelDig. 1962. l98a: Iftienitz, 1984. 1988).
Swirzcrland (Fo(. 1973). Slovakia (Hinddk and
Klasova. 1974: Hindrik and Holod. I983). Hungary
(Schmidt and Uherkovich, 1976; Schmidt 1978)
and Ukraine (Tsarenko, 1990). This alga has also
been discovered outside of Europe in both Cuba
(Komarek and Fot, 1983) and Africa (Uherkovich
and Rai, 1977).

The fir.l Hungaridn dLcovcry occurrcd in a
shallow lake (Vadkerti-t6), on thc crcat Hungar-
ian Plair ,  betweeo rbe r iver.  Ddnube and f is/a.
The characteristic chemical data of this water
werc: p4 8.5, salt content 785 mg/dm3, dominant
ions Mg"- and HCO'. About halfof the coenobia
was two celled, whilo the o(her half was four cellcd
(Schmidt and Uherkovich, 1976).

Schnlid\ A. (1992): A secotul discovery of Scetrcdzsntus galueisii (Heytig) Fott in Huh4ary. -
Trscu 26,63-65.

Abstract. This paper presents environmental and walcr chcmical data from the second
Hungarian discovery of tho chlorococcal alga, Scenedes,rlus gahneisii (Hetrig) FoIt.
Dimensions and rnorphological characteristics of thc cclls and coenobia are the same, as given
in thc literature.

Keywot^: Didt tucrrlit dislibuliofi, SceneiLshts, tantonty, water qualiu.

A. Schmidt, Envhonmental Protection Authorily, Soulh Danube Region, H-6501 Baja,
P.O, Box 353. Hunqarv

Two othcr, vcry similar ta-\a have been found
in Hungary. They wcrc dcscribed as ,tcd,red?"rrrr"t
betcikii Hortob. from the Danube river al
Budapcst (Hortob4gyi, 1975) and Scenedesnws
enhtrcisii f. crussicosta /s A. Schmidt (instead o[
\rassicostata , sce Schmidt. 1978: Hegcwald and
Silva, 1988) from tlc shallow lake Vadkertr.t6.
Both of which may be synonyms of Scetrcdistltus
gahkeisii, bec nse these new laxa differ only by
their shieldlikc, scabrous thickening (Hegewald
and Silva, 1988).

However, Uherkovich (1992) in a rocont
manuscript has publishod that thcsc thrco taxa arc
valid.

Methods

Water samplos wcre collected for chemical
and mirroscopic .tudies from rhe backqarer' of
thc rivcr Tist ar the villagc Tiszddob (504 rivcr
km). lhese backwaters dre localed in an environ-
mental protection area, called "Tiszadob Nalurc
Reserve" (Lakatos, 1991).

The samplcs wcrc collected twice on the 17th
and 29th Oclobcr, 1992. These samples were
drawn from ea€h end ofthe Malom-Tisza (Fig. 1.).
We followed ths Hungarian Standards for
determining the chemical parametors.
Conductivity, pH, dominant ions, nutrient ions and
chemical orygen demand (COD) were measured.
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Discusslon

The lesults of thc chcmical data analysis show,
that the water quality is similar at both ends of the
Malom-Tisza. Based on tho conductivity data
(Table 1.) it is a middlc sort fresh water fbeta-alfa
oligohalobic class. scc^ Felfbldy. Is87 p. 25). The
dnminant ions arc Ca' ' ,  Mt ' '  and HCO3. Thc
lcvel of  lhe nutr ienl  mater ial  for plant organisms

OH4r, NOt, POaJ ) is very low (Table 1.) The
inorganic data show that this water is of medium
quality.

The organic materials, bascd on COD-
K2Cr2O7 data show a higher level, in spite of the
fact that wasle water is not discharged into th;s
backwater. The relationship between COD-
K2Cr2O7 and COD-KMnoa may indicate humin
matertals rn the watc..

Thc phytoplankton asscmblagc shows a high
divcrsity with many thriving Laxons. Chlorococcales
grcenalgac and the bl egreon spccias Oscillatoia
lit netic a I,tm.J]. and Lvleb\ a li netica Lcmm. arc
of the highest ccll numbeiiir ttre community.

Scetredeslus gahneisii \.tas found in our sam-
ples with both two and four cellcd coenobia (cca.
50-50 a/o). Cell dimensions: 6-9 x 2.5-3.5 pm.
Coenobium dimensions two celled: 6-9 x 5-7,5 pm,
four celled: 8-11 x 12"13 !m. These cell dimensrons
are the same, as given in the literature, also there
were no norphological aberrations observed.

Acknowl€dgm€nt

The author {hanls Miss Anik6 Huszti lor col,
lecting the samples and Mr Xavier Morales for
helping with the translation.

TISCIA )6



Table 1. Water chenical characteristics at two sample sitcs of Malom-
Tisza (29th October, 1992)

I 2 .

u;-
( -
coz'
Ic93
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FOOD ANALYSIS OF SOME R,4N,4 SPECIES IN THE HABITAT OF
CARSKA BARA {Yt])

E. Pooovic. S. Simic and B. Tall6si

Popovic, 8., Simic, S. and Ta 6si, B. ( 1992): Foo!1 analysis of sotne Rana qecies it the habitat
o! CaNka Baru (w). - TISCU 26,1-i.

Abstract. The analysis of stomach content was done for tollowing spccics: R ana kl. erc lenla L.,
R. lessonae C^merano and R. idibunda Pallas.Ir was found that these species feed on different
groups of invertebrates (Cnlstacea, Aqchtlida, Insecta, MJiapoda, Gastrcpoda an(l Biwlia).
Ouantilativc and qualita(ivc composition of food shows that insccts are predominant.

Kerwaftl\: Ca,tka bara tW| Ic(ditt, Ratto :,pici(

E, Popovic, S, Simic, Institute of Biology, Univcrsity of Novi Sad, 21000 Nou Sad, Yugoslavia,
B. Tall6si, Institute for Plant Protection, Faculty olAgriculture, Novi Sad, Yugoslavia

Introduction

Frogs are sigDificanl membors of food webs in
aqualic habitats. Ratn idibruula inhabils (he
wholc lcrrilory of thc formor Yugoslavian
co ntries, while species R, kl eEulenta a R,
lessotne ate characteristic only for northern parts
of rhe Balkan. peninsula, (Radovanovic. 19511
Engclmanr cl  al .  l t85).  Thcy l ivc in al l  typcs Ji
aquatic habitats (ponds, lakes, fish ponds,
backwatcrs, rivers), or in their vicinity. They arc
rcprosonlalivcs ol lowland spocios cxcopt of R.
ridibwda \\hi.h is quitc often found on hills and
mountains up to 2500m allitude. They rise from
hibernation at the beginning of March and April,
and their reproduction season is durins the first
halt oI Apiil and May (Radovanoiic, 1951;
Etrgelmann et al, 1985). They are voracrous
spccies, active both during daylight and night.
Edible and marsh frogs hibcrnate in thc mud of
aquatic habitats; while the pool frog hibernates in
land (Arnold and Burton, 19?8; Engelmann et al,
1985).

Concerning the feeding of Rdnd species, tbe
formerly Yugoslavian literature conlains only
preliminary reports (Popovic and Mikes, 1989)
related to Koviljski meadow. Having ;n mind the
imporlancc of this problen and the insufficient
studies, wc have lried to contribute for its belt{rr
understanding.

Methods

Thc quantitative analysis of frogs feedi[g was
carr;od ou1 in a samplc of 32 individuals (R. k
esculetlai n spocimcns; R. lessotvei 1 sDccitli,cns
af,d R. itlibuhdit 2 spocimens). Althorgh the
samplc was small, obtained resulls were relevant
bccausc (hey represented xhe first data of this kind
nol only for Carska bara, but for whole area o[
formerly Yugoslavia. Beside that, all kinds ofgreen
frogc are protccrcd as rare specics wirh Umiting
catch pcrmi<sion, Accidcnt i l  sdmplc poinls to
natural relations in representation of certain types,
showing both fauna conditions of given habitat and
its other ecological charactedstics. They were
collcctcd in the region of Carska bara (near the
Tisza) during July, 1990 at the forest edge
doninated by flotant vegetation. Frogs !r'ere
caught by nets and fish hooks during the period of
their greatcr activily, lrom 9 a.m. to 4 p.m.
Collected specimens were determined to the level
of species (Engelmann et al. 1985). Sex and aee
wcro also defined. Biometrics data were also
lakcn. After dissection, stomach contents were put
into test lubcs $nrai^ing10'/a alcohol. Stomach
content dcternination was mado according to thc
classification ot Schmidt (1970) and Kerovec

0e86).
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C€rtain characteristics of invesfigated ar€a

Carska bara presents an inundated area of the
dver Tisza around the mouth of the rivcr Begej.
On the right side of Carska bara, thcrc is a fish
pond surrounded by agrobiocenoses. It is situated
behind the protectior ombankment. Around it,
there is a marshy forest associalion ,tdr.rlo-
Popul?run nigtat d \wampy ar$cialion ot s.i?o-
Pltag',litetun is spreading in front of it. Floaling
association of Nyflpla€etum albo-l teae and stJb-
mersed Mttiophy o-Potamet m arc predominant
along the shore of the pond. This kind of area of-
fers suitable conditions for survival and develop-
ment of he(crogcncous fauna.

Results and discussion

Rara species arc abundant and widcly sprcad
group of amphibians in Vujlodina. That is thc
reason gcncral ly thcy ha!c an ;mporlanl  rolc in thc
nalurc and esoeciauv in thc DoDulativn rcsulation
o[ othcr aninials rhly teed 6n. Performed undcr
the international projcc| "Exploration ol thc Rivcr
Tisza", a new study about the fccding of these
specics has been initiated.

7'7.5yo; Aruchnida 8a/a; Mriapoda 2.34/a;
Gastrcpoda 9,5/o anl Bivalvia 0.3%. Fron
anaitzed area. dztd of Carr lolodl  far l ic ipal ion in
food is ir accordance with those fron Kmin;ak
(1978), and Popovic and Mikcs (1989), (9.2% and
10.67o, respectivcly). But oppos;tc Kminiak (1978),
we did nol record OrSodlrdld presence in stornach

l),! 2. Qradri.drvc anJ ruolirar.ve Drseie Jf 
"oN 

.ns(
odc* in rhc noflachs ofaluly4,l fror speos

Althoush the samDlc was not standardized in
regard to fhc numbei of analyzed specimens, it
was poscible to recogni:/c ccrlain rclarions in
feeding, on tho basis of obtained results. Witlr
species R. kl etculenta, beside insects and their
ldrvac. rhu cla.. ol ( flacca (22.0,o, wds quitc
nol iccdblc.  Thi.  was nor tbe case wirh pool f rog
(J.5oat Fig. 2. \ .  One .pccimcn ol  lhL'  cdiblc frog
had 42 individuals in its slomach content, and
thcrcforo thore is such a high pcrccnlago ol
Cntstacea in food. Then, thcrc were the
represenlatives of the class Atucl1t1ida, Gastropda
and Myriapod1. Only one individual of class
Birabia \\as found in a stomach contenl.
Htntehoptetu ('74a/o - 35 sp.) predorninalcd among
insects (Fig. 3.) bccause of the large individual
numbet of Fonllicidue spctics. Coleoptera (6o,9a/a -
31 sp.) and Diptetu (56.54/a - 24 sp.) had also an
important role in feeding of edible frog, while ;1 ;s
not the case wit other insect groups. According to
Krniniac r la-8) and Popovic and Milec ( la8o).
Coleopten td}.e" pdfl with 44.5o, Jnd 5,1 l,o, dnd
Diptera \virh'7.64/a and 13a/a ;n cdible frog food.

ng. L n-0."*"",, *-rted lrog spccics.

Quantitative and qual;tative composition of
food shows that insecti are predomi;ant in the
Iood of Rana species. Thc insccts were
represented with 171(49.1%) adult forms (Fig. 1.).
Beside adults, insect larvae with 46 specimens
(13.2%) wore also found , makiag a total of 62.3a/o
food quantity, The spccics of thc lanily
Fonnicidae (H)nenopter4) were the most
represented among insects. This is partly
conditioned by a selective preference for the prey
in qu€stion. At the same time it points out also the
specilicity of biocenotic components o[ tho
anallzed biotop. Othcr classes of invertebrates had
a following share in food contcntsi Cndlacdd

Fomqtsa E

HesrcPt 'a c::=

Rana k l .  esculenla 
"d.*

nana lessonae
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Such differerces of food contents were thc rcsult
of differences in habitat cond;lions.

wi lh spccici  R. le 'etue. rhe I 'ercentag€ of
food composition was almost the same. T1 \vas the
cas€ both in other groups of invertebratcs, as well
as for some species of insects (Fig. 2. and 3.). The
only obviolrs dilference was in relation to the
pfesence of crurrdcea spccies.

only 4 specimens in the stomach contents

\H)ne optra ). r,rleopkru - | and onhoptcru -

I) dnd rbe class G.?v,orod, wi(h one .pecimcu.- 
We have especially to underl e the data

relating to the ilsufficient rolc of aquatic insects in
feeding of genus Rana.
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SEASONAL CIIANGES IN FEEDING OF R,qNA NDIBUNDA PALLAS
(AMPHIBIA: ANURA) FROM BACK\ryATER TISZA

S. Simic. B. Tall6si and E. PoDovic

Snnic, 5., Talt6ri, B. and Popotic, E. (t992): Seasonal chanses nl feeditlg of Rana idibunda
Palas (Amphibit: Anwa) Inm Bdctuatet Tiza. - 'uSCIA 26,5-7.

AbsftacL Rana fllibuttda Pallas is dominanl frog spccics in the area of Biser island. Qualitative
and quantitative composition of food of this spedes was ;nvcsligated during 1990. lnsects faJ
oulreached olher present erarps (Gasnopoda, Ctu acea, Alat1ea and Chilopotia) with 74.9./a.
Among inscc6, dominale species were lrom ordcrs Diptetu and Coleopterc,

Ketwotds: Backteutet Tisza (Yugoslavia), faod, Rqa idibunda

E. Popovic, S. Simic, Institulc of Biology, University of Novi Sad, 21000 Novi Sad, Yugosla a,
B, Tall6si, lnstitute for Plant Protection, Faculty ofAgricullurs, Novi Sad, Yugoslavia

Introduction

It is known that (he food of,{nll/a includes
Iargo numbcr of invcrtcbratcs and sometimes also
smaller vertebrale specics. This fact points to
imporlancc of fross in food cherins - as rcaulators
o[ density of speaies which they ear, a\-well as
hosts and carricrs of diffcrcnt worms. Namoly,
molluscs and insects are second inlcrmodialc hosls
in the growth cycle of fl[kes. Because of that, data
about lood of,lr?r/a have exceptional irnportance
for erT'lanarion of inuasi6n wa]s. Alio,
invcsrigarion ot A |r0 lood givcs insighr in
cnndit ion an, l  chdrdctcr is l ics oi  habitdr,  spc. ics
living there, seasonal changos and other important
components of particular bioccnoses,

This papcr presents results of quantitative and
qualitativo invcstigations of Rana lidibutda Pallas
fccding on Biser island. Paper presents details of
.omplex in!e.t igal ion.,  which arc prr l  ol
intcrnaLional Tisza research program.

Methods

Malerial was coUcctcd in the Biser island arca
in 1990. Tolal oI 62 specinens of Ratrc ndib nda
(27 individuals in spt;ng,25 in summer and 10
individuals in autumn) was collected.
Dcternination was made according to keys by
Engelmantr f lq85).  dnd A,nou dnJ BJrron (1o78).
.oi lcclcd nalcr ial  was u.ed tnr na'a. i rologicaland
tood composit ion invesrigar ion'  ol  rhL .p(ci . .

Stomach contonl was lound in 40 individuals (12 in
spring, l8 in summer and l0 in aulumn), Contonls
wcre fl,xcd in 70a/a et]|.?lj.ol, and aftcrwar<ls
analyzed and dotcrmined to class, order and in
some cascs to family or even species (Kerovec,
1986;Schmidl, 1970),

Description of study sites

Biscr island is situatcd in middle part of
eastern Backa, between seltlemenls of Novi Bcccj,
Bcccj, Backo Gradiste and Curug, It is an island,
surrounded on north, wcst and soulh by Backwator
Tisza or Old Tisza. Tolal arca is 2678 ha, with
altilude of approximately 75 m. Sincc lhorc aro
dams along ncw and old River Tiszaflow,
possibility of larger ioflucnces on fulther relief
fotnations;s cxoludcd.

Biser island is characterizod by high
temperature amplitudes (10-15 "C during the same
day), strong northeast wind ("}osava') and annual
average precipitation under 600 mm. Backwater
Tisza is pa(ly channclled (in rorthern part), paruy
morassod (closc. 10 river Tisza), and mostly
consist of an oxbow lakc (B uku.ov, I 948).

These habitat conditions causcd prcsence of
characteristic plant and animal life forms.
Although part of this area is uscd in agriculture,
autochthonous flora and tauna still exists closer to
dams, and somewhorc even deeper. Narrow zone
of silky willow (Salft alba) is spread along the
rivcrbank, and marsh vegetation is represented by
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associalions Scino-Ph alt1itetun1 conlnlunis and
Hy dt o ch a i - Mm;) ho i de nt;n p e r tu ta e (Sla\\ic, 19 561 ).
R. idihunda dominates this area from Rdrd gcnus.
Though not tpically plain species, Marsh frog
prefcrs stasnant waters, backwaters a.d fishponds,
which is major cause of its frequency and
individual numbcr in this area.

Results and discussion

Ma$h frog is wide-spread spccies, often sccn
on fiolds near stagnant and flow wators, ovorgrown
by d€nse vegetation. It is very voracious, and apart
from insects and other inverlebrates consumes
young fish, frogs, bfds and mammals (Arnold and
Bu(on, 1978; Engel 'ndnn el  al . ,  1985).  I t  has been
tound in al l  iovest iAdted local i r ies;n Tirza val ley.
but had fewer indi"viduals in samples than oth6r
Raka spccies (R. kl. esculetla, R, lessonae),

Nevertheless, it is dominant specics in Biser
island area, which certainly is 

_thc 
rcsult of

favourable srrvival conditions.

Carabidae, Cantlvt lae, Elateidae, Chrysonlelidae,
Hydrophilidae, Cutculioniae, Silphidae,
Coccine idae. Members of only three lamilies
were established from Dipteru order which
doninated in food during sunner, (Sryldda?, and
only onc specimer tuotu both Tipulidae a\d
Culicidae). Other r?tsld, becausc oI poor
condition of naterial, could not be determined
more preclsely, though prcsence of larger
heterogeneily was expected. Ants were most
dominant among Hynrelroplen also in this case.
According to our results and those obtained by
Angelov and Bacvarov (1972), it could be cxpccted
that lood composition would be similar 10 tbc
other Rara species (R. kl. eft lekta, R. lessotne).
The abovc mcnlioncd authors also reported the

Vesence ot Cypitlidae (PiJc€r) - 12 specirnens m
10 stornach, The most froqucnt insect species were
Itom Coleop@a ordcr. It i. quite probablc that
such differcnccs in food conrents o[ the same
species aro thc rosulls of differences in habilat

fi!. 2, Seasonal qrullon! in fccdilsol Rara id'hnda Pal."'

Differences in nutriment oI lR. idiburda are
expresscd also during seasonal activities (Fig.2). It
is the fact that inse€ts dominated in all soasons.
However, basic food \lete Coleopletu and
H)rnenoptetu ia spring, Dipten in summer, and
Caleoplcn in a!fimr^ ("lab. 1). Othor inverlebrate
groups woro considsrablc part in food, such as
snails in spring and autumn, and some crustacean
species in summer. Largcst divorsity in food was
found dnring summer. This was caused by
favourable conditions for devclopment of large
number of inverlebrate species which prefer these

rypes of habital. Mcmbors of C@thaidae and
Hynenoptera \tete most hequent in spring sample,
whilc members of Carabidae ^nd Fomlicidae
families dominated in autumn sample.

Fis, 1. Food conlents ot Rdia idibdh.ld Pallas trcn
Baik*lerTisz - Biser island.

According to literature (Angelov and
Bacvarov, 1972; Popovic and Mikes, 1989) the
species group composition of food were thc same
in all studied arca, but thei proportion varied. It
shows as a rule that insects are the basic food (in
number of species and spccimcnt, and othcr
inve(obratc groups are subordinate. Similar
relations were estabiished in samplos from Biser
island (Fig. 1) - Insech 74.9a/o, Cntstacea 14.8Ea,
Gastrcpoda 6.6a/a, Aranea 3.3o/o and Chilopoda
0.5%. (Tab. 1) Doninant insect species wero from
oldet Dipten (total number oI ad lts and larvae),
then followed Coleopteru, Hynenopteru, Odonata,
Lepidoptery Heteroptera, Homopteru and
Orthoptera. QrlalilaLive analysis showed that order
Coleoptera was represented in nutrimcnt with the
highest number of families - Scanheidae,

Nse  i '  E l  sm f r s=Adh i
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Investigations on Carska bara established
(Popovic ct al., 1992) tbat frogs from genus Ra"d
feed mostly with land iDsects, much less with water
ones. Same result was found in aiea of Backwater
Tisza as well. Because ot relatively good state of
matedal, species were found in slomach contenls
from geneia Harpalus and Zabrus (Carabidae),
Otiothtnchus (Culculionidae), Agiotes @faen'
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CHANGES IN THE GROWTI{ OF PIKE PERCH (STIZOSTEDION
LUCIOPERCA) IN THE AREA OF LAKE-TISZA

A. Harka

Hatkq A. Q992): Cha ges in the gotrth of pike perch (Stizosudiolt hr.ioperca) in the afta ol
Lake-Tisza. - TISCIA 26,9-12.

Abstract. The storaae lake of the river Tisza was established in 1978 Dear Kiskdre. From the
growth analysis of pike perch living in the lake it is concluded that the growth rate of body
wcighl decredsed aler swel l ;Dg up rhe uarer.  Loogitudioal grourh of pikc perch, howeve',
increased-|n time, and as a con\equencc, avcragc body lcngth of individuais over J years is
greater than was earlier. Longitudinal growth is nore important than th€ groMh rate ofwcighl,
ilat is why the gromh of pik"e perch "h 

recently a little rnore favourablelthan was bcforeihe
establishment of storage lake, but it can bc qualificd as rnoderate compared wrth other rivers
ano ponos,

Kqwords: age, bod.! le gth, bod! veighl, Beftalanlly4llodel

A, Harka, Kossuth Lajos Secondary School, H-5350 Tiszafiired, Hungary

Introduction

The reseNoir that was established by swclling
up tbe water of river Tisza betweon Kiiktjre and
Tiszafiired in 1p78, is called Lakc-Tisza. Its total
area is 1m kmz, and its depth is about 1"1.5 m.
The water of the reservoir is drained every
autumn. and the fish spccics hide themselves in
winter partly in lhe riverbcd. and parrly in tbe
deeper waler of bdckwatcrs thar can be found ar
this area,

Annual harvcst of pike perch was about 7-8
tones before the devclopmeni of the reservoir. 11
increased after swelling up the water - it reached
50 loncs in 1982 - but larer decrea.cd grrdual l ) .
and the quanlity changcd bet\ eeo 14 dnd'19 lonrs
from 1986.

Tbe aim ol  rhis studv is lo f i t rd lhe cbanecs in
the srowr h rale ot Dikc;erch as a conseouen'ce of
eqa-blnhmcnt of r t r . :  sroiage Iake. Thc br; i '  of  rhc
comparison is the result of an investigation on the
growth of pike perch that was carried out in the
reach of Tisza in question before buildine the
reservoir (Harka, 19?5, 1977).

Material and M€thods

Data of 82 pike pcrch individuals wcre used
lor growth analysis. Fish were caughl in thc norlh-
eastern basin of Lake-Tisza near Tiszaliircd and
Poroszl6, between 1987 and 1990. Standard body
length of spccimons varied between 290 and 710
mm. and rheir weight berween 2:0 and 4400 g.

Relarionship between body lcngth (L1 and
weight ,(W) was calculatod with the formula
(W=aLD) suggesled by Tcsch (197I),  and wirh i ls
logaritbmic form. respectivcly. Linear regression
aoal)si\ of measured dald was pcrformed (Svab.
1973).

Ago dctormination was made with scalimetry,
Total oral radius (S) of scales and distance of
annual rings developed in winte., from the focus of
scales (St were measurcd. Measurements were
nrade bv usina a microfilm rcrdcr couioment an,l
applying 21.5x-magrifi cation.

Body length of fish in the time of development
of a ncw annual ring Gd) was calculated by Lea
(1910) method, because the correlation bctwecn
body length and scalc radius was no close enough.

Growth dynamics was cstimated wrth
Befldianfryr lpe gowrh mod(IIhor $a. .ugsesred
hj Dickie aloTl) .  Pd'dmctLr5 of Be.raldnlry-
function were determined with cuiland (1963)
method.

TISCL4 26



Results and Discussion

Relatonship of body length and v,'ei8ht

Tisza is as follows:

lgw = - 4.9388 +

Body length is given in
(Fig.1).

Lsw
3.6

3.5

The relationship behveen standard body lcngth
(la) and weislt (W) oI pike pcrch frorn Lake-

3.0132lsrr

mm, and weight in g

25  26  21  28  29  tgLc

30

rE L Rela onshiD bcrwccn bodv lcnlrh (tJ an. wfllhr (w)
o l 'p r le -pe(h  rn  tke- t ts /a  ( l sw . :19 . lSg  I  l0 . l ) .g lc .
r=0  r87)

The parameters of this function were the
following in the period beforo swell;ng up.

lg W = -5.6303 + 3.2837 Is Lc

It can bc ssen from thc comparison of the
tunctions that pike perch starts recently with larger
weight than earlier, but the growth rate decreased.
The more favourable sta( gives some advantage
up to 360 nln body length, but the smallcr growth
rate of body weight results in a greater and greatcr
lag of larger individuals. Since just the individuals
old enough for catchirg arc ;n rxorse condition,
this change is evaluated as negative one in general.

10

Gtoirth ol bodr le'&tt nt tine

It could be established on the basis of pattern
ol scales that the age of studied hdividuals varied
betwccr 2 and 9 years. The two oldest age classes,
however, were represenled only by 1-1 individuals,
therefore lhe growth was anallzcd up to the age of

Table 1. shows the cilculated standard body
Iengrh in tbe age cla*e.. Body wcight' are givcn
on the basis ofthe function mcnlioncd abovo.

Saturalion curve was fitted to body length data
which were calculated from the annual rings of
scales. Parameters of Bertalanffy'function de-
s€ribing above curve are as follows:
asymptotic body lcngth L = 1020.6 mm; growth
rate k = 0,1234; hypothelical agc al 0 body length
10 - -0.3_56 year, Expected.standard body length
(L) of pike perch living in the north-eastern basrn
of Lake-Tisza is:

Lr = 1026,6 [1- c '01234(t+0356)]

in the age oft years.
Fig. 2. shows thc grov4h curvc wilh a\cragcs

and exlrcmc !alucs calculatcd from scalc data.

m m

?00

500

300

1 0 0

1 2 3 4 5 6 7 y e o r

r.! 2 Ookh of Dike-oeRh itr tiLe-Ti,/a r..odina ru
Bc-/d.arlly-mo.el. DoB dre a"eragcr calcJ ared frcm !-!.le
datr,4ntral lrnes RDresent eruenrs

, ,  . : ^ -  - . .  -o .12 j4 r r+0 .156h.
u L =  ' u . o o l '  c  t L

The relationship concerning the period before
development of storage lake is:

' '^^ h --0.1676(t+0.42)r
I
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Table 1.Body lengths of pil(e perch in dilferent age classes calculated
from scale data, and the corresponding calculated body weights.

Tablc 2. Growth ofbody length and weight oI pike-perch before (197)
and after (1990) filling up the storage lakc,

1
2
3

5
6
7

82
82
72
4a
2 1
7
3

110 ?33
195 32'
?84 434
317 500
401 560
506 598
608 631

153
261
354
422

519

16 157 41
92 127 220

?81 1048 571
520 1562 937
404 2194 1416

1619 Z6n ?071
2A16 3150 2929

19t7 1990
Hei9ht  in  g

19901977

1
2
3

5
6
7

167 157
26a 2r7
t44 316
113 424

t20 555
56? 609

247 210
5 0 0  5 1 5
911 9r1

1403 1506
1912 ?139
2106 2830

Table 2. shows the body lenglhs calculated
with above two functions and the related body
weights, Data clearly show that longitudinal growth
of pi-ke peich increased, their body lcngth is
gleater from the 3rd year than was in thc past.
Also this change - similarly to the detorioration of
condition mentioned above - manifested itself in
thc agc class which is ripcr for catching, but the
effcct is opposing,

Data of body weight in the Table 2. also show
that the later of opposite changes is more
important. The overweig.ht coming from the
quickor longitudinal gowth compensates the
drawback originating from the weaker condition.
Recently the pike perch is slimmer tha. ils
ancestor waq but its weight is larger at a g;ve. ago
becauso ofthc increased longitudinal growth.

This quicker gowth can, however, be qualified
as moderate compared with that of pike perch
from other waters (Fig. 3.) becauso it is quicker
than in the Yugoslavian reach of Tisa (Maletin
and Budakov, 1984), but slower than ;n rivcr Sz6va,
and than thal obscrved by Malctin and Kostic
(1989) in one ofbackwaters o[Tisza ncar Curug in
Yugoslavia.
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The advaDtageous change of pike perch in
Lake-Tisza was reallv orobable. since a rich food
supply developed intde'newly flooded aiea. But the
reafity is inore comp]icated, because the surplus
food should have taken oositive effect also on the
condition i.e. on body-weight relatcd to body
length. It is not proved with data, but according to
the observations bv fishermen. it occurred in the
first orr;od. Pike oerch individuak were thicker in
the fust years af6r sweling up the storage lake,
and they became slirn only in the last years.
Probablv the first cause of deterioration of
condir io 'n is thar larser areas of rhe boltom t
covered with sedirnent that results the decrease oI
food supply. Also the deqease of longitudinal
growth can be erpected on this basis. The
unfavourable e4vilonment has a ncgative effect on
the reproduction, that is why we can find in the
Iulure, that the proportion of less demanding
Volga"zander (Stizosgdion rolgd,r.r,J Gmelin) will
increase against pike perch,
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FECUNDITY OF PI{YTOPHIL FISH SPECIES IN "BACKWATER
TISZA" (BISER ISLAND)

S. Maletin. N. Diukic and D. Kostic

Maletin, 5., Djukic, N. a d Kosic, D. (1992): Fecund.ity ol phltophil fslt species it "Bach4atel
Ttsza" (Biser islandJ, - TISCIA 26,13-24.

Abstract. Porentiai lecundity was in\e.rigated io lbree rlpical phylophil fish species (Scalirrxr

ettthophlhalmus, Carussius canssius and Corussius arlanlr) and in a pbltoiithophil one (Rrl,rzj

mril,rr) in Backwater Tisza during 1185.1987 period. The relationship between gonadal weight,
absolute and relative fccundity in conparison to body weight' standard length and agc were
examined by linear regression y=ax+b, a were estimaled by cocfficient of correlation r,
sienificance of which was tested at D<0,01 and D<0.05. lt is noted that absolulc fecundity and

eo=nadal weisht intensively cnlarse r;th iocreascbf basic biological paramctcrs, and lcvel of lht
ielationship-was confirm"d by [ighly signi6cant correlation, Relatire fecundity shows weaker
deDendencv on Darameters anah"ed. and rlrotrger conncction usually occurs in compari.on (o

st;dard le;glh,'Absolulc and retatlvi tecundirl-values are within optimal rangc in allixamined
specrgs.

Kerwords: ctucia d d ptussiah catp, roach, ntald, Tism bacb ater

S. Maletin, N. Djukic, D. Kostic, Institu(o of Biology, Universily of Novi Sad, 21000 Novi Sad,
Yugoslavia

Itrtroduction

Several yoars ichthyological investigations of
this backwater in Tisza valley cover a wde range of
taxonomic and ecological analysis of populations.
These studies hcludc mostly all dominant .pecies
with more or le". economical value, which are - in
wide biological sense - an important biotic factor
ir overall hydrobiocenosis. Other than a number of
faunisric - iaxonomic inve.tigations (c.ginccvic rl
al., 1987; Kosric and Malelin, la89), lhe majority
of examinatioDs was mostly ecological. anallng
lirstly the rate of growth and longth and body
weight, and secondly the fecundity and dict of the
most numerous fish species in this locality
(Maletin et al., 1985; Maleth and Budakov, 1986;
Jovanovic et al. 1988; Maletin, 1989; Maletin and
Kostic, 1989a; Maletin et al., 1989; Maletin el al.,
1990:).

| .ecundrry anaryqrs or cer(arn | l \n.pecrec $a\
relatively neglected until recently in Backwater
Tisza. Most authors today are convinced that this
problem is best approached by correlation-
regessiotr analyses of basic parameters on
absolute fecundity, weight, length and age of

examined splcimens in cerlain goup distances
(Basrl, 1980; Petrovski and Sidorovski, i980;
zivkov, 1983, 19i14, 1985; Soric and llic, 1986) thus
interoretcd rcsuhs ove more real insisht into thc
ren.,iduction ooteniial of cerkin fish-DoDulation
thin discussine this Dhenomenon jn cbniparison
with sonadal a;d bodv weisht onlv.

F-rom tbe poinr oi vieiof thise investigations,
rhere are very intcrcsting data giten by Triapicina.
(1975). Basrl. (1977). Zivkov. (t980) anJ volodin,
(1981),  concerning f ish populat ion;n 6t; l l  waler.
reservoirs and river backwalcr. w;th hldrological
regimc and trophic level similar to those of our
localities.

Irvestisations ol fecunditv dwamics werc
carried oui with rcach (P.Jttilus ,z;rrlr) which rs
strictly ph)tolithophylic spocics, as woll as with
t'rdd (Scadnius erythrcphthaltrl s), crucian carp
(Cd'ar\irr raraffrtrl). and prus.ian carp (Carattnrs
drrdt6), which are tlpical phytophylic species. All
four species are dominant or subdominant in fish
community of Backwater Tisza (Koslic and
Maletin, 1992). Moreover, they reach very good
growth in weight and lengtl under optimal
nutient condilions and stable hydrological and
orygen regime (Maletin and Kostic, 1989b).
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Material and n€thods

Mateiial for these investigations was collected
before spawning period during 1985-1987, with
standing nets, fishing traps and electrofishitrg
apparalus. Absolutc fecundity and gonadal weigbl
were aoalped n R. fuitttr (25 temale.), S.
erythophtalmus (fr), C. carussius (a1) and C
awatu[ (50), in comparison to ccrtain weight,
length and agc categories. For determinalion of
ago and potential fecundity, standard methods
were use (Chugunova, 1959; Piavdin, 1966).
Relationship between examined paramctcrs was
estimated by lin€ar equation y=ax+b, and the
corrslalion coofficicnt r was tested at p<0.01 aDd
p < 0.05 signifi cance levels.

R€sults and discussion

The analtzed specimens ofR, nril6 belonged
to age categories of 2 to 5 years, with average body
weight 8-83 g and standard lcnglh ?6.5"157 mm,
and were grouped to nine calegories. Gonadal
wcight categories ranged from 0.5 to 20.7 g,
Incrgasc of average ovary weight in comparison (o
body wcigh!, slandard lcnglh and agc (basic
biolog.ical parameters) is very evidenl. Its rate is
relatively slow, especially in comparison to the
growth of length. In specimens larger rhan 35 g
(i.e. 115 nm), gonadal weight indeases rapidly.
This tendency is especially obvious analysing the
whole sample in corrolationson to age (Fig, 1).
Absolute fecundity in some weight, length and age
categories ranged between 1.400 and 30,000 with
steady increasing tendency, and with some
devialionr in small-sizcd spccimcns (up to 50 g, i.e.
90 nlm). In largor individuals, this increaso is moro
expressed and correlated with gonadal increase. In
contrast to these two parameters. the relativc
lccundity shows di f fere; l  tendeocy. Value. arL
ranging berueen 175 and 355, ui th obviou.
!ar iab; l i ty.  Som( decrca,e of lh is pdram(tcr i r
nutcJ in .pccimen. around the center nf increa. ing
body weight, length and age. This is especially
visually apparent to body woight and age. In some
length calegories, decrease of relalivc fecundity in
comparison to increase of length growth can be

This tendency of increase or decrease of
fecundity parameters was oolcd ;n roach by Zivkov
(toFl dnd tq85) in rr .cnuir  Bardk. Bulgdrid.
Average absolute fecmdity of roach from this
Bulgarian water basin is very similar to those of
specimens from Backwater Tisza. Analyzing of
fecundity and ser.ual maturity in R. atifur ftom
Lake Dojransko jezero, Petrovski and Sidorovski
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(1980) also noted an increasing tendency of
absolute fecudity, and the valuss of relalive
fecundity arevithin thc same limils established in

Analyzing the correlation of gonadal weiglt,
absolute and ielative fecundily with th€ basic
biological parameters, higl y significant
coefficients were obtained for the ovary weight and
the absolute fecundiry (p< 0.01, Fig. 2), but
different rclationshiD was established in relative
focundity. In cornpaiison to body weight and a8c,
correlation was positive but not significant, and irl
comparison to the gro*th in length it was negative
and significant (p < 0.05). High level of significance
was described between the absolute fecundity and
the basic biologicai paramclers in roach, as wcll as
wcakcr one bctween the relative fecundity and the
same parameters by the quoted authors.

Caugbr specimeos otS. erythrclh tahnus \Ncte
2,3 and 4 ycars old. Thc wholc samplc was
grLlupcd to clcvcn weight and length categories
ranging from 9.5 to 58 e and 78 to 129 mm
respectivcly. Average ovary weight was 0.3 - 4.6 g.
Thch incrcasc in comparison to basic biological
paramclcrs (age, body weight and standard
length), has diJfcren! rate for differcnt weight and
lencth calcsories. lll smaller sDecimens (15-20 u
and-aS-m rim). rhis growrh is itepwise. e bit lcsi
rcldtivc gonadal wejght apFears in ihe categories
ot 20-25 g and 90-95 mm. ln medium size
specimcns and the higgest ones, rarc of ovarian
wcight growlh is intensive, with a minor decrease
in 45-50 g and ll5-t20 rnm categories.
Enlargemcnr of gonads wilh age (2-4 years) is
exl.remely intensive, Absolute focundity of rudd
ranses between 2.880 and 13.625 and increases
per;anently with increase of age. Inlensive groMrh
of this paramerer values is noreJ also in
comparison to incroase of body length and weight,
except for some minor deviations in smallest and
biggest categorios. Avcrage rclative fecundity
ranges between 177 and 303, with more or less
oscillalions, Tho bissest values are noted in
smallest and young;;l categorios, and rclativc
focundity varies with incrcasing body weight and
longlh, but slightly relative fecundity is noted by
Triapicina (1975) in ecological studies of rudd
from VoJga delta.

Level ot relationship of gonadal weight and
absolute fecundity in comparison to body we;ght,
.rdnddrd Iengh anJ agc t  pu. i t i rc.  highl l
. io i f icdnt.  $hich cdn be ieen from tbr values ol
correlation coefficient r (Fig. 4). Relative
fccundity, bowever, shows different correlation
between these Daramcters and erowth rale. This
relationshio is- neeative and slow with non-
sienificant coefficients. The same analvsis has beon
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Fig, 1. Fccrndity and gonad wclghl orroach a.R. rur'r6) related to bodyweighl, sEndard lenglh and agc
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Fi& 2. Trre conclalion offecundity and gonad wcight olroach (R. {rir6) in relarion to body wcighr,standad lengLn anu asc
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Fig. 3. Irc.undny and gonad w€i.lrt ol trdd (S cryntophlhdl,lrt rclarcd to bodywcighrj sra.dad te.gth and agc
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Fig. 4. cireration ot rccundity and go.ad w.ight ol rudd ft eryntuph nbru, h rclario ro body weigrht, slandard lenglh and age
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Fig. 5. Fccundity and gonad weight of uucian car? (c' cardrird) related to body weight, standard length and age
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presented by Triapicina (1975) with high level of same lcndcncy were also noted in our preuous
correlation between the absolute fecrndity and the analyses of prussian carp fccundity in this water
bioloeical parameters indicating the absence of basin (Maledn and Budakov 1986), and sin;lar
comeclion bclwc€tr the relative fecundity and the results were obtained also on the basis of potential
above paraneters, especially age. fecundity of this fish in lake Palic and Obedska

Individual age of C calarsi r in the examined bara (flood zonc of river Szeva, Maletin et al.
samples rangcd bctween 3 and 6 years. Avcragc 1987). In comparison to same categories relative
valucs of body weight ranged between 123 and 310 fecundity oI C. autufi1t is morc similar, ranging
g in diflerent groups, and those of standard Iength bolwoen 123 and l7l, whicb values are similar to
were berween 148 and 238 nln (total of ten weight thoso observed in our invcstigation on population
and lcngth groups). Average ovary weight varicd from Obedska bara. Values wcrc cspecially sinilar
from 5.6 to 16.1 g and an increasing tendency of when observjng thc ago.
this parameter h comparison to the body weight, Vcry slrong relationships were established
lengtb and age can be esrablishcd (cxcepl the last accordirg to the correlation analyses between the
categories). Some stagnatinn has been noted in absolute fecundity and all the basic biological
gonadal wcighl in specimens with body weight 150- parameters. Connection was posilivc, slrong and
lqO g and length 160 Io0 mm (Fig.5).  Absolute h;ghly . igni f icanl ( f iA. 8,) .  The "ame ha< heen
lecundi(y waq cal.ulared on thc basi.  of  average srated by Zivko! (198.1. I r)84) fo '  thlpardmeter in
valucs of each weight, length and age categories, comparison to body wcighl, lcngth and age of
and ranged from about 35.000 to over 92.000 with prussian carp fccundily in reservoir Balak.
a distinct increasing tendency, excett for the last Dcpcndency o[ gonadal wcight and anolher two
categories, showing a tlT'ical sigmoid curve. paramctcrs is also posilivo, highly significant when

Relative fecundity rangod bctwccn 236 and 338 r ranged up to 0.999. These rcsults wcrc also
and, in contrast to the provious two parameters, obtaincd in thc population from Balak (Zivkov,
showed lowor dependency on the basic biological 1985).
parametcrs, Thc highest values were notod in Relativc focundity was somewhat different. In
medium wcight and longth catcgorios, whcrcas in all three cases, conncctions wcrc also positivc and
comparison to thc agc thcrc was a vory slow stronger only in lenglh ca[ogorics (p<0.05), while
irrcgular incroasc, this relationship for the wcight and age categories

Correlation bctwccn lhc ovary wcight (and trnved tobe nnn-significant,
absolute tccundity) and thc biological paramctcrs Absolute and rolat;vc fccundity o[ examined
is positive in all cases, with bigh and significant fish during the last poriod of invcstigalion point
coefficients. It is intercsting that thc rclationship of out the poteftial powor oi tho rcproductivc activity
the relative fecundity and tho body wcight, as well of analtzed populations, Rcproductivc potcntidl ol
as thc standard lengtb and rhe age were also dom;nanl spc( ies has heen inf luenced hy roral
positivo and s;gnificant (p< (r.05, Fig.6). Analyzing favourablo abiolic and biotic factors (hydrological
the correlation belwecn tho absolule fecundity and regime, temperaturc, pH, oxygen regime, food
the body weight in crucian carp, Astatin and resources, competitivc rclationsh;ps) wh;ch were
Podgorny (1968) has stated a positive correlation analyzed in dotails in our previous investigations
of these parameters and underlined that total (Maletin, 1989).
fecundity in C cdld$lrlr in lower thatr thal of C
arrdtar. RelationshiD of absolute fecunditv and
body.weight.is also'less distinct in cruciai carp Conctusion

. saniple of C.. iuratus was grouped into-six Analyses uf fecundity dynamicr of ph),tophyl
r'.1c!1 T1 !': l:q'f *d.iq'. !11:s"'^':r 1l! n'h .;;iil(i. iiiiii,,''sl'ii,iip,',na,.", t.
'no'noual age rangeo Irom I ro r, vcar( i:e^'3C' --";r' and C. auraust from- Bacirwarer Ti.za -
oooy,wcrgnt wunrn Ine careSofles \  as zou-6lu 8. B;.er js land .howrd a icrr  iorensive increa.e of
ana rcngrn rw./r1 mm. Averdge gntraoal $ergnl 

aonadal wejgbl and a6.olure recundit) in

I"1l ̂-0,':-1 :^-11:l^"+ ^tl ̂::T.p::::.: l:. "b,"i." Fo.p"i.o" 
-i-' 

rr,J L.'.";i:-,ir bod) \ iieh,.
ecorogrcar paramerers a very-rorensrve glYn 1'r .ranilara tenath dnd ase in lqxj- t98/ period. L;vel

::1:'",'::'".^*j:-':l'."-,i19,^ll.i'1",."i.'11,I or rhis dcp;deoc) h-a. beeo connrmed by high
:..Tl,i:"^T^.1-.,,,fl:I:^_T_-:.]911,j1-:- l::ell varuc. of ihe corrirarion coerncients, whi.h ucie
Ancorure recunorrv or fxamrneq morvroudB rdngco p.Jsir ;vc and higbl)  s jgoi lcdnt (p<0.0t) .  R(lJt i \c

l::-"T:i9-,':-^:":j ,111!fl--T'l- i-^d'.J'1,.: i;;dity ;.#;""-i,;"i".'al,i".a*lr "" tr,"rlcreasmg renoency In oependence on age, Dooy
weiglt and standard length. High valucs and the
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Fig.6. Conelaiion of fecundiiy and gonad w€ight ofcrucian calp (c..af6ri6) in rclatiod to bodyweignt, standard length and age
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Fig. 7 lrecundity and go.ad weigbt or prusian carp fc' ,/rar6) rclalcd to body weigbt, srandard l€ngth and age
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basic biological parameters, however a stronger,
but negative one was shown for the standard
leryth (,R. rur,/llj), or a positivc for the body weight
and standard length (C .a/a$irr), or for the
stardard longth only (c. arldtur).

Values for absolute and relalive fccundity of
examined fish spocies lie betwccr the limits stated
by other authors for similar investieations. Highly
expressed potential fecundity in the analyzed
populations poitrts out the good living conditions
and water quality ol this ecosystem.
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HEA\ry METAL CONTENT IN FISH FROM *BACKIilATER TISZA"
(BISER ISLAND)

S.Malerin. N. Djukic and B.Miljanovic

Mabn\ 5., DitkX, N, and Miljanoric, B. (1992): Heavy Dtetal cohtent in fish ft 'ft Backwater
Tisza (BiMl island). - TISCL4 26,25-28.

Abstract. Concenlration of 8 healy metals (Zn, Fe, Mn, Cd, Cu, Ni, Co, Pb) and that ot Al
were anallzed in certain tissues and organs (gitls, [ver, spleen. ]idney, gonads and muscles) in
7 fish species with different habitats and nutrition Wes (Cypihus cutpio, Carassius aurutus,
Abrunlis bru'na, Lepomis Etbosus, Stizosledion lucioperca, Esot lucius ̂ nd Silurus glanis) cang)lt
by elcctroagregate during 1991. High bioaccumulatiun of Zn was found in gi[s and aoex gjands
oi' benthivoiesiwhile in iredators f,igh anount o[ Al was found in gonads.iloncentration of Fe
is constanlly high in most orgars in fish investigated. Other heary mctak werc found in
considorably lower amounts,

Kewodt: accunuldtio , be tivorc', leshwat.a pisdvorcs.

s.Maletin, N. Djukic and B.Miljanovic, Institute ot Biology, University of Novi Sad, 21000 Novi
Sad. Yusoslavia

Infroduclion

Increasc of conccnlration of heary mclal ions
in hydroecosystems is calsed by influence of not
properly treated waste waters, or as a consequence
of disperse pollutants. These elements can, in
higher concentrations, act on hydrobionts as direct
intoxicants, or, morc often, bc carriod through
lood chains and aocumulato in organs and tissues
of fish. Thoir prosonco in water habitat is a spocial
problem, di f lcrcnt f rom othcr pol lutants wh;cb can
be decomposed or nrberwi'-e eliminated from

Heary metal content in water and sediments of
river Tisza and its backwaters was investigated
during last decade, especially in Hungary. Extreme
load of these pollutants was found at some parts ol
river, being under influence of ind strial waste
waters (Fiisedi and Fekete, 1980; Laszl6 and
Berta, 1981; Fekete, 1984). At the same time, high
conlcnt of these intoxicants was found in
invertebrates and certain organs and nuscles of
the fish in Danube and its affluents by Wachs
(1982, 1983, 198s), Gael et al. (1985), Yetusenko
et al. (1990) and Pujin et al. (1990), brt no
sclcctivily in accumulation and level of
concentration in hydrobionts, depending on
amount of thgse agents iII envhonrnent.

Material and mcahods

Marcrial was caught during 1991. using
clcctrodgregate, Concentration of 8 heary mctals
(Zn, Fe, Mn, Cd, Cu, Ni, Co, Pb) and of Al was
anallzed in muscles, gills, livcr, splccn, kidneys and
qonads of7 fish species from different habitats and
futh ditfcrent types of feeding, Two ecological
groups wcrc inrestigated: benthivores 1C'1pn)rrrs
carpio. Co,assiut anans gibelio and Abmtnis
bEtfia) ^nd predators (Lepoklis gibhosus,
Stizosledion lucioperca, Esot luch$ and Sihtnt[
g/aars) five specimens of each. Samples wcre
oreoared bv standard methods and measured on
ilaric AAS Perkin Elmer. Healy metal content
was shoqn as mcan valucs in mglkg trcsh wcighl.

Results and discussion

Total amount ofheary metals bioaccumulation
was differcnt in tissues and organs of investigated
fi.h specie. (Fig. I). It wds .|.J3jold higber in
muscles of predators than in those of benthivores,
uhich t  connected with (ate o[ dnalyzed cprcie(
in food chains. At tho same time, concentration of
bea,'f mctals (aod ol Al) wa< 3.34-told higher in
gllls ofbenlhivores than in those of predators. This
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result can be €xDlaircd bv different cotrditions of
heary metah am6unt in witer and in nud.

benthivore. this value was 21.77. whereas in
predators it ranged between 11.13 (5. glanis) at].d
15;73 (5. lucioperca), Fig.2.

Seleoiviry of cedain tissues and organ. ir
bioaccumulatiotr oI healy metals is very similar for
both ecologicai groups. Sequetrce was in
b.athi'rorcs (C. caryio) as follows: S > Gi > H >
Go > M. and in oiscivores: S > Go > H > Gi >
M (S.lucioperca) andK > Go > S > Gi > M (S.
gldrri). (Abbreviations: S = spleen, Gi = gills,
H - [ver. Go = gonads, V = muscle.. K -

kidney.) Generally, it can be concluded that
hishcst accumulation of heaw metals occurred in
inlernal organs (nostly splee:n and kidney), then
following gills and at last muscles.

when comparing heaw netal  contenl of  6sh
causht in Tisza mourh. somewhat different
situ;tion can be noted. B;nthivores have lower
concentration of total healy metals amount than
predators. Least difference was established in
internal organs (1,68), then in muscles (1.90), and
highest in gills (2. 58), (Figs. 1 and 2),

Fig.3, Accunulation ofheary etals in benthivore fish sFcies

Ratio between total heavy metals
concentration in certain organs of groups
examined varies from approx. 2 to 6. Smallest

-s{htrdF u PsrcG

Fic. 1. Total heaw dctal conrcni in some thh srcles
adording to feedi;g iwc. scqucncc of loral elcirivii]l
l>G>ltf(Backwarer-Tbzir)i G>l>M \nvc, Tisa). S€e rcrr

t iMdo | $trc,{

-6.Mtsn@ee\aF

Fic, 2, Relarionshirs betlecn Lolal heaw delal onrent of
o{ans ii smc fis}i goups and sFcics. 8;6 qrhour nJnber

The total healy metal content in gills and
muscles. as well as ioternal organs and musclcs. is
different, deponding on the hvestigated group, as
woll as species. Namely, concentration of heaw
netals was 15-fold hieher in gills of benthivores
than in muscles, whereas in predators this
relationship is only 1.34. In certain bontlwore
species, this ratio ranges between approximately 9
and 18, and in predators between 1.25 and 1.88.
Significantly higher diffcrcnces were obtained
between two €xamin€d groups in relationship
betw€en total heaw metal amount of internal
oryans and that of ;uscles. In C. cdlpio, which is

j

!

c
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values were found for ratio betw€en gi s and
internal oraans in benthivores, as well as between
ioternal oieans and muscles io predalor., and
higficr belwero gixs and muscle< in bolb groups.

The same sequence was ostablshed in both
groups: ci > | > M, (l - inlestiDuft) in \elecliviry-ol 

biestigated o.gans to bioaccumularjon ot beaw
metals.

Seouence of certarn heaw metal bioaccumulat-
ion in irgans of investigated fish fron Backwater
Tisza was very similar for both ecological groups.
According to these investigations, following
sequeDce would be forned for beolhivores: Fe >
zt> at > Mn > cu > Pb > Ni > co. while cd
was not found (fig. 3J. At the same time. the same
Sequencc was lOUno In pl.ctvores, wlln mlDor
difierences for ce(ain species and organ! aod wrth

Cd at the end, stored in liver and kidneys. High
concentrations of Fe, Zn and Al were found in gills
and anex glands of benthivores, as well as rn
internal organs of predators (Fig.4).

Iig.4. Accunulatiod ol hcavy neials in prcdatos,

Concentmtion of other mctals was significantly
lower. ln this group, Mn was promineDt in
benthivores gils, and Ni in piscivores muscles (E.

ln order to do detailed aDalysis of hea\y metals
conc€ntration in certaitr tissues of fish, rclationship
was establishod between internal organs and
rnuscles. eils and muscles. as well as between
internal-oigans and gills. Higher concentration of
all s elements was found in internal orsans than ln
musctes of examined bcnthivores 

-and 
some

piscivores fS. fucioperca and S. 8/an,t. These
values ranged from several to even 1m.21-fold (Al

in C. Mrpio). On the contrary, 5 limes more Pb
waq tound in rnuscles ofE lucirr than in internal
orqans. Similar situation was ifl €xamined
be-nthivores, where level of c€rtain metals was 1.19
ro 33.73-fold higher than in breathing organs.

E ^ r  A . b ' a F a  I

Fig 5. Ralio_oI some nedw trcrd's bcNeen organi in rish
lncocs (f orLy oenmLrcrcs r.

Howevor, somewhat differcnl sequence was found
in predators, so some intoxicants wcre more
accumulated in muscles. Highest valucs wefe
found for Ni (40.6"fo1d), while for others - A1, Fe,
Cu and Pb - this relatioNhip vr'as up to s-fold.
Accum lation of certain mcta'is was aliso found in
higher coocenlra( ion in internal organs comparcJ
ro'gi l ls.  wirh highc.t  value. lor Al  in predato'<

rb0.r'l-fold in S. htcioperca and 41.3J-lold in 5.

;/rn,r). Reversed relationship was established for

g
c
c
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all predators and C ca?io, but with lower values
for Pb, Co and Zn (4 to 6-fold), (Figs. 5 and 6).

By investigating hea\.y netals corccntratron m
similar backwaters Alpdr and Lakitelek, Fekete
(la8a) also laund higheq lalucs for Cu. Zn. Fe
and Mn in watcr. Fiigedi and Fekete (1980)
examined content of hearry metals in water and
mud in Hungarian part of Tisza, also finding
highest values lor ( u and Zn, mo.tly aI mouths of
aff lucnts, r  hi le La.zlo and Be a (  Iq8l)  found diso
high conccntrations ofFe on the same area.

Conclusion

By the analysis of ways and final locations of
ccrtain heavy metals deposition in tissues and
organs of fish from Backwater Tisza, il can bc
concluded that most of them are accumulated in
high concentrations in inlernal oreans (spleen,
liver, kidneys, gonads). Lower concentrations was
found in gills, and thc end of this sequencc are
muscles, where most of hcaq mctals arc lcast
deposited. Predators arc cxccplion, cspccially E
hrcirr, whcre in muscles and gills higher
concentration was fouDd for Ni, Pb, Co and Zn.
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THE RESULTS OF PRELIMINARY IIIVESTIGATIONS OF AQUATIC
VEGETATION IN THE REGIONAL PARK I'STARI BEGEJ"

B. Butomc and V. Stojsjc

Bubruq B. and Stojsic. V. (1992): The rcsults ol prclinli@ry ilresligatiofls of aquatic reqetatiotl
itt tlrc Regional Pa* "SIai Begel'. - TISCL4 26,29-36.

Abstract. Complex dala about the llora ad vegetation of the Regional park "Stari Begej' are
nol existing in botanical literature. Fragmcntary elaborations are only on vegetation of Carska
bara, vojtina mlaka and Mala bara (cigov and Djcrfi, 1960). According to thesc authors,
aquatic macrophles forn three communitics of the ̂ lliance Potamiotr (Polanogelotion) W.
Koch 26 cnend. obord. 5'7 ol thc otdet Potametalia \N. Koch 26 and class Potamerca Tx. et
Prag. 42 in these marshes. The latest investigalions of Carska bara, Vojtina mlaka including thc
riverbed of Stari Begej and the low parts of zone llooded by it indicate, that in the Regional
park 'Stari Begej" developed are also formations of smallest flowering planLs: lyolfra anhiza,
Lenukr ntinot, Le tna tisulca, Spiodela polltrhiza and olhcrs. Formations of association
alliance Len ion ni otis W. Koch et Tx. ex. Obcrd .5'7 of the o'det Le\nlelalia W. Koch 01 Tx.
ex Ob€rd 57 and class Lerrlrte4 w. Koch et Tx. ex Obcrd. 57 are in question.

Keyword.s: bockw1rct, conn ni| con9ositior, &tckweed,

B. Butorac, V. Stojsic, Provincial Dcpartmenl for Nalurc Prolecdon, 21000 Novi Sad,
Yugoslavia

Inlroduction

The area of Regional park "Stari Begej" is
Iocatcd in Banat (Eastcrn VoivoJinar. comprising
a complgx of marohcs, swamps and willow groovos
at the river mouth of Begej into Tisza. According
to Harn (1975),low torrains arc in question (72.00-
74.00 m altitude) which were regularly llooded in
the past during high watcrs. A partial regulation,
by erccting embankments and some other
hldrotechnical  objc(ts.  wds madc dr rh( bcginning
of this century.

Howevcr. basic chdngcs in the cco.).lem dru.c
dher ser ious \aorks in tbe period lqTl-1974. AI
that time, the dver Begej was padtioncd at its
15th kilometer, a new embankment was erected
ca+ of thc old r i 'erbed and rhe now ol Eegej was
directed through the new riverbed (resp. canal), so
that a part of Stari Begej was complclcly cut-off
for about 10 km from Tisza and Begej.

The components of this mosaic arshy
biolope aro Carska bara, Vojlina mlaka, Tiganiica,
Zagnjenica, Perleska bara and Stari Bcgcj itsclf.

This area, (especially Carska bara and Vojtina
mlaka) is mosdy known by its birds, howovcr its
vegetation also deserves full attention.

The complex features of the micro- and
mczorclicf lshallow anJ dc..pcr dcprcssions.
seoaratod bv clcvalions - so callcd "boamsl and in
co'nncction 

'with 
this the regime of undeiground

and flood waters, were contributcd to thc prcsonco
of almost all types of vcgctationi aquatic, marshy,
swampy meadow and forest vegetation. Depending
on aclual synecological conditions, oach of the
mcntioned types is divided into particular
communitios. Up till now, only the vegotation of
Carska bara, Vojtina mlaka and Mala bara (Gigov
and Dierfi, 1960) were fragmentarily elaborated in
botanical literature for aquatic and swampy
habitats, includins phltocenological analyses of
willow groovcs. With regard to the above
menlioned newly creatcd wator rcgimc in the
lower flow of Begej, and the fact that the lwo
mentioned authors did their researches 30 years
ago (prior to the newest hydro-regulation), it was
erpected to notice many changcs of thc vegelation
in thcse lhree marshes.
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Material and methods

The investigations of the vegetation were
carried out in the y€ars 1989 and 1990, so the
results should b€ considered as preliminary.

The phltocenological samples were lai(etr \alth
Swiss-Frencb metbod (Braun-Bianquet, 1921).

The collected plant material was determined
according to Flora of Serbia (1970-1986) and
Javorka (lq-l'4), while in disputable ca<es on the
basis of 506s ( lqo+1980) diagno.es. The
nomenclature was taken from the above
mentioned Flora of Serbia. The floral clcmonts
werc quoted according to Gajic (1980). Ecological
indexes were gwen according to Landolt (197)
and corrected according to 506 (1964'1980). Ufe
forms for all asccrtained sDecies were interDreted
according to the above autlior.

R€sults and discussions

on this occasioD, we shall doscribe only the
macroph,,tic vegetation, being thc first in the
ecological line. According to cigova and Djerfi
(1960) in Carska bara, vojtina mlaka and Mala
bara, aquatic planls form three ph)'tocenoses of
the alliancE Polahlio (Polantogetohiott) W. Ko.h
1926 emend. Oberd. 1957 (oftet Potahutalia W,
Koch 1926 and class Polakrctea Tx, et Pftg. 1942),
However, the latest investigations of carska bara,
Vojtina mlaka, including the riverbed of stari
Besei and lhe low oarts floodcd bv it when the
waici from fish pond is ler out for cleaning
purposos, show that in the Regional Park "Star'i
Begej", a16o formations of thc association alliance
Lcmnion tni ois W, Koch el Tx, ex Oberd 1957 of
tha ordet Lentrctalia W. Koch et Tx. ex Oberd
195' and cl^ss Lcnnetea w. Koch et Tx. ex oberd
1957 developed. Formations of smallcst flowering
plant< are in qucstion. in which the tollo\Mng
species could be tound a\ regular elemenl.rLelrad
nitloa Lethka tisulca, Spirodela polttrhizo and
especjally Wolfria athiza. The Iater herbaceous
species is a nowcomer in our flora. This was one of
tlie reasons whv we Dresent the results of
preliminary invesligations;f the aquatic vogotation
in the Regional Park Stari Begej, in order to draw
attention to formations of a community edificator
of thtch 1s llolJlia anhiza.

Data given here roprcsont first findings of this
species not only in the investigated protected area,
but also in this part of Banal in general. For this

reason, we whh to emphasize data about the
spread of this species in Vojvodina.

a) Chorologic data for the species woffia anhin
fL.) Wimn

In the shallow, stagnant, warm walers of the
Regional park "Stari Begej", which are getting
completely dry from time to time, we have found a
tiny floating plant, which at Ihst glance looked like
scattercd seeds. It was covering the water like a
geenish carpet. We havo notic€d that its upper
part is slightly convex and that at the back side
there is a small Dit. There was d':ck wecd. Molflia
afthiza) n qre;tlon, a plant of tropical iartj"of
Asia and Africa, spread also in Philippines, Jawa,
Auskalia, western and southcrn Europe (Blecic,
t9't6\.

First data about the arrival of this sDecies to
Vojvodina were given by Degen (1910) for
Pancevo, based on plant material collected by
Simonkai. ln Mostonga, ncar Bac. it was
discovered by UnAer (1916) and ;n Deliblato sand
by Kosanin (1930) - (Becarevic, 1953). The nrst
two localities were menrioned by J6vorka (195).
Boxanists who Derformed detailed floristic
investigations in th; area of todays vojvodina, at
the beginning of this century, did not mention the
pressnce of this rare plant in swampy and aquatic
flora (Kupcsok, 1915; Proddn, 1916; Kovdcs, 1929).
The vear 1951 can be considered as that when
duck weed appeared in the vegetation of this part
of the Pannonian plain, however, it should be
concluded that the findinss of this sDecies were
vorv rare at that timc. Bcc;revic (1951irocordod it
in i swamp at Sremski Karlor)ci (ripposite ttre
Railway station) and in 1953 in one canal in Novi
Sad-Kac swampy area. Three years |ater. Slavnic
confirrns thcsc two findings and givcs tbree ncw
localities: Petrovaradin-Karlovci marshy area,
Gajica bara (filled-in canal), Obrovac and "Galad"
between Kikinda and Basaid.

In his work "Contribution to the flora of
Backa" Atanackovic (1958) does not montion thc
speaes Wolflia anhiza,'lhe same relates also to
the works of Canak and Dokic (1969, 1970) and
Parabucski f1972. 1973). The flora of
Pctrovaradin-Karlovci marsi.v area is elaborated
by Obradovic and Butorac-(1975) and Vukoje
(197q).  but lhe) do nol conf irm the f indings ot
Slavnic. Thk h io accordaoce with the ophion of
Obrddovic (lqo0. I978) thal lht smallcst flowering
Dlant is in retreat in some habitats in Voivodha.
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506 (19?3) mentions thc spectes ll/offia
afthiza for some parts of Hungary, whoro it is
massively spread, since it reproduccs vcgclatively.
In Europe it has an Atlantic-Mediterranean
character, while in Hungary it is a neophr,lo. This
coincidcs with the understanding of Obradovic
reeardinq <omc newly recorded habitars in tbc
v6jrodina pan ot thi  plain.  Our opinion iq that
while it r€treats in tho southern part of the
Pannonian plain, it appcars massively on newly
recorded places in Voivodina and Serbia. Canak
and Dokic (1968) have ascertaincd it in a swamp at
Mala lftsna in Serbia, Blecic (1976) records it near
Belgrade, Babic and Parabucski (197r) in Jegricka
at Gospodjinci.

These data are inlcrcsting, since they show
ftar worjia anhiza (accofdine to some authors
cven a relict plant) is successful in gaining ncw
habitats. So, Vukoje (oral report in 1980)
avcrt i , in.  rhL..pecie. in Bdcka. ar rhe fol lowins
localities: branch of dead Tisza-'Medenjaca' at

Stari Becej, a canal on "Medenjaca , "llidza"
swamp at Backo Gradiste and its canal towards the
canal 

_"Becej-Bogojcvo" 
and in the canal Backo

Pet.ovo Selo-Becej. The sprcad of Wolffn aftliza
is oossible onh on such places wh(rc lhe slow
waicrflow, low' water levci, watcr eutropbication
ard othcrs, are dominant factors, for the
development of duck weed.

Thl. is supporled by our newesl fiodiDg! of th;s
.pccies in rhe arca of"Star i  Beeej at  the fol louing
placcs: Voir ina mtata in shdl low depression\;
icvrral .epirared place. in thc Sra,i Begej flood,
areas (between the rivcrbed and old embankment,
oppo. i te Zagnjcnica. l :  bclw(cn lhe r ; !erbed of
5rar i  Bcscj  dnd rhe old emhanl,meDr (oppo. i t (
Palenita Greda); (sco Fig.2.).

Thcse data indicate that duckweed is not such
a rare plant of stagnant waters supplementing the
$e l ol lvoffra afthiza in B^nat, Voivodina and
the Pannonian plaiD in general being of scattercd
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Fig.2, Disrribulion of the connnity Watltre\h athiza. inRcgional Par& StariBegej^.
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character. In the Flora of Serbia (1976 and 1986)
except the findings in Vojvodina, near B€lgrade,
duckweed is mentioned by Domac (1973) tor the
areas of Serbia and Croatia, but no localities are
mentioned. Data about tho introduction of the
species Wolflia anhiza h the flora and vegetation
of Croatia are given also by Jdvorka (1925) for the
vicinity of Rijeka; Hulina (1973, 1989) for the
vegetation of Turcpolje; Trinajstic a Trinajstic
(1988) for lcapje Djol on tlle left bank of Sava,
west o[ Jacenovact Persin (1988) lor marsbe\ in
Ilovac (region of Ka.rlovac); Topic (1989) for the
vegetation of Kopecs meadow

This smallest llowcring plant was also
ascertained in the aquatic vegetation of Slovenija
(Seliskar, 1983) in stagnant tributaries near
Petanjci in Pomurje (Jez and Skoberne, 1986),

The mentioned chorologic data are interesting.
Becarevic (1953.) for instance clas.ifics rhc spccies
wolffn atrliza as a Mediterranean plant in a wider
sense, although the majority of authors here and
all over the world treat it as cosmopolitan.
Obradovic (1966, 19?8) str€sses that this taxon $
of relict character in the Pannonian Dlain. i.e. it is a
rare plant in retrcat, but that it Selongs to the
Atlantic-Mediterranean floral elements. We are
inclined to accept the opinion of 506, that a
neophlte species is in queslion, bccause lrom 1953
to 1980 a great number of new habitah worc

recorded (on Fig. 1, marked as r).
Howcver, investigations in the last lon years

havc shown that in accordance wilh chansed
svnecolosrcal circumslanccs of thc habilat on so;e
oi these l-ocaUt;cs. Yoffd ,|'/rizd is not developing
any morc, but that it succocded on somc new loc-

alitios on the same reasons (Fig. 1., marked as r).

b) Vegotation data wi(h the dominanl role of
spe.ies llolfra afthiza

on tho inveslisatod aroa of the Resional Dark
"Stari Bogej', duc-kweed appears in c6mbindtion
with species ftom the tamily Lenutaceae: Lemna
minor, L. ttisulca alj.d Spindela polythiza.

The number and covorage of particul?r
herbaceous species ar€ th€ consequ€nce of ncwly
created circumstances in the habitat. Formerlv a
rypical ma-rshy+wdmpy biorope. larer ir iar
anincialll charged by channeling a part of Begcl.
by cutting-off part of Begej from Tisza and Begej,
and by orecting a dam. Due to this changes wetting
and llooding was reduced. The changed and
rcgulated nature of flooding, low terrains have
caused the appeararce of formations which
floristicafly fits mostly the ass. wolfretuin afthizae
Myawaki et J. Tx. 1960 during the last years by
altenation of the intensity of drought and a warm

season. Since this community is separated ir Mid
Europe and as Slavnic (1956) states in Vojvodina,'ro 

lhe mo.t.hajiow wdJrn wdters are derelooloq
tormation. *h;ch in Holland arc dcscribcd u;df;
the name Wowo-Lemnetum gibbae Ber].Ircma
1943, this statement looks discussible at first
glance. Adding to this, the fact that in their su cy
of aquaric macrophFe ph'4ocenoses. formdtionc in
which tyo{lia anhiza has at edificatory role aro
montioned under this last name by Otti (1973),
506 (le7j). Parabucskj er al. (la8o) and other..
However, Rungr (1o80) records lhem ae r\ o
complctcly ;ndependent associations iII the
syntaxonomic location of plant communities m
Mid Europe: WoUfretufi anhizae ^nd Lemneuur

Srrba? (W. Koch, 1954) Myawaki €t J. Tx. 1960.
Thc later phltocenosis was proved also in Sovict
Union (Mirkin 1986). Seliskar (1983) has a third
aooroach ro rhi< oroblem. who sbows lorrnalion<
$iih wotflia anhi;a within rhe associarion lernn.r
Spirodelilam poty hine Vl, Koch 1954 and its
sub-association wolflietosunt onllizae Scgal 1965,
respectively. nrrssing lhar il is pcrhaps more
losical ro classifv formations with the dornindtion
oiduckweed as independent associations WolJfo-
Lehlneaun gibbae, ar,d Woweaun anhizae,
rcspecdvely. This is confirmcd by thc vicwpoint of
authors who havc seDarated the mentioned
communities, and wouldlustify our opinion based
on ficld data and on phltocenologic separation of
nacroohvtes of the alliance Lenutiott 'nit@tis
accordin! to Runge and Mirkin, respectively.
Howevcr, 506 (19?3) gives the name Wo{fetunl
afthizae as ^ synonym for the ass. Wolfrio-
Lcnrnei n Bibba? in lhe s),ntaxonom;c survcy ol
vegerat;on unils tor Hungar'. Lhal points to some
new momonts. Evidentlv. in the sense of
classification. there are stiil some problems to oe
solvod. Th€ iatest data for the Hu_ngarian part of
Tisza (Szalna and Bodrogkozy, 1985) indicate that
the.omfiwt\ly llolfietum afthizae \\as fo'!l]lJ. in a
backwater in the area of the village Bokros, as

Regardless to all above stated, to th€ adequacy
of nomenclature, or giving some other namcs the
community, thc question belonging to ar alLance
is slill pending. Namely, vie*points differ in the
ph)tocenological separation of the order
Lemnetelia (Lemnetea dass). The najority ot
authors classily ph)4ocenoses with duckweed into
tbe alliance Lemnion ninois (Hulina, 1973;
Runge, 1980; Mirkin, 1986; Pa.abuoski et ai., 1986;
Topig 1989; aDd others). To the contrary, Slamrc
(1956) describes thc ass. Wowo-Lent rcftt n gibbae
s;rh;n tbe newl) separared al l iance I .Drlrro-
Salrinlon natartis Slavnic 1956, which he gives a
synonyn|,t Hydtochaitiotl (Rubel) Vierch p.p. This
is not in accordance with the classification of 506
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(197J).  \aho diJlerent iates lhe communit ie!  ol
alliallce Letnniotl and lbe communilies ol lhe

at|€nce H\)drochadtiotr in the order Lelnnetalia,
addhe als5 a new aLliance Cerubphvlliott

Itr-lhe Regionat park "Srari Begej (Fig. 2 ). in
Voirina mlaka and on threc otber localities in thc
flo6dv aJea between the embanlment and Stari
Besei. tormations ol lhe smalle<t flo\rering plaDls

deieiooed: Wotffia anhiz4 Lemtv minoa L

trisutcd af,d Spii&leta pot#tzd. Con(idering thic
it can be said that communities are in question
ftom the alliance Zemniorl ,nirol,,t W. Koch et Tx.
ex. Oberd 1957.

ComDarative analvses of these formations wth
those of_communitie; WolfJio-Len elun Sibbae,
Lenrno-Spirodeletutn polltrhizae v'owetosunl
ofthizae ^nd Wolllietun afthizae m^de in
Yugollavia, Hungary and Mid Europe within lhe
same alliance. has shown that they are nearest to
the tasr phyoccnosis. Thi" .uggests in a way all lhe
above stated and lhat some specics found by

Slav c (1956) in the ass. Wow-Lenrtefunl

Ribbae, i^ rhe area of vojvod;na are now mi(sing
Althoueh Slar,nic has recordcd the mcnlioned
phytocenosis in shallow, warm swamps in
Voivodina. sertins dricd-off in the mosl Darl of thc
veai. beinaiim;la-r ro thore in the floodi regjon of
Srari Bcgij, after the regulation of'tbc- wrter
reoime. certain differences wero nevertheless

These diffcrcnccs $ere getting bigger due to
hish air temDeratures in the recent vears.- 

The formarions oI ass. wotifietun athizae
recorded in the vegetation of Regibnal park "Stari
Bceci . wcre of a Doorer flor;slic composition

ttoiai of 4 spccicsl. As their edificaior. wc

distinguishod woTlia a/thiza (duckweed), present
in all formalions with a maximum abundancc and
coverase. A sub-edificatorv role belonqs lo Lerura
rn\u/cd: a sDecics hav;ne c6'mopolitanlpread. Ir is
dt the same time a charactcrrstic sneaies ot lhe
alliance Lennion '|nitois. Of the sami importancc
are Lenna hihor, and only in some formations
Spitodcla polyfthizo. The mrolioned duckweed fI
riirrlca) in a .pccific way lives in a pla(c, which b)
Jankovic (1974) was marked as a phenomenon of
p.eudo-f loat ing. As a submersive plant.  compleleD
lubmerced in 

"warer 
below ir .  rer i  surface, i i  looki

I ike a f loat ing plant.  By i r .  mds. and dcn<ity. ;r  i .
influencing the physiological processcs in the
deeoer lavers of water. Such a laverwNe
a..aloc"-"it is the result of specific ecirlogical
featur?s of these sciophyllous, a;d floating above
them, heliophyllous specjes. Lenna gibba $
comoletelv absent also ftom these formations as
well'as fiorn ass. Wo!flietun anhine fton Mid
Europe (Runge 1980). This relates also to the
aquatie vegetation of stag:oant tributary around the

iver Mura (Seliskar 1983). It is interesting that
rhese relarively dislant formatioos hom Sloveniia
(Pomurje) a.e idenlical wilh lhe iD\estigated
formations in Banal.

Cotr]parison with tbe tor mation of a<s, wolfro'
Lmnetu;fl pibba? (SlavDic l95b) ;ndicalec
considerable difrerenccs. Slavnic records a tolal of
l3 species in phyloceoelogical table. among which
rheri are all the four planls ascenamed by us in
the ass. l|/olfreatm anhinc. }].owever, theit
irDDorlance and coverase values iodicale some
soicificities. In cootrasito tbe analy/ed, almost
homosenous formarions in rhe commvniry wolfro'
Lennini,,t Ribbae (Obrovaq Kacki rit.

Petrovaradin-Karlovci marsh, Galad between
Kikinda and Basaid - according to slavnic)
dominant sDecles is Lerr fi tliror, while co'
dominants a;e: L. IrDra (connected only with this
ass.) and a. IrJalca, The first one was ascertained
with a IVth srade constacy (1-5).

All rhre; duckwccds'are ver) important bolh
florislically and physiognomicauy.

Characteristic species for the community is
also WotfJia afii;a (lha), however slavnrc
mentions this cosmoDolitar onlv as inclined to lhis
Dhvtoccnosis,' 'The 

sDecies of the alliance Lentniott minoir
aro well ;eDresentcd, Beside already mentioned
specics of tile ge )s Lannq. both charactcrislic
sDecies of lhe association appear as well.' 

salvinia naans. ana- taxons of sDecial
importancc for thc ordet Lennelalia nhrois as
weil tcerutophtlhnt dene6um, Myiopltlllunl
spicotunr An[ Eydnchais mo\us-nnae), are ol
diffcrcntial character in relation to lhe lormations
ascertained in the investigated Regional park "Stari
Begcj. There are in this sensc accompanying
Dlanls nf hiAh siTet Phn(ntites cotnnwis,
Polygonun aiphibiwn, CUcAda aquati.a ad

Slavnic (1956) ascertains these mentioned
formalions ofsmall aquatic flowering plants always
near places covered with reeds or inside them. On
flood! terrains around Stari Begej, we rarely met
duclveed rear reeds. It nostlv lives on olacos of
spread shallow waters, under l6ne1y willows, most
frequeotly nex to formalions ot ^.\. SpatEanio'
Gltceiehm fluitantis.

Comparat ive anal\ .cs of ecoloarcal ;ndc\c.
(Tdb. l , ;ccordins lo Landolr  (1q7?);bet$ecn lhe
analfied phlocenosis Md ass. Wolfro-Letnnetunl
pibbae sla\nic 1956, indicate some differences.
they are not significant and refer to the presence
of orqanic matters and lisht fdctor iodex. The
formaiion. ir srari Begej; compared wilb the
habitat of floating flowering plants recorded by
Slavnic, have less nutritive mateiial, especially
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nitrogen (N= 2.75:3.46), while the influence of
[ght h more expressive (L- 4.20:3.76) .o thal
rhece fornations are r;cb with belioDhqes. No
species living in sodic habitats wore iecorded
either in the communilies of Regional park "Stari
Begej". Haloph),tes are poorly reFesented in the
formations bv Slamic. since he in fact describes
the vesetatiofl of shallow salt marshes. In the
investiglted area of Stari Begej and Carska bara,
the analrzed fonnations were formed by tiny
floating flowertug plants. tor whicfi Landolt docs
not sive indexes for lhe quanlity of humus in lbe
subsirate and dara about ihe dispersion ofground.
what is understandable considering their eco-
morph. For that reason, these rows are emply,n
rhe Isr column of hble. To rhe contrarv. also
Dlanls of hiqh sie are present (Pripxil.!

comnuni' Ciyceria notina'and olhers) in lhe
vesetarion of ahallow warm mar.hcs in Voivodina

laicording to Sla\aric), that is why the'humus
content index is 3,00. Question about planls living
on watcrprool very compacr soil (particles smallcr
than 0.0002 mn) is verv Droved by thc di5Dersion
valuc of 4.85. tt is evid'erit thar lhis abiotii faclor
has no imDortancc on the aDDearance and survival
of floatingi macrophytcs in ilie watcrs of Regional
park "Stari Bcgej",

Tab. l. Comparative survey of ecological indexos
according to Landolt (197).

lndex Ass. l ,Jotf f ietur as6. lol{ f io-
arfhizse Lmnetun gibbae
(ster iEesej (Vojvodjnd)
ca f sk6  ba fE )

5
3
2-.75

4.?0
1.?O

4 , 9 2
1 . 3 0
3 . 4 6
3 . 0 0
1 . 8 5

1 1  ( - ) , 2  ( + )
3.76
4 , 2 3
2 . 5 1

Szalma) = 6.66a/o; - Wolffietum arrhizae (Mid
EuroDe: Runse) = 66.667,

Tiese peicentages confi.m lbe accuracy of thc
above stated assertions.

Conclusion

Tho latest investigations of Carska bara,
Voir ina mlaka. includi-ne tbe r iverbed of Star i
Beiei and low oarrs flooded bv it. show lhat als"
rhe-f6rmarions ot smaUest fl owdrlng plants: l/o/fia
athiza, Lenna mi oL Lemna tisulca' Spircde a
Dolwhiza aad olhers are dcveloped io lhe
neliooal parl "Stari Begrj. FoimatioDs ot
association alliance Ze,rnion mi,lois W. Koch et
Tx. ex Oberd 1957, of the order Lemnetalia W.
Koch et Tx. ex oberd 1957, from the class
Lenutetea w. Koch et Tx. e\ Oberd 1957 are in
question._ 

The comparative analyses of these formations
wilh the formations of Wolfrio-Lenrnetunt Sibbae
Bennema 1943, Lemno-Spbodeletunl pollnhizae
w.Ko.h 1954 wo$lietosto afthizae S"-gal 1965 at\d
wo(liehui afthizae Myawaki et J. Tx. 1960,
asciitained in Yugoslavia and Mid Europe with;n
thc same alliance, has 6hown that thoy arg closest
to the last phytocenosis. However, according to
Dh!,loccnolocical literature, the characlerislic
igiaric r_ege-tation in Vojvo.dina are the formalions
ol Wolflio-Lenvrcrun fiDbac Bcnncma 1943
(Slatnic;'1956; Parabucskiet al., 1986 and others).

Having in mind absence of 6ome species,
which wirc discovered by Slavnic fi this
ohrtocenosio of shallow warm marshes in
Vdivodina. cenins drv lor thc most DaJt oi lhc

r.i., ana ini 
"pednc 

icology of formations ;n lhe
invcsr isated area ldue lo reduced;ntensi ly of
floodiig because of regulated waler regine ol
Srari Begej and on thc other hand duc to
--rcenrionallv hish remDcraturcs in lhe reccnt
reari t .  i t  i j  euia'enr thai  thc aquat ic habi lats o[
ilegional pdrk 'Stari Bcgej are corered by floating
formations of lhe community ol smallest llowcring
ptanls, which Myawaki and Tiixen described in
1960 under the uame lTolfreaor a hizae.

Referenc€s

Atanackwic, N. (1953): Pnlog floi Baclie.-Zborn,k,3
prirodnc nauke Matice sr?ske 14,143-150

Babic, N., Parabucshi, S. (1971): Pnkd vesetacije Sajkaske _

inrgrupa autom = Sajtst&Prircda kmja. Pp. 114-139,

Bccarevic, J. (1951): o dolazeiju sre Wotffid atrhi.a

Winrmcr u Sreniu. - Naucni Zbor.ik Matice slPskc, scnja

prircdnih nauta 1,226-227.

Reeard;na IiJe forms, thcrc are somc
differences which are in correlalion with the
floristic structure. All the species of the analf/rd
ohvtoccnosis belonc to thc aqualic lloalinq and

bsiudofloaring pla-nt., while also heliophle.
aDDcar in lhe formations ol ass.wolmo-Ltri P nl
piitae. tl"s hds an essential refl?clion on rnc-values 

of ecologrcal indexes.
The similarity index according to Sorensen

betweetr the ana\zed communitics in tho Regional
Dark "Stari Beaei and: - wollfio-L,emnetum

iibbae (voivo?i;a: Slavnic) - 41.05'oi
I wolffietum arrbiae (Kopacs mradow: Top;c)
= 61.53%, - Wolffietum arrhizae (Hungary:

TISCA 26 35



Becarwic, J. (1953): o Es!rcstra.jenju neftih medirerarsliih
6ta ! baskoj flon Vojrcdiic. - Zbonik Mati.e sr?skc,
senja piircdnih nauka 4,1-4.

Btccic, v. (1916): Leh"nceoe s-F. Gray. In: Josir@ic M. (ed.).
- nora SR Srbijc, SrFlra Akadenija nauta i unetnosli
vu,483.

Bodrcgkijzy, Cy. (1962): Das bbe. der Ti* Xvlll. Die
vegclation dcs Thciss-wcucn$unes L Zinologische und
ijkologische uiesuchungen id d€r g€gend rcn Tokaj. -

Ada Biol. Szeged, 8,344.
Domdc, R (la7ll: Mr'la ford llMRke issFdnih podru.jd. -

Skolska ldjiga p,529,
Canak, M., Doldc, M. (1968): Ekoloska i sistenaiska

lnpadosl liorcm ha.ala i .ibnjaka. - Vodopn@dni
glasnik5l-54,u1-132.

caiak, M., Dokic, M. (1e69): Nascljavanjc osiovne kanahk€
nreze [idrcsisteda Du.av-Tisza-Dunav vod€din
makrofitama. - ktoph nalcnih radova loljolriwednog
fak!ltcla 13,121-132.

Carat. V.. Dotic. V. ('o70) r.obtmi pi oeni
akoiryljcnGli hidrclilana. - Dokuncnlacija za
tchnologiju i tchniku u poljoprircdni 8,1-7,

Clnak, M., stojanovic, s. (1e63)r Kanklciistikc nulja u
balana krajc Vclikc Moravc uz poscban osvn na
vegeiaciju i rczih poplava. - lxtopis naucnih radova
Pollopnwcdnog fakultcrca ?,113,

Gig@, A., Djciii, B. (1960)r lrcthodio saopstcijc o biljnon

?okrivacu Ca6Lc barc kod Zrcnjanina i njeg@oj istorij i. '

Z.nih prhodc 18"19,64"70.
gaft, L (197s)r Kvalhalivni sastav koloi,jc .aplji (Ardcidac) i

urkaj pojcdirih &ktora s.dine na njcno rormhanjc ia
podruclu Donjcg Rcgcja u vojvodini - hius 26"28,143.
164,

Hulina, N. (1973)r vcsctacija u podrucju crcra u Tulopolju. -

Acla Dola ica Crcatica 32,1?1-180.
Ilulina, N. (9189): l kaz i aialti norc n podtucju T!rcpolja

- Acla botanica Cr@tica 48,141-160,
Jankwic, M.M. (1972): Ekoloska studija probhma zans -

ci*ija vcsr.ckih jcrcra m Norcr Bcosradu. - Glasnik
lnstituta za boraniku Boranicke baste Uiivorritck u
Bcog.adu VIlll5,l{95.

Jankovic, M.M. (1974): Vodeia iD@ar.a vcget4cija Obed$kc
bare. ' Zbornik ndow Rcpublickog zarcda za zasriru
prircde Srbije tj1-81,

Jadkovic, M.M., Ja.kovic, JM., Krlafatic, M., Lazarevic, M.M.
(1r88)r Ekolosli aspekt savstog FTira kod Bcogada
(Ada cigarlija), s obzirch na.legovo.iscenje isaiacilu,
a  porbno u lodd da l \ lo r i rd  u  euuo l tao j ,  i /a ,dc . rdnJu
jezera. IL - Ekologrja 23,65-116.

Jdvorka, S. (19a5): Magr"r H6ra. 'stldiun (B!dap!so.
J{vorkaj s., csapody, v. (1934): A Masyar Fl6ra kdpetben. '

sl!dium, (Budatest).
Jez, A,, Skobe6e, P. (1986)r Botanic.€ zanidivosti nrtqc oLl

Muri. - Ptuleus ?,245-250,
Josirovic, M. (cd.) (1970-198,): Flora SR Srbijc, r-X. sryska

^kadcnija nauka i.udetiosti (BeogBd).
Kovas, F. (1929): obccsc haldiioak ;rdgos ndvanyel.

(szeged).
Kup6oh T, (1915)r Adatot Brcs-Dodrcg me8ye de[ r€szenek

es  Szerem negyene 'n6n j l ;  ro / .  P" ld .  (Brddp€r . .

t j rdo l r .  r .  r 'o7 ' ) :  Oko log" . rc  Z . .8 rF  r '  /u r  \ . l .q . .zer

Flora, Ofiendichungen der Geoboraniscnen Innnutes der
E:tH, Stiltung Rnbel 64 (Ziirich).

L ance, A. (r98o): tr'otlfa Hork. ex winnei In: luin, 
't.C.

(ed,) - Flora Eurcpaea 5, p. 2?3, Cambridg€ Unive6ity

Mirkii, M.B. (1986): Kiasifitacija rasrneljndti tradnio.ih
asd sistena Braun-Blanquer, Izdarelstvo MdliMtov

Univezit€ia (Mosk€)-
Nejgebauer, v., zvlovic,B., Tanasijaic,Dj., Miljkovic,N.

(1971): PedolosLa tana voj'odi.e. - Insftlr za

loljoprivredna istraziEnja (N@isad).
obFddic, M. (1966): Biljnogeogarska analia flore Fruske

goE, - Matica sr?ska (N@i Sad),
Obmddic, M, (91?8)r Retke i rcliktde biljke Ftuske gorc sa

biljnogeognlskom analizom. - Maric. srpsk (Nei sad).
Parabucski, S., Stojan@ic, s., Bulorac, 8., Pckanovic, v.

(1986): Prcdloous regeracijc vojrodine. - zbonik z
prirodie naukc Maticc srpste 71J40.

Parabrcsti, S,, Stoja.dic, S,, Butorac, B., Vuck@ic, M,,
Ictandic, v, cmcevic, s., Doza, P. (1989)rvcgetarion oI
thc lowdTiea rivc.. -Ti*ia, 23,1'19.

Parabucsti, S., Butorac, B. (in prcs): Gcnc.al rcvicw or
v€g€tatio. in lower couF of ihe rirer Tisza. -

THAISZTA,
Pe6i., v. (1988): tuj€tl€ i ugrozene biljke rcije Kado€c. -

Z.maljsti nuzcj Bosn. i Hcrc€gwin.. Zbornik rcferata
sa nauckog skupa "Mincrali, 6lijc.e, izunrli i zivi Mjct B i
H" ?"8,439-443,

rrcddn, Gy. (1916)r Becs-Bodrcg vdmcgyc n6r4a. - Pallas,

R.us. Dj. scgulja. \. (1t78): Prilos poznavanju nN.rnc i
vodcic vcgcr.cij. bara u nizinskin sunaira Shvo.ije. -

Acla botanjca Croatica 37,131"147,
Rungc, F. (1980)r Dic Pflaizcn Gcscuschaftco Mitlcleulopas. '

^3chcndoit (Munstct.
Sclista!, A. (1983)r Pispcvck k pornavanj! vegctacijc razledov

trnncrca in Po$mogcronctca v Slovcniji, - Bioloski
v*lnik 31(l)p5-34.

Slank, z. (1956)r vodcna i ba6la vcgcracija vojvodinc, -

Zbohik Nlatice 6rpske, serija p.ilodnih nauka28,5'73.
506, R. (19641985):A r,lagyar fl6ra C6 vcgctdci6 rcndecrtani.

nijvCnyrdldsjzi kCzikijnrve, I"VIL - Akaddhiai ldad6
(B!dapest).

Stojanwic, S., Butorac, 8., Vucl@vh, M. (1r87)r Prcgled
baske i nr@arnc vegetacijc vojvodinc. - Glasnjk
hstiruta za botanik! i botaniclc baslc Univcuitera !
Bcogradu (B.ograd), 21,41-4?.

Szalha, 8., Bodrogt6zy, Cy. (1985): Pbrloeiolog/ of
wotllietuh dhfizae Mra*. et t l'x. 60 elemenr content of
ns specics cohtoncnts as wcll as scdiment-and wate!
samplcs. - Tilcia, 20,45-53.

Topic, J. (1989): vogctarion ol thc Slechl Zoological ReseNe
olKopacti ril. - Hydrobiologia 182,149-160,

Trinajslic, L, Pavktic,Z-. (1980: non orniroloskog r€zeMu
rrapje Djol u Hflarskoj. - Biosisrcmatika 14, No.1,1-11.

Vulo.c, M. (197q): vodena ager"ojd re'ru\crdJin"los Ind. -

Drugi kongEs Ekologa Jugoslaij. (Z^Eteb), 1987-1998.
vukojc, M. (1982): Nova oalazista 6re wowa anhiza (L.)

winm. u nori vojvodine. - Rezidei rel€rata VL Kongr€s
biologa Jugoslsvijc (Novi sad).

Vukoje, M. (1983) 1986: Makrcfilska flora osnoqe kanakke
dreze u vojvodini. - Zbomik radda sa nalcnok skrta
^Cweh i biljkai, Matica sr?ska 539-545.

W'nd1n.  s .  o  \ la l / :  O lo .og is (he  t f lan /enso{ io log ie .  -

Oueuc and Me'€r (Heid€lbers).
zrrk69zt, L. (t896): Ujvidik is kijoylkcnck n6rdja.

(Ujvidik).

Zivkovic, 8., Ncjgcbauer, v., Tanasijevic, Dj., Miljkovic, N.,
s ,o jkoL i . .  L .  De/gr .  P .  r lo  z )  Zeml ,b r ,  vo  @i le
Idsrnur za poljopriredna istazivanja (Novi sad).

36 TISCL4 26



SPECIFICITIES IN THE VEGETATION OF UNPROTECTED BAND
OF RI!'ER TISZA

B. Butorac. S. Stojanovic and V. Stojsic

Butoruc, 8., Stojanoic, S, a d Stojsic, U (1t92): Specifcities itt the vegetatiott oI unprotecte.t

band of iver Tisza. - TISCU 26,37-4I.

Abstract. This paper contains data obtained by followiog thc chaoges rl floristic composition of

tbe associatioi homo-Chnsopo*oteum a4'l/l Stoianovic (lc8l) I98l (stlhas". stip?tosum

carillrlapl on lhe slooe. aod lh; clefls olTilil plateau, near river Tisza. Five new 'pecics wrre

foirnd in the strucrurd of tbis sleDDe Dh{ucenosi\. Two of rbem qerc found for lhe firsr limc on

Titel Dlateau: Pdrrr re4etta, whiitr ixiits only on a few localities in Vojvodina and east Serbia,

and omithoealum rchacturr, whjch is spread in serbia, but was recorded in vojvodina only in

three focalt-ies. ln rhls papcr, ncw data arc given aboul two forms of low iri! Iis pumila

Our examinations ooin't out io wider .pt ead-;ng ot,4.lo,tit vemalis, n,tco hefuacca, Iis put,tila I
oumila ar\d [. /alA in the f]ora of iitel nlateau and tbeir high ilcnsily within the allcgcd

issociarion. Thesc resuhs completc thc review of floristic composition of lhe association

mvuo-Chrysopopon?tunr a7yli,- indicalc tbe habilafs synecologica' condjtions and arc
irn"ponant beiauie all spe-cies, cxccpt ol Onithogah \ Llnch \' are protcctcd as natural

rarities and are on the lisi for Rcd daia book ofthe tlora in Scrbia

Key\,otds: IoN, Red boob Tilel platea , wgelaton

B. Butorac. V. Stoisic. Provincial Depa mcnt for Nature Protection, 21000 Novi Sad,

Yugoslavia, S. Stoja;o';c, tnstitutc of Biology, University of Novi Sad, 21ffJ0 Novi Sad'

Yugoslavia

lntroducaion

The sreppe vegetat;on i< represenled wilh thc
alliance F?studon nLDicolae 506 1940 developine
oo the stecp slopei and in lbe clefls ot Titel
plateau aad is a splcificity of the unprotected Tisza
band. Titel plateau is a loess plateau in southern
Backa. Bukurov (1953) divides it into two altitude
edities: the western lowcr part (110-120 m) and
the eastern ono, closer to River Tisza, with thc
aDDrot'mato altitude of 130 m. The eastern and
tii northeastem parts of Titel plateau noar Tisza
have moro or lcis deep cheriozen soil, wherc
influonce of basic rock is more expressed. Because
of the high CaCo3 conted inthe soil, deep
undersround r aters. Deriodical lorreols and
permaoent foundat ion ";ppinC by Ti . /d $arer.  lhc
process of loess erosion t cxprc".ed. producing
different geomorphological forms: the slopes and
the cliffs of a height 30-50 m, the loess p''ramids,
the "shelves" and the clefts.

Very steep, sometimes even vedcal cliffs and
clefts, descending to River Tisza, are the most

TISCU 26

unaccessibic Darts of Titcl platcau and becausc of
thal rhey arc_ moslly out oT human and zoogenic
influence. which nade oossible thc survival of the
orieinal vegetation. on-thcsc tcrrain., lhere wcrc
fotiowed thi changes in floristic composition ol thc
subassociatiotr mrno-Chrysoposoenrm grylli

stiDctos m capillarcc which, as well as lhe
associarion irsClt was distineuisbed and described
by stojanovic (1i8t: 1983). 

-

The association l/ryho-Clr,lsopogonetutn grylli
is the basic steppe community of Titel plateau. It
develops on more or less lc,cl  or more i t rc l in ing
slopcs, at the alliludo of 111 to 130 m, mostly on
the sites dose to the Dlateau itsell on chernozem
soil. Compared wilh 6ther stcppe comm nities, it
is characterized by the following spec,es:
Euphohia glaftosa wr.lasiocarya, myntus
ma$hallianus, Festuca tupicola, Allium rcnurclwn
ssp. walhteiiL Fohatia wlgais, and Conro[t7 us
cantabicus. Furthermore, it is charactedzed by a
complex stratified structue, high density, and
DronouDced scdsonal d\mam;cs. Il incorpolates
Liohh variable f loral  alemrnls.  lhe dominan(
soiciis arc the representatives of the Pontic-
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Contral Asian group, including the Panno an
endems Cenqurca scabiosa ssp. sadleiana and
Dianthus ponkdene, as well as the representatives
of the Pontic-Pannonian $oup including chancter
species of the association (Euphoftia glarcosa w|
Iasiocarya, Thrrnus manhalianu8 A ium
mtundum ssp. h'aldsteinii, Convolwl s catltabicus)
which give the community the Pannonian
appeafalce (stojanovic, 1983).

The association includes two subassociations:
mrmo-Chrysopogoneuon grylli 0pi&n1 and
mttno-Crysopogonetum stipetosum .apillalae. The
elements of the former subassociation develop in
favourable condition on the horizontal or slightly
inclining hilkidcs, at thc altitude of 111 to 125 m,
in the western. northwestern, and soulhwestern
parts of Titel plateau. The soil is a decp and well-
developed chernozem soil.

The later subassocialion dcvelops on the
sharply inclined, in some cases almost vcrtical,
slopes exposed to tho sun, at the altitude of 117 to
130 m, on a shallow or eroded chernozem, It is
rhen not surprising that these siLes host a numbcr
o[ pronouncedly xcrorhermic plant spccics: .Sl?a
capillato, Fesfirca valesiaca, Poletiilla arcnaia,
Xerarthennhl akkuukt, Petrc figia saxifMsa,
yeftascunt lychkiut, Erytiuft ddltsun and E(hitotl
italicu .'lhcsc arc also thc diffcrcntial species o[
the subassociation (Stojanovic, 1983).

Material and methods

The ohvtoccnoloejcal analvses took Dlace
during 1990 ind 1991 6n Titel pliteau, after Swiss-
french methods of Braun-Blanquet (1921).

Collected plants were determined aftcr Flora
SR Srbije (1970-1986) and Jdvorka (1925, 1934)
and, in controvcrsal case<, on the basi5 of thc
diagnosis aftcr 506 (196a1980). S)ntaxonomic
status of the species, as well as some ecological
indiccs, arr given atter 506 (1964-198n). Thc
maiorit) ol the ecological demand! were taken
from Landolt (197). The nomenclature was
quoted after Flora SR Srbiie (1970-1986).

Results and discnssion

Our investigation shows that in the stands of
the subassociation Thyno-Chrysopogoneam gylli
Stojanovic (1981) 1983 stipetosunt capiUatae
Stojanovic (1981) 1983 there are even five nsw
species: ldo,rr venolis, nnca herbaceq lis
puhila, PnDtus tenella, ^nd Omitlngatum

Adonis wmalis L.

Ttis species is a Pontic-Central Asian floral
elemctrt. It is a remnant of the steppe vegetation
from the xerothermic period of th€ Postglacial
(Boreal). The transformation of the steppe soil
(chernozem) into th€ cultivated soil, the erosion of
the loess clefts near River Tisza (and also
Danube), the spreading of the humar settlements
reduced the habitats of this plant on fragn€nts.
Although this species appears on several localities
in Serbia and Voivodina wrth a disperse areal, it is
\,ulnerable because its habitats are endangered.
This species is protectcd in Serbia and is on the list
for Red data book of the flora of Serbia.

First report about the appearance of ldotir
vemalis inlo the flora of this Dlateau. on the
unacccssible loess slope near Titei settlement, was
siven bv Stanoiev aod Boza (1984). These aulhors
ieporrci a limired dispersal of this spccics. Today.
Ado\is ven alis aDDears north from Tilel lo
Perkovcov cleft neii River Tisza and around the
clefts Zmijnjak, Dukatar. Makaricev cleft and
Keliin cleft with a dcnsirv of about rwentv srems
peilocality. Exceptionally dense populatioirs, with
about a hundred stems were discovered betwoen
Keljin cleft and Dukatar cleft (see the map on
which the rize of thc circlc is adequate ro the size
of the population).

W$a hefuacea W, et K.

First reoort about the oresenag of ,4trca herbacea
in Titefplateau was given by stanojev and Boza
f1984). Thev found rhis Dlanr in the surroundinqs
otTitil. Oui invcsrigalioris conlirm rhose dara 1se:e
Fig, 1.). The additional data about spreading of
this species are related to the stands of the gentle
slopes of Titel plateau, between Makaricev cleft
and Demliakov clefl, Lacov and Rogulicev clefts
and around tbe cleft Dukarar. This sDecies is a
Pontic-Pannonian floral element and ia a Boreal
relict. This soecies is Drotccted bv law in Serbia as
a natural rarity and is'on the list'for the Red data
book of the flora in Seftia as a relict. This plant is
a distinctive species of the steppe vegetation of tho
alliance Festucion ruDicolae on the sand and the
loess. lo vojvod;ni this species appear" in a
dispersed areal (Subotica-Horgos sardy plain, high
eastern loess bank of Ludas, Rimski sanac, Titel
plateau, Sajkas-Kovilj, Fruska gora and Deliblat
sandy plain). This spocios was found in the
surroundings of Beograd (Kosutnjak, Visnjicka
kosa) and Kragujevac, on Rujan mountain
rsoutlertr 5erbia) and oD a few localities in
southern Serbia.
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Iis pumila L.

Only a typical subspecies of 1ru pudld
appears m our country the ssp. punuta.
Appearance of this species in the vegctation of
Titel plateau was observed by Obradovic and
Budaf (1980) on only one locality near Titcl.
These authors recorded the matter about lr?.t
pumila [sp. punila and vdr. p!r,/d with its forms:
pumila which characterized by the violet flowcrs,
and /dea which characterizcd by the bright-yellow
to cream-yellow flowers. The appearancc of only
thcsc subspecics was confirned by lgic (1988). The
result of ouf invcstigations is the discovcry of two
new forms in the nora of Titel plateatr: f. fiaeilloru,
with dark-yellow flowers, and i. atrcvi;ficaa; wtrn
dark-violet to almost black flowers. All lorns
appeared in relatively dense populations. Except ol
the plateau, the forms of this spocics appear on the
almost vertical cliffs descending 10 River Tisza and
on thc sides of tho clefts faced toward thc Soulh.
The forms ofthis species were present in the plan(
cover o[ all clelts descelding ro Rivcr Tisza, cxccp(
Makariccv, Dcmljanlov and Kcljin clcfi.

Like the prcvious (wo species, this onc is also
proleclcd as a naluro rarity and lislcd for Red data
book of the llora in Serbia, as vulncrable.

In Scrbia, /nr .purrlla appears on Suva
mountain and in the surroundinc of Alcksinac
(Leskovik), whereas in Vojvodin; its arcal is
disjunctive. In comparison wkh nnca lrcfuacea lh].s
species is wider spread, It appcars on adequate
sites of Fruska gora, Dcliblat sandy plain, Subotica
sandy plain, Titcl plateau, Vrsac mountain,
Telecka bur also nn rhe poor 

"odic 
soil ol thc

Iowland. Thi< spccics is. i; thc pbytogcographic
sense, the Pontic-Central Asian floral element,
bclongs to thc group of rhe steppe and mcadow-
steppe planrs. lL is indicator ot rhc dry cont inental
climalc and thc xorophylic charactcr of the
vcgctation.

OmithoEalum telractrn Kl.

Thk oewly found.pecies grows on pdsturcs. in
forest clearing and on uncultivated soil of hills.
Onilhogahun rctacfi tl is wider spread in Serbia
and because of this it is not a natural rarity for this
territory, but in Vojvodina this species is listed as
rare. On the bask of the l i terar l  data lObradovic.
1966) this specics was found towafd the last
century in the surroundings of Zemun, and in the
middle ot this century on only onc local i ry in
Fruska gora (C€revic). The data of this author
point out, that it is a Balkan'Caucasian specres
according to 506 and Javorka (1951). According to
cajic (1980), this specics is a Pontic floral element,

but according 10 5()6 (1973) il is a Southeastcrn
European floral element.

our findings of this species in the vegetation of
Vinogradar cleft are fiJst data about the
zppeajance of Ontilhogalult rclactu ln the ora
of l i le lpldreau and f i rs l  descr ipl ion olrhi .  <pecie.
in the structure of the subassociation T1iy,?ro-
Chrysopogotrcn ltgry i stipetosunl capi atue.

Pnotus tenella Batsch.
(P. nana Stockes, Anlygdalus nana L.)

This species was not know:r in the flora of
Titel platcau till our discovery. The low bushes of
Russian almond cover almost completely the sides
of Demjankov cleft painting thom pink whcn thcy
are in bloom, in spiing. This species was found on
the plateau betwcen Dcmjankov clcfl and
Makaricev clctt as wcll as in Lacov cleft.

In Vojvodina this spccics has a dkporsed areal
(a few localities on Deliblat sandy plain, on Fruska
gora only near Beska, on Rimski sanac and now on
Titel plateau). Ptut1us lenella is a Pontic-Contral
Asian_ floral clcment. In Scrbia except the
ment;oned locsl i t ies in Vojrodina. i r  appcars in
thew shrubberies with steppe elernents (ass.
A enisio-Pnorctunt Jov.) on limestone massifs of
eastern Serbia. Like o(her spccies, strrvival of
which is endangcrcd, thc spccics is on tho list for
Rod data book of thc flora in Scrbia, in thc
category of the vulnorable spccios. It is protoctcd
as a natural raritywhich spontaneously vanishes.

Ecological characteristics of species

common for all five species is that they are
indicators of thc vcry dry and thc dry grounds.
Namoly, tho humidity index (F - after Landolt,
197) is fron 1 to 2. These specics are the
bioindica(ors of oligotrophyc soils (N 1-2) with a
strong basic reaction (R 5). Regarding the
tcmporatur€ rcgimc, thosc specios are the
indicators of moderately thermophilic (f:) and
thermophilic (4) habitats. This is in accordance
with the expressive climatic e',1remes or the steppe
locss cliffs facing the River Tisza and in the
moJcrated micro rnd rncsocl imati .  cr-rndit ions in
the clefts of Titel plateau. The syntaxonomic and
thc ph,,togeographic .clations bclonging to thc
anallzcd spocics point to the character of Tft)'no-
Chrysopoqotletum grylli ttipetos m capillatae
stands. The species of the alliatce Festuctotl
rupicolae are: Onlithogalunt rcfractunt and nnca
hetbacea. Onitltogalunl rcfractum is a Pontic floral
element whereas n ca herbacea is a Pontic-
Pannonian floral element. The species: Adotlis
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fenvlis, Iis pumila afi Prunus tetrclla are Pontic-
Central Asian lloral eleme s. Adonis vemalis and
Itu pumila arc the characleristic species of thc
o'do Festucetalia wlesiacae b\t Pnias tenetla is
the species of the shrubhery (the oldo Prunetolia)
and, in the same time, the species of the authentic
torest vegetation of the alliallce Acei tataico-
Q erciotl. Beside this nanophanerophltes, the
characteris(ic species of this alliance are the
herbaceous plants: Adonis venalis and Wnca

All these data are important elcmcnls for the
recognition of the structure of anallzcd Titel
plateau stcppe associations, the addition to flora of
Titel plateau, Vojvodina and Sorbia and basic data
for Red data book ofthe flora in Scrbia.

Conclusion

In the vegetalion of Titcl plalcau, the meadow
steppc flora is cspccially important as a witncss of
hisLorical noroscncsis orocess, lt was mainta;ned
in a more or- lcss oiiginal form at lhc most
unaccessible spots of this loess plateau ncar Rivcr
Tisza. Thcse isolated loess cliffs, thc loess
pramids and the clefts arc gcomorphological
products where the srcppc vlgctalion is
represented by thc associalion 27,)r,ro-
Chryropoqonehun tryl/i Stojanolic (1981.) 1983 of
the alli^nce Fcstucion npjcolae. Thc stands of thc
same subassociation slipelosunr capillalae
described by the same author, are indicators ofthe
s''necological conditions on the mcntionod
gcomorphological forms. Our investigalions point
out to a morc complcx floristic compositionJ
because we found five ne\\ specie Pnous tenella,
Onitlngalunt rctachon, Adonis wmalis, Vitcd
hetuacea and lit pr',|ilu /ttbsp. and var puntila
wilh lour lorms: put,tilo. .ltoviolacca, h ca and

flavifloru), O\\r discovory of Ptunus tetrclla and
Onlithogalutlr rcfracinn arc first data aboul
appearance of tbe.e species in the Uora ol  Ti tel
plateau. For the other three species, a wider
spreading was noted on Titel sandy plain (on the
unprotected band of River Tisza) and dcnser
populat;ons thar those recorded in the literature.

The fact that it is the matter about the speqes
with a dispersed areal, not only in Vojvoidina but
also in all Serbia (excepL Omitllogsh I rctactton)

confirms that these discoveries have not a local
characler. All mentioned species, except
Omlthogalun rcfnctum, are protected by the law
as natural rarities and are on the list of Red data
book ot the Serbian flora. They are categorized as
endangered specics by the classification of IUCN.
ln such a way Wnca herbacea is characterized as
rare specics (R). The species Adotlis ventalis, Iis
pumila and Prunus te,tella arc classified as
vulnerable species (V), but it is considered that in
rhe near tururc thcsc specie. * i l l  be cla* i f ied a.
rndaogered specie.,  becau(e o[ the fact lhal  tbru
stil nurnerous populations and sites are exposed to
negative influcnces in all thcir area.

It can bc concludcd that this paper is a support
for the spedes habitat protection because
protection of a singlc species and its genofond is
not possible wilhout the protection ofik habitats.
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MICROBIOLOGICAL INDICATORS OF THE WATER QUALITY OF
BACKWATER TISZA WITH SPECIAL REFERENCE TO THE

OLIGOTROFIC MICROFLORA,

S. Gajin, M. Gantar. M, Matavulj. O. Petrovic, Z. Obreht. D. Radnovic and
Li. Budakov

Gajitl,5., Gantar, M., Matavulj, M., Petrcvb, O., Obrcht,2., Radnovic, D. and B dakov, Li
(1992): Microbiological itltlicatorc of the irater qualitJ ol Bacbvatet Tisza with special reJerc ce to
the oligotufic tnicrcfion. - TISCA 2643-48.

Abstract. samples for microbiological water analysis of the Mrtva Tisza (the backwater of the
river Tisza) weie taken every two-months during ihe pcriod from November 1987 to September
1990.
Durine th0se invcstications wc eslimated the total number of bactorioplankton, number of het-
crorro"phic and facujiatively oligotroph;c baclcria. and enrymdlic (phoiphatase) aclivily of wa-
ter. T6e classification o[ wateri was carricd out on the basis of numbcr of hctcrotrophs. T/H
index and enzyme activity of water. In addition, the morphologj/ of oligolrophic bacteria were
inveslisatcd bv clcctrun microscoDv.
The oE'taincd'rcsults rcvcalcd th?i water quality of the Backwater Tisza ranges from moder-
atcly pollutcd to tully pollu(ed walcrs (II-III class). The dominant part of bacterioflora was the
pop'ulition of oligotroi,hic bacleria. Elictron micioscopy showcd lliat the morpholos/ of bactc-
ria l\as rftLcrcd bv the conccnrration o[nutricn(s in lhe rnedia.

Keywotds: lacultative olieotophs, ntictobisl ittdicab6, oryanic load walet

S. Gaiin, M, Ganlar, M. Matavuli, O. Putrovic, Z. Obreht, D. Radoovic, Inslitutc of Biolog/,
University of Novi Sad,21000 Novi Sad, Yugoslavia, Lj. Budakov, Provincial Dcpartment for
Naturc Protcction, 21000 Novi Sad, Yugoslavia

Introduction

Microbiological invostigations of suflace wa-
ters are mostly contned to sanitary aspect in thc
water. tale est imarion. uhich are carr ied out by in-
st i tutcs ol  Publ ic Heal lh.  AIso, the level of  rhe mi
crobiolo{ical Dd,amct,irs are orescribed b\ la\ aod
regular;o-os. l'he.r inreorigari"n, are. ceriainll. of
significance, but recent results indicate that the
domindnl m;crnf lora ot .urface $aler r .  repr(-
sented by oligotrophic microorganisms. This group
of microorganisms (\,hich rcprescnts 50-90% of
thc tolal bacterioflora in surface watert is not
included by standard microbiological
in\e.t isd( ions. al thouph. thanki (o lhe;r
mu[iei ,amaric naruie. rhe] parr ic ipare
significantly in self-purification processes of

The study ot ecological conditions in watcr
habitats has led to thc conclusion o[irrogularity in
access to quantitative studies o[ watcr bactcrio-
plankton by cultivation methods, Even nowadays,
nutrient agar is used in routino way for cultivation
of heterotrophic bacteria fron water, although the
results obtained bv nanv authors: Ishida and Ka-
toda (197, 1979,'1981); Kuznecov et al. (1979),
Ishida et al. (1980-a, 1980-b, 1982), Olsen and
Bakken (1987), Stilinovic and Futac (1990), Gajin
et al. (1990), and othors indicate that at such in-
vostigations it is nocessary to apply ncdia poorer
in nutrients than the nutrient agar.

For these facts, we decided to draw our partic-
ular attention to oligotrophs in these investigalions
of autochlhonous microflora of surface waters.
Tho results of classical microbiological
investigations of water have been used in this
papcr for standard estimation of water condition.
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Methods

Samples for microbiological water analysis of
the Backwater Tisza were taken overy two months
in the period frorn November 1987 to Septembcr
1990, and were anabzed in the Microbiologi€al
Laboratory of the lnstituto of Biology in Novi Sad.

The tolal numbcr of bacterioplanlton was es-
tinated applying the direct nerhod of bacterio-
logical filtration (Razunov, 1932) using bacterio-
Iogical filters "Sartorius No z'. The lumber of aer-
obic heterotrophic bacteria was determined by
cultivation on nutrient agar, and the number of
oligotrophic bacteria by the same method on di-
luted nutrient agar ( 110, 1:100, 1:1000), as well as
on medium F-5 (Ishida and Katoda, 1977).

Bcsides, enzyme (phosphatase) activity of wa-
ter was dctermined on the basis of p-Nitro-
phenylphosphate hydrolysis (Matavulj ct al., 1984).

Estimation of thc condition of the investigalcd
walcrs and catggorization into classes were carried
out according to the numbcr of acrobic het"
erotrophic bacteria (Kohl, 1975), according to the
level of warer phosphatc activiry (Maravulj cL al..
1990) and T/H ;ndex (ralio o[ the total nu'nber ol
bacteria and hetcrotrophs) values (Matawlj 01 al,,
1989),

Morphologically diflerenr hacterial colooics
growr on nutrient media were isolaled and tested
with respect to rhe requircmcnts conccrning rhe
nutricnl quantity. by transferring each isolatc on
lhc nutricnt agar. also on rhc samc hut diluted
mcdium (1:I0,  l : Ion, l l0nn),  and on rhe medium
F-5. The canabili(\ and inlcnsity of aro\rth $(ru
rccordcd o; these' lubsrrdt a, shil( tlic changc\ of
morphology of bacterial s(rains in dcpondcncc of
quanlity of nutrients in media werc followed by
transmission electron microscopy.

R€sults and Discussion

The results of our throc-year investigation of
the Backwater Tisza watcr point to the fluctuat;on
of the water quality during the year. Tho averagc
valuos of the microbiological paramcters indicate
that in the most cases it was a qucstion o[ lhe pol-
luted waters. Most of the samplcs belongcd to thc
II-III class. with the tcndencv of mild imorovement
of watcr quality during the tirree years oi hvestiga-
tion (that should be confirmed by further investi-
gations). we assunc that this mild inprovement of
the water quality could be (ho result of measures
undertaken for the protection of the waters inves-
tigated.

It can be seen from Fig. 1. thal number ol hcC
crotrophic bacteria, taken as an indicator of *a(cr

M

quality, fluctuates to a geat exlent dependirg on a
season but remaining within the limits of ll-lll alld
II classes of water accordine to Kohl (19?s).
However, the percentage of heterotrophs ir the
total bacterioplankton, and the ratio of total
bacterioplan-kton to heterotrophs (T/H) certaidy
gives more real picture, These parametcrs vary in
tho summer-autumn period, but on the other hand
we oblained dearly erpressed wnter mhimums ln
the percentage of hoterotfophs in the total
bacterioplankton, that is ma\imums in the T/H
fttio in winter period.

Phosphatase activity of water, representing the
en4me actMly of all microorganisms present in
tbe water, point to summer or spring-summer
maximums, that is 10 thc walcrs which arc thc
mo<l lodded in spr ing*ummcr pcr iot l  dunng a
year,  bul  al l  value( aJe within the l imits ol  I l l .A
category ofwater (Matawlj et al., 1988).

Valucs of determination of heterotrophic and
oligotrophic bacteria number indicate thaibactori-
oplanklon of the Backwator Tisza water had far
bettcr condi(ions for sroMh on the substrata
poorer in quantity of n-ulricnts than on thc slan-
dard nutrienl agar. So, viable bacteria count on
nukiont agar diluted ten limes was up 10 5.1 timcs
grcatcr than on the standard media (ycarly avor-
ages: 3.2 in 1988.2,5 in 1989,3.4 in l9t0);  (Caj in et
al.. 1990). It should also bc cmnhasized that fronr
all mcdia appUcd. ;n all cases of invesrigdriun, rh!
highosl numbcr of colonies has been found on lnc
nutrient agar diluted tcn timos.

The dominancc of (facul(ative) oligotrophic
bactoria ovcr the heterotrophic ones, found also in
the Backwater Thza walcr, point to thc incom-
plctonoss o[ such investigation of water quality
when only classical methods of delermination of
number ot (hotcrotrophic) bacteria, corresponding
onl)  (o onc level of  Lronhy drc dppl icd, thdt is,
when onl)  srandard nu(r i (n( rgar is being used.

At the investigalion ol bacterioplankton of
waters by cultivalion mcthod, the usual period of
incuhal ion is 5-7 dals.  By prolongrt ion ot rhr.  pe-
r ioJ. wr not iccd rhar at the incubdt;on tcmpcrJrurc
of 26"C pcr;od of 5 days was enough for full
growth of hclorotrophs, b t bacterial colonios on
thc mcdia poorer in nutrients grew slower. On (he
basis of these obscrvations we €oncluded that one
of thc reasons of exclusion of autochthonous ol;g-
otrophic microflora of waters at roulinc inv€stiga-
tions is ccrlainly the insufficient rou(inc period of
incubation as well.

From the total number of 412 tested bacteria,
i .ulat(d trom the Bdcledrer TLzd $arcr dur ing
threo ycar investigation,80.l% of isolates were
capable to grow on diluted nutrient agar and
74.5% on lhe standard nutrient agar (Fig. 2.).
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Fig, l The watcr qualiry ol Ilactwarcr'lisza according lo fli.robiological and enzymological iidicaroB

fl

r
-

a

quantiLy ()1 nutrienls (Fig. 3.). MorphologicalThese rosults also point to tho abundance of
autochlhonous oligotrophic microflora in the
invcstigatcd walcrs, as well as to a possible
methodological error at routine invostigat;on o[
microflora of surlaco waters carried out only on
one level of hophy, and only on the standard
nutrient agar respectively.

Examination of microflora of thc invcsligated
water by an eleclron microscopy revealed, besides
rhe u.ual bacre' ;of lo 'a,  thc dbundance of form.
wirh noriceJble num.rL'u5 t i l i .  HLrqerer.  b) exami-
nation ofisolates takcn lron the investigated water
such forms could not be noticed. For this reason
wc assumo that the forms observed in the intact
.ample $ere \rr ic l  ol iBorrophr.  or ol i tsun; lruphi lLs.
Ol igot 'ophic strains grown un nutr ienl  agdr were

nolyrnorphic.  o '  \  ; rh u gr(dr numher ol  11. ing
cells, and tpical morphology of cclls was notrccd
only when grown on the edium with reduccd r ' I  2 .  P  r .n_dg.  o lbd  rc r id l , \oL" t .  g ro / i roon 1red ,  $ r r f
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ambiguity was the most expressive in the isolates
of stalked bacteria grown on thc nutrient agar,
whose t)"ical morphology was noticed only when
growrl on the media \,r'ith reduced quantily of
nutrients (Fig.4.).

Concluslon

The results obtained durins thc three years of
investigation of microbiological-indicators 6f water
quality allow the cat€gorizalion of thc Backwater
Tisza water into II III a'rd II classes (according 10
the number of heterotrophs). This is thc walcr
most loaded in spring-summer period during a
year, but within the linits of III-A category
(according to the en4rne actiqty ofwater).

The nunbers of bacteria obtaircd by cultrva-
tion methods, as w€ll as the capability of erowth of
bacteria isolated from the Back*ater Tisza water
on media wirh difforcnt concentrations of nutri-
ents, point to the doninance of oligotrophic mr-
croflora in investigated waters. With this respect
we point to the incompletc investigation when this
importanl part of microflora is neglected and to
tbe possible methodological error at roulino inves-
tigation of microflora of surface waters carried out
only on one lcvcl of trophy, that is on the standard
nutrient agar only.

Morphological investigations of oligotrophic
bacteria cultivalcd on slandard nutrient agar also
point to the fact that the ncdia with reduced con-
centrations of nulricnt arc more suitable for inves-
tigation ofmicrollora olsurface waters .

r i s .  J .  F l c c r r n  n . . r c a a o h "  o l  b " . r e r i d  r e l . s r o s i l c m . r o n o u q . o l c n d n s . . d  o r  e r r e  I  l \  d . r r e r . r l
a  n a n o q r !  n J l - e n '  a g d r :  b  -  n u r  , r r " g "  d ' L r , d : l 0 . , . r u r r i e r i " g d  d i l J r e a : l L '  d  r r " , r r d g d r d . l J r e r l . 1 0 0 0 . ;
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Fig. 4. Electron micrographs of stalked bacteria showing morphological chang€s as aifccted by di endt nutiedt conccnhations.
a - standard.utri€nt agarib - nuniert agar dnuted 1:lq c nuficnl agardiluted 1:100i(indcx = lpn)

TISCIA 26



References

caji., s., Gantar, M-, Bokorov, M., Maiawlj, M-, Petovic, o.,
Obrebt, Z. a.d Radnovic, D. (190): Oligotrcfna
niicroflora plminskin voda. Zbornik radow II Ju-
goslovcnskog sinlozija nikrob.e elologijc, Zagr€b, !!.
3-t2,

Ishida, Y., Inai. L a.d Kalda, H. (1980a): GroMh and
activily oI ah aquatic bacteria in lw nulri€.t nedb.
Abslnct. ?9th Ann. Mcct. Afler, Soc. Micrcbiol., tls
Angeles, Calilomia

hhida, Y, and K od6, H. (197t): Distriburion of oligorrclh'c
bactcna ii t kc Mc.goe. Bull. Jpd. Ss. Sci. Fish.,
43,14t7-1424.

Ishida, Y. and Katoda, H. (1t9):A new neihod for cnuncia-
rion of oligoriolhic bacleria i! lakc watcr. Arn, Hydrc
biol, Beih, Eigbn. Unnol.. 12,77-85,

hhida, Y. a.d Kaloda, H. (1981): Gro*tn larrens and sub-
sirate requircFcnrs of thc 1i61 holarcd naluially occur-
ringobligate oligotrophs. Microb. E o1, ?,123-130,

Ishida, Y., Shibaha.a, K, Uchida, H, and Kaloda, H, (1980b):
Dhtribution of obligalcly oligprrcphic bactcria in rak€
Biwa. tslll.J!n. Sd, Sci, Fisc, 46,1151J158,

khida, Y., Inati, L, MiyaSaki, T. and Kabda, H. (1982)l
G.osth and uptake ldnctics of a facultatively oligoirolhic
bactcrilm ai lownuticnt conccntlalions. MicrcbialE ol"
og!,4,2332.

Kohl, w' (1975): nber die Bedeutung batteriologisher unieF
slchungcn liir dic beufieilu.g rcn FlehsgeBesedj
Dargestellt an Beisliel der OsterEicn. Donau. Arch. Hy-
drobiol. 4,1,39 461.

(uznelsov, S.,L, Dubinina, G-l\. and Lapteva, N.A. (19t9):
Biolog of oligotsphic bacrqia. Ann, Rw. Micrcbiol,
33,3n-341

Matawlj, M-, cajin, S., Oantar, M., Petrcvic, O., Erteznik, M.,
Bolod, M. af,d Slojilk@ic, S. (1984): PhGphatas ac-
dvity as an additio.al parameler of wter condirion esti-
dare i. som. lalr€s of vojrcdina prcvire. Mikrobiologija
(Bcograd), 21 (1)J341.

Matawlj, M., Gajin, s,, Erbez.it, M., Dokord, M. and Peirc-
vi., o. (1989): lhosphatase activity of pater as a larame-
ter of tne rirer Tisa waier doritodng. Ti*ia 23,29-36.

Mataalj, M., Bokorcv, M., Gaji., s., cantar, M., stojilkovic,
S. aid Flint, K,P, (19t0): PhGphata* a.tivity of *ier as
a no.iioring paranctcr, Walq S.i, and Technol, 22
(5),63-68.

olsn, R"{. and Batkcn, L.K (198?): Viabilily ot soil bactcna:
opridiaron of pldrc-coulrilg rcchniquc and conp,rison
b€iween total @unts and plalc counts wilhin differe.t
sizc grcups. Micrcbiol. Ecolory 13,59"74.

Fizunov, A. (1932)r Prjatroj mctod uceta bahenj v vode.
Sevncnie ego s mclodom K@ha. Mikrobiologija, 1,131.

Stilinovic, B. aid Futac, N. (1990)r Zrstupljcnost oligotrotoih i
polilrclnih baktcfija u *dimenlu alaatorija lliMckihlcz-
cra. Tbornik radova II Jugorl@nbkog sinto/ijd
iiiftrobnc cfrologije, pp. 13-19.

4a TlSCA 26



COMPARATIVE DATA ON THE COMPOSITION OF ZOOPLANKTON
IN THE PART OF THE RWER DANUBE AND THE RIVER TISZA IN

voJvoDINA (YUGOSLAVIA)

V. Pujin

Pujin, V (1992): Compantive data on the conposition of zoopla,tkton in the paft of the iwr
Datube and lhe iver Tisza in Vojvodru (Yugodavia). - TISCU 2449-57.

Abstract. In thc Dcriod f987-1989 comDarative cxaminations were conducted on the
composition of zroilanllon in Danube and Tisza on several localities. In the composition of
zooplankton of these two rivers, a total number of 187 species and varielies were ascertain€d,
out of which 31 Protozoa , 1I9 Rotatoia, Cladocen and ll Copepoda. T he numbcr of species
in Danubc was highcr than the number of species asccrtained in Tisza and we also observed
differences depending on locality, that could be attribuled to a great cfient 10 the antropogenic
innuences. RoldL,na rcprcscnt in both water currcnts the most diverse gro p, where most
emohasized are reneta Bruchionus, Kcralellu, Cephalodcla, Colwella, Lecane ̂ nd Tichocen.
on rhe basis of-similar;tv index accordins to srrensen ( lg,E). Lhe dendroqrams show r$o
complexes, one in Danr;be and th€ oth;r in Tisza, which are linked th;ough a locanty
downstream from the mouth of Tisza into Danube. The saprobity index according 10 Panllc
and Buck (1955) in Danube, through all thrcc years, indicates a bctamesosaprobic polJution
stagc, whilc in Tisza in most cascs a betaalfamesosaprobily.

Keyw s: Antropolletic ittluence, clwleitry nrcIhod .lendlogdnl, sdptobil, itlder. Sorct\se

V. Pujin, Institute of Biology, University ol Novi Sad,21000 Novi Sad, Yugoslavia

Introduction

Ahhough hydrobiological researches in thc
Danube and Tis/a were conducred for many years,
there are not many works relating to comparative
data for these two rivers. We recently carried out
only a few works (Dobler and schmidt, 1980;
Tcvann€ Bartalis, 1987;Puiin et al. 1990).

Sincc tbose mostly rolatc to tho composition of
pbyloplanktoo, the aim ot this work is to givc d
comparative survey of zooplankton cornposition.

Material and nethods

The examinations includcd the period 1987-
1989. Samples were laken in monthly intervals in 6
local i l ies: Bezdan ( l ) .  Novi sad (2).  Novi Bdnovci
(3) by the riv€r Danube, and Martonos (4), Novi
necej (s) and ritel (6) by the dver risza,
respect;vely. The material was collected with a
plankton net No. 25 made of mill silk (nylon) and
treated padally liv€, partially in ll{ed state (in a%
formalh).  ln order to e"tablkh rbe i imi ldr i r) .  rhe
index according to Sorenson (19,8) was calculated,
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whilc the link is shown on dendrograms. clustering
method was made according to Snoalh and Sokal
(1e13).

Results &nd discussion

During the examined period, a total number of
187 specics and varieties were ascertained in the
composition of zooplankton, out of which thero
werc31 Ptot(noa,1\9 Rolaloia,26 Cladacev al:.d
11, Copepodtt (Tab. 1.). Composition of
rcoplankton was slightly more diverse in Danube
(total of 172 specigs and varieties), although therc
were dinerences depending on the locality. The
highsst number of species were ascertained at
Bczdan (158), less at Novi Banovci (120) and the
smallest number at Novi Sad (116). A total of 131
species and varietics was ascertained in Tisza, out
of \thi& 29 Ptotona, 82 Rotarria, 17 Cladocerc
and 10 Copepoda. }Iere, the differences in relation
to localities were also evident. So, 101 species were
ascertained at Ma(onos, only 66 al Novi Bccej,
and 91 at Titel. We explain this by the influence of
pollution broughl through the canal Becej-Vrbas
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at Novi Becej and by Begej which streams in Tisza
at Titel.

larger numbers (Pujin 1988, 1989, 1990; Pujin et al
1987, 1990 a, 1990 b).

Thcse dilfcrcnccs in Tisza arc cvcn rnoro
draslic. Kalafatic ct at. (1982) asc$tai.ed in Tisza
about 60 zooplankton species. This nurnber was
mainly maintained unlil 1979 (Pujin el al. 1984;
Pujin and Ratajac 1983), to be of larger later,
espcc;,ally Rotatoia which we conncct witb the
conslruclion of a dam at Novi Bcccj and thc
influence ot the HE Power Project Djerdap,
affecting not only the mouth of Tisza inlo Danubc,
bul also felt in Novi Sad (Pujin 1985; Kojcic et al.
1989; Pujin ot al. 1990).

In rclation to olher groups, for example
Cntstacea, no essential changes were found
(Ralajac and Rajkovic, 1985). In relation to the
particjpation of particular groups in the
composilion of zooplankton, thcrc arc also somc
diltcrcnces. So in (ho composition ofPlorozod,lhc
nain components are Clrata, participation of
which ranges bor,r 5'7.3/a to'7'7.8/a (Fig. 1), then
Te1'lacea (16.7a/t25Va\. Only thcsc trvo groups of
RllizoNdn-Pnlozou werc rcprcsonlcd in Tisza,
while in thc Danrbe we ascertaincd also Helina
^n(l Suctoria. As it was alrcady mcnlioncd,
Rrrdlrd, rcprcscnt thc mosl d;vorsc group in thc
conrpr ' . i r inn ot z, 'ofhnkt.-rn in Ih(sc t$, '  r i \cr ,
Thesc arc thc gcnet^ Eruchionu$ Kc tella,
Cepha lodella, Colutclla, L.cane and Ttichocu a.
Their perccnlagc participalion varics dcpending on
the local i ty (Fig.2).
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Ifwe compare the conposition of zooplankton
in Danubc and Tisza with earlicr rcsults, wc can
notice somo differcnces. So for cxamplc, the
differences in Danubc arc not so noliceable
regarding the number of species as in the
reprcson(cd spcci€s. So Zivkovic (1987), on tl,c
basis of researches conducted in the period 1947-
1963 and 1965 1973, has ascertained a total of 129
species and vaticl.ics of Rotatoia wilh 68'lo ot
t)?ical planklon spccics, while the rest was mainly
ph',tophil and met rarely and individually. This
relates especially to the genus Tichocen, whose
species are mainly reproscnlcd among the
macrovegetadon in morc still wa(ers. According to
this a thor, the same werc mainly ropresented as
individual samples, but now they appear rnore and
mor( in some local i r ie.  in Danube, dnd al .o in
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f i s .  1 .  \ vc rdAc .J lJe  o t  Ddr , . . r  ' d '
Cr,do.em rJnrilie\,n the D;nube and I s/a ( l!37-l!8qJ

According to the earlicr .escarchcs, thc gcncra
Bnchionus aftl Ke tella Dlavcd an imDortant rolc
in the composition of zo6plankton. A; inportanl
place was taken also by thc gcnc.a Poryartllra,
Synchaetu (Zi\ko'ic 1987; Pujh 1982, 1988; Pujin
et al. 1987) and Aspla chna. Concerning thc
conposition of Cbdoceru, the main components
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are the families Daplnidae and Chydondae (Fig.
3), which vary depending on the localily. The
similar composition of Cladocen ^t<J Copepoda
was also ascertained in Danube and Tkza by
Ratajac ( la8l  and Ratajac and Rajkovic (1a85).
which m€alls that up to now antropogenic actions
did not considerably influence these groups.
Ana\zing dendrograms for particular groups, we
noticed that fot Protoma and Rolatoia fiore
mutual s imi lar i ty was shown on Incal i t ies in
Danube as wel as in Tisza (Fig. 4).

The dendro$ams of C/adocera and Copepodl
show rather uniform index at all localities In
relation to loc. s (Novi Becej), where the similarity
indcx is nuch lowcr (Fig.5). This can bc atlributed
to the influence of canal Bccei-Vrbas, which
affects this group by i ts pol lut ion. Anal lz ing thc

Conclusions

On the basis of comparative examinations of
the zooplankton composition in the part of
Danube and Tisza in Vojvodina (Yugoslavia), the
following could be concluded:

saprobity index according to Pantle and Buck
(1955), obtained on the bases of represented
zooplankton species and their relative abundance,
we tan see rhi t  in dl l  rhe three etamintJ ycar.  in
Danube, the values were lower, indicating
betamesosaprobity, while in Tisza the indexes
indicatcd beta-alfamesosaprobity (Fig. 6).
Contrary to our data, Dobler ard Schmidt (1980)
indicate on the basis of represented ph!'toplankton
species that Danube is more polluted than Tisza.
fhc causes of this are probabt different sampling
Deriods. since also in our earlier investiqations we
;stablished saprobity index values in Tisza within
the limits of betamczosaprobity, which in rccent
years arc dcleriorating (Stanojevic and PDjin 1973;
Puiin and Stajonevic 1979; Pujin and Rajkovic
19',79).

In the Deriod 1987-1989. a total number of 187
sDecies and varietics were ascertained in these wo
rivers, out of which 31 Prolozoa, 119 Rotatoia,26
Cladoceru and 17 CoDeDoda. The number of
species in Danube was-higher (172) than that iI
Tisza (131), differences were also observed

s 0.0 s 0.0

s o m p l i n g  s i l e s

FjEt4lDddrcCBms at diffcrcnt sampling sites, Danuber l"Bezdan,2-Novi Sad,3-Novi Ba.odiTisu r 4-Ma!tonos, 5-Ndi A€cei,
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, leorndios on local i l ie\  thal  could lo asredl e{enl
he connicled lo anrropogcni(  innuence ol
hvdrotechnical actions and pollution.' 

Rotakia rcprcsent tbe most divcrse group in
botl water currents, arnong which especially
emphasiz-cd are genela Bruchiotlus, Keutella,
Cephalode a. Colwella, Lecane aldTichocera.

On the basis of similarity index according to
Sorensen (1948), the dcndrogams indicale lwo
complexcs when in question $e Prolozod,
Rotritoda and Cladoceru, which are linkcd through
localities downstrcam the mouth of Ti-\za into
Danube. The compositiol of Copepodas is simil^r.

The saprobity index according to Pantle and
Buck (1955) indicates a bctamesosaprobity grade
of pollulion in Danube in all thrcc years, while tha(
is beta-alfamczosaprobic in many cascs for Tisza,
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APPENDIX

Tab.1. Qualitative composition of Zooplanklon in the Vojvodina section of the river
Danube aDd the Rivei  Tisza (1487-lb8q) Danube: l .Bizdan.2.Novi Sad,3.\ovi
Banovci. Tisza: 4.Marronos, 5.Novi Becei, o.Tirel

DANUBE T ISZA
1 .  2 ,  3 ,  4 .  5 .  6 .

Act inophr is  soL EHR.
Act jnosphae.6 e ichorni  EHR
acineta sP.  EhF.
Ano€b6 ve.rucosa EHR.
A.vut9E. i3 El lR.
Aspid isce costetd
(DIJJARDIN) CI .L.
cafchesiun poLypinLrm L.  +
centroPyxjs acuteata sTErN
c.d iscoides EBR.
chi  lodonel la  c lcutus 0.  F. i l ,
Ch, !n. inata arR.
cotp id iun co(pode
(E| lR.)  STErN
0i f f tugi€ corona IJALL I  CN
D. t  imet ic€ LEVTNoER
Didin i l f l  nosutun 0,  f . l l .
Dj  teptus Enser O, l . l l .
E p i s t y l  j s  p l i c a t i l i s  E [ R .
Ledus plsi { (!s oUENNERSTEDI
Pafamecium 6uret ia  EHi ,

P. t r ich iun SToCKES
stytonychia myt j  Lus ElR.
r in t inn id iun f  Luviat i te  KENT
I inr  jn iopsjs  l8c!st | " is  ENTZ
Iokophrya q!ad.ip6.tita

Vo. t icet  ta  carpanuLata EHR.
v.conveter ia (1.  )  NoLANo

Anureopsjs f  issa (60ssE)
Ascwfpha asiL is  2ACNARIAS
A.ovaLis (BEiGENDAIIL)
Asptanchna brishtreL I j 60ssE
A.gi rodi  DE GUERIIE
A.hef f ick i  DE GUERIIE
a.Pr iodonta GossE
A.s iebotd i  (LEYDtG)
srachjonus dnsut6. is  cossE
B.afguLar is  f  ,b idens PLATE
B,bidentata f . ine.n is  (RoJss.)  +
B.budapest inensis oADAY
B.cEtyc i f to fus PALLAS
E.catyc i f  torus f  .anurei fofmis
SREHM

B.catyc  j f  (o f  us  f  .an 'phyceros
EI ]R.

B.d ivers icorn is  DADAY
B. fa tca t ls  zac l laR lAs
B. fo r f  i cu ta  ( l l IERZEJS( l )
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species Loca(  i t ies
DANi]BE TISZA

1 .  2 ,  3 .  4 .  5 .  6 .

B.  teydis i  CONN
B.patuLus (0.  F. l l .  )
B . p t j c o t i  t i s  U L L E R
B . u . c e o l a r i s  ( o , F . . )
8.u.ceot6. is  v . .ubens EHR.
ceph6todet ta aur icuLata
( I IULLER)

c.etet t ina ( r , ruLLER)
C,eva (GoSSE)
c.ex igua (GossE)
c. for f icut€ (El lRr  )
C.s jbb8 (EHR. )
C . s . a c j  L i s  E H R .
C.te. ta Donner
Colu.et  ta  adr jat ica (Et lR.  )
c .cotu.us (El l i . )
c.dicent16 GossE
C.obtusa (GOSSE )
C.uncinota (E[R.  )
c .uncin€ta f  .b icuspidats
(ENR. )
C.unci f t tE f  .def  lexa CossE
C.obtonga DONNER
Conochi  lo ides natan€ sELtco
D jcfdnop\ofus uncinatus
( t ' tL INE)

0. for f ic6t !s  (  ULIER)
DiEsotrocha 6cuteotE (ENR. )
Epiphanes nacrour€

E.SCNt6 (NULLER)
E u c h t 6 n i s  d j t a t a l a  ( E  R . )
Fi  t in i6 cofnutE brachiata
(nOUSSELEt) nofl, nov.
F.  Longjseta (EHR. )
F. longjset6 var .p5ss3
(0. F.r 'r .  )

F.termin6t is  (PLATE)
F.opot iensi6 zAcl laRIAs
Castropls stytifer lill]Ot
Hex€f thrd mi fE (8UDSoN )
ll. fennicd LEVANoEn
XetLicot t iE tongjspi ru KEIL
xeratet ta cocht4. is  (GossE)
( ,cochlEr is  var . tect€
(LAUT€RBORN)
k.coch(ear is  var . tecta f  .
nic..c€nth6 (LAUIER. )
k .cocht€6. is  f  .mcf  Ecantha
(LAUIER. )
K.cochtesf  is  f  .conneclens
(LAUTER. )
( .cochtear is  var , robusta
(LAUITER. )
( ,cocf i  {ea. js  var  h isp ida
LAUTEIEOR
K.cochtea. is  v6r  i r resutar is

K.cochteEr is  var .  i  r regular is
f  .H3r tn6hi  (asPER,HEuscHER)
X.pdLudosd (LUcKs)
x,qudrdta (o.F.  . )
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DANUEE TISZA
2 .  3 .  1 .  5 .  6 .

K.qu5d.ata var . l renzel i
(ECKSTEIN)
K.quadrata var .d jspers6
(CARL IN )
x.qudrata t . ret icuLata

( . t ic inensjs (cALLERIo)
K. t fopjca (APSTEII I )
K.vatsa (ENR)
( .vaLga f  .nonqspina (XLAUS. )
Lecane b.rtt€ (GOSSE)
L.ctosterocerca (sclllilARDA)

L,qu€dr icar  jnata (sTENR00s)

LePadetLa ov6l is  (  ULLER)
Lepadel  l6  P6tet  ta  ( l ruLLER)
L,q! j ryLre.ostats (Lucxs)
L.rhoftoides (eossE)
Li t i ferot focha subt iL is
ROOEI,JALD
i ly t i  t im b icor in€ta (PERTY)

NathoLca acurninat6 (E[R.  )
n,squamura (0. F.r,r.  )
Phi  lod ina  c i t f in6  E[R

Pts ty ias  quadf ico fn is  (ENR.  )
Potysr th rs  do t ichopte .a
IOELSON
P.eufyPter6  I I IERZEJSKl

Ponfi (yx corPLsnsts CoSSE

Rot6 . i6 .ep t ln ie  (E l rR. )

R.neptunoides flaRR I G
R.  fo ts to f ie  (PALLAS)

Synchaeta obLonga EllR.

Testudjnel la p6t jh6 tlERlilANft
l . i cho t r ja  po . i t tun  (0 ,  F .14 .  )

Tr ichocerca  cEp lc in€
( l I IERZ ET.ZACHARIAS)
Tr .co t  ta r is  (Ro lss .  )
T f  .d ixon-nut td t  i  JENf l lNGs
l . .cy t indr ica  ( I f iHot )

I r .  Long ise ta  (sc lRANK)

Tr .porce l lus  (GossE)

T. .  pus j  I  la  (JENNINGS)
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DANUBE T ISZA
1 .  2 ,  3 .  4 .  5 .  6 .

Acroperus harpae 6AIRD
Alona af f jn is  (LEYDIC)

A.quadrangutar is  (0.  F. t { .  )
AtoneLta excisa (S.  FISCHEi)

Bosmina cofegoni BAI RD
B. tongi  rosf t is  (o.  F,H,  )
cerio&phni3 quadfang!ta

chydofus ovaLis KURZ
Ch.sph6e. jcus 0.  f .d .
D€phnia c lcu l6t6 sARs

D. tongispina 0.  F.  M.
D,PULEX LEYDIG
Diaphanosom bf achyurw'
L I E V I N
Leydjs i€ teydjs j  (sct ]0LDER)
Leptodoro k indt j  ( |oCKE)
r , ro i  na bfachi6t6 (JURINE)
I'l.njcrurE (XURz) SRAIIEK-illlSEX
14a.rothr jx  la t jco.n is  (JURI E)
Pe.ac6ntha t .unc8ta (0.  F. l t ,  )
Rhyncotatoha fost f  EtE (X0cN)
scsphotebe. is  k ins i  sARs

simocephetu3 vetutus (0.4.n.  )

COPEPOOA
Acanthocyclops robustus 6ARS

cyctops st fenuus (F lscIER)
C.v ic in | ls  (ULJANIN)
0i6cyctops b jcuspi&tus sARs
Eucyctops semutat l rs  FIScNER
E,speretus (LJILJEEoRG)
EupdiEptomus 9r6cj  l js  saRs
l lacrocycLops 6tb idatus JIJRITIE
lleso.yclops teuck6.ti cLLJs
Ihermocyclops crdssus
( F I S C N E R )

1 5 8  1 1 6  1 2 0  1 0 1
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