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A CONTRIBUTION TO THE STUDY OF THE CAUSE AND
DISTRIBUTION OF MINAMATA DISEASE IN THE LOWER
COURSE OF THE RIVER TISZA (YU)

D. Karabasil and D. Bukurov
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Abstract. The research wrs stafted after a mysterious diseas€ had been obserwed with a ten-year-
old girl nr Novi Sad, Yugoslavia. It was manifested by convulsions lasting for several hours.
These crises of consciousness repealed cyclically in inegular intervals of approx. 90 days.
Diagnosis of the disease was Sindronra'Lenox-Gastaut.
Tesi on toxic netals shov€d enomrously increased nercury contents in the lillle patieDtt ufl €.
Our tur1her investigalions brought us to the iuigation/dr4inag€ canal DTD (Danube-Tisza-
Danube) a pond called Beljanska Bara and the river basin ofthe river Tisza. Fish from Beljanska
Bala had a considerable quantily ofaccumulated mercury.
The child was poisoned postnatnlly in the phase of lactntion through her molh€r, who had used
the fish mentroned abo\e regul:rrly irr l'er rneak.
The goal ofthe paper is to prove thal Sinrdonra L€nox-Castaut is in fact postnaial poisoniug with
methyl-fiercury in th€ phAs€ oflactatior.

Keyu,ords: Phenyl-nercthc acetate, ,nethylatiott, t ethy!-t,rcrcur),, lactatia , t,rcth),1-merctr.y
poiso ing, Sind,o,in Lenox Gastu , DMPS.

D. Kjr 'obisr l .  hNri ture for Protecr ion in TechDology. Ad\anced Technrcal Schoot,  U tOOO lou'
Sad, YugosLavia, D. Bukurov, Institute for H€fllth Proteclion, Faculty of Medicine, 21000 Novi
Sad. Yuqoslavia

Introductlon

Poisoning with mercury was known even in the
Roman fmpire They bel ieved rh:r t  the verdicr b)
which a slave was senrenced Io a foLced labouL in
mercury min€s was in faot a death penalty. Mercury
poisoning in the second hatfofthe 20th cenhry was
v€ry frequent spreading rapidly among nany people
lik€ €pideftic. One of th€ biggest .nd ceLtairly the
most notorious epidemic ofthis kjnd was obserued
in Japan, near Minanata Bay. The inhabitanls ofthe
bay were struck by a nysterious ard selous
disease. l2l persons wer€ infected, and in the
pedod from 1953 to 1966,46 oftbem died. On the
basis of investigations performed it was fourd out
that they were idfected wjth contaninated fish frcm
the bay which was used as their food.

Contaminatlon of fish with nercury reach€d to
50 mg/kg with sone kinds, deperdiig on the way of
nutrition, size and other factorc

Mefcury went ro the bay through a polyvinyl
factory Chisso Minamata which rcleased this metai
in ils waste water. By tlre prccess of nethylation ll1
fish, mercury was lransfofmed into its nost toxjo
fom: fiethyl-m€fcury.

The number ofvictims of this factory was later
incr€ased by ore than approx. 100 persohs who
died afte. 1966, while more than 700 inhabitnnts of
Minanrata Bay suffered t€ ible physical and
psychicrl defonnations. The dis€ase was Damed
aft er this €pidenic "minamata-disease"

Prcliminary Investlgations

The invesiigations slarted with the cas€ of ten-
year-old girl who had first crises of consciousness
when she was at the age ofthree.

Th€ crises started s,ith spasms of fingeN
usually of the left hand. Th€ spasms were usually
followed aDd replaced by tremor of finsers which
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was spfead over the arm, from the a.m it was
expanded into the lefi side of the body. and finally
came over the whole body. These crises of
consciousness lasted for several hours before
Valiun i.v. was given mer hospitalizarion. The
crises occurfed in iuegular intewals af 3, 6 ot 12
months, respectively. After compfehensive medical
investigations, the final di.gnosis was Sindrona
Lenox-Castau| In the nreantime the girl fell into a
coma and came out of it after mor€ than 60 days.

Thrt mysterious disease was not observed and
medical records wer€ nol tound either with the girl's
parents or ancestoN. At the end of 1989, the
research was focused on toxicologl, examinations.
The child becane the patient of Dr. med. habil.
Max Daunderer toxicologist '|om Munich and she
received the following treatmentr For secreting of
possibie heavy netals flom the body of the girl
Dimaval was used pioduced by chemical-
pharmaceutical fnotory Hely fiom Berlin. Active
matter is 2,3-dimercapto-l-sodiumpropane
slrlphonater (DMPS). This antidote had been
synthesized by sci€ntists nnd they achieved very
good resuhs wllh it io detoxificaiion after poisoninC
with chlofide of mercury. Here it was us€d airly
for detoxification of cumulaied nercury (mostly
organic).

Results oI toxlcologlcll rerearch

Analyses were based on udne samples afld
urinAlysis. Urirle I had beer taken before anlidote
was inseded into the organism of the little pAtieDt.
Urine II was always laken 60 minuies aft€r inserting
of antidote, while Urine III was takeD 120 rdinutes
after irse{ing ofantidote into the organisn.

Samples for the first analysis were taken on l2
F€bruary, 1990. The results of this analysis are
preseoted in Table L

T.bb r, R.srhs of urirc rly$ on 12 Fcbu.ry, 1990 ldfdre

Dimavalperorally.
From Table 2 it is obvious that in Urine III

mercury was excreted in the quantity of417.2 pg/g
creat. As chronical poisoning appears already when
nore hrn 50 Fg of mercury per I  crel l in ine is
excfeted, it can be conclud€d ihat here in this case it
is a very serious intoxjcation.

Ta61c 2. Resulls of uirc analysis on 12 Februiry, 1990 rftcr

The next aralysis ofurine was pedormed on 26.
Febni i ry.  1990. DimavAl wf ls siven on 600 ms i .v.
The obtained results are pres€nted in Tablo 3l

Trblc 3, Rcsulh of! Dc rnolysh otr 26 rcborry, l99O rft.r

As it can be s€en fiom Table t high values of
excfeted rnefcury point to the possible chronical
poisoning with this meral.

Urine II and Urine III w€re taken 60 and 120
minutes, resp€ctively, after inserting of 600 mg of
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From the abov€ drta it can be seen thal m€rcury
values excreted in urine vere decreased to 182.4
pglg cLeatinine. Between the two analyses the
patient took one capsule ofDimaval (200 ne) every
third day.

Tabl€ 4 pr€sents the results obtained .fter 200
mg Dinaval was taken perolally on 5. Maroh, 1990.
Urine was taken 60 minutes after DMPS capsule

In Table 5 analysis of urine perfomed on 2.
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Apri l  l9o0 aRe aking Dimrval (200 mg)
perorally is given. U ne was taken 60 minutes after
taking Dimaval.

Tablc4. Re$lh ofxnnc aDnlysis on 5 Matcl, 1990 after Dintlal

Excretio ofmercury was decreased, but il was
still above the level ofchronioal poisoning, which rs
16 pglg crefltinine, when 3 ng/kg of Dimaval is
laken perorally.

T{blo 5, Rc$rlts olu rr nnalysis on 2 Apdl, 1990 iltoi Dimvrl

also be seen that a greater pat of excreted mercury
is orsanic (0.7 pglg creatinine).

Table 6. R.sults ofxrinc analysis on 16 h'ly, 1990 aftor Diraval

Tobl. ?. Resulh of ! nc .nnltrir oh 23 January, r99l rli.r

24,5 Jle/g oa!r, itur DMPSi.v.

120 days after the beginning ofthe therapy, the
urinalysis was pelfolmed on 16. July 1990, under
the same conditions as the previous one (200 mg
Dimaval perorully, urine taken 60 minutes later). At
thai time the patient took 200 mg of Dimavd
weekly. The results of urinalysis to heavy metals
ale given in Table 6.

Excretion of mercury in urine at the lev€l of
chrcnical poisoning was fouDd on 1. October, 1990.
Urine sample was taken 60 min. after taking 200 mg
of Dimaval that was a lifile more than 3 mg/k8 of
the weight oi the patient. The obtained results are
prcsented in T.ble 6.

Th€ next analysis to hea\T metals was
perfomed on 28 January, 1991. Urine sample was
taken 60 minutes after laking 200 mg of Dinaval.
The results are given in Table 7.

From tbis Table it is obvious that total excreted
mercury is 0.9 pglg creatinine. It means thal
detoxification is finisbed. From the Table 7 ir can
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The last toxicologioal analysis was pe)formed
on 1 August, 1991, under the same conditions as the
pfevious ones. The results obtained e prosented in
Table 8.

Talle 3. Toricolosicdlanalysisp€dordcd oo I Augtrsl, 1991.

11 is obvious from the above data, that this little
pati€rt suffered from serious poisoring with
mercury. As the whole case sladed to resemble the
pojsoning in Minamata, Niigato, Alomogord, which

0.9 !g/9.rcd.lns DMPS iv

5,7 [s/3 qcd. afrcr DMPS i.Y.
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wer€ caused by poisoned fish or sone other neat,
our analysis was focused on the food th€ child was
noudshed for. Our invesiigalions were focused
mainly on fish.

ln ihe cource of our res€aLch, the patr€nts
nolher recr l led rhal in lhe pei iod o' l1c'1 ior.  she
used to ear a lot offish.

Toxicological analysis on heavy metals was
p€formed with nother on 12 March, 1990.
Dimaval as antidote was given i.v. 600 mg.
Analysis of Urine I before taking Dinaval is
present€d n1 Table 9.

Tftlc 9. Toxi.ological lnalysis ot mo$crs urine oD 12 Mnrch.
1990, bcforc DiD!v!l l!€anncrl.

60 minules afler taking Dimaval, tbe sample of
Urine II wos taken. The resuhs obtrined 0re given in
Table 10.

Frcn Table 10 it is obvious that nercury
conienr in ufine of this pAtient is 397.2 l\dg
creatinine, what is approximrtely the same ro the
content of mercury found wiih the child examined
(Table 2).

'r'$lc 10. Toxicoloric 0nnlyris ofholh.fs udno on l2 M.rch,
I990,.1t r Di'novll isrlhont.

It was n1ost likely that fish was the possibl€

Inv€stlgatlons on the iourc€ ofn€rcury

Our analysrs sraded $irh r l -e \ery beginr i l t  "
we exarnined all details from the child's bidh - (the
end of June, 1980). Inthe patientk family fish was
regularly in meals (even 4 tinres a week) The
patient's mother especially ate fish in the phase of
iactation of the baby, at the end of August, in
Septenber, October, Novembef and Deo€mber. In
1980 the mother ate fish ftom a pond called
Beljanska Bara, situated near the viuage Turijr in
the central part ofBacka (in Vojvodina). By leafing
rhrough a list ofthe factories in this paft of Backa,
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and analyzing which of them used nercury in their
plants, we cane by the factory "Agrobacka" fron
Backa Topola where tungicides on the basis of
orgario mercury are used for seed processing
rnainly phenyl-mercuric acetate in i'Zorosan!' and
"Radosan". After noist treating of seed wnter
solutions of phenyl,mercudo aoetate flew through
waste-watei industrial sewage systen into the little
iver KLivaja - which empties jnto the
irrigation/druinage canal DTD near TurUa.
Beljanska BaIa gets water fiom the canal 500
meterc farther. This canal flows irlto the river Tisza
near Becej.

Fis- L sahpb€p1.c.6. 1,2,3,4 sd 5,placoswhcro wntf md
silt slnplcs wcrc tal€n, 6 the place wh€rc fisl sahrl€s

Sanples of river silt were taken from th€
Krivaja river and sewage systeo of Backa Topola
as shown in Fig. 1. These specimens were taken at
the beginnir€ of March, 1990, when all activities
regarding trenting seed with firngicides were
finished a long time ago. The first sample was taken
fron industrial s€wage system of, the factory
producing seed mat€rial; the second at the mouth of

Backa Topola

197 2 !r/. crdl if,d DMPSi,v.
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lhe Kr ' \  a  a -  where r \e sewage synen f lows rn 'o I

the third one at Bajsa (at th€ place where branches
of the riveL KLivaja from Backa Topola and Stara
Moravica join); the fourth sample was iaken at the
nouth of the Krivaja into DTD canal, brancb
Bezdan-vrbas-Becejt and the last (rhe fifth) one was
taken frcnl Beljanska Ba|a - (ffom its mouih) - (Fis
r ) .

Samples of fish were taken at the beginning of
January, 1990 from Beljanska Bara. Ai the time
when the samples were tak€n, bigget fish
individuals unfortunalely could not be c ght,
although they would be much befier and more
representative for our research. Fish samples were
taken fiom the most dislant point of Beljanska Bara
in ielation to the irrigation/drainage canal DTD-lls
i're source of pollulion (from wl'icl' w:rle' is
oblained) - Fig. l. Also these samples werc taken
when all Aotivitjes regarding treating seed wrlh
ftngicides were finished a Long time ago.

The tesults obtained regarding annlysis ofsilt to
th€ total mercury are prosenied in Table ll A
oonsjderable amount of mercury was found in the
llst 3 samples of silt,.sand with a little share of
organio matter prevail€d) what was probably ofie of
the reasons for decre3sed qunntrly of ercury in
these samples.

T.blc ll, nc$lts of silt d.nnr0don on (or'l mcrcury,

The iesults offish exanrination are presenled in
Table 12. As it can be seen from the Table only
predztary fish Petca Jl vialilis L. is at the level of
maximurn allowed concentration of 0.5 ng/kg
mercury. As tnercury in fish is mainly in a meihyl
form of 70 " 90 %, methyl-mercury content is
approx.0.4 rng/kg, what is also at the level of
maximum concentraiion allowed. Results of
€xamining fish to totrl nercury are given in Table
t2 .

Lack in mercury with ,rr,a,lis sapa Pallas can
explained by the way of its nutrition because it
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usually takes place in the upper and $rface layers

T$lc 12. Mci@ry conlcnl ol lisl sp.cies

However, in order to con€ to valid and €xaot
conclusions of th€ degree of mercury contamination
of this region of central Backn, il is necessnry to
pedom invesrigations on a grerter number of fish
samples (accordirg to different kinds of size, age,
and number).

Linfondl ely,  becluse of the qar in
Yugoslavia and the sanctions of the iniemational
community this research has been stopped. The goal
of thjs pap€r is to atouse interest of some
r€searchers outside Yugoslavia whose counhies are
not burdened wiih the int€rnational sa ctions to
coniinue this research.

Concluslon

On the basis of the oblained results and data
mentioned above, ibe following conclusions may be

l. The paper has proved that the little paiieni
and h€r mother are the victifls of mercury
porsonng,

2. At the ssm€ time, it is obvious that fish wrth
mercury content of 0.5 mg/kg must not be used for
nutrition in the phase of laot:rtion, al$ough it is
rllowed in rho majority of European couutries.

3. Sindroma Castaut-Lenox is in fact postnatrl
poisoning with methyl-meroury in the phase of
lactation.
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DIVORD 1.60. DTVERSITY ORDERING: FINITE AND INFINITE
SAMPLES

B. T6thmA6sz

T,6thnA,Asz, B. (1994): Dhotd 1.60. Diversit! Ode'.i'1s: Finite a d Infnite Sanptes. - r'iscia 28,
63-65.

Abstrnct. Changes in the 1.60 release ofDivord progran are discussed. The main improvem€nr
is rhar it is possible now. to choose between rt"e finire and infinhe sampte versions ofiarefaction
diversities. The anangehent ofthe meru syst€m also has changed a littie.

Kefv'or& : diyercity index faniliet diye,.sitf ordethry, ra,.efactio dit ersiq

B. T6thm6r€sz, Eoological Instinrte, Kossuth L. Unive$i8, H-4010 Debr€cen, poBox 71,
Hungary

Introductlon

Diffefenl diversity indices may rnnk
inconsistently a given pai of communjtjes
(Hurlbert, 1971). This is related to rbe different
sensitivities ofdiversity indices. A solution is ro use
parametrio families of diversity indices instead of a
numeioal-valued diversity index. An important
propeny of the family of diversity indices is meu
variable sensirrvily to rale and abundanl sDecies.
This means that communiries can be compaied for
different 'dominance levels,' as a scale ;aramerer
changes. Ti€ family may be portrayed giaphically
by plotting dive$ities D" against the scale
paramet€r crj this cune is the diversity profile of th€
community (Patil md Taillie,1979, 1982). In fact, cr
serves as a soale parameter; hembers of the Dc
family have varying sensitivities to the Iare and
abundant species as ct, chang€s.

Using diversity profiles rhe diversiry ordedng of
communities is defned in the following way:
Cominunity A is more diverse than cornmunitv S
when the diveBiry profite of A js above or equ;t to
the diversity profile of B on the whole range of the
scale parameter. Cuftes of two diversitv Drofiles
may intersect. This means that one o{ ne
communir.es is more diverse foj  rhe rare species
while the other on is more divers€ fo; the

A program, Divord 1.s0, was presented io
calculate and display the diversily profites of
communities (T6t1m66sz, 1993b). Eight methods

are included in the package. Mathemauoat
background of tbe methods was also cliscussed. Il1
this paper the neu release of the progrrm is

Rrr€factlon Dlversltyt Flnlte a||d Infinlt€
Sempls!

cen€rally, a community may be characterized
by an abundance vector

n=(\,hr,...,,1t,...,n )
whero nj is the abundance ofthe ith speoies of the
community. Frequ€ntly enough to know the reEuve
abundances ofspecies: thus rhe community may be
cnaracterrzed by the

p=(pt,pt  . . ,p". . ,p")
relative abundano€ vector, where pi is the retauve
abundano€ ofthe speci€s i.

The rarefaction diversity or species-individual
curve for a spatially compl€1ely random, inlinitety
large community is defined by

s(, , )=s- t (1-P,) '

Snith and crassle (1977) pesented the
minimun variance unbiased estimation of S(m) as:

s  /^ r  - . \  /  /  ^ . \
i t , o = s  I l "  " ' l l l " l

; \  n  J l  \n t )

IN l  ^ / !
\  t )  ( N ,  n ) t n l



This is, hovever not simple to calculate
because of rhe factorials. Ir is vital to use a good
numedoal approximation ofthe factorid ftnction to
ensure the correct result for very small atd very
la|ge f igures as wel l .  The drecr calculJ ' ion :s
nonsense, especially when the data set is based on
perceniage cove s of tl'e vegetation. $l'ich is r
continuous variable. I applied a fast and esPecially
robust and reliable procedure which is based on ihe
calculatlon of logarithm of the gamma irnction
(Macleod, 1989).

Changes in th€ arrrngement ofthe menu

The main menu has chansed n litde (Fi8. l).
There is a new option call€d 'Datn Managemert"
which inoludes the "Data Input" which was in the
mnin m€nu in the 1.50 release. The "Other Samples
to Conrpare' and rrResuLt to Disk in HG Formal"
options also moved hele on1 ihe main menu (Fig.
2).

Fis,l,Mah ncnu oflne Divod r,60.

I also changed the naning conveDtion of the
diversity orderings. The ExP@(d)) version of the
D(d) R6nyi diversity index family is simply
mentioned as EXP(R6nyi). Sonetimes this ls n1ore
favourabl€ than th€ Renyi index fnnily itseli
because it produces the number of species of the
commmity wh€n the value of the scale parameter is
zero; and it is easier, or just morc straightforvard,
to interpret lhe number of species than ihe
logarithm of it. As a diversity profile this was
proposed first by Patil and Taillie (1979); ihey
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Ccncnliz.d Eniroly Plots

3 - DxP(R6hyi)

Chtrl.tiv. R.litivc,\bundnnce Plots
6 -j-oenrithDic Doninoncc Plot
7 - zught"Toil"Slr Divercily Plot

scilc Prrtrmclcrwith Dircct lIllo!!rcl0lion
3 - lnfitrik Srrccr.$lntividu.lCurc (D(tr'iD lddeFnJcnl
9 - Inlinilc SpcciovAr.a cn e (Dcnsily Dcp.nderl)
l(, - rinil€ sp.cicFlndividual cIwo (Donsi(y Ind.pctrdcnt)
1l " Fioit Specio$Arc! CnN. (D.rsity DoPcodcnt)

derived it in a unified framewotk alongside many
other diveBity index fanilies. Hill (1973) also
nenrioned Renyi's original paper and used it after a
proposal of Orl6ci (orl6ci, 1991, p. 5, footnote t2),
bui h€ did not r€cognized al all that it nay be usetul
for diversity odering. Indeed at that time, even the
idea of diversiry ordering was not iiNented and
published.

rig, 2. Dati m0naschctrt of llrc Divorl L60,

And finally there are four new options in
relAtion with th€ rar€faciion divelsity orderings. In
the 1.60 release this group of meihods ofordedng is
mentioned as "Scale Palaneter with Direci
Ifltelpretatiot" jDdicating thrt in this cas€ tbe soale
parameter has a definite physical heaning whioh is
ielated to the size of the sanple in whioh the
species were found. The new oPtions ar€ the
followingl

8 - Infinite Speciesjndividual Curve (Density
Independent)

9 - lnfirit€ Species-Aren CuLve (Density
Dependent)

10 - Finite species-Individual culv€ (Density
Indeperdent)

11 - Finite Species-Area curv€ (Densily
Dependent)'lhe dens.ly dependence and independence is
repr€sented in th€ same way as it was in the 1.50
reiease (T6thn6r€sz, 1993b) ard the finit€ and
i.1 ' jn i te vers:ofs were disc.ssed in l ie pre\ iods

The input of ihe samples' identity number also
has chansed a littLe (Fig. 3); it provides more
infornation. Besides the total numb€r of samples
the fi1e nane and the label of the daia set are also
displayed on the scrcen.

Data Management

2 'Oll'ersahplcs to comparo

3 - Rosrlt1o Didk i llcFonnal
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Label : Demod.fa lor M'cos{j DEMO-2.D 1

Thcrc arc 20 sanpleunits.

IIownany cnr.s do yon want lo dras (tess tln or cquat to 4) ?

Pleas. typ€ th. 'dcntity brDberoftle Eanplesircs:

2 . :  12
3 . :  l 3

Fig. 3, Th. eror of id€ntity nunbd inpnl of the compared

Dataliles dlstrlbuted with Dlvord

There are some changes in the demo files
distributed with the program. All the previously
distribuled deno files can be found, just their nam€
has changed and there are some new ones. This was
notivated by a slandardizaiion; now, all the d€mo
files are identical with the files of lhe NuCoSA
package (T6thin6r6sz, 1993a).

There are 5 files distrjbuied with the pAckag€.
DEMO-I.DAT file contAins a data set of 10 by 18
size. DEMO-2.DAT contains a daia set of 20 by 56
size. DEMO-3.DAT is a data set of l0 by 20 size:
this data set is a truncated ve$ion of the
EEMO-4.DAT data set, which was registered ar the
"Rejtek Proj6ct" Research Area (T6thm6r6sz, i989).
It describes the changes of the vegetation along a
tmnsecl and the vegerrrion is exrremely low nl
diversuy in 'he f i rsr hni fofrhe plor whrle r l  rs more

dive^e in r l 'e secold l -1l f  DEMO-s.DAr f i le is one
of the data seis prcsented in the paper of the 1.50
release (T6thm€r6sz, 1 993b).
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LINEAR ALGORITHM TO CALCULATE INDIRECT SPATIAL
STATISTICS FOR COMPLETELY RANDOM MULTI.SPECIES
COMMUNITIES

Zs. Erdei. B. T6thm66sz and A. Erdei

Edei, Zs., Tithneftsz, B. ahd E dei, A. (1994): Linar alsorith to elctlate i diteet spatial
rtatisticr for co,Vletelr randout t lti-speci.s co,D unities. -Tisch 28,67-72.

Abstract. We present a li|ear algorithm to cnlculaie the divelsity of species combinations (or
"species list - nunber of plots" diversity) for conpleiely mndom comnunities in an indirect
spaiial selies analysis. It serves as a null model to compare completely landom nultispecres
paltenN to real ones which are obseNed on the field. An efiicient algoritbn to derive explicitly
all the possible species combinalions and their fi€quencies is also propos€d. Turbo Pascal
algorithms to IBM-compatibl€ PC's and results nboul th€ rurning time ofth€ algorithms are also

Kqaeo s:tpatial st.ltistics, itkli|ect spatial saics.tnab,sis, nul nodcl.

Zs. Erdei, B. T6thm6r€sz, Ecological Institute, Kossuth L. University, Debrecen, POBox 71, H-
4010 Hungaq,; A. Erdei, Student ofConputing Science, Eittvits L. University, Budnp€st

Inxroductlon

A spatial point paflem is a set of locations
within a region of interest, which hnve been
generated by some unknown nechanisns (Diggle,
1983). Comhunities of sedenlrry organisms, like
planis, typically oan be viewed as nultispecres
point patiems. Sometimes the "multidimel$ional
point pattem" terninology is used which is ratlrer
contusing. No\radays the multi-type point pattern
terminology also tends to be more popular. In
mathematics and biomathematics the period of th€
last 20 years was the golden age of paitem analysis
of one- and two-species pattems (Greie-Smith,
1983; Kershav, 1964). However, haLdly any
altention was pjrid ro muhisp€cres point pattems.

Juhisz-Nagy develop€d a brand new way of
analyzing multisp€oi€s point pattems from the 60-s
onward (Juh6sz-Nagy, 1963, 1967, 1976; Juhdsz-
Nagy and Podani, 1983; Podani et al., 1993). He
was €sp€cirlly interested in the partial and nultiple
association of species in a comnunity. The methods
developed by him needs large sample size and a lot
of conputations (Bartha, 1990; SzolHt and Bariha,
1991).

Analyzing one-species spatial point pattems the

hypothesis of complete spntial randomness (CSR)
has crucinl iffpoltance. This asserts that (i) the
number of individuals in any finite region follows a
Poisson distribution and (ii) given,r individuals xi
(i=1,..,n) in a region, ihe xi's are independent
random sample flom a uniform distributjon on a
region. CSR acts as n dividing hypoth€sis betw€en
pallerns which are olassifiable as regular or
aggregated.

Using a multLspecies CSR hypothesis we can
dedve the spatial characteristics ofa random multr-
species community and we can use this one just as
in the case of the one-dim€nsional prttem; i.€. we
cab conpare the charact€ristics of r random
comnunity to the achral one studi€d on the field.

ln this paper w€ propose an effective algorithm
to €alcuiate ihe nultl-species random
cbaracrerisiics, especially the "speci€s llst - numler
of plols" diversiq,. We also studied the compuring
time for an algorithm which explicitly calculate all
the possible species lists and we proved ihat without
an efficient algo.ithm it is very easy to waste
inordimte computing time even for very smail
communities. Throughout he paper we use
synorymously ihe terms "species lists", "floristic
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composition'r or "species combinations".

General description of the algorithm

The abundance vector ol a community is
denoted by n:(n,,n ,...,ni,...,nJ, where ni is the
abundance ofrhe i-th species ofthe conmunity. N=
ni is the iotal nunber ofindividuals. When ihe CSR
hypothesis is valid then the distriburion of
individuals in the sampling plots can be described
by a Poisson distribution. Thus ihe probability that
we find zero individual ofthe i'th species in a plot

p ( t r t = o \ - q , : e x p ( - l , ) .  , ,  r  / l , -  ( r r

where t is the plot size and A is the total studied
area. This was recognized very early by t[€
botanists (Stevens, 1935). Clearly,

P i = l ' q i
is th€ probability that we find at least one individual
ofthe species i in a randomly chosen sampl€ plot of

For a multi-speoies cornmunity the probability
of the floristic composition vectors cm be
calculated as a multiplioation of the probability of
pr$ence al]dor absence ofthe speciesl

n= p  p , .  .  p ,_ tp t t t  -  p " . r ) ( l -p ,_ :  ) . . . ( l  -? . )  (2 )

where the sp€cres 1.. . . . r  are present and species
i+l,...,S are absent in ihe plot. There ar€ 2'possible
species list vectors and evidently

! f T  = r
L / I \  

'

ftz'

:Ihe "species list - numb€r of plots" div€rciiy,
H(2'), for a comnunity of S species is defiued as

ff(2")= I(fl"rosfl') (3)

re2'
where the sunmation is taken ftom I to 2s (cziran
t992).

It is evident that a dircct calculat;on of (3) is
very t ime-cons-uming because t ie compLling I ime is
Increased by 2- as S increases. we prove. ho$e\ er.
that ther€ is a linear alsorithm to calculate (3). For a
community having species S+1, the "speci€s list -
number ofplots" diversiry can be calculated in the
following way when the diversiry H(S) of a
communil, having S species is known:

H(2*' )= H(v ) + p"-t1os4.,1 +0 4-,)loco-a-r )

: .= - > l p t l o g h  1 ( l  p i ) o g ( l  p . r )  { 4 )

6 8

Evidently

H(21)= Alospt + 0- pt)los(r- pj\ (5)
PLoof of (4) is in the appendix. The compuling

time of our algorithm io calculate (3) increases
linearly with S.

Algari th i  mpl ener ta t io t ls
Two irnctions are presented. CSR Lin Div and

CSR Diversity. The source code is written rn
Borland's Turbo Pascal 7.0.

function CSR_Lin_Div calculat€s and rehnns
the Shannon div€rsiiy of the speoies conbinntions
for CSR pattem without the oaloulatior of the
species conbinalions and il has a linear growth of
running time as S increases. All the indirect spatial
statistics can be calculated using this procedure
which ar€ felated to the "species list - nunber of
plots" diversity; e.g" florula evenness,
distinctiveness, etc. It is d€fined as data_type
which is an extend€d variable in the presented
subroutine, We propose to use ext€nded variables
because the rere species combinaiions have very
small coDrrjbution ro the overall "species hst -
number of plols" diversity,

futrctio, CSR_DiveBit, presents all dre species
combinations and their relativg frequencies, thus the
cohputing tine grows with 2" as S increases. This
procedure may be useful wh€n the species
combinations are directly ulilized; e.g. in the case
ofglobal space series analysis (T6thm6L€sz, 1994b).

Both tunotions return the "speojes list - nunber
of plols" diversiiy in logarithm of 2; it can be
modified easiLy in the source oode. The program
can be run in most 286,386, and 486 IBM
co$patible PCs with or without buiifin
mathemrtical coprocessor. Although inpui drt^
infomation provided through a keyboard in m
irte$ctiv€ fashion is nioe, i! is moro converient and
ef&cient to read all input information from a file. In
th€ driver to the prooedures we did noi present any
sp€cial data input. output procedur€s.

Major scatars a\d lectots
The majof scalars and vectors lre summadzed

message = A label to remember what data set
is us€d during the calculations.

Species = Total number of species of the
snrdi€d community.

plot_size . Area o' $e sanrple olols in
st4ndardunits.

lotal_size = Area of t \e whole sludy area in

n = Th€ abundance vector of the studied
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cornnunity; i.e. tr[i] is the number of individuals
ofthe i-th species.

funct iot l  CSR-Lin _Dir:
lambda = Pa_rnere, of lhe Poisson

distribution; average number of the species in the
plots which size is Plo!-size.

Rel_Fr = A matrix with two rows. In ihe first
row (ReLFrli,0l) are the relative frequencies ofthe
plois wh€re the species i is missing and in the
second one (Rel_F{i .11) i re rhe relat ive frequercies
ofthe plots where the species i is Presenl.

funct iof i  CS R Div ers i  tY :
Sc_Frequency = Relative fr€quercy of the

species lists or species combinations.
ListStr - The speoies combinations ar€ in this

string variable in a "0/1" form, wher€ "0" means
that th€ sp€oi€s where missirg from the plot whil€
"1" meons that the specjes where present.

Case dcmon$fratlon

3+p.c'cccommrnity
Dlot cizc - 0,2000000000_rclntiv. 

lroqucncy SDei.scombimtion

;ffi;;:;ft;il;fi;--16;-**--
5,8121a293012251E|to04 lO0
3.27824225584282E-0006 010
2,8?7302090?8t75E-0002 110
2.211580092305?3E4006 001
1.941096333621?2!4002 l0l
1.033643306348t8!-0004 0Ll
.,-j-l-r.ll-911"!l.l?i9.!-:99.9.'--.-..!1-l-.-..-.-.--..
Div.6ily of st eci.s co'n! in ions i

Hl = 0.33428996t7
H2= 0.3342899617

4-spccics co,nnunrty
plotsizc= 0.2000000000

--J!-4yshei-l}9-t-------s-!-"i1"-:-99,1-bi::1i9!
3.933240363393001-000? 0000
3.21931257330613E-0A03 l0A0
5,600182681433051-0006 0100
4,61050496820707!,0002 ll00
2.12933347416320!-0006 0010
11?5343535394331!-0002 l0l0
2.994430?3436243!-0005 0ll0
2,46523391335t998 0001
3.7230306295r3138000? 0001
?.1314?5?3302023r-0003 t00l
t.22640264063993r-0005 0l0l
1.00966932495757E-0001 ll0l
4.6643026t43t993t 0006 00ll
3.84001593674454E0002 l0ll
6.55?71300596403r-0005 0ll1

-5j1?.3-!-rj?l-?j111?-E.-9.o!!- f "'Div.rsity ofspccics conbnFt'ons :
H1= L4196944272
E2= 1.4D6944212

lig. l Exanplc ru.s for the 3-{ecies dd 4 sp€cies connunltl€s;
plol siz€ is 0.2 u.it.

TISCIA 28

The run of tbe program is demonstnted on a
small data set io make it possible to recalculate rhe
result by tedious work using a pocket calculator.
Actually, the three species community is idenrical
with three dominant species of the shrub community
of ihe NE-slope of the "Rejtek Project" Reseatch
Area while the four speoies commmily is ftom the
plateau area (T6thm6r6sz, 1994a). The aim of the
case d€monstration is to illustrate the peformance
and output of tbe program, and not to thoroughly
solve a biological problem. We tried to keep the
fonn.t of rhe ourput as simple as possible. The

3-sp.ctc, comnun'ry
plor si&= o,l0oooooooo

sBl"-r-gl:i:-{-.-:-{-'i-,i:-911l'111:l
2.53658t91222063E-0004 000
2.39753088544691E"0002 100
1.5?031523756926E.0003 0r0
1.45553?753t00978-0001 ll0
1.25080600209370E-0003 001
1.15938209128305E-0001 101
1.59i62632263790E-0003 0l!
7,038592996536068.0001 lll

Divosilt of spei.s conbinitions :
ul = 1.333t304637
H2= 1.333t304637

44.c'cscomdutrtry
plot6izc- o,looooooooo

r.htivo fE.Non.y Src.i.r Co'nbin ion

;ti;i;;il1;;fi;--ffi--
5.663?6310894350E-OOO2 I000
1.8r3053?3292660F-0003 0100
1.63152606t?3046E-0001 ll00
9,539046320rt549F0004 0010
3,605225134522t380002 l0l0
2,1622581 tOt3929E-O003 All0
2.41885529206502E-A0AL l1l0
4,9609|1A7|29A72E-A0A4 4001
4.45t9354662941AE-4042 IOO)
1.42906r67532530E-0003 0l0r
1.282412ra5290468-a0at ll0l
1.5JT5A92254506E-A004 0011
6.J6403n0429274E-4002 tot I
2 . r? t24r50184361E-0003 01 l r
1 .9434?552333130D-0001 l l l l

Divorsity ofspeci.t coh[ ations :
H, = 2-4694726542
H2= 2.4694726542

Fig.2.Ixanple rons fo. ti€ 3 Bp€cicb and 4{p€cica conmorilics;
tlolsi& is0.l nnit

output is ananged into two blocks or columns The
first block contains th€ reiative frequency of the
species combinations. The s€cond one conlains ihe
species l ist  of 'be plors.  '0 '  mears that the spec'es
were abs€nt and "1" means that the speci€s were
pr€sent. Thus "0000" means that the ploi was
empty; i.€. there were no one speci€s present in the
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sampte plot. r'1000'r means that the fi|st species was
pr€seni and the others were absent- "0100" means
that the second speoies was present while the oth€rc

The ourput is presented in the Fig. I for th€ plot
size of 0.2. In the case of tbree"species communiry
the relative frequency ofthe "tull" plots, where ail
the species are present is 0.9511.In the case of fouF
speoies communiq, it is 0.5399. The diversity of
species combinations is €sp€cially low lor that plot
size in the case ofthree-sp€cies connunity.

For the plot siz€ of 0.1 the ouiput is presented
in the Fig. 2. The divercity ofspecies combinations
is rnuch hieher this case, although the plots where
all the species of the connunity were present are
still dominant.

Source Code of th€ Algorlthms

{SNr,E+}
Pogrio LnEu_Algorithmi
CoNl Ln2=0,6ri I 4?l80t6i

M.'xspcicsN = 256; {n!roh ofspocios }

Slrihgl -Sknrsll59lr

I.lRowv.cror = rnnyll,,Mrxs!ecicsNl of intcscr;

ncssiSc rskirsli
{ecr.s : mlcgori
HI, H2.plot sia, tot _Biz.: dala_ryp.;
n rlntRowveclo!;

plot size,rotal sizc:drl! lypci

vtrr tr : intrtor,,v&tot : dnrn lypoi

lailida, sunjilocpi r diti_ttp.;
Rd-rr : {myll,.Mds!rci.rN.O'..'l'l of oiLndcdi

J Calohlon of'lr Nlariv. fEql.nt ) ofrLe ploF qbcr $.ucs

(Rel_F4i,0'l)and prcso,t (Rcl_F4i,'l l) )
for i:- I lo spcci.d do 6.Ci[
Ialalda:-nlil{(rlor sizdrolrl_size);
Rcl I4i, 0 l::dp( Ian6da)j
Rel rrli,,r'li=l.0,Rd rrli,,0l;

{-- Ind of calolalior of rclativc frcqr.dci€s
{ cilcllaLion ofthc "Sleies conbi.ition Numl,er ofPlots }
{ dirdsity by thc lind alsoirhn. }

for i:=l lo ryrci€sdo b.sin
$mjilospi=$n rilospi
+R€r F{i, olalnGel F{i,,01)1
+R€r F4i, 1 l*ryRcl rrti.,t l)rn2r

CSR Li'r Div:=-sml);Locpii

{ calcularion of the rcl.tiv. G.qn.ncy of thc Dlots wlcr.
{ s!{i6'i '*hdc ab,ont (Rdl_F{i,'0,1) dd

for i;-l to Ep€ciee do begin
lambda:=nfilr(rror siz€lolal sizoj
R€l Fdir'olF€xlcrambda);
Rcr_FrLi, ll:-1.o-R.l-Fdi.'0'lt

{ --- Fnd or .alculrrion of r.l,nvc nequcrcics. ..
{ Gonclalion ofall th€ sp.cic6.ohbinrlions Md th.n
{ rclitivc &cquoncics.lh. srccics cohbi'utions olc i',
{ Ur LiltNk'llrins ir !'olt" aoio, whcrc "0" mcMs thot
{ lhc sp.cics whorc missi.g ion llD plot whilc "l' m.ans
{ lhot lho slccics {lEr. pi.sctrt.
( TIE icl ivo frcqucncy ofr lp(ics combination is
{ in lho "Sc_Frcqucn cy va.irblc,

i_nl:=01

Sc_F&qucnoy:=Sc_Fr.qu.ncy
'R.l_Fili,Li,tst![i]li

fln_piLocti:=fllnl)ilocpi
I sc_Frequ on cy. LN(SC-rrcq ucncy )r

{
{

{

Print . spocic5 co'nLination ond ils rcl0livc frcquoncy,
piteln(Sc Fr.4u.hcy.''.Liststr)j

in(i_nt);
in(Lktst{ll);{incrcncnt $ndiinirydisit}
i:=l;
wlilo(Lielsrr[i]-2)AND (i<!p.dictdo bccnl

d4(Lhtsri[4,2); { rctup,0'hcc.M otovodow )
i.c(j): I ihacnoil rhc ncxr bi.ary diBir )
in(Lislstr[i]);

unlil (l-dsrrlspecicsl='2')j { .ll sp*i€s con6inations aie

CSR Divc6ity:=audJril-ocpi,4n2;

tuDctio, CSR Divc6ity(llot,ie,
total siz€: d n_lypej

varn : iniRowvcclor); data rype;

Listslr : Shingi
i,i lll : int.B€r;
lanbda, sc_Fr.qucncy,
srm llil-ocPi : dara_ryP.;
Rel Fr : anyl l.,Maxsp&icsN,'0'.. 11 of dtendcd;

{Nunbcr of individuab orthc dominant shrubs on dE N!-slopcj
nc$.sc:=3+pccicsconmuitrr s!ei€s:=3;
nlll=1135i trl2l:=439; n[3]:= 44rj

{Nrnl,erofindividuh ofthedoninant slmds or thcplale t
{
nc$!gc:=r4-spdics cobnlniry j sp€cies-4a
nlr7.=|t2t: npl=339,
i[3]:=231i nlal:= la5;

l
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BEGIN

Nritcl-n{" t bt riz.:', pldt_rizc strok
q rk' rd dlric irgd.t srcFcoDtrn|lnr'].
v.ileln{-------- -----](

HlFcse lio Di'4rloi-3i2.'rod,r.,W.srr]
H2=cse_Diydnwhr &.'{otal s4E@icr"r}

vnl.Li{Di6db, of sFdar conbimliG +
writclr{ Ut=',Ur@:roB
writclr( xt2= ",F2 rolox

!ND.

Conclrtilorc

Th. algorilhms preser €d in the paper ate
appropriale f,or d€tcrmining rhe divcrsiiy of species
combin@tions in dlc casc of completely spatially
randon multisp.cics conmuniriG" The fimctiot
CSR_LiD_DI may be us€d *hen lhe species
combinaiiotrs rhcrlsclvcs are irrclevam. This is ,
very f,ast linear algorilhm. The function
CsR_Divssity nlay be used to iderti& dl tbc
species cornbinatiore This algoridrn iq howcvet,
very tidrlc-cossid ng because thc nm-timc glo$'s
exponentialbr as tl|e nlrnber of sPecics of rbe
commnmltJ grows Ahe code pr€ser ed bere ts a
Turbo Paical impl.mentatic'tr ofthe Focedures
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F o r  a  l - s o e r i e s . o m m y l r i l y l \ e ' s p e c i e s I s L - . n L , r r b e r o f p l o s " d i v e r s l l y r s d e f i n e d a (
r  i  . :  . ' . r , , r . )  . j  iL l i1 i I r i i , . . r  i : '  rJ t (z ' )  r :? , i i lop i , l  +  (1 pr) los( t - l l )

EvjdlritLy; f6ia 2:slrdcia('cil;;urlily it:dairte b^lc"hted
H(2')= 4(2')t pt)pE p, + (1 pz\tos(r- p,)

= H(2')+ pA logp,*, + (l - p"r, )los(1- p,*r )
and we have proved the proposition

'ra6le l. Examll€ ruD-lnn.s of tho cllcllnlion of the divesily of specica oobbnnlion by dnect calohrion ol all th€ species
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20 6 w e e k s + 2 d a v s 4 d a v s + 8 h o u r s 3 hours + 41 minutes 2 ninutes
30 181.5 vears l8 vears 30weeks+ l  day I dav + 22 hourc
40 278'432 \earc 789 vears
5 0 42: '000'000 vears 41'100'000 yecrs 1'100'000 vears 10'073 v€aIs
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SPATIAL ASPECTS OF VEGETATION DYNAMICS INDUCED BY
HERBICIDE DISTURBANCES IN A HUNGARIAN LOESS
GRASSLAND COMMT]NITY

K- Vir6eh

hdsh, K. (1994): SpatialBpectt ofvesetation dynan'i6 induced by hefticide distufiances n a
Hungana loess sassland con"nanity- - Tiscia 28, 3-13.

Abstract. Major floistic changes induced by leaf-herbicides selective to dicots and monocots
and a conprehensive leaf-herbicide in an old perelnial gassland colnmunity vere studied for 10
years using permanent quadrates at 3 spatial microscales (at 400 cn', i rn' and 5 rn' plot sizes).
creat impact of spatial scale upon the detection of d).namic phetromena and recognition of
reoovery tendency as well as the assessment of its degee was analyzed duriry the loca1
secondary microsuc€essions following he$icide-disturbances.
Similariry analyses and pfncipal coordinates ordinations were applied to measue the rate of
floristic change and to reveal trends in tenporal variation of species composition, variability of
regenerative tajectories, as vell as to estimate ihe degee ofrecovery at 400 cm', I m' and 5 m'

The results indicated significant differences in the variation of floristic cornposition and in the
rate ofmajor floristic changes at small velsl$ larger sizes ofquadrates.
It was concluded that the differcnt changes in spatial miqoheterogeneity of the originally
homogeneous stand ofthe comnuniry caused by the he6icide-dishrbances strorgly afect€d the
appropriate plot size for dete€ting gassland recovery-dynamics. The spatial heterogeneiry
changes induced by the herbicides were especiaUy critical in comparison of the different trear
ments as well as in ass€ssing the degree of recovery ofthe treated p'ots to control ones.
It was stated that the observable ditrerences between floristic paltem at diferent spatial scales
would be the result of ditre.ent degrees ofspatial heterogeneity vithin the coEn1@iry.
A change ofspatial scale (the size ofexperimental plots) hought fonh, h fact, a new perception
of vegetation dynanic processes and the re$lts also highlighted different aspects of species
abundance hie.archy.

KqNor^ : helbicide-dishrbanc*, spanal s@les, kitporal Jlotistic patten.

K. Virigh, lnstitute of Ecology and Botany, Hungariar Acadeny of Sciences, H-2163 Vecr,t6t,
Hunsaw

Introduction

Spatial-scale dependence of grassland dlnamics
as welt as the influence of distubances on different
biological organization levels and at ditrerent
spatial scales have been well-do.metrted recertly
(e.9.: Chaneton-Facelly, 1991; Collins and Gibson,
'490.  Cler l - lewinVer Hoet  lq88:  Hogeweg el
al., 1985; Sousa, 1984;Th6rhallsd6ttit 1990; white
and Pickett, 1985). This field study demonstraies
spatial asp€cts of grassland dynamics in a
connunity which was experirnentally manipulated.

Leaf herbicides seleotive to dicots and
monocots, as well as a comprehensive herbicide
were applied usins permanent plots in a species dch
old perenial grassland community in Hmgary to
induce quick vegetation dynamic pocesses (VirAgh,
1982) Vajor f lo ' is ' ic and struchlsl  changes d uirS
secondary $ccesions and regeneEtion capability
ofthe communiry after herbicide disturbances were
studied. Using herbicides as disturbance agents was
very uetul also fton practical poht of view. At
present application of herbicides in sward-famng
is a fairly genenl method for removal of weeds and
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for'q4{ro_1q4€,!tr":tpfi tFjltqys€lFleEfJi';
erlimation). as well.as for total destructian -ol tle
,*.i'r."'i" ",a"/t't-li,i *-'"o-"rn1e tSa,ai ti j
some questions mostly resardins recovery, local spalidlid,tliiGllt'og-ei&i4itiferln-Srt_qt- {tlre
important in my experimenti must be very study area. Later these topographical diff€rences
important for pmctice and cannot be answered due to the he$icide-disturbances, could also
without taking the vegetation and population increase with time because of the differential
dlnamic processes into accolmt. growlh of slirviv;ng populations as wlllrlast tb!

At a local scale my controlled distDJbance differenrial rate and manner of colonizations with
expedments aimed to study the endogenous various tust colonizers.
dyriamicsr iitdmporalr' oiistic.lfirtiEti@,-.,of i,a:r,::1-.,So : anallziag:r$e \impact; of:tisplrial scales
relatively intact loess steppe grasland c.imin!inty--::epplied:,:, uponi' lhe,rleeoghitioa':-iof,r. dynamic
for a long tjme period and to examine how natual phenomena was significat in the differently
.r.-1i fnsn-mader.dilturba'Iees::impa.t!:tlte-, species :,iistulbed-cosiduitti . : rr:i;r ii:::1.r11
eodioi;tiorr'and 'dynamiaibetiavidur {resislanee, .,:', . . ,{ttnel paper andiyseslthE *pqrpeBl,ivlriation of
lecov€4flqcif:ith€!, shldied .cotrrilimity. Population:.:spgcies:compasitiotral.3-6p?ti4t,rrictespal€s (nt 3
dFadioE.oominmiqt ''egenerative'rnd- secondary;r;plot siz€s) ad the effeetr'ofisqgfof sa.nlpling plots
hiciostLc€.ssionrl i,processes, tullov.ing herhicide.:.os'deEtioa ofreaovery:,1eqdelcfiliq-significance
treatrnents of ditrerent tlpes,:interFity:l.and:'.,of:App.opri"tei:riz€-rof,investigeted-.plets in the
-frewffcy:t'ere,analyz€d,for:Ip ysars- TIrc effet of::,.so-Ep?rise.4eirtlQid!fferer.r.tly::dillrtbedr lqomlnuni1),
lerbieid€ i treatmentsr.on .the'c€nala'gical:similatityi ,, fotdetaptilg carDln*lliS/ireqq!..eIyrand'nKasuring its
ielatiois; as weH nat jlhe: [tilily' of :diffelenti'- degee;rs bair{y eBphasi?ed borerr:r .,'r':
resemblance indices and mdtivariate analyss in The study ains to answF! ,tqri following
ddteciing v*€tatioo. le'ripenal r clhnges : were I'questions:i,:i,-rif: -:rii,:i:ri r :- :: :r'j
reported by virigh (198?a)i:.fi.: :degee::of, - ' r: rD:+Iowtdiferernriewioni gylamic.phenomena
comrmnity=rdcatvery:',aft.grr: diibrbani€s',i an&r its:r' (dlectior and rate:offlorbtis,Bbatrc;e,. the degree of
resistatceirag4ir6tiz dmught.;-werer-.assessed 'by-:.:rcs?gnses, toi diotiSht),. ardr.rdyrlllia:r Processes
comps.ilg:rdontrarltplot!: and: herbicide.dishfbed,.: -(seaso-nal dtrr'anics aqd r€eoyery)',Fal':b€ obtained
plots 'witll' ,resp6ci., to majori"floistic rchrnges:: iy similtdty-nnalyses, at ldiffetent,:p1ot'isizes in the
(Virrgh, 1986;: i98tat, 19876I,:some: texturalr:and :, tutacEddiirbioide-t eated, doftllunig?. j
6ti,uctuialii'commuiiry, ratrriburs (Vir,1gh, :1989a;i:::., ,al14iatisrhe etrectof,spatial sample-scales on
1991) and r€aoverypatterns ofpopulatiorrs:(Vjltgh,i: t@poml' 4lorisiie :-pattems,i' in ;ithE, pdncipal
1989b).:::i Determinitior -:of :butiedi-rviable seed -: ,coordinates ordinatiot,.spaqe and, thE:€lassi{ication
p-op. iat i6ns' ihthe.soi1:06nigh'af ld,G€ren66!1989}: :spa.p3:: ' : . l : : - ] ! : l ' ; j
was also included in the investigation. 3) wnat size Cf,rsarhpbngrr;plots can be

In vegetation dlaamic studies examining the acceptable for detecting grassland recovery in this
efFect of he$icide aeatmetrts,r the:selectier of ,r llifferently.disiubed{omiiiiitr2 ,ti. -
medods is critical. The result of nethodological
studiesr:hm:tirti diserss€dii a3brevious la4icL . tiMaferial agd lvlethods r'lf ..1 ,j:,r, 'r
Oirasn, 1987b). Io addition, due to tLe different 1"1 i,1{
etrects of herbicides, choositrg lhe appropriate size Field e'pelinetts
of experimental plots for comparing rnany Field study was carried out on a dry-situated
treatments and for m€a$ring the degree ofrecov€ry bil, at the southem foot of the Bntk Mountains
lsldlsd-:r:vbry ,ctucial ,poirt. ?he:Foblems:are the (l{E-Hungary), about 200-300 m abover6&arlq.elii{
f6toeijng::,,. Frl,rqir:,r ::,:': -', Hungary. The mean annual temperatue is 9 oC, the
'i,, rTna herbicidesrsedcased.d!- eredr'hangesin tofal:prEcipitationrG-aboqt;i60&rnm-:. Tlredoil is
micldheeiog€neifLrof lthc diginaltr Imogercous trcw1:6rest sojl,oi cl€lnozemL chqraetetr. fpnned
srhdllr Tlrey::arteJ€dr,ln.ri., ,species -, hieraichJn,:bi c,r, Lteis. The rstdy area is, ir.aissalndaly-iqtgppe
-qhadgrgt:tlre: rsnl(',,od6rr i of,:zisne: Fdvid.i{i ca,n1mEdtyri:'.?ul;;atillo.Fettttcatuti,::a pleqlqer
doniftraDl 'specie$-.lmdr:iincreasing'ahe.::relriive form€dr iar,,v3ry:i long?ftime i,. ago :jl!lp.l.pe : ef
inFortame'hf,suboriljlale:sir€cnEs or/idghr:19894)ir deforesqion. hiait ltsci'rside-r€d/as thqi€4.l sldge
JFSel tiive,,heibiaides,r v.'hichJ ti11ed;tlie *iirts (srfaliddf r:olnmi]rdty):'in ?t rsrleq€$sior1el .serils of
iCprosenteA. byr"inany::,:Eeci6s &ut ,with Iovr grasslandsiintht'igivqi-areai DetaiLdidescrjptiod,oJ
abrindatuie iffd lfrc$thei,'killed thb'dominant.ad this.comdurity.andrlhesour€eslof r-iollrle,ss ofiflo.a
ftosl'hl'undsnilmondcod sisnificantl#ebaneed the are.Fesented,ini?Ev.ious,pape$r rlidsh (1984:and
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analyses. To facilitate the use of resemblance
coefiicients for comparing points of time, these
matrices were often tiansfonned into vector form.
Consequently, in these cases only tbe temponl
change wirbin subqudrares or quadrares ;s
manifested in the final results, and here the
variation between the replicate plo1s does not
jrfluence similarity analyses, ordinations and
classifications.

1) Similadry indioes were used to analyze the
effects of trealment and plot size on

?) the cenological similarity relations
b) the direction ofsecondary successions,
c) the rates ofchang€,
d) the degree ofco.nnunity recovery,
e) the seasonal dynamics and
f) the responses to drousht.

The year to year changes, as well as the
changes refeffing to ihe tust point of sampling date,
namely the tend of changes during the invstigated
period were analyzed. Similarities between
consecutive poinrs of time, as well as similarities
betw€en each of the points of tine and the initial
sample time were calculated here by ssrensen index
and Czekanowski's percentage dmilarity
coefficient. These indices proved to be the most
appropriate for revealing sinilarity relations
involved in floristic data matsices Gee Viregb
1987a; 1987b).

The rates of change were calculated as floristic
change and as cover-based change also by means of
the two simiiariv indices mentioned earlier These
were suggested by Bomkamm (1981) and A.roesto
and Pickett (1986) for deterninins rates and
magniiudes of vegetational changes.

Two referenced states were accQted for my
conparative allalyses:

a) pre disturbed floristic state in €very
treatment and

b) oontrol dynamics, the iniact natual condition
including normal temporal changes.

The value of similarity indices could indicate
the degree of cornnuniry-recovery to the original
pre-disturbed or to the control compositional siate.

The years i982 and 1987 were dryer than
usual- The effects of these extremely dry summeE
("stress situation") could be measued in the
deviations of values of Sorensen aft Czekanowski's
similarity coefficienr.

2) Principal coordinates ordinations and
clustering dethods were applied to reveal tr€ s in
temporat variation of species composition and
variabilit of resenerative trajectories as well as to
estimate the degree of recovery at different spahal
nicroscales (at 3 plot sizes).

3) Comparison of the dendrograms and the

a) Companson of small and larger paflems in
the same observational data set (a single
e\perimenl) wrs evalualed b) usirg pairw:se
comparison of ordinations by Procmsres analysis
(Schoenemad and Carcll, 1970; Gowet 1971,
1975r Sibsoo. 1978) and ofclassrf icadons by using
7 coefrcients (?odani , 1984).

b) The nethod of nultiple conparison of
classifications (Podani, 1982; Podani and
Dickinson, 1984) of cover data of different data
sets, originated ftom various beatments, was also
used to reveal similarit relationships among the
dendrogams obtained at different spatial scales and
to examine the relative impact of treatments and
plot sizes upon the vegetation pattem.

Results and discussion

Sitr i lar i ty anab,ses at 3 plat s ires
The €sllts of snnila ry aialyses (Fig. 1 and 2)

demonstmted the differences in the temporal
variation of floristic composition and in the rate of
floristic change at smal versus larger sizes of
qua&ates, Midohet€rogeneit difierences smooth
with time so the larger size of sample-quadntes
significantly reduced the floristic variation and
decreased the rate of observable changes in each

The detection of grassland recovery tendency
and assesm€nt of its degree in differently disturbed
commmities were also st'ongly affecred b) lbe s:/e
ofsanpliDg plors.

whi le al l  of t le 3 plols sizes (400 cn'  ,  I  n ,
5 m') had nearly the s;e resdts about the trend of
floristic changes in the control experinent, but great
ditr€rences appear h the herbicid€ heatments. Only
5 m'? quadrates prove to be sufrciently large to
rcveal the tendency of rccovery of the plots treated
by cabonil herbicide, eliminating the subordmate
dicots, but after killing of the dominant monocots
coNergence in the species composition of Dalapon-
treated plots to the pre-disturbed compositional state
appears already at I m' quadntes (see Fis. l).
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Iis. 1. llfed of plot sizc on lhe refl |b of ,inihriry malysis in 3 a?dinats (R*nblmce is m6uEd !y czetaovsti e sinihiry
coeEicient I Juoc 1q79,2 S.I'r€nbd 1979; l.lue 1930:4: S.4teD6€r 1930;5: the l93l;6: S€ptmber lgalj ?: tuno 1932;
3: S€ptcnbcr 1932; 9: Jue r9$; t0: S.prenhe.l*3; rr: rue tga?; t2: s.4'ienb€.1937. Cabonil a: Gabonit 4 kg/ha do6e;
Dda?on 12: Dtapon 12 ks^a do$J Uppd ros: hend of{'tri€s ow€r chas.s (sinilaritics {o€t3nowski indd} bctvd cacn
ofthe loi.rs of rine dd rh€e iririal snpL rine)_ Mid.cle ov: ntiig of lind dr€ for cover c[ages_ hrver .os: ralc ofcover
tased change (Dissinildti€s teteM con*dtiwc suple lin6)
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CONTROL

The expression of seasonal dynanics was
strongly decreased by increasing the size of
sampling plots.

The effects of herbicides as well as the
responses to drouglt were also dissimilarly
manifested at the 3 spatial scales and they could be
detected in various degee in each treatment
depended on the plot sizes.

The expression of ditrerences amone the
treatments was also very dissinilar at the 3 plot
sizes inv€stigated (Fie. 2). The qtrantitative
differences (Czekanowski-inde\) in species
composition of the treatments were significant in
each size of sampling plots, however the qualitatNe

T]SCII 28

GABONIL 12 DALAPON 12

conpositional diferences (Sorensen index) could
es?ecially be detected at 400 cm' quadrates and
they could hadly be recognizable after 2 or 3 years
following the teatments at s mr quadmtes.

Teuporul  J lot is t i .  pau. t t  a t  J  p lot  s i :e<.
rhe hflrcnce of plot size on yesetation

Grassland dynanics itl the prihcipal
coordi rates or . l indt ion space ard the
clarsi|ication space

Spatial sample scales also affected the
observation oftemponl pattems during the 10 yeds
of study-period (Fig. 3).



400 cm'

Fjs.2. DjJf€'6s in had ea sr€ of o'fi+as€d cbagc dd norisdc ch&se !.t*e llc hahals ar 3 plot siz6. Trod of covets
!a&d chdgc lAl (e.bnoEti's !.lqtase sinnairy indd) dil otAonsdc clase [B] (soENer indd) dd Ei. of covcF
ba$d ches. tcl (cftkdoseki'r lddLge siEildry iddd) dd of flonsdc cnms€ [C] (Sorfls i s)j (co.kots- ,
Galdil 4 , Ihl@on 12 : Se Ii& r- for aplaralion of syolols dtt nnnb€s.)

Pairwis€ codparison of ordinations of points of
time Gee Fig. 3) for difrerent plot sizes reflected
that the ordination rcsllts in Gabonil elperim€nts
weremagoodageement.

Th€ cotrtrol plots of different sizes tmded to
produce somewhat differsnt ordination rsdts,
though the underlying tends in vegetation
dFamics revealed were very sirnilar Here the
r€$lts on temporal pattems vere nearly the sane at
tl|e 2 smaller Dlot sizes. but ffom th€s€ a more or
less di$erent pattem ofpoitrts of time was detected

ffthe variation among the 5 replicates of I m'
plots was also manifested €ig, 4), the ordination
showed that the variabfity among the 1 m' plors
was much more considerable than that was am@g
the points oftime. In this case it may b€ advisble
rct to s]r the data for 5 m' and the interpretation
of recovery at population level can be ody possible
at 1 m': plot size.

This inconsistency arnong the re$lts might
occur because of the sp€cific vegetahon

development of the five I m' qua&ates probably
induced by the changes in the domimnoe of some

The greatesl ditrercnoe was reveated between
the ordinations in the cas€ of Dalapon-treated plots.
The pattem of points of time at 400 cm' plot size
vas strongly different ftom that was at the larger
qua&ates- The high inconsistency between the
reslts at 3 sample-scales in this experiment might
occur because of the rapid vegetative regeneraiion
and the geat expaision of some c1onal dicots,
indicating that the 400 cm" plots were not large
enough to include the most gedominant ard
abundant dicots aft er herbicide-disturbances.

The classifications also clearly showed the grear
impact of plot sizes on temporal v€getation pattem
in eacb treaheor (Fis 5). Tbe diff€rences referfins
to the overall structure of dendrograms were well
reflecled by the res!lts of dendroe.ram-comparisons
(Table 1), by which the separation of vegetation
pattem of the 400 cm'? Dalapon-treated plots ftom
th€ othe6 was the most strikingly exFess€d.

NSC]A 28



CONTROL

CA.trONIL 4

DALAPON 12

ot2a

Fis. 3. Efa€ct of plot size oD thc rc$ft ofpnncipal oordinares ordi.arion ofpoints of rinc h 3 a!€.nats. {icen6tdce $ ndEd
!y czckmovski's sinihnty co€Ficidr se Fis. r. forexltnarion ofndbd)

The .Jfect of treatnent afl.l plot size or
the classAcat iots

wlen the classification results of 3 plot srz6
were analyzed for all neatments simulraneoNty
(Fig. 6), the sharp separation of Dalapon-treated
plots from the cont ol plors and cabonil-treated
ones, owing to the elimination of dominant
monocots, could be well-detected. The resulr of
multiple comparison of dendrograms also itrdicared
ihat the dissimiladties in the pafrem of points of
time of the treatmenis were m;hly 

"u*"4 
Uy -.

herbicides (axis I accounted for 31% of the total
variancei and by the spatial sample-scales in reser
degree (axis Itr: 1370).
TISCIA 28

Approprtate scale for detecti,rg glasrla"d

The resrfts presented earlier clearly showed that
rhe most iDfl'rential factor on the vegetatiotr
dynamicr was the etrect of herbicidedisturbances
but all observatioN about the floristic changes were
strongly constained bI, the siz€ of sampling plots
applied. Great irnpact of the size of investigated
plots (spatial nicroscales) upon the detecrion of
dytramic phenomena atrd rccognition of temporal
flodstic pattems as well as recov€ry tendency was

It was concluded that \r,hen the recovery of
ditrerslly disrubed plols. tbe coDvergeoce in
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I|B I Pnn.'pal coordirdk\ o'dinarioo.of poinb ol liftc in rhe
ca* of . ,rpi'..tior. of I e' quadar in th. conhl
exp€nnot (R€snlluce is na$Gd !y c-k&oeskit
sinilarity co€trci€nt. se fia. t. for dplazrion of

species composition of teated plots to control otres
was analyzed at cornmunit level (Fis. 7), in order
to avoid the ditrerent spatial microheterogeneiry
effects cairsed by the herbicide-treatments, the
results were necessarily referenced for 5 m'1plot G'b'
size, at which the sumnation of "patch dynamics"
(nicrotQognphical heterogeneity) would come to
exist. Conpositional recovery is well indicated by
the result of ordination ofpoints of time (Fig. j,.

In the comparison of5 experiments (control ald
$e 2 selective herbicides in 2 ditrerent dos€s), the
ordination (Fig. 7) clearly shows homogeneity of c.b",na
ihe oriSinai community pithout treaimeds, as vel
as shary distinction between the compositioaal
teolporal panem ofcootrol ard treared plols duriDg
the first 5 years of study. R€latively geat impact of
herbicide-doses upon the ordination resllts is also
wellexpressed. It was also apparent here that
duing the first 5 yeaB the treated plots could not
reh--n Io rheir  pre-dish!bed sale. Despite of t le - ' -^_,,
results of5 )ea;.  in the compa.isotr  ofstrert  .os 

^"*" '

for 9 years, very high similarity values anong the
first and the last 2 coenostates (or poids of
sampljng dates) can be well-reflected in the
ordination space, indicating compositional rec@ery

whereas, when all the vegetation was
completety kiled (Glyphosate experinent), ihe
secondary sccesio sas maiDly delermmed by the
first species occupying the bare ground. Here the 5
replications of I m' quadrate due to their
djtrerential initial conposition after herbioide-
disturbances vere well-seprated from each other
(Fis. 8), indicating a specific way of vegetation
development in eaoh 1 rn'quadrate. The five 1 rn1
Glyphosate-treated quadrates also became
increasingly dissimi lar f lor isr ical ly wir}  r imc.
probably due to the stochastic colonization and its
differential rat€ ard nanner. So because of the
sbotrg spatial heterogeneity produced and also the
specific vay ofvegetation dwelopment ofthe I m'
individul quadrates induced by their various initial
species composition in the very early colonization
phase, it was necessary to examine floristic changes
in each of the separated I m' quadraies
independently-

Talb r. Dadrosan .onladson by usins 7 coefdciflts

,uDb., ol chaisa i, urhncbic

clsb hchlrGhip div.rsci€

duds ndbcEhip di!.rscie
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ris, A'dciD.l coo'dindrrs ordirdton of eints or bmc oft
rcilmmr, gqnro, O. c,lonir l A. cuuooir z V,
D.lapon l) LJ, Ddldpon l0 . R*mblffccisodrcd
by eckaoMkis sinilaiv coefrci€nt s€ Fig r. for
apldarion ofmnb€s-)

Concl ditrg r€marks

It was obvious that different changes in spatial
microheterogeneity of ile originafly homogeneous
stand of the communit caused by the herbicide-
disturbances we.e very important for interpreting
the synmorphological phero'nena and dynamrc
prooesses during the localized secondary

The results of comparative analyses based on
cerclogical similarities proled the great importance
of the size of investigated quadntes chosen for
detectine gassland recovery dynamios and
supponed the view that the recognition of
vegetation dynarnic processes is inherently spatial-

The results also suggested that it is likely that
the difererces obsered between floristic pattems
at the different s?atial scales (mic.oscale: 400 crn ,
local patch-scale: I m', stand-scale: s m,) might be
the result of different effects of herbicide-
disturbances and varioB degrees of spatial
heterogeneity induced by herbicide treainents
wiihin ihe communit.

It seems very possible that the relatrve
imponance of boih deterministic and stochasnc
influential factoN on flodstic chanee also varied
with spatial scale. Beside the herbicide effects,
pattems otr the smallest plot size were mainly
determined by the spacing, i e.actins and size of
individual plants. In contrast, pattems on larger
scales \rerc most irfluenced by the competitive
inlemclids of rbe cols tuling species follo$ ing
dislubances and the local envlonmental factors.

These descriptive analyses yielded meaningftl
results on the temporal pattem of najor flonstic
changes at comnmity level- A change of spatial
scale brouglt fortb, in fact a new perceptior of
vegetation d).narnic processes. However, it is also
obvioris, that many questions remain open and
additional statistical tests and studies on DoDulation
dynamics Onee!, 1989) of the spe.Gs are
necessary Detajl€d inves'garions of species

Fig.8. Prircipal cmrdinat€s odinariotr ofpoint of tii. id rlc @of 5 rclli€lions of I m'qnadnr in tho clylnoet dpdinmt.
(Rdduance is E€asr€d by czlaohtis sinnadry ftiEcimr se ris, r. for aplaation ofnunbd.)
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distributions and pattem abundance-dom iaarce
relationships by changing the size of shrd]-area are
also needed for undersranding community changes
and their appropriate inter?retation at different

This is a preliminary expeiment, which can be
used later for generating some hwotheses.
However th€ results of this experiment can be
usetul for researchers who are turther using
herbicides or leaming lheir effect.
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MEASURES OF ASSOCIATION AND CORRELATION BETWEEN
TWO COEXISTENT FORMS OF C,4 REX SERONNA ]\|6N,IT;
PATTERN AND DISTRIBUTION OF DOMINANCE

L Basi

Basi, I. (199a): Measutes of association and co'relation betwee, two coeristent forus of Carcx
serotina Marut; pattem and dkbib tion ofdoD'inance.-T6cia 28, 15-I9.

Abstract. Tvo Card setotina fonns (A' similar to forma serotina, 'B' similar to forma
thalassica) occur tog€ther on the mud ofa meander lake in the Tiszaalpir Basin.
The distribution ofthe forns in s?ace seens to be independent ofthe location ofthe cenologioal
sample in the lake bed. The Sequencies of dominances show a close paralelisn b the 2 - l0 %
donain of dorninances. The measrlre,s of association and conelation between the t'o forms refer
to a close positive relation ofthe forms-

According to our culletrt informatio4 it is the fiI\l paper in which suoh a degree of phenotypical
variability increase is reported, which had led to the discontiaoE segregation between two
cooccurrent plant forms i. a natural populatior

KeyNofds: Ca.ex se.ohta, Dild yegetation, plant architechue, wgetation stnctule

L Bagi, Department ofBotany, J6zsefAttila UniveGity, H-6701 Szeged, P.O. Box 657, Hungary

Intoductton

Tvo different forms ('A' and'B', of ctrex
'e'otna can be found on the mud of a meander lake
in the valley of the River Tisza. The appearance of
the 'A' form is similar to 'foma serotina, the ts'
form bas an appearance wtucb is sirnila' ro'forma
thalassica' of Carat serorina (506, 1973), (Fis. 1).
There is no transitior between the two forms, so
they can be weli distinguished in the field. The lack
of transitional forms excludes the possibiliry of
supposition aocording to which the foins would be
r€garded as representatives of Carer se'otina ^t
different ages, therefore, in di$erelt stages of their
life history (Havliakov6, 1982; S06, l9ss). The
phenotypical variability in this case is maifested in
architectural characteristics, e.g. heiglt of the
ptants, length and curvature of the leaves.

There are several, sonetimes contradictory alata
on the intra- and i*erpopulation vafiability of the
species of carex fuw zss. (C. fuva L. !at. flaed,
C. fara vzt. abina ljJreucker. C. leptdocarya
TzDsch, C. tunidicar?a Anderss. and C selotrra
M6rat) (Cretin and Bidault, 1974; Davies, 1953,
1955; Havlidkovi, lc82; scbJnid, 1982, 1984 a, b,

1986 a, b; S€nay, 1950-51; Stoeva and Stepenr.ova,
1990, Wiinstedt, 1947). Most of these publications
agee on the fact that the variability within a
populari,on of $e Calex fala complex is v€ry high.
In some cases it is hisher than the variabiliry
between the studied populations in rclation to
sevenl studied morphological characteristics. There
is a debate on the ratio of the ecologioal cr/ancl
genetical d€penderce of the variability of the
characterisiics: Sclhrid (1984 a,b\ rcea:ds Car6
selotina to haee the lowest genetical variability
within its populations and finds its characteistics to
have the \ridest plasticiry. Stoeva and S6pnnkove
(1990) found a hisher variability of characteistics
ot Carex rerctina which can be regarded as being
less sensitive to environmental factors compared to
other species of the complex. (It is undoubted that
the plant arohitechre, on which this paper is based,
is lmder stong environmental influence
(Havli6kovn, 1982).) Nevertheless, it should be
noted that the comparison of populations has often
oocwed between poputations of looalities which
are far ftom each other, and the cenological-
envirotrmental conditions are seldom documented
sofrciently, whil€ the autho$ agree on the



Mate.ials and methods

Thirty-seven cenological rc1ev6s were recorded
in the teritory (cf Basi, 1988). The rela6s ainost
€ntnely cover .he lake bed. The size and shape of
the plots where the cenologial relev6s were taken
confontr to the patches with homogeneour
vegetation (Fig. 2 ). As the cover values of the other
specig have no role in this paper (available in
Bagi, 1988), the cover values (%) of the bro Caler
reror:/d forms are presented in Table I .

The standard reference work is Goodall (1978)
in relation to applied matbematical-statishcal

Tabb r Coy.r valnd (vo) oath€ cM sotina fons

Fia. L Tyti6l rcpr€s.radves of tle ivo odittat cua

doninant sigrificance of environmental condi€ons
in tbe fomatiotr of the spectra ol the phetro5?ical
variables. The territory studied by 6 is exceptional
becese the foms, which are signficantly ditrerent
in their architecture, can be foud in the same stand
or cenological rel46.

Tle cenological r€latiois and the outlined
edaphic conditions of the habitat hav.e already been
published (Bagi, 1988): It is characteristic of the
cenological relations that the Cara seronna forms
occur in a higbly modifled Eleocharito-Cancetun
bohemicae comr..nrJ,ity (M e.-Stoll and Pi€tscl,
1985; Pietsch and Mnler-Stoll, 1968), which is
itfl&ncedby Bide tetea elements due to the stong
nutrient loading. The soil parameters refer to a high
concentration of plant n8aients that originate fiom
the ht?ertrophio water of the Iake by an
organogenic sedimentatid process. The
taxonomical consequences of the norphological
dimorphism have also been mentioned (Bagi, 1989),

The slbjects of this contdbution are: iEt the
documentation of the fact of the coexistence,
moreover the investigations of the parametels of
coexistence of Carex sercn a forms, the
distribution of their dominance in cenol%ical
releves, and their spatial allocation in the territory.

t 6

3
2 r0

t2 l 3 l i l 1 2A
3 t 5 .] 5 t5 l l 3
l 5 2 0
21 x2 23 25 23 29 J()

3 3 35 12
2 2 l0

3 l 32 33
t7 I 5

3

Re3dti

Spat ial  relat ions
hvestigations on the spatial distribution of

Cata serctiM to"i.s lFiA. 2) 'efe' ro rhe followjng
conclcio.s: Neither form A' nor form 'B' is boud
mambiguously to a particular part of the lake; both
foms may occur in high coverage both in the ruler
as well as in the outer parts. The distribution of the
two foms seems to be random in scale of the
cenological relev6s involved by the percepiible
patchircrs of the vegetatiorl The water ir the lake,
howeve! is shallow; there are no important
diff€rences of reliefs between the lowest and fhe
hishest sanpled plots (max. 20 cn).

D istri btt i o n of d o Di i n a n c e
In spite of the fact that the surnmnrized

dominance value of the fom 'A' is sisnificandy
h;gber (285) tbatr  lbe ral l€ of B'  (127.5).  lhe
distdbution of dorninance values seems to be very
similar in the most important 2-10 % domain (Fig.
3). The differences outside of this domain are
resulted by the fact that doninance values of form
'A' are high€r then l0 lllore lrequently than 'B', and
'B' shows low donimnce values more ft€quently

NSCIA 28
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ddBlE(rc)

Iie. 3. Diskihntion of dobindceaal's of rh.tuo Ct* wol a

^!  er ica l  approach to coer is tenee
The significance tests for "interspeciflc"

association bas€d on 2 x 2 contingercy table of
presence-absence data (otre or two fictive

"cenological" data pai(s) should be added to the
data set depending on the kind of the test or indeD
refer to an association between the two forms. The

X?-values are higher than what would be issued
fion the hwothesis which suppos€d total
hdependence between Care, serotrra foms- The

I'?-values are 1.6946 (n:38) and 3,s33s (n=39) by
caloulation acoording to Yates and Gilbert-wells
formulae, respectively (cf Goodall, 1978), but these
values are more or less lower than the critical

I z.o,=.84r.
In case of the more eff€ctiv€ Gilbert-wells

formula, th€ ditrerence is onty 0.0072- As the
number of rhe cenologjcal relw6s is Io*, il is
difficult to demonstrate the significant statrstical
association- (The chanc€ of positive rcsults is
decreased by the inboduotion offictive data.)

Every measure calculated ftom p.esence-
absence contingency table data refer to a positive
conelation and association of the two forms of
Care ercnna: Association coefficient or
percentage co-occurrence (Agrell, whittaker-
Fairbanls) is 0.8919, the coincidence index (Dice)
is 0.9429, Fasels assooiation-index is 0.8574 the
ratio of the obsered and the expected nmber of
joint ocourences by rolbes is 1.00, the hverse
measure of association (MrgaleD is 0.00, the
Hacker-index and the Sokal-Michener-index both
are 0.8919, the rclative point corelation coefficient
(Col€) is 0.8702 and the Pielou-index is 1.00.

Measures lor correlation of qualitative (i.e,
domjnance in percenlage) dara between lhe lorms
refer to close positive relatioDship, too: Ellenberg's
"specfische Masser-cemeinschaftskoefficienf is
0.8677, the index of inters?ecific overlapping
(Morosita) is 0.61s1, the infomation measlre of

1 8

association by Estabmok is 0.7194, and the most
widely used ?eanon correlation coefiicient js
0-8858, (?<0.00r), however, the nomal distribution
have rct b€€n tested.

Dlscussiotr and conclusions

The sinilar distribution of the t\\o Cdrex
se'?tn,a foms refers to their sinilar role in
conmunity structure. The close positive conelation
betw€en the forms can be explained by their similar
envircmedal demands. As a consequence of the
high level of sources of nutrieds, it may be
sDpposed that the interspecfic effects are more
Flaxed and - in accordance with the niche vaiiation
h'"othesis (van vale& 1968) - development of
higher phenotlpical variabiliry have occured vithin
the population of Cnre, serorina. The highet
variabiliry ains at the reduction of htraspecific
etrects (see Bagi, 1992). Nevertheless, I have no
informatior about a publication yet in which such a
degree ofphenotypical variability incrcase - which
clearly manifesled in plant architecture - is
reporied, whicb would lead 10 tle discontinou
segregarioo befween cooccurrenr planr {oms in a
natural population.
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PHYTOPLANKTON COMMUNITY AND SAPROBIOLOGICAL
CHARACTERISTICS OF LAKE LT]DAS DURING TIIE SPRING
SEASON

D, Brankovii atrd Lj. Budakov

Btankoit, D. dnd Bdako\ Lj. (1994): Phytoplankon comwnity ond saprobiologial
ehat?cteristix ofLak Ldai du'i'ts the Spri,E season. - l:tscia 28, 2l-24.

Abstract. This paper deals with the results or exaf,inatic of phytoplanlton cor.mmity ad
saprobioloeical characteristics ol the Lake Ludaa, duirg the period from March to May (the
sping), in the year of 1 992. A hundred and eighteen specis, vaneties and forms of Cyanophyta,
Pyfiophyta, Xantophfa, Bacilariophyta Euglenophyta and Chlorophyta were recorded- All tbe
examined samples were dorninated by Chlorophyta. Bacillariophyta Enked the second placc,
vhile Xantophyta were present only in one ofthe samples with only one species. Th9 density of
phytoplanldon communig, was changeable and vdied ftom 0-85xld to ll5.73xl0'. Sapmbiq/
index, after Pantle and Buck, varied ftom 2.2 to 2.6, pointine out to B, B{ and d-

Key 'ro'.is: bioindicato$, de sity oJalsae, pltytoplankon, soptubitJ.

D. Brankovi6, L.j. Budakov, Institute ftr mture protection of Se6ia Department in Novi Sad,
Petrovaradinska twdjava 3, Novi Sa4 YusoslavH

Introductlon

The Lake Ludaa is a protected area located in
the northem part of Vojvodina Province - the
no h of Serbia, l2 kn otr Subotica. Il is
surounded vith the settlements Ludas, Backi
Vinogradi, Hajdukovq Nosa, as well as single
fanns. The Lake LudaS is a tlpical lowland late
and belongs to the aeolian tpe of lakes. The
surface area oflhis lake is 330 ha. Two pads can
be distinguished in the Lake Ludas: the northem
part, which is about 2 lm wide ind l-1.2 n d€ep,
and the southem part, which is narover (200 n)
and deeper (l.s-1.8 n) (Djuki6 ef aI.,1991).

The Lake LudaS is supplied with the
groundvaters, with the Keres stream watels, and
since 1981 it has b€en spplied witl panly
cleared waters from II section of the Lake Pali6
which flow into the norlhem part of the LaLe
Ludas through tb€ Palia Luda! Canal, causing
higher nutrient loadins ofthis pan ofthe lake.

A few yearc ago. rn ir.igltion syslem was
built in the southem region of the Lake. During
the watering periods, tunctioning of the system

caDsed the withdrawal of lower qulity waters
ftom the northem inro the southern part, so the
quliry ofwateE ofthe norihem and the southem
part became gradualy equat (Djukie et al,r991).
Taki.g th* facts into mnsideration, the aim of
or qamitratioN was to Eognize the
phloplankton conmuity and saprobiologial
chanct€ristics of lhe whole Inke LudaS as well
as iis parts duing the spr;.9 seaon-

Mat€rial ud m€rtorls

The samples for qualitative and quantitative
analyses of ph''toplaDl(ton were taken on tbree
sampling sites in the Lake Ludas towards the end
of Marcll th€ begidng ofApril and the middle of
May in the year of 1992. During aleological and
sap.obiological investigations; nanalard
linllological nethods were used (I+ibar 1978).
Qurlitative composition of the ph).toplankton
commuity was sh(]m d a proportional
paffcipation of ditrerent algal groups h total
number of tda. Densiry of the phytoplankton
commwiry was shown as a number of

z l



individuals per I cm", while relative abundance
(quantitative composition) was sho*,rl as a
prcportional participation ol algal groups i. the
total number of algae. Saprobiry index was
calsulated after Pantle and Buck (1955) on the
basis of phytoplanlton hdicator species.

Results

A hundred and eiShteen species. varieties and
foms of Cyanobacte a. Pynophyta, Xantophyta,
Bacillariophyta, Euglenophyta and Chloroph).ta
.vere record€d during the investigation pe.iod.

_^Dhyta were represented with 53 tuxa
(44.9'lo), Baciltariophyta wirh 31 (263n "t,
t"Clenopl'ylr vilt1 | 4 I I l.gyo), Clarcbacieria
with 13 (11.0%), Pynophyta wjth 6 (s.17o) and
Xantophyta with only I taxa (0.876).

The results of qualitative analysis of
phytoplankton (Fig- l) show that Chlorophyta
was dominant group duing the spring s€ason.
Bacillariophyta ranted the second place and were
lollowed by Euglenophyta, Cyanobacteria and
rynophyta. Xantophyta were Fesent with only
one species in only one sample.

characteristic group of the Lake Ludas
pbytoplaoLlon conmmiry. Tleir relJli\e
abundance varied fiom 20.4 to 36.4'/.. The
gene'a Steplanodisc$, Nitzrchia, Ciclotella and
Melosila were the most abundant.

Table l- Dmsily of thc lhfotlancton conn ity

3

44.32 I t5 .?3

. c p o p h ' t . P l @ h ' ! r h b p h 9 i

EBalMoPh,naE4!@phytic|rlo@h'!

Fie. I Qualitahve conposition of th. pbtopldkton

Densiqi oft the phytoplantton cotrmuniry
(Tabte 1.) varied ftom 0.85x10' ind/cm' on the
samplins site 2 in Marc!, to 115.73x10r ind/cm3
on the sanpling site 3 in May.

By relative abundance (Fig. 2), chlorophyta
rcprcsented a dominant phltoplanlton gloup.
Relative abmdance of Cl orophyta vaded fton
45.3 to s5.4 y6. Tney rcached such high ftlative
abundance thanks to massive developnent ofthe
genera Scenedesnns, Ankktrodesm6,
Tetlaedrot, C,acigenia, Golenkinia artd

Bacillariophyta represent arcther

22

Abae eon the Cyanophyta group were less
important member of the Lake Ludas
phlQlantton community, being present fiom
9.O to 24.5 1 . 'fhe species Microcyslis
aenAinosa I(Drz., Osci atofia te uis AA. and
Spirulina maiorKlJlz. were most abundant.

In the EuglenopLyta group, relahve
abulldance ofwhich vafed ftm 0 to 12.7 %, the
specres Euglena @B Etn. E. v!)rdir Ehr. and
Lepoctlrclis oyum (El'r.) Lenrm. were of the
highert relative abundance.

s t l l i 4 j G ' s @ P l i 4 s i e 2 s @ P | i q f t ]

rcF@hrl3 B4qrld Eturqhyl!
E&eopL}tBEugl€rcPlDd.furePh,d

rie- 2 Qldria{ve conpos;do. ot tbe phyroplankton

Indicators of the most polluted waters, such
as E elena acus Ebr., E. ui'?ir Ehr., of c.
mesosaprob degree. ch as Os.ittatoia t.nuis
Ag., Cyclote a neneghinia a K!Iz., Nicschia

paled (ktrz.')W.Sm., Stepharcdiscur hantzschii
ear. p6it6 (Grun.[<rieg., Lepocirclis oya'n
(Ehr.)Lemm., Cosnariu bahltis Meneeh. and
of B-mesosaprob degee, such as Micracystis
aeruginosa Krlz., Gole khia ladiata Chad.,
specis of the genera Pediast'aDt and
Scenedesn&s were recorded. Indicators of urc
oligosaprob degree were not recorded.

Saprobity index, calculated on the basis of
phytoplankon species as indicators, is given m'fable 2. tt vaied ftom 2.2 ta 2.6.
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2.2 2.2

2.5 2.2 2a

TaLl€ 2. srprobiry nrdex ane!Pdtleand Bnck which conespotrds to the literatue data. Namely,
on the basis of the investigation in the period of

19781987, Djut<ii et al. (1988) recorded that the
polysaprobic and €utrophic sPecies almost
disappeared fiom th€ bottom faua of this Lake,
and concluded that th;s Lake was gradually
tnnsfomed fiom an eupolytrophic into a
dystrophic lake.

As shown in Table 2., the saprobity index
varied ftoin 2.2 to 2.6, pointing oul to B-

mesosaprou B3-rrlesosaprob, and d m€sosaprob
degee- The saprobiry index was somewrrat
h ig}er  in  lhe nonhem par l  o f ihe take.  poi r l ing
out a higher nutrient loading in this part of the
Lake. This is understandable because padly
cleared vaste waters of Subotica and the waterc
fiom the KereS stream, which are of poor quality,
flow into the nonhem part of the Lake. Our
results conespoad to the results recoded by
Djukic  e l  a l  (  1991).  and sere g iven on tbe basis
of phytoplanldon, periphyton, zooplanlrton and
zooperiphyton indicator species, and to the
reults recorded by Gajin et al. (1992), and were
given on the basis ofbacterioplankton.

lnvesl igr l ioDs of  a lo l  o f  aulhoB (Botnovia

et al., 1990; Djuki6 et al., 1988i Djutid et al..
1991j Gajh et al-, 1992; Maletin and Budakov,
1983; Pujin, 1988; Ratajac, 1988; Selesi, 1981;
Selesi, 1988) pointed out the poor quality of the
Inke Ludaa waters and uNtability of this
ecosystem as a consequence of intensive human

Apart ftom the poor warer quality, and on the
basis of these investigations, i1 could be
concluded that the quality of wate.s in the
norihem and southem part of the Lake Ludas
became gndually indentical, vhich probably
'esuhed 6om tuncr ioni rs  of  the i f f igJ ion
system, as well as disappeararce ofthe reed belt
between the northem and the southern' part of the
Lake

Roiinoria, M, saviq }L md Navnlil. z { l ee0}: anau: n.ldh
rcini.kih problcna odstdjivrF nulja iz Ludoikos
jaer zbonik 6dova konfemcijc ' ni, voda 90.

Djukia. N- s€t.si. Dj.. k[ocki, I rd Kilibada, r' (re33):

raunn dna kao i.ditator tulitct, sedinenala Luiloikos
je,rE- aoniL ndola lonlemcijc zaitittr Yoda 33 ,

Djuhd, N, Pujin, v., M2leti., s. cajin, s.. crnaq M,

?c ovii_. o. Ralaj.c. R., s€l€!i, Dj and Matalrulj- M

{1991): Entofuc,jr iaja Eih Qdr vojvodinc I dco _

Vodc vojvodine 20, 69 34.

Dtscussion

In the Iake Ludas during the spring season in
the year of 199?, 118 taxa (species, vari€ties and
forms) of alsae w€re recorded. which difered
rega_dirg l l 'e  l i te 'a l r re dala iSelesr ,  l98 l r  Djuk ia
et  a1. ,  1991).  Seles i  (1981) recorded 100 taxa
during the spdng season in rhe 1970-1981
sanpling period, while Djuki6 et al. (199-,

recorded 6l taxa in the period of 1981-1990-
Tl -ere $ere .ome i rs  Cnrf rcant  d i f fercnces in

qualitarive composition ofalgae between our and
the literature data. In respect to Selesi (i981), the
proportional particiPation of CyamPbyta.
Xantophyta, Euglenophyta and Chloroplryta lvas
almost the same. The propofional panicipation
of Pyrophyta was 3.1% higher, vhile the
proportional participation of Bacillariophyra'as

Di t fe ences r l  r le  lo 'a l  numbe'  of la \a and in
the propodional padicipation of some goups of
algae between our and the liierature data coutd be
expiained by different sampUng spots and
nunber of samples, as weil as by expressive
anthropological i.fluence resultinS in unstability
of this water ecosystem.

Conceming the monthly and sampling spot
varintion in both qualitative and quantitative
conposition of the phytoplankton commurty
(Fig. I and Fig 2). the only noticed regularity

domination of Chlorophyta and
subdoninaiion of Bacillariophyta in all the
samples. Any olher regularity was not .oticed,
which could also be explained by the ecosystern
unstability as a consequence of antbrcpological

The density of phytoplankto.n cornmgniry
(Table 1.) varied -ftom 0.85x10' ind/cm'i to
115.73x10' ind/cn' The smallest number was
recorded in March on the sanpling sire 2 and the
highest numbef in May on the sampling site 3.
The noticed regularities were the number of algne
incfeasing towards the €nd of the spling and
genemlly the highest runber on the sampling sile
3 through all those months.

Bioindicators of polysaprob. (r msosaprob.
and R-mesosaprob degree were recorded. while
indicators of the oligosaprob degree were not,
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QUANTITATIVE PRESENCE OF MACROPIryTES IN BASIC
CHANNEL NETWORK OF HYDROSYSTEM DANUBE - TISZA -
DANUBE

M. Vudkovid, S. Stojanovii, Z. Stankovii, M. Zderii, P. Kilibarda, Lj. Radak and
S. Radulovii

Vutko|ii, M., Stoja o"ic, 3., Stankovii, Z.,Zdetic, M., Kilibarda, P., Ratlak, Lj. and Rarlulowc,
S. (1994): Quantitatil,e prcsence of mac,aphytes itl basic cha let ,rctuo* af Hldlosystent
Dan|be'Tisra " Danube. - Tiscia 28, 25-28.

Abstract. Quantitative presence of aqualic vascular plants is given at certain sections of
Hydrosyst€m Danube - Tisza - Danube in Backar channels Vftas - Bezdan, Backi Petrovac -
Karavlrkovo and Jegricka. Among submerg€d plants which e not rooted, species Ceftltophyllw
denetstrtt is the most fr€quent in all sections. From subnerged plants that are rooted,
b,tiaphrlln spicatu,n snd Vdlisneria spimlis h^ve the gr€atest quantitative presence. Floating

non rooted hydrophytes are smrll floating flowering plants and waler ferns. Spi,odela poltrhin,
Lenna gibba, Sah,inia natdns and Azolla ceohtiara have high coverage values at certnin spots.
From grcup offloating rooted bydrophytes, mosl numerous are napa nata t, Nylrphaea alba,
Nuphar l*eun ^nd Nyutphoides $a,ra. Due to greal surface and big floating leaves, they are
coveriog large areas of water mirror, especially in channel vrbas - Bezdan. Among numerous
emerged macrophytes giving coast zone of all channels, highest panicipalion is of PhruEniles
co n t.]', Trphu atE|stifoltu and Glrcoia n'arnll,a. It is con€luded thrt differences in florislic
siruclure and quantitative presence ofvafious lif€ fonns ofaquatic plants in investigated section!
of Hydrosystem Darube ' Tiszn - Danube are due to different age ofchann€ls (30 to 200 years),
differenl pbysico-chenical conditions of aquatic environment, purpose functions of chanlels,
poilution degree and application of different protection measures.

Keyrords: Hydrosysten Da tbc - Tiszd - Da,,rtbe, hydrcph),ta, Jlotistic sbuctne, ecalosicctl
grc ps, quantit ti'e ptesence.

M. Vutkovi6, S. StojanoviC, Z. Stankovid, M. ZdeI,(. Lj. Radak, S. Radulovid, Faculiy of
Science, lnstitute of Biology, Trg Dositeja Obradovica 2, Novi Sad, Yugoslavia, P. Kilibarda,
Danube water Authority, Mihajla Pupina 25, Novi Sad, Yugoslavia

Introductlon

Hydrosystem Danube - Tisza - Damrbe is one of
the most impoftant hydrotechnical objects at
Vo.jvodina area. Tolal length of channel network is
960 km, from which about 400 km is in Badka.
Chann€l network consists ofnew channels, radically
oi patially rcconstructed old chann€ls d water
flows inoluded in a new sysiem. Hydrosystem as a
whole is a conpl€x solution of numeLous
watereconomy problems at Vojvodina aLea -
drainage, water supply ofirrigaiio, and distribution
systems. induslry development, fishery, swamp

selllemenls srn ion. nr! iSarion. recreation etc.
Channel network is a sp€cific category of

atificial aquaric ecosysi€nN, where nacrophyte
vegetation is impodant component. Namely, aquatic
pl lnrs i re nrtur l  phyrosrnarors. parr ic ipar ing in
wate. selfcleansing process, but on the other hand,
high quantitative presence of aquatic plants is of
imporlant influence to organic production - plant
mass, contributing to high level of eLltrophication
md overgrowth of these water biotopes.

Impo.tant data on water vegetation of Basic
chilnel network of Hydrosyslen Danlbe - l'sza
Danube.re siver rn papers Slavni6 (1056),  farr \



et all. (1969), Vukoje (1986), Stojanovid er all.
(1991, 1992, 1993), Butorac et all. (1991,1992),
Vuakovi6 et all. (1993 ), Stankovi6 et al. (1991,
1993).

In this paper, floristic structure and quantitative
Fes€nce of vascular plants is siven for channels
Vrbas - Bezdan, Baaki Petrovac - Karavukovo and
J€eriaka, in puryose of bener knowledge of recent
condition of aquatic vegetatior at Basic channel
network which is not sufficiently investigated from
this point ofview.

Materl.l and methods

lnvestigations were carried out in l99l ,1993

Phnt species w€re determined according to
Flora of SR Serbia (Josifovi6, 1970-1986) and
Iconogmfia Florae Partis austro-orientnlis Europae
Centralis (Jivorka and Csapody, 1975).

Phytocenological surveys, on the basis ofwhich
phytocenological trbles were consrructed and total
€overing value of plant species det€mined, w€re
taken according to method of Braun-Blanquet
(1e64\.

Gcnsral chrract€rlstlcs of lnvestlgated sectlons of
DTD hydrorystcm chann€ls

Channel Vrbas - Bezdan (Fig. l/I) is one ofthe
oldest sections of Bnsic channel nelwolk,
constructed in 1793 (before 200 y€arc). In
hydrotechnical sense, it consisls of two gradual
basins (bjeft. Channel is nain, 80.9 knl in length,
with water miffor width 25-30 m, and 2.2 - 3.2 m
deep. Water supply is from Danube over pump
station in Bezdan, and in favourable hydrological
conditions also over Baja channel, which flows in at
Sz€b€s-Fok. Having in mind wasle ware6 and
concentrated pollution sources, this chann€l is one
of the most proteoted objects of Hydrosystem DTD,
which ensures satisfactory wat€r quality.
Chamel Baiki Peircvac - Karavukovo (Fis. yID
belongs to group of navigable channels of Basic
channel netwo* DTD. Among other puryose
tunctions, through this cha.nel one-way nnvigation
occurs (approx. 20 objects per year). This is one of
more recent sections, consrructed about 30 years
ago (1960-196s). Total length of channel is 52 km,
water rninor width is 40-50 tr\ with depth of 1.8 -
2.5 m. Water supply is fiom channel B€dej -
Bogojevo at Bogojevq or from Danube at Bezdan
(through channel Odzaci - Sombor). At this s€ctjon
there is no impotant pollution source, which
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Iis, L Th€ Basic chrtrrel nclrvork of Hydroststeh Drtrubo ,
Ti,/r - D0rube Nu'ri.'> Ic rrrkns dv.sligrk I cl':.trn.h:
I. v.\i! - Bc/d0r: Il - Brc!i Pc'rov0c - Ka'awLor!, Itt

ensures good wat€r quality
Channel Jegridka (Fig. l/lll) used ro be natufnl

wnter flow and recipienl for drainage fi.orr southe j
Backa region. By regulatory und€ftake, rnostly done
until 1960, JegLilkn is todny nostly regl ared,
multipurpos€ wat€r flow with conductory water
regime. Sp€cificity oflhis ohannel are hydrotechni-
cal and hydlomorphological characteristics, oD the
basrs of anificial and natcral specrficarions of river
bed. Jegicka wat€r flow is divided into ih,.ee
gradual basins, with sp€cific water regime. Upper
basin (from Despotovo to Zmajevo) is totally
regulated, lower basin (rear Zabalj) is narural
depfession transformed into fish pond, and middle
basin is partly regulated, and partly consists of
natural depr€ssion with non-regulated riverbed. The
loral  lengrh of Jegr:eka is oS km. waler m. or
widtb and depth are differcnt in every basin. Waste
waters used to flow in Jegriaka fiorn hemp
p.ocessing plart in Zmajevo, which caused
worseninS of water quality and desttuction of life
forms. After closing ofthis plant (in 1982)r aquatjc
l i fe beg,n lo resrore and 'nomal ize".  fol lo$ing
increase of water qualily.

In investjgated sections of Hy&osystem DTD,
qalerqudl i r)  isconriruo,rsb conrro..ed b) plysical .
chemicJl  and biologrcr l  ana.y-es. According ro
values of most important parameteN, waters ftom
all three channels are within Iinits for II warcr
ciass. According to fesults of biological analyzes,
these are waters with b€tha-mesosaprobic features.
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R€sults and discussion

By investigations of macrophyte water
vegetation in sectlons of the Basic channel network
of Hydrosysien DTD (channels Vtuas-Bezdan,
Baaki Perrovac-Karavukovo and Jeg dka), ditrerent
ecological groups of aquatic plants were
detemined, anong w|ich some are to be
enphlsized becruse of s igl  dcirnr quinl i rat ive

From conparrtive review of floristic structure
and covering values of individual plant specles
(Table 1 ), ii could be se€n thai therc are ditrerences

between sections investigated. Channel Vrbas-
Bezdan is the richest in floristic sense, and also
most interesting. Total of40 species of aquatic and
energed plants was found.

Anong submerged plants which are not rooted,
in all channel sections most abundant was
Ce,atoplD'llon derte,suDr (1- 7678; II - 1559i lll -
3075), which occurc in central, deepest parts of
channels. Due ro dense poputation, easy
rnukiplication, dispersion, and impodant organic
producr 01, llis species represenrs a serious
problen in nost ofchannels of Hydrosystem DTD.
From other species in this group of life forms,

Tdrtc 1, CorcringlalLrc of hydrophytcs i,r Hydrosystcn DnNbe-Tiszr-Danubc scclio.s

s

a

!)

e
E
t)

NON- cloa tophrlh,n dzn.isr,1 L-
caata?Lrlhur srbnlast t ..

t  559

ROOl'ED

t4t i.?h)thh sti.akn t".

,4.,urcrls 4irft drA Siblh.

Paknrcg.tt,' tctn li a, 6 1,.

ttl apblhn IctltctlLtlrh 1".

Rd" rr.rhts tichaD hrlar Clt!\,

253s
22(O
t392
t062
932

525
225

5

2 t  0 0

32

L

T
I

NON-
ROOTDD

sti a.letl ],a\D hiar (L ) scttt.
H)ti o.hn,^ nta'rt8nlDtac L,

2 | A
tJ92

525.J

1985
9 \ 5
353

2153
tI97

l?5
50

50

NON-
ROOTDD

P a td h o A. r o n.l h ti td I s N.tlt.
l'a hn oqet or gtfl ti|etd L.
Pabtso"o d tttibittt L.

8 1 2 5

5
5

459

353

32

50

2155

M
D

E
D

ol cc,i, ,,dn,ia (Ha't'!) Holbbc.
Ph tutlntite t conr his 1iii,

sp. rAd n i u mm osttt llrds.

/-..,i o,-J!,r/6 (L.) srv.
Rumc\ h)\4 olapdhun l:ftas.

ueleocd)it pnh&is (L.) R ,tt.

oen.rthe aqnti.a \L.) Pan.
Balos.hoe 6 rnilin"d (L.) P!1.

5912
5275
1925
l l 1 6

TISCIA 28 2 1



Cerutophllhm denetunt and camivofous
Ut'ic(laria wlAais were present, but with
signif icdnrly less core"irg values Species
Uhiculaia wlsdir is prese.t in channel Jegricka
only, being diffefenrial in comp:rrison to other two
investigaled sections of channel.

Submerged and rooled macrophytes are more
numerous. High quantitntive panicipation is of
species MytiaphylhDr spi.arrlr, (I , 8928; II , 885i
III - 610) and tdlisnetia spi,alis (l- 2200; I1 -
2100) in first two chanDels only. Most of otirer
species from this group are differcnti.l in

.nparison to orher in\eslrgated chrrnels species
1. .i Ee rs Pokti'togetou (P..tispus, P. tuc.ns, P.
ptttlltt) RrrurcrhB .iftiaat s. Naitt t,t.!ti r.
ZtniehcIi0 paItlsn is etc.

Floating non rooted hydrophytes are nosrly
presented by sm l floating flow€ring plflnts, flom
w)1ich Sprodela polrrhiza is mosr fiequent, and
with consid€rable coveriDg value (I  -  2l l0;  I I  -
l98s; III - 175). In ohannel Backi P€trcvac -
Karavukovo higher pfliioipation is of specres
Let, n gibba 0I ' 2ls3). waler fenr, salrn?ia
,,atdrs is abundantly present in channel Vrbas -
Bezdrn rl - 5250). ̂ t1d Azolla carclitttuht in
chnnnel Baaki Petrovac - Kamvukovo (II - 1970).

From group of floating rooted planls, by
quantitative participation arc en\phasized Ttupa
natans (t - 6607; ll - 459; III - s0) and Nltlphuca
albu (I - 233s1 III - 2ls5). At c€irin spots,
Nrmphoidcs Jla|a and Nxphor hteut Ne vastly
present, especially in channel V$as - Bezdan.
Thes€ plants, with nunrerous sp€cimers arrd larg€
floating leaves, someplace are covering large
sudaces of waler milTof. It is inportrDt to
emphasize thar waier lilies are not present at all ill
channel Ba6ki Petrovrc - Karavukovo, and in
chmn€l Jegridka only populrtions of wltite water'
lily (Ntntphaea alba\ xe $esen|

From other floating rooted hydrophytes,
Pota,togetott g,anitleks, Pota,tpEeton I ita s,
Poltgonut at phibiun and Sh.utiotes alaida arc
occuning, mostly wilh insignificant covering value
(tu channels Vrbas - Bezdan and Balki Perrcvac ,
Karavukovo).

More consideration, lrom nature protection
point of view, deserves Sr,ztiotcr alaides, beitlg ftre
and protected speciey in Vojvodina area. To thrs
category also are betonging Nynphaea alba,
Mphaf l teunt aad N)a,phoides .flava.

Among hjgh emerged nacrophytes that nanow
corst band consisls from, highest particip.ltion is of
Ph,agt ites coDnunis (I - 5275; II - 103; III - 975),
Ttpha a"grctihlid (I - 1925; II - 367; III , 625) and
Glyce'id rn\b"a (I - 5972; ll - 367). Dense
28

population of these plants are not allowing
numerous developm€nt of other species. therefore
they are present with Lower covering values.

Ditrerences in floristic structure and
quaditntive presence ofcertain life fonns ofaquatic
plants in invesiigated sections of Hydrosyslen
Danube - Tisza - Danube afe resulting fiom
differ€nt age ofchamrels (30 to 200 yearc), different
physico-chemical conditions of water envircnment,
purpose tunctions of channels, level of pouuiron
and application of different prctection neasures.
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THE EFFECT OF SOME ENVIRONMENTAL FACTORS ON
PROTOZOA POPULATIONS OF THE RIVER DANUBE

J.N. Nosek and M.Cs. Bereczkv

Nosek, .LN. d Bercczly, M.Cs. 11994): The etect of sone cnti'olDtental f.tcto,s on Prctozaa
papuktions oJ the Ri|er Dan$L - Tisci0 28,29-36.

Al,strrct. The simultaneous effeci of nine environnental factors (watef disoharge' water
te pentlrrc. dissolved oxygen content, annonium content, pH, chenical oxvgen demand (bv
KM|rO{). lornl dissolved solids, Coliform ard psychrophyi bacterial counts) were investigated on
rhe popuh' iol  s /e of l0 pl i fk lonic Prorozof l  species
Dat; series of fouf yenrs with differcnt hydrological regimes w€re evaluated bv correlation and
path analyses.
Regardirg !h€ direct effects higher lhan 5%, 57% ofthe sP€oies wete influneced by ammoniunl
content, 40% by pH, 33% by dissolved oxygen conient, by ch€nicnl oxvgen d€m^nd and bv toial
dissolved solids €ach, 27'Zo by Colifom, 23% by PsychLophylic bncterial count, 1'7yo by rtatet
dischflrge a d 7% by wat€r t€mpernture

Ke), \otds: pta,tktonic Ptotozoa PoP latio$, ftnuitg trdeL Path'a alvsis, ctlt'iton Entol

JAcbts, Rn,o Danlbc.

J.N Nosek, M.cs. Befeczky, Hung0rian Danub€ Research station ofthe Hungarian Academy of
Sciences, InstitLrle of Ecology and Botflny of lhe H.A S. H-2131 C6d, Jivorka S str. 14..
Hunqara,

Introductlon

One of dre classic and even tod0y uost
inportant fields in ecology is the investigation of
the effects of va olrs biotic and abiotic
ervironmental factors on the livi0g organisnls.

For tle classic and evergreen natul€ of this
topic, even a concise and selecliv€ sur"irey of the
refefences is impossibile. The majority of the
sludies, however deals witlr lhe effect of one, or a
few factors. Pape,s dealing with the joint effects of
sevenl faclofs ther€ are in much smaller number
(e.9. Nosek and Bereczky, 1981;Prat l  et  nl . ,  1987;
Reed, 1978; SamueLs ei al., 1979; Say and Whitlon,
1983; Stew t  €t  a1.,  1986; Wehr and Whil ion,
1983; etc.)

There are basically two possibilities for the
investigation of the €ffects of various envircnnental
factors: labolatory experiments and/or field studies.
Under lnboratory conditions the range of a factor
can be adjusted. and the experimenl can be

reproduced several limes. The factors however are
not independenl from each othef, so the effects of
their conbinations may not be neglected, The
adjusting of the faclofs and their coftbinations can
be solved rchtively simply only for a few ones, rnd
ihe interpretation of the results may be difticult for
naiural conditions.

In the case of fi€ld studies the ranges of erch
factor and their combinations are determin€d by
nature. The effect of a single faotor itself is hardly
to be detelmined (apart from very exteme
biotopes). The responses of living organisms reflect
the effect of nll relevant factors. There are
diffLculti€s in the separation of the effeots and the
determination of their relative importance. The use
of the path analysis may, however, overcome these
difficulties (Anders, 1986; Le€, 1955; Le Roy,
1956).

This paper describes the cornplex eff€ct of
cetain envionmental factors on ihe size of some
fi€e living Protozoa populations ofRiver Danube.
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Methods

The sampling site is in the nair channel ofthe
Danube at Cdd, about twenry kilometers above
Budapest, a1 river krn. mark 1669. The Danube is
here of midland character,.wilh a nean annual
warer  d ischa.ge of  2200 m's 

' .  
The subsrrr le  type is

riv€r ballast.
Samples bave been taken for more than two

decades from this site with weekly frequency,
filtering 100 I water through a plankton net of l0
pm mesh size at each occasion. Samples have been
lnalysed partly living and partly fixed by th€
| "rgol mellod modified by Wilbet (1974) as
weU as by Bereczkyts staining method (Bere€zky,
r98s).

As in nrnnirg wrle$ t le warer disch:rrge is
regard€d lo be the most importan! abiolic
envircnmental faclor, for detailed analysis fron the
long-term datn series data offour years (1981, 1985,
1986 and 1987) were select€d so, that the mnge of
water discharge values be the widest possibile. The
total number ol sanples analysed was I40. Nine
environmental facto$ \'r'erc selecied to refleci the
natural conditions and the anthropogenic effecls,
too. Th€ factoN and lheir extr€me vrlues are listed
in Table L

Dissolved oxygen content was determined by
Winklels method, the ammonium content by the
Nessler's melhod and the chernical oxygen demand
by acid potassium permrnganate (KMnOJ. Total
dissolved solids m€ans the evaporation residu€ of
the filtered water. Bact€lial counls were determined
after incubation nt 20 'C and 37 "C by oounting lhe
colonies developed.

Chernical data oriSinate from the chemical
laboratory of the Danube Research Station. The
bacteriological aralyses wer.e canied out in tbe
Institute for Public Health and Epideniology of the
Cily ofBudapest.

Ofthe more rhrn 500 Prolozoa species occuring
in the planklon of ILe Danube. species ha\ ing

Tablc l- valneE oftlE dvironncntal para'nctcF

relative ftequency of 10% or nore were jncluded in
ibe stDdy (Table 2.).

The effect ofthe factors studied was evaluated
by path analysis. Tlre path analysis lakes the factors
sj'nultaneously into consideration. It is also
possibile to separate ihe effecrs of the single factors,
to determine their relalive inportance, to make
disr inct ion berweei rhe direcr 1rd rndirect ef fecrs as
well as to ass€ss the sum of eff€cts of oiher faclors
not investigated (this is th€ so called errorpath).

To make the results conparable, species were
investigaled one by one, using ihe sane path
diagram (Fis. 1) The nine envjronnental
parameterc repres€nt the independent variables and
the number of individuals (the population size) of
ihe given species the d€pendent one. The
correlr l ion berweer vaf i ib les was esrrnrred by
Bravais conelation coefficient. Conelation between
two independent vafiables was accepted in the
diagranr only if the sign of the corelation
coefficient computed for the sll€l€ years each and
for the pooled data was the same, and its vahe was
higher thafl 0.2 for the pool€d data.

A bidireotionrl connection wns aocepted if a
mulual influenc€ could be supposed belwe€n two
variables. This fact is represeDted iD the diagram by
dolted lines, and dre deSree of the cofelation was
estinated by the conelation coefficient. If only a
"one way" effect Grnidirectioflal connection) could
be aocept€d, an nDow with one head, pointing to the
dif€ction ofth€ effect was set in the diagmfi aDd
the degree ofcorelation was estimated by the valu€
of an intemal path coefficient. E.g. in the case of
water discharge - tolnl drssolved solids. chAnges In
water discharge mny affect the amount of total
dissolved solids, but a vic€-v€rsA effect is
unirnagimble. From each jrdependent vadable a
direct palh was ordered to lh€ depend€nt one. In the
diagrah the thick, short arrcws represent dlese
direcl €ffects oilh€ separaie independent varjabl€s.
(To avoid tbe confusion th€y have not been drawn
to the Y variable.) The jndir€ct effect of one facror

ammoniun conldr I ns l l NH 2.64
ofunicaloxiser contcbllbzI OD 1.20 17.30
di$olvcd oriE€n denahd I n! I DO 6.59 10.36
nunbcrorcoli rom baclen! linJ nl ') CB 222.40
numbe.ofrsychroD[il bact€'ia al0 ind nl PB 10.00

PH 7.24
rolal dilsolvcd solidsrms l l TS 322_40
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Table 2. Relative freqlcky valucs and indicaioLclaircrcrofrk specieg

Cuchenwn polp I nt tL\tr\1"t4,t15A1.
Co.lone a .mbr. (Lcile -la7 7 \
C.lepr rn!0 (O.F.Mncllcr.l?361 COIII
Calers hnr6 \* laqtshi t I FdrG-Ir.nrr.l924l 22.9
Coltidiun canb lht (Stukcs la36\ 2t .4
Co |Dklhn cal Doda ( l.,osnna.la29 l
E d,r,& ,'."f /,r GnrcntcP.l33I !PPL I5 .?
Lpn n ^rilotnisPefi
C/ar.orkr r.idr,J Ehr€nbcrs.l330 22.9
PtaDai In cardahm El'rcabcrLla I l
Pa ouaiun puttihtn Clfirrcdc & Lachnann.l 359
Pltat.al.do" \ o,nello stcin.tsst
P/r/a/,, tr .r fhrelbere.l3l-1 fRl rl 2 t 6
Pt. ndo\ oh ccla h dt zuti htrt ( E totr.nrc). 1 A1 6\
staw aphne .letars Zacn^a9,la9J
Stet|o| pottuqphta (O.F.\fuclle\l1 1 3 STPO 55.0
S/.*eria r c,ralA wdtri.l,.l929 SKVE
ShU li.litul cotkla^tu (Ft.tr.rrtl.tsi 6\ 7,9
Sh.nbi.lith fi i.le St it\.|A67 sBvl 2 1 4
Iinnrni.litrn lh driL (Slcir-l86,) ' [L
T,i I h i 2u o s t on a.u. n h n I B ( O,r,Mwl1at, | 7 86\ I t{cu 21.1
U/"rtrrd,{a?th ClaFUod€ & LacIniN.l859 URT^ 32.9
t'a 4i a ll i cortuar tln E n rcr6crc.t 3t I
l'o,ricela .on\ allo tu (Lit\n^qs.t1 53]J J7 . l

volN 52,9
lto t ti. c I h n irr| ! o m a E\t cnb. a. I a 30 VOMI
t .rti.ell ltliton o,t ,Mull.t.t77 J VONE
Pb trlc" ll a i hilb Stokcs.l aS7
2b ottdD,i tat n'nri tttn StiLlcl z<tlltl
Znon dqnit n \ a,idn s stillet

(ob-o l i8o-b . t r 'n .$ - ,b -bc l .h .5o- jbn-bo t r - r l f i ' ncao- , r - i l f . - ,p - lo lys ip rob i& l i c . io rspcc ic r , . -spcc ioswi t l ' ou t ihd ica lo r

nrears lh€ effecl of dre faclor caused by the
modificxuon of one of rnore srorher flctor. E.g
chenrical oxygen denand mny rffect the population
sjze of a species dir€ct and by nodirying the
ammonium content, or tfie dissolved oxygen
oont€nt, €tc., too (cf Fig. 1).

R€sults

The ervironmental factors investigated were
generally independent from each other, a moderate
(0.4 < r < 0.7) or slrong (0.7 < r < 0.9) coretatron
could be eslabllshed only in a few cases (Table 3).
The conelation belween the dissolved oxyg€r
con'er and pH $is x rerdy regisrered in t \e mri .1
channel (Nosek and Bereczky, l98l), but its value
was ihen much lowef.

Between the number of individuals of rhe
specres and the separat€ environmental factors
moderate positive and/or regative co[elation was
fourd only in the case of eight sp€cies (rp6O,/,r
pticatilis-w^tet rempeftr]|]e, F0.427a; Epist)lis

TISC]A )8

tis. l. 1he path diasrrm lpplicd lo tlE sp*i$. llin solid lincs
.ep.eseft the inner rarl$. rhorr rhick solid lincs thc dircck
paths to the dcFndcnt laia$le and doft€d Ibcs rl*
i,idnccdotral con.coiions. p" is th. ercrpath.

plrcartlir-ammonium contenl, r=0.571**; 4pdtl/r
plicatilis-pH, r=0.452*; Uronicha farcta-
amnoniun contenq r:-0 .632+** ; Uotricha farcta-
chemical oxysen demand, F0 s21***, Glalaoma
s.ntillans-watet remperanle, F0.462*+ ; Parune-

t  
' . ,  

.

.,,! ,

3 1



cilot' pllr'itlutl-water temperature, r='0.434**;
St,obilidiwn caudaho -\rater djscharge, r=0.636*i
Yo icella t,ti.rostorla'^mma itm conient,
t:0.659***: Yaiicela rrrcr?srorra-number of
psychrophil bacteria, r:0.6O9a**, l/orticel la sitrilir-
chernical oxygen demand, r:0 6?8*t*
Zoothantniu,t n,nrrr-ammonium cont€nt,
t=0.647***; Zootha mit, !/'zxr-lotal dissolved
solids, r=0.491***, where +:p<0.05, **A<0.01

and ***=p<0.00t).

Ta6lc 3. Thc vducs oflnc corehiion cocftcienls bcl*cu! u,c
€.vnonn.nral aclors

NH
'ts

125 -.2.t9
- .415 -_61 .373 -.242

NII .135
DO 3t - .15 !

_20: t4(
TS .003 .23,
PIi -,091
la ,.11

Icdlical villc! for coiiclition cocflicici$ (.=lao):
P0-05 = 0.16?,p0.01 = 0.21? l

The numerical resuhs of the path anrlyses are
summarized in Tables 4., 5., 6. and 7.
(Environmental factors and species are present€d by
their codes in the tables). The negative sign of a
direct, or indirect path coefficient means, drai the
factor influences the valiance of the dependent
variable (the population size of species) inversely,
thal is by increasing value of the factol the
population size decreases. The value ofR'(rnultiple
determiration coefricient) shows the propoltion of
the varinnc€ ofihe dependent variable attributed io
the independent yariables (aU dir€ct and indirect
effects). Srnce p.' equals l-R', the last colurnn in
Table 5. reflects the effect ofall unkrown factors.

Most of tlie environnienlal factors (8) produced
a dhect effect on Uohicha farcta. Non€ of them
affected directly the species t otticella ca"tpatl la
and Tiittiilnidiu flNktile. Five species were
aff€cted by only one factor (Coleps hi'rus,
Colpidiat ca'"pyh,r, Epist),lis pytihuis,
Yortice a a,aaritata and t/otticella netulif.n).
Two factors were effectjve on seven species (CaLpr
hitus vaL lacllrtris, Paranecint caMahm,
Ph6coladon w icella, Protodo ter.s,
Sho buhtm yitide, Stauophrya elega s ^ d
Vo,ricelta hrcisa). Th€ other species were affected

by three or four facrors.
Anons the 29 species (rhe path nnalysis lailed

h the case af t ortice a Dicro!/o,Lr, coisidering
direct effects as high as and higher than 5% (Table
6 ).  $r ler lernperl ,ure \ id rr  eFtec or lwospecies.
iraier discharge on five species, psychfophylic
bacterial count on seven species, Colifomr bactelal
count on eighl species, dissolved oxygen content.
chemical oxigen denand and total dissolved solids
on ten species, pH on twelve specjes and

Table 5. contains the sum of indirect efects,
roo. Vosr ol lhe indirecr effecrs were 1so s nr",  o '
them generally those cornbinations reached higheL
values, where the corresponding direct effects were
also grealer. Regarding the two-step indirect effects
(xr-+xj+Y, irj) gr€ater rhan 5%, in the majo ty of
them one nenber of the conrbiration were
ammonium content, or totAl dissolved solids, or
ohemical oxyg€n demaDd or pH. Speci€s in g€[elal
were negatively affecled by the indirect effects.
Table 7. contai s the nunrber ofspecies affected by
two"step indir€ct eflects grcater thall 5%. (Three-
step indirecl effects e.g. the
WT+PH-+DO-+Y, or WD-+OD+TS-+Y path "
were al l  below 0.01%).

Dlscussl0n

The effect of environmental factor on the
organisms may be inv€stigated and/or evAluated by
diffefent mrnrer. On€ of the possibilities is the
investigation of the ecological valence, revealing
whether the nnge of occurenc€ or the frequency
distribution (whithio ihis range) ofn species along a
single facror. such inv€sligalion lnay be ca ied out
under laboratory conditions (e.9. Bick, 1968) oL
bas€d on field obs€rvations (e.9. Ber€czky and
Nosek, 1993). Another possibility is the application
of path analysis, demostlated in this paper.

Although the aim of these approaches is th€
same, their results cannot be compared direcdy, oi
€xplained nutual, becuse of th€ differences in tbeir
theoreticnl foundntions. In the case ofan ecological
vnlence study the question is 10 establish the
ecological demand of a species that is the extreme
values ofthe factor ' lower (tJ and upper (l) - are
1o be found whilhin those the species occurs (cf.
Fig.2).
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Table 4 Perceolacevalnes of the dncd paln cocrncicnt fu,"i,Y)

NH TS PII PB CB
2J. t1

4.22
COHI t\2_56 t4.23

G)10.91 4.26 2.36
1.56 1 7 3 (  )1 .47

( ) o 2 6
EPPL G)5t .?2 1 5 . i 5 )1 .27

(  )0 .12 n.60 t-to.53
GLSC 22.45 2.33 l_61

)0 .24 3_t2 t3.56
)4  53 t \t2.02 a )19.55 , )1 .5 t

.1.36 l )1 . t3
PRTD , t5 . r3

11.25
SBVI 4 .12 0.25 t - )2.1t

0.9.1 4.24 t .74
SPTL 3.2J l-)lr.l, clo. r2
SRCA )t.22 t).75

0..r I GD ] ' I 2.42 l l . 3 t 11.90
TIII )0 .2 .1 ()2,41) l . 5 l l , ( l )  0 .10

t 2 . t o
)10 ,62 1x.01 t_62 3.34

- )  4 .13 -)1.8s - )0 i0 2 , t 3
4,23 o.o2

{-)0.:15 8.34 25,01
VOMI )0.13 L l 0 217.31 22.10
VONE 1.80 0.20 t . t5 t-t0,98 G ] O I I LAg

) t6 ,26 5.42 2,42
Z,OMT r.55 5.15 t2 .2t | ,51
zov,\ ( \36 . t7 5.76 c)3,57
IND?6 )1.50 -)0,10
IND37 (-)0.58 2.24 5,58 .0, Gl0.0l

(Pddnoles.hd spdios coruspondiDs lo llrc codor rrc lisi€r i'r T{blcs I ard 2- INDT6 r IND8T rctroscDl thc rcslk oflhc.n{lyxcr
crtricd ont or lhe tot.l nt lcrofir ividtrls ot([c prcvio!s.trl proscht dudy. N.gnlivc sign nr pucnllrsis iDdicrlcs a n.8.tir€ c'f€ct
of thc fdclor ir onestion.)-"1,/\ " ' l ,/\ ' , ' l ' 'Lni

t - t -  2 . . . .

b c

Iis.2. Thc r.laliondliip bel\een e.olocicallalcnc. and prtl, analysis. (Explination sft in thc tdl )
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The patb analysis relies on the behaviour ofthe
variances, that is on the relation belu'een the
\ ar iances of en\ i 'onnenri l  tuctors and l \e \  r  i r rce
of rhe popu i l ion si /e of i  spec es. Ihe quesr.on s
io wh.r etenr rhe size of the popul iol 's

influenced by the different factors.
Tl 'e rnr lysis or ecologicl l  v i lerces is i  r . i i -

variate method, the faclors are considered one by
one, independent from each other; even if they are
numerous. Path analysis whereas is essentially a
multivariate method, revealing the relalive
imponance not only the factors incorporaled in ilre
system, but also the lotal significance ofthe factors

' considered (the eLror pflth).
^egarding only one fictor the relation of these

appronches is the followirg.
If the range of the lnctor vnlues overlaps with

tbe middle pnrt of the occurenc€ inteNal of the
species, or involves the total inteNal, no effect can
be detected. because factor \alues botl. Increasrng
and decreasing the population size ar€ pr€sent. The
population size apperc to be independent of ihe
ohanges of lfie faclor. The value of the pnlfi
coel{icient will be v€ry low or rerc (Fig. 2a).

Ifthe rnnge ofthe factor coincides only wilh the
lower or upper peius rrea Guboptimal mnge) ofthe
species, negative or positive effect can be
established (Fig. 2b). The parh coefficient will be
negative or positive and of differcnt, but not
negligable value.

Finally, if tho rAnge of the factor js about or
exceeds the lower or upper pessimurn value of the
populatioD, species will be abs€nt, or preserit only iD
small and fluctuating degrce (Fig. 2c). The value of
the path coefficient will be very low or zero (as in
case 2a), nevertheless th€re is an effect, since below
(or beyond) a given valu€ (lh€ ir€shold value) ofth€
lactor the specres does not occur. Thrs effeci is.
howev€r, a tfeshold effect. With other \rords the
treshold effect is a digital sign, while the effect
reflected in the path coefficient is an analog sign.

The mnk order of the factors, their relative
imponance. rhe deglee of tleir effects m:ry be
detr. led for species to species. rhe sepJrxre.pecies
nlay be compared to one another, but ihese
conclusions are involved in the tables (Tabl€s 4. lltld
5.), so a textual repetilions seems 10 be rednndant.
Therefore instead of this enumeralion. we il, to
d(aw sone generalized conclusions.

Dividing all species into two groups, of which
the one (A) conrains the olisosaprobic, oliso-beta
mesosaprobic ard bera meqosiprobic spec;es.
indicating a better water qLralily, and the olher (B)
contains the beta-alpha nesosaprobic, the alpha
nesos.prob c ond polysaprob.c ones. ndrcdr rg i

worse water quality, we can establish the followings
on lhe basis of direct paih coefficients hieher than
1%.

Tabl€ 5. Pe.ccntasc valu€s of the dn€cl lotal, i,rdir€cl lolal, l(tr and
cn rrathcoefilcicnts

-22.33 33.21
J3.53

COIII 2.51
l3 :23

23.31 -6 .31 22.O1
- ) t .J1

EPPL ?3.13 2 t . 2 1
84.2r

GLSC t2.26 51.30
33.63
50.4t

J7,.rl 1 4 . 1 5 23_2ta '16_12

PRTD 13.01 -3 ,9J 85.92
20.0J

sBvl 29,91 55.52
SKVB t6.56
SPIL

85.S '
J7 , lO

TIIiL -2,1!5 93.011't RctJ
URTA -1,81 2J .97

8, t l 2205 77,r5
3t .80 33.73 6t .22

VOIN 45,10 -  t 3 . 9 1 3 L l t
VOMI -198,39 t66,11

l ,8 l 88.1t
vosl
70Ml t12 .22 88,7 t 1 1 . 2 ,

INDT(1 2,34 39.10
IND37 15,12 -3.24 l l . 1 l 5 3 8  l t
(Sp.&i coiiqohdiig to drc codor rro lisbd ib T0blc 2,IND76
nnd INDS? kpresehl thc ro$rlls ofl[0 mrlyscs crnicd oul on thc
lotd runbq of i.dividuik orthe treions ahd !r.khl ltody.)

Ammoniun content has a negative effect on all
species of group A. Dissolved oxygen conten!
influences positively the population size of the
species in group A and negalively fte majority of
th€ speci€s h group B. Chemical oxygen dernand
and the population size of species in group A are
inv€rsely {elated. Total dissolved solids affect
positively the number ofindividuals ofall specres rn
gloup B.

ln the case of most species the chang€ in rh€
size of their populntion were not or hardly
delemrined by the factors investigated (cf enor
palb values). Thal is the impodant facton arc not
abiotic (physical and chenical), but biotic ones,
such rs competi t ron. preddrior.  n .T.r l  impacrs. erc.

Anong th€ factors studled, watef temperature
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0nd wrter dischi-ge affecled the fewesr of species
In running waler in continertal climate th,s
statement miglrt seem a paradox, since seasonal
fluctuations in temperature ard the flow would be
the most impodant abiotic factoLs. We shouid ke€p
in mind, however, thar rhe species investigated are
ihe dominant ones of rhe Danube. Species with a
wide range of temperature-tol€rance are present
during fast the whole yeaf - if other conditions are
suitable -, and species with a narower tolarance-
range lre present during son1e seasons. In the period
of rheir occurenc€, howev€r the effect of
temperature cannol be important, since as doninant
species. ' l 'ey rrusr tolerale the chrnges in

Investigatilg the eff€ct of flow, a very
important question is the body size of the
organisms. The unicellulars are very small
compared to the size of loops produced by the
turbuled now occuing in nmning waters.
Therefor€ these loops cannot cling to these
oganisns and damage them mechanicatly. They
pass wilh the water body, performing revolvrng
motion along the turbulent flows. The effect of
waler discharge in the case of some species can be
explained first ofall by the direct mechanical effect
of rhe suspend inorganic panicles (e.9. Cd,rr6ja,,
polpr M\, o|xith the drift above a certain water
level froft rhe side arms.

Trhlc 6. Dirc.r.flccl\ srciicr rl'rtr sql.

N I I DO ot) TS IB cll
I

3
2

COIII

cPco 3
ETTI . 2 2
EPIY
ctsc

J

PR'IE

sBvt
SKVE 2
SPEL 2

2 2
2

IlrL
rRCU

2
zoMl I

2 2
5

2 3

l 1 l 0 12 3

(Prra'nclcs ind spccics coflespondirg lo the codes are listcb in rall€s I a 2 N€gatiit sisn indicar.t a n.sative, positivc ciC! a
Dositive €lTect ofthc facror i. drdstion.)
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NI' PH
EI I

E
5 EI

DO E
E

TS 2 E
PH E
PB E
CB 2 Ia

Tabl€ ? N!,n!cr ol species af€cied by nrdirecl €ilels eEalcr

(PanDclcs corEsrondihs to thccodcs rre lisrcn in Table L Upl]er
'r!:l!t s.minal.ir contanN tlE .unbc. ol positively orected
sr 

' r, ldvu Ln ons coniains tlcnudbciofncsntivcly afccrcd
speci€s, schting thc nnmbd olpo,itivoly ollet.d s!.cics = row
by cohrn, ncgativcl, afcctcd sp.ci€s - olumn by row. rirst
link oltte prtl is thc iDilial rrclor. scond is tI. nodincd. E.g.
elfcct of walcr discharyc via totd dissolvcd solids; posilivcly
affcct€d spc.ics - intcrcert of wD row and TS coluDn = 5,
ncgaiivcly affcctcd {eci.s - intcrcop! of WD €olunn Md TS ow

Regafding the other factors, it cannot be said,
howev€r, that the nnges of their fluctuations
conespond to lhe natuml oonditions devoid of
anthropogenic effeots. The human effects,
especially the various pollutions have decreas€d
(e.9. dissolv€d oxygen content) or increased (€.9.
arumoniunr content, chenical oxigen demand, pH)
the range of the faclors. These chirnges also
€xtended over the lower or upper suboptimal range
of the dominant sp6cies adapled to the former
'natural' conditions, and oause appreciable changes
in the poFulation size.

In our former study (Nosek and Bereczky,
1981) the ef€cts of sone physicrl and chemical
factorc wer€ invesiigated on the total number of
planktonic Protozoa species. As the species
investigated in this study ore the doninant ones of
the plankton, forming at l€ast 90% of the total
individual number of all speci€s, so the rcsults

In the first study water tenperature showed th€
greatest effecq dissolved oxygen content, chemioal
oxygen demand and pH played a more subordinated
tole (4.9V., 3.5Vo, 0.3% and less than 0.1%
respeciively). In the pres€nt situation the relative
importance of chemical oxygen denand and
dissolved oxygen content is greater than that ofthe
water temp€rature (OD > DO > WT > PH).

The vrlues ofthe error path is the same in both
study. This indicates, that the total €ffect of the
abiotic factors did not increase, but their relative

This reaffangenent in the relative impotanc€
and the €ffect of amnorium content, pH and total
dissolved sotids on a considerable number of the
dominant species suggests that a gradual change has
been started in th€ Danube compared its earlier state
and this will involve the rearrangenent of the
species compositior of th.- protozoan faunr.
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ECOLOGICAL ASSESSMENT OF WATER QUALITY OF THE TISZA
BY PHYSICO. CHEMICAL AND BIOLOGICAL PARAMETERS

N. Djukii, S. Maletin, V. Pujin, A. Ivanc, K. Kojdii and B. Miljanovii

Di kit. N., Maleti'1,5., Ptiitl, Y., hanc. A., Kojtil, K. a Miud@rit, B. (t994): Ecolagical
.tssessmeft af wdtet q a lity oI the Tisn b, phrsico-chet,tical ahd biological pa,r,tete$. - Tisc ia
28.37-40.

Abstract. Investigations dudrg the period 1990-1992 showed disturbarce ofoxyg€n regnne wlth
evident minimurn in the summer to occur in the Rive. Tisza concurredly with a felatively high
content of nutrients, mineral niirogen particularly. zoocenological analysis aiso Pointed to
incfease in organio load. In plankton sanples and bottom fauna and fish, ihe species being
charactedstic of eurrophic e|vironment dominated. Therefore, a section ol the River Tisza
investigated is characiefized by a rapid process ofeutrophicatiot.

Kqarcrds: aryser resi e, nnnic t', zaopklnktan, bouot fatl.na, rsh, e haphicatiott

N. Djuki6, S. Maletin, V. Pujin, A. Ivonc, B. Miljanovii, Uriversity of Novl sad, Faculiy of
Scieno€s, lnstitule of Biolosy, 21000 Novi Snd, Yugoslavia, K. Kojdi6, RePublic weather
BLreau, Hydrological Station, 21000 Novi Sad, Yugoslavin

Introductlon

A longlem investigaiion of water quality of
lowef River Tisza pointed out vadations of vrlues
of physico-chemicnl and hydrobiologioal
parafieterc, in particulaf aft€r ihe dam was built, in
rhe \ icI l i r )  of  Novi Becej.  3nd srrearn r€servoir
formed ( Djukic and Starojevie, 1981, 1t83; Djuki6
and Ki l ibardn, l98si  Puj jn,  198s, 1989, 1992; Puj in
et al . ,  1984, 1990; Kojbic et al . ,  1989).
Consequently, the wlole body olwater olthe Tisza
in this section, in paticulaf i'r th€ period of its low
level is slow down. In pasl few years, oxygen
regime was found to be unbalanced evidenily as
well as the concenhation of some nutrients.
Therefore, tire ain1 of ihis paper was to evahrate
wrter qualily of the lower River Tisza and to
suggest ceftain protection measures on lbe basis of
most recent data obtained.

Methods

In the period 1990-1992. the samples for studies
of physico-chemical parameterc of w:rter and
hydrobionts s'er€ collected. The analysis incllrded
oxygen reelne. nutrients concentratioo, as well as
composition and dynamics of plankton and bottom

fauna connnunities by using standArd Amercan
methods. The ichthyofauna dala are based upon the
results of economic and spolt catch in the folm of

Results and dlscusdon

Anjr lysis of oxyden bxl0nce. orsrnic load. and
n tfient contetlt pointed to the two characieristic
periods as dependent on the hydrological and
climatic conditions. Sumtner and early autrmn 1ow
level of water, sedimentalion and changes of
oxygen regime due to streaft slow down were
observed. A consider$le orgmic load and nn
increased content of nutrients were the basic
characteristics oflhe Riv€r Tisza at all the profiles
under investigation. The ef€cts ofthe reduction of
organic load along the stream owing to the
deposition of organic malter vith the suspended
materials and nilrification were not so evident due
to influence and thq arangement of pollutants. In
the period 1984 - 1986, ar evident incLease in all
the mineral fonns of itlogen, in paticular
a nronia, was recorded (Kojai6 et al., 1989), while
the period ofstrgnntion followed after.

Niirate fonn (7.62+4.11 ]n,ell,t making up 60-
800; of Ioral  ni l ,ogen predorinlred. Anmola
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concentration (0.9940.85 mgll) pointed to a
periodically high pollution of the Tisza and during
sumrner it mrde up 2-6% total nitrogen, whereas in
winler even 30%. Nitrite content (0.24+0.27 n,gl)
did not exceed l0% total nitrogen.

Phosphate amount eq - 0.38+0.21 mgll: Tp -
0.22+0.12 mAlD *as fo'nd to be significant at the
section under consideration. Ratio of nitrogen to
phosphorus pointed out the limiting role of
phosphorus in eutrophication.

The changes in the oxygen regine (dissolved
oxygen - 7.49+2.95 mgll; oxygen saturation -
75.2+28.58%) with decrease in content of dissolved
oxygen were rnost frequently due to the strean slow
down. Relativ€ly small corcentrations and
satuation (rarely over 80%) showed seasonal
variations. Summer and early-autumn minimum
were expressively evident. At the end of August of
1992 fish killing at the upstream section nearby
Novi Knezevac as a r€suli of oxygen deficienoy was
recorded. Supenaturation phenomenon is not a
chamcleristic ofrhe'Iisza and ir rs r€corded duJing
short intenals, namely most fiequently at rhe end of
July and at the beginning ofAugust as the result of
phytoplanllon activiE/.

3 8

DurinS winier and in sunner chlorophyll
content was low, namely below 10 ms/m'. At the
end of MAy, bowever, at water temperature of 20'C, an incrcase in ils concenhation was fecorded,
Characleristic maximum values were observed in
the middle of lune and ar rhe end of July-begrn.1ing
of August. At luxuriant groi,th of plar*ton algae,
evident fluctuations in diumal-nocturnal oxygen
cycle were observed.

During thr€e-year inv€stigations the
phytoplankton community r€mained at small
species number. In spring and autumn
Baciilariophyta in particular the species of the
Een[s Stephanodkc s, Naric le, Nihschia,
l4sterionella, Melosira, tnd 3y edft prcdanj\ated.
In sunrmer. however. number of green algie. in
particular speci€s of genns Pediash.u l and
S.aredet',m.s increased. Cyanobacreria and
Pyrhophyta occurred occaslonally and w€re less
abundnnl as rvell as Euglenophyta.

In relation to qualitative composition, numb€r
of zooplai-kton species was decreased when
compared to previous resuits- ln the Rotatoria group
the speci€s of th€ ge:I,:us Brcchiotlxs and Keratella
domirated whiie Ciliata in Protozoa namely rhe
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specjes being the characteristic of water rich in
organic matt€r (Table l).

Quantitatively. water oftbe Tisza was evidently
poor jn zooplankton rnd ther€fore in 1992 only
Protozoa dorninated (Table 2).

Tabl€ 2 Qnanliririve conpositioD ol zooplankton (inn/ dnr) df
lorvq RiverThza oneo vrlnes)

species") had jndividual share over 20% whire rts
dominance was 60-70%.' lol . l  crch ar Yugos'rv secr.or of  rhe r iver
stream was mostly constant in the period under
consideration wlth values ranging fron1 100 to 111 t
per year (rable 3).

Table 3 [isl, catch analysis ot lorvcr Rivcr Tisza in kB (wl,olc

t992

The Oligochaeta species dominated in bottom
fauna of littoral zone of the riv€r. The specific
physico-chemical conditions of the river reduced
specres number rn 1992 Qurlhrt ively.  only srx
species of the four genera rnd th€ fnmily
Tubificidae - Lii ladtilus hoJfueineti, L.
claparcdeam$, L. detunia lll, R4nchilta
sowetbyi, Pota,,rcthi?i hatlno icttsis ard
Psanatlctides ba$ahts were found. The species of
tlrc gen]us Linnod hts being a characterislic of slill
and eunophrc wxlers evrdent ly do.]  l l ' i red Thrs is in
close conneclion with oxygen feductior and
increose in nutrients.

The qlnntitative analysis of boiton fauna
showed variations of numbers of the Oligochaeata
individuAls in two decsdes with an evidenl increase
in l99l wh€n average anDual numbef was 1,435
ind/fl' (Djukic ard Kilibardn, 1985i Djukic et al.
1993). In 1992, however, rdean annual number of
Oligochaela decreased significantly and it was even
six tihes as iow m nunbers in previoLrs year (227
rnd/m") Drast ic reduct ion of indrvrd,r i l  ind specres
numbers respectively of Oligochaeta was probably
due Io the rnf luence of unfrvorable physico-
chemical and hydrobiological pammeteN tlpon
sediment co|currently affecting the disturbarce of
the biological balance.

lnvestigation of fish commudty has been aim€d
to different habitats aDd nrvolves species b€ing the
indicatorc of water quality (with the exc€ption of
Acipenset ruthetud). Ttend of total calch ar fisling
seclors ofthe Tisza I ( Hungarian - Yugoslav border
- dike nearby Novj Becej) and the Tlsza Il (dike
nearby Novi Becej - river mouth) was analyzed.
The share of chrrac'er is l ic species rnhabir i . rg r iver
bed (A. t.uthans), Iittoral zone (stizostedio
t'tciope'co), a$ fload zone (tror nicn6) were also
shrdied. Particular aftention was paid to the
paficipation of Carcssiw awzr6 which in total
catch of noncommercial sp€cies ("other fish

T]SCIA 28

when lhe pad of individual species in total
catch was analyzed, however, drastic decrease in,4.
ntthem$ ^s well as the indicator speoies S.
l cioperca (S = 1.s0) and E. /'r.i'a (S = 1.75) was
recorded. At dre same tine, the padcipalion of c
ari'?rds (S = 2 s0) was unchans€d and remained at
A remarkable level te di g to increase slowly.

Trblc4, fi![ dilch MllysisofThzi I s.tor (ii kg)

Addirional annlysis of carch by sectors showed
c€rain differ€nces betw€en lhe fishing areas Total
catch in the Tisza I maintained similar annual
values, but in the anounts ofcaughl,r. ,lrlrsnrlr, g
lxcioperca and E. lucittt (\^ble 4) were evidelltly
reduced. Trend of reduotion of crtch of the
investigated species in the Tisza ll sector \\,as
sonrewhat less expfessed in the first two yea$,
whereas it was evidelri in S. lucioperca and E.
hrci1lj in 1992 (Tnble s). The c^tch of C. aurah5
expressed by sectors analyzed, remained the same
(mchanged), in palticular in the dowrstre n seclor.

Tatle 5. IisI crloh a"alysis ofTkza II s€cto.( ls)
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2236

66242 932
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A significartly snuller catch, in prdiclrlarwhen
f ishes ofpre)  $ere nnr  )  ,ed rh i l  r r ,1r  f l  beginni rg
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of previous decade mry be noted al the sanre area
{BudaLov er i l .  ls85).  Teid of redu.uor i . i
numbers of these fish species coniinued ir pasr
decade (Maletin et al., 1990) and ir the period
under consideration the catch ofs. ltoioper.d and
E. tu.n6 reached the lowest values.

The ichthyological results obtained show that
th€ water qualily of lower River Tisza was getting
worce dudng the Last two decades. The finding rs rn
agfeement witb the data on a slower growth rate of
Bticca bjoe*na (Brdakov and Maletin, l98l), and
S. ltrciaperca when compared wiih thal repoded
fron other riverc or water bodies in this pad of the
Pannonian basin (Maletin nnd Budakov, 1984) as
well as c€ltralparl ofthe Tlsza (Harka,1992).

The changes fepoited for the hydrobiont
communities under consideraiiofl are a signal for a
ne€d of more detailed rnvestigations, in pa|ticulnL
sediments, and for 0 positive action in coltrolling
ard prolecting lhis sectlon ofthe RiverTisza.
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MELIORATIVE EFFECT OF GRASS CARP rcTENOPHARYNGODON
IDELLA) IN CONTROLLING AQUATIC MACROPHYTES IN THE
TISZA VALLEY

S. Maletin, N. Djukii, S. Stojanovid, A. lvanc, M. Zderii, A. Matic, B. Andric, Lj. Radak
and B. Miljanovid

Maleh,5., Djukii, N., Stojabric,5., lvonc, A., Zderic, M., Mdtit, A., Andrit,8., Radalt, Lj.
aitd Mitja@rit, B. (1991): Meliaratire ellect of sruss cary (Cte"o|harr sodo ide a) iit
canhollitg aquati. t,Mctaphytes it the Tis.u wller. - Tiscia 23, 4l-45.

Abstract. Effect of bionanipulation wjth grass crlp nonoculture was studied io suppress
nacrophytes overgrowth under controlled conditions dufing vegetation period of 1993. The
experiment was perfonred in two separate basiN of 0.15 hr each. A hundred spechens of 3-5
years ofage and approxirllately 4 kg individual body w€ight on the average were stocked in each
basin. A favoumble meliorative eff€ct coinciding wilh a significant increase in ichlhyonrass and
satisfactory oondilion and geneml plysiological status offish was obtained wh€D abundance and
coverag€ of aguati. (Palygon n amphibitm and Spnodela polyrhyu) and semiaquntic
\eqet^tion (Phrugt ites austtalis, 4,pha latifolia and T. angustiJblia) y^tied and supplementary
feeding with fresh biomnss of Ceqtophllll de teftm (95%) a d Patamosetan pusi s (5%)
was regularly supplied. Also, s€lection in nourishm€nt tAking into consideration th€ presenc€ of
stands ofvarious phytocenoses was evidenl.

Keyv,ards: hefti|ot,a sfsh, aquaticweeds, biona ip lation, .faod selectia .

S. Maletin, N. Djuki6, S. Stojanovjd, A. Ivanc, M.2derid, Lj. Ridak. B Mrlj0novrc, Ur)iv€rs y of
Novi SAd, Faculty of Sciences, Institut€ of Biology, 21000 Novi Sad, Yugoslavia, A. Matic,
Fishpond "Bedej",21220 Becej, Yugoslavia, B. Andric, Tenpus Center, University ofNovj Srd,
21000 Novi Sad. Yusoslavia

Introductlon

The control of maclophyte overabundance by
biomanipulation with grass cary in an extended part
of its distribution area has shown great meliorative
potential of this exotic heftivorous fish. In many
situations, the grass carp offels a very altmctive
a1t€mative weed coDirol in conrparison to
mechanioal renoval, herbicide applicatior or watel
levei manipulation. Also, the control of overgrowlh
of aquatic vegetation by grass carp introducing is
less expensive and lasts considerably longer than
other methods (Rotman, 1971; var, Zao\ 1919).It1
thr l  way. detr imeDlr l  ef fecrs of an e\cessive
primuy produotion on navigation, drairag€,
recreatio& and other purposes of water bodies may
be efficiently made less (Opuszynski, 1972, 1979;
van Zoot\ 1974, 1977). Due to a favourable siock of

grass cap, beside other facts mentioned abore, an
outcome is also the conversion of nonutilized
poftion ofmacrophyte production into highly edible
proteins (van Zoon, 1977, 1982).

Efficiency of blomanipulation by fisl
comnuniq, in pfooess of suppr€ssion the
development of prinary and partly of secondary
ploduction has been discussed recently. Mestrov et
al. (1972) reviewed that not only phytophagous fish
can $hol ly solve Lhe problem of lake snn3l.on, b-t ,
also mechanical elimination of sediment is
necessary. In the past d€cad€ there was a great
number ofpapers dealing with this hypothesis and
positiv€ and negativ€ arguments on the possibilitjes
of biomarpulat.or in regular ion of qarer.  nrmely.
most frequenl lake ecosysiens (Carpenter €t al.,
1985;Zalewski et al., 1990; Br6nmark and W€isner,
1992; De Melo et al., 1992; Capenter and Kitchell,
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1992). In this papef tbefelore the results on
efficiency of neliorative role of gmss cal?
corrro l l i rg  aqui r ic  $eeds are presen'ed noa
valley of lower patt ofivef Tisza.

Methods

At the same time, varying
macrophytes affected va ation of
total fish weisht (Tab. l).

TdJl€ l. Body *eight and lcnAtl gr.sth

in

The experinent was perfonned in two separate
b3s'rs of 1 0 l5 ha elch ro evxlu:r te rhe eFfciency
of the meliorative effect of grass cary upon the
conirol ofnumber, coverage nnd diversiiy ofaquaiic
vegetation. The slock included 100 specimens for
each ofaverage individual weight of4 kg and of3-5
yeafs of age.

Phytocenological investigrtions of the aquatic
macfophytes were pefomed by lhe nelhod of
Brnun-Blanquet. Plant names were presented
accordins to Flora Srbije (Josifovic, 1970'1986),
whrle only cenorn cases afrer Soo ( 1964- 1985).

Aho, leneth and body weight growlh, intenslly
and prefer€nce in relation to diet, as well as
condluon slJLus irccordr,)g ro the f i r tening
coefficiqrt.

Cereral physiologicnl slatus of fish was
€stimaied on the basis of the h€matological slatus.
Nu ber of erythrocytes and leukocyt€s were
counted in haemocytofieter, according to Kekic :lnd
Ivanc (1982). Hemoglobir coocenhation was
estimated using haenoglobincyaDide method, and
hematocrit was determired by rnicronrelhod, From
those v0lues hean corpuscular volurne (MCv),
nean corpuscular henoglobin (MCH), and m€an
coryriscular hefioglobin concentfation (MCHC)
wefe calculated. Differential blood count wtrs
deteLnined on blood smeafs siained by P0ppenheim
nethod (Heckn€r,  1975).

ln addition to the biological investigations, also
abiotic factors, sucb as tenperaiu,e, pH and oxygen
regime wele measured,

Results rnd discussl0n

On June 3 al the begirning of the experirnent,
the exp€rimental units A and B {'ere overgrown
with macrophyte to various extent. Doninants of
the basin A were Typha latihlia and Potrsanut't
lapatilbli xt,t, \Nhile Pht agmi tes o rstt alis, Typha
Iatifolia. \pha atls|stifolia and PabEanxnt
at phibn" ot the basin B. Also, Spitodekt
pattah):/I was observed in ei'her uni . Tor:rl
covering h the basin A was 30-40 %, and in basin
B 80 %, respectively.

ln such conditions, grass carp specimens of
total ichihyonass of 400 kg were stocked. In June,
tot coverage was reduced by approxinatety l0 %.

42

m = total fish biomNs (kd; | = individual stnndrrd lcngtl 0nr)i
co.fl_,c.cDcolt cniE: Qr - Iulbn indcr.Q. -(-lNk iDdcr

Aflel firci two weeks total weighi of stocked
fish in the basins A and B were 433 and 509 kg,
respectively. Such A variation was primArily due to
larger resource nr rhe basil B. The fau€, ing
coetricrent in rhis period wrs found to rncrease in
both fish groups pointing io optimum diet in the
first third of the experinr€nt.

In the following nronths, after a period of
adipt0t ion. grass carp drei  was even nrole inlensive
affecting total ichthyonuss. After four weeks, this
difference amounted to 120 kg. In both basins, a
dnstic reduction in ovefgrowih was obseNed,
namely in July only th€ macrophyt€ Polrgrrrl
laputifolia itas tecofted in the basin A while totai
cov€rage in basin B was 40-50 yo \Nhete Phftgutites
arlrr?1ir and species ofthe genus 4,prd doninated.
Therefore, in July 1, fiesh plant material consisting
at Cerutophrlhn denetsun (95 %) ^nd
Potunoseton ptsilhLr (s %) was added in three
equal porlions (tolal of l0 kg) per experiinental
unit. In the next days, offercd quantity of added
fresh bionass of aquatic plants became greater and
varied ir relatior to its coffumption (Tab. 2). ln
July, gmss carp in the basin A and basin B
consumed 955 and 435 ks additional biomass of
plant food, respectively. Such a difference was due
io ditreLeni supply of original components. In that
period total jchthyomass again increased up to 486
(basin A) and 690 (basin B). Also, an increase was
recorded in fattening, in particular in spectuens
from the area B. These coefricients reacheo ne
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naxinum in the mjddle ofJuly, in both fish groups.

Tabtc 2. D ly dynamics of conshttidr ot aditiiioMt freslr
mic$j,[ytcs Lio]n!sy (ks).

Sinrila( situation was obseNed in August,
namely tlre presence ofP,l),got|ut ldpotifoli was
recoded in basin A while addition of 0 porlion
canlAini\g Cemtaph)tllut and Pot.otpgetott
together with daily control continued up ro 20
Augusl. Total covefage in basin B was reduc€d to
35 % where species observed in July donjnated.
Total plant weighi of macrophytes was reduced to
app. 10 % in basin B uniil the end of experiment.
The mass was camposed of Plmgmit* aust,al8
and dried T),pho ldtifolk! ^nd T. a Exsti|blia
specimens. Also in this case, grealer consunplion
\^,as recorded in bash A (903 ks) than in basir B
(21s kg). Total amouni of availabte food, in
padicular that originated from the experimenral
units, however, was reduced considerably resuliing
in ichthyonass decrease. Thefefore, in the niddle
of At.gusr.  rolr l  f ish m:rsc wJs 45: \d and o:0 k8 in
basins A and B, respectively. Biomass decrease
ref lected ,r lso rn reduced v.r lues ot fdrenird
coefrcient approaching the initial stahis.
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Al the end ofth€ expefiment on 16 September
when the addition of fiesh mass of aquatic plants
was stopped and wben povety ol vegei.tion was
evjdert, again decrease in lotal ichthyonass to 446
kg (basin A) and s8l kg (basin B) vere recofded

In the study of neliorative effect of grass cary
upon the control ofexcessive growth ofmacrophyte
vegetation, particulaf attention has been paid io the
preference to individual plant species. Pernanent
presence of Pob'son n species was recorded
characierized by stable numbers and coverage
dufing entirc expedment. The annlysls of the
inlestinal conleni of grass carp showed cedain
seleclivity in diet under the given conditions
Analyzed specirnens were found to consume
additional fiesh plants (Cerutopbtlx ^t\d
Potamogetott, or,ly when all the originrl vegetntion
available, primarily 4,prd sp€ci€s, were consumed.

General physiological condition of fish rvas
follow€d on the basis of he atological slatus
fotnighlly during the e tire experiment. The results
obtained show thal !h€ number of eryrhrocytes,
henoglobin conc€ntralion, hematocril, MCV,
MCH, MCHC, leukocyt€ count and diff€rential
blood coult of grass calp ranged within expected
values (lvarova, 1983) in both exp€riment:ll areas
(Tab. 3 0nd 4). Decreased v0lues of eo,throcyte
count reoorded in basin A at dre end of the
experiment, however, were primadly the result of
menger diet ifl that period. Fluctuation in the
number of leukocyt€s which resulted in high
standard devialion should be explaired by a nomral
seasori l  ch:rnges noled i lso .n other f ish species
( lvanc et nl  ,  198s).
'lable 3. Erythrdgra$ of srass cla utrdcr dilfcronl ntrkilionrl
conditions (,hai a'd srijddd dcvirrioD)

Tle basic physico-chenical parameters fanged
within expecled values (e.9. water temp€rature l9-
14 'C and pH 740-903. Tdb 5) Oxygen regime
valLles we.e in most cases satisfaclory except in

t 1 t 1
2.063Er12 2.1331,+t2

4.413t+12
l lenoslobi', coDcenlriltun G,4)

Hct.0r)

Mcv (fr)
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Mcx (pr/) 3?.53
3.14

McFlc (BHbI Erc) 202.O1



cedain p€riods when devlations were recorded. Fof
example, exlremely high oxygen concentration and
saturation were recorded at the beginning of the
exper'ment while decrease in these pararneters and
therefore tbeir optimunr values may be in great paft
nttributed to dre melioHtive rcle ofgmss cary. Only
Delodrcr l ly  gre: r ler  decre.se in  oxygef  xn o 1r  rs
well as in satuntion during September (brsill A)
and in June (bash B) wefe noted.

Tatlc ,1. DilTc!.rriol blood couDt olenss crD utrd.r diferert
rutrnonal (onditioDs ('!catr ard st.hdrd lc!ialion).

of presert and added amounls of food and also a
slower growlh pointing to application of some other
corb i rxr 'on o l  sroc(  i . r  p larn rg r fe drrecr .ons i i
the control ofthe aquatjc v€getation. Prcsent resuits
show undoubtedly that this biornanipulation should
be intrcduced in the conhol mentioned taking into
accoun! its posjlive and negative aspects

Trblc 5. Physico chcnicrl parahclds of walc.

On the basis o{results obtained. lhe melior:rtive
nbilities ofgrass cary under higfi stock densjty ntay
be evalunted v€ry satisfnctory. At optinlunl
teflper.turej oxygen re8lne ard pH values! grAss
oaIP consunled very irlensively the preserrt
nacrophyt€ while its deficit effected dre
collsumption at additional potion of fiesh plnnt
mass showirg some s€lectivity to ce aiu species of
aquatic vegetntlofl. Similar rcsults on the cortrol of
trquatic plants were reviewed by Cajdusek and Lusk
(198?) in Czechoslovak warefs, Rienens (1982) in
Hollan"d, Mugridg€ et al. (1982) irr South England
channels, and Charably et al (1982) ii irigation
and drainage channels in Egypt. Promising effects
ofbionranipulation with fish are also enphasized by
Gophen (1990) who speaks about a significant role
ofgrass crlp in nutrient tnnsfer onoslly P) fr.om the
sednnent through macrophyte. U.favourabl€
climatic conditions, pfitnarily low temperahue, low
slock densi l ) .  poor $rrer q al .r)  dur.ng
oveNintedng hnv€ been cited as mail1 liniting
faclors (Miillef, 1982).

The physico-chenical parameterc have shown
to be satisfactorf in blomanipulation by grass cafp
to control nrc.ophyte aquatic vegetation.
ExtremeLy dense stock aDd r€latively old
expednrental specimens afFected high consumption
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COMPARATIVE INVESTIGATION BETWEEN PHYTOPLANKTON
AND THE INTESTINAL CONTENTS OF CARP

Li. B'rdakor. D. Brankovic and S. Criir

Budakor, Lj., Bn*a|ic, D. dtd G4it, S. 0994): Cot pafti,e itD'estisatiar be^cct)
phrtoplattktoit dtu! the ittestinal ca tcnts ofcary. - Tisciu 28, 47-51.

Abstract. Atgological and ichthyological exa irrilions werc peformed dudng tlre period fioni
Sepiember 1990 to May 1993 in rire old Bege.j (srri Beeej) naruLe reseNe.
M:rjr ai ofthis paper is to recognize the phytoplankton in the water and in the intestiml content

Age of the exanined carp indjviduals was between 2' ard 6'. Average body length waried
betwer 144.30 nnd 3887.55 nm, and body weight between 1203 50 and 1691.56 e. Al l  : rvai lable
food prcmoted good growth ofcary.
232 species, vnrielies and foms of algae were recorded 1n the samples frcm Old Begej, and
Chlorophyta was a doninant group of algae. L the intestinnl content of calps 160 tnxa of:rlgae
were recofded bul dominant groups were Bacillafiophyta a d Chlorophyta.
On the basis of saprobity index flfter Pantle and Buck and qunntity of carp, the water of Old
Begej can be ranked 0s l]- esosapfobic one.

Kc)arcds: bioittdicato\, catp, ittcstinllco tcnt, phytoplattkta , s.tptobit),.

Lj. B .tuko\', D. Btu koric, l stit tc.for Nat tc Ptotectio ol Scfti,t, Dcptnrnrc t in Noi,i Sad,
T,'dia\'a 3,21000 No|i SId, Y gosl.t|kt, S. G.rii . ltdit tc ol Biolagy. U i|ctlil, oJ Noi,i S d.
2 I 000 Novi Sud, Yugaslo,iu

Inlroductlon

During a fianyfold exrnination of florn,
veSetation ahd fauna of the Regional Pafk Old
Begej (Stari B€gej), peLfonned by lrslirule for
Nature Protection of Serbir, Departnent in Novi
Sad, ichthyological and algological exami|atiols
played m important role. The Old Begej nalure
reserve is siturted in low stream ofth€ rivers Bege.j
and Tisza. ll is populated by 2r fish species
(Budakov, 1989).

In the fomer examinations, attention was paid
to the fish sp€cies ofspecial prot€ction demand and
listed in ihe Red Book od Serbia, such as pike and
pik€-perch (Budakov, 1992) and weatherfish which
is a natural rarity in the waterc of Se.bla (Budakov,
1993). Characteristics of growth of roach,
significantly ffequent in this biotop, were examined
(Budakov, 1989a), as well.

Recent]y, our exaninatio.s have been directed
towards carp, examined by a lot of local and foreign

authofs. Althouglr cary is traditiorally th€ most
impodnnt fish ofoln waters, it is on the list ofRed
Book ofSerbi i .  beciuse irs survrvi l  rs endangefed

Complex exahinations of growth rate snd
feeding of calp pointed out thai the phytoplankton
padicipated in ihe diet ofcary oniy in the first years
of its lif€ (Jankovi6, 1983).

Mrin aim of this pnper was to recogrize the
-phytoplankton cornmunity in the water of Old

Begej, presence of algre in the irtestinal content of
cary, as well as pr€sence of alga€ in the intestinal
content ofcarp individuals ofdifferent age.

Mat€rtal and methods

Examinalions of carp were perlormed on the
basis of sanples caught duLing th€ period from
Septenber 1990 to May 1993 in the Old Beeej
(stari Begej) nature rese,ae. Ahogeiher 73
individuals were analysed- Age, longitudinal
growtb, growtb of weight and growth rat€ were
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calculated according to Cugunova (1959).
Samples werc taken fiom diffefent intestiral

regions of each individuals for the an.lysis of
intestinal content, and relative abundance
(percenrage participation) of different
phytoplanklon species were measured.

Samples were taken simuhaneously rvith carp
catching for qualitative .nd quintitative anrlysis of
the phytopla kton comnunity and of
srprobiologjcal characteistics ot the water of Old
Begej. Standard limnological elhods were used
(HLibrr, 1978). Sapfobity iidex was calculated aIi€r
Pari le and Buck (1955) o the basis of
phytoplankton indicator species.

Resulls

232 species, varieties and fomrs of
Cyanobacteria (19), Pyryophyta (10), Xartophyta
(3), Chrysophyta (4), Bacillariophyta (46),
Eugle ophyta (38) and Ctr lorophyta ( l l2) werc
rccorded i0 the safiples ftolll Old Begej. Ovenl
density of the phytoplnnkton conlrnunity was
chnngeable. and.vaded f ion 18.5x103 ind/cn'  to
s3.3x 103 ind/cni .

Relat i \  e nbundlnce of drf ferenr nlgal  groups in
the water of Old Begej N given in Fig. L

Chlorophyta was the most abundanr algal grcup
throughout the whole examination period. Their
relarive abundance varied from 49.3 to 56.6 %.
Relalive ibundance of Euglenophyta varied from
15.0 to 21.0 7o, and that of Bacillariophyta varied
fLom 9.3 to 18.8 %. Cyanobacteria and Pylrophyta
were less importanl members of the pbyioplanktor
community, being present wit! 4.9 to 9.3 and 3.3 to
10.0 'Zo. respeciively. The representatives of
Xantophyta and Chrysophyta were present
cons'rrr 'y.  bur ' '  e:r  relar ive abundrrce $xs loq

Trl,lc L R€lolivc abudiNc ofdiffe.ent s.oups of rlsrc nr tlc
irrcstind coDlcnr of different lgc sDups of c!rrr,

The phytopnnkton in calp feeding was
examrned in the toiil s:rnrple of cil?. 68 of -3

indn idu:rls hnd n restrnal content. 160 spec.er,
varieti€s flnd forms of Cyanobact€ri0 (11),
Pyrrophyta (6), X0rlrophyh (l), Ch'ysophyta (4),
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Bncillaiophyra (63), Euglenophyrr (t8) and
ChLorophyta (61) were recofded in the inteslrnar
conterl. Fig. 1. shows relrtive abundance of
differcnt groups ofalgae, and Table L presents the
distriblnion of relative abundance of algal groups
among age groups.
Regarding relarive abundance. Bacillariophyta and
Chlorophyta represented dominant algal groups.
Relative abundance of Choloryhyta varied fiom
34.5 to 44.9 %, while that of Chlorophyta ranged
from 39.1 to 50.0 %.

Algae fron Euglerophyta and Cyanobacteria
groups are less impofiant in cal? feeding. Their
relative abundance in the intestinal content of carp
varied f iom 4.3 !o 16.0 %, and from 1.3 1o 5.8 %,
respectively. Represerltatives of Xantophhyla were
recorded sporadically, wbile those of Chrysophyta
were not recorded in the inteslinal content ofcary.

Dato related to the growlh rale of calp are
contributio to the knowledge of its ecology as well
as a base for proposal of fteasll|es which would
resulted in higher growdr Late. In the exnhnred
sample, individuils of cary belonged 1o the age
ciasses ffo$ 2' to 6tbut individuals ofag€s from 3'
to 5 were the don]inAnt. Mean values of body
length (without anal fin) r'0ng€d fron 345.5 to 415.0
mn. AccoLding to c0lcLr lat€d values the longi lUdinal
growtb (Fig. 2.)  af tef  the secoid year ( l  L4 3 mm)
was dLrplicated, showing inlensive ircrease in lhe
fifst yea$ of Ufe. Ffom the age 3' ro the age 6', the
longitudinal growih slightly increased (305.24 to
387.55 Inn bu|he seakest lont i r . rd r :r l  Efowrh
occured in the ige gfoups 4- ond 5'.
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Fig.2- Longitudiril d wcig|t gro\rh of c',/trr6.n,pi" L. i'r

Annudl  lonCirLdrndl  r ro$rh $: rs  we )  resr \e
in the first year oflife, then slightly decrcased rp 10
the age 5- (7.55 mm) bLrt proninenr increase (21.75
mn1) was noticed then.

Body weight of examnred carps nnged fronr
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120330 to 1691.56 g. The growth of weight
slightly incrensed regarding the age. Drastic
decrease ofweight growth happened afler the age:
i'19s.95 g) but after the age 3' the rveight srowih
increased (604.7s 8) and had apprcximately similar
values up to the age 6' .

On the basis ofplysico clemical paranreters is
well as on the basis of limnological exanrinalions,
which included ihe phyloplinkton comnNnily and
carp, saplobity of the Old Begej wilers was
detefrnined. Indicator species of algae of the
highest polluted waters, ir.-nresosrprob, P-
nesosaprcb and oligosaprob degre€ were recorded,
blrl indicators of p-mesosaprcb degree ivere
do imnt. Saprcbnity index after P.ntle and Blrck
(1955) var ied f iom 2.1 to 2.4 point i |g out to Jl ,
mesosaProD wl'rers.

Dlscussion

Crowdr fate of tbe fish depends on seveLal
fnclorc Fi is l  ofal l  i t  depends on the food. Cfowth
rate varies depending on conditions ir the watel
biotop and differc fron year to year. In eutrcphic
wnter biotops, it is generally higher because of
sufficient nvnil0ble food. But, higher and hjgheL
pollutjon ofthe waters has negative inflLrence on lhe
gfowtb rnte of fish so the growth rate is not
adequnte 10 t|ophlc level

Ir the Old Begej wrters, 232 species, varieties
a0d lomrs ofalgae wer€ recoLded dufiug tle peLiod
of exaninations which diffe|s f|om the fonner ones
(Bmnkovic, 1993), when 274 tltxa of algae were
tecorded. SapLobily index was genemlly identrcal
while density of the phytophnkton conmLtrnity was
significantly higher conpared to the formef
exalniratiofls. Higher density of the phytoplnnkion
connnunity pointed out to nore intensive euiroplic
processes in the water biotop.

The differcnces between these and former
examinations could be explained by variation of
chnalic and other conditjons in this biotop, by
human nrfluenc€, as well as by differeni nrmber of
samples and time ofsamplme.

Regnrding sone rivers in this region, me
differences in qualitaiive composition of the
ptrytoplankton comnunity were noticed.

r\r  n,nrrons of ,he r ivef Porj i \  icr
(Obuskovia, l99l) showed thnl Euglenophyta and
Chlorophyta rverc donrinant golrps of algae and

follos,ed by Bacilladophyta and
Cyanobacteria Other groups of algae were
fepresenied with significantly lolvef number ofraxa.

Obuskovic {1982) found that in the rjver Bosut
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the representatives of Bacillariophyta were
dominani and were followed by the representatives
of Chloropbyta. Cyanobacteria and Euglenophyta
Other groups of algae wefe prcsented wlth
significantly lowef number oltaxa.

It can be pointed out, that qualrtative
conposi l ro.1 of rhe phyropirk 'on coaln,r ,r)  o '
this aquatic biotop rvas rlmost similar to thrt in the
Lake Ludai (Selei i ,  l98t;araDkovie and Budakov,
1993) which is a protected area, as well. Nanrely, ni
ihe Lake Ludns Chlofophyta were also n dominanl
group of algae, wiih the highest number of taxa.
Bacillariophyta ranked the second place and werc
followed by Euglenophyta, Cyanobacieia ard
Pyrrcphyla. Xanthophyta and Chrysophyta wefe
present with only one taxa, respeclively.

There were very signifioant differences between
totll nunb€r oflaxa and number oftaxa ofdiffereDt
gr'olrps ofalgae in lhe watef ofOld Begej and in 1be
intestinnl content of crrp. Relrtive abundance of
Bici l lar ioplrytn wrs always highef in t f ie int€strnal
corlenls whil€ those of Cfilorophyta and
Elrglenophyta were higher in the water (Fig. l).

Sofie species, e g Chrysophyta werc recorded
spoLndically in the wale$ bui they were not found
in the intest inr l  contert  ofcarp.

Relative nbLrndance of Cyanobacteria,
Pyrophytn and Xantophyt0 wefe similar in the
watel n d ill the intestirlal content,

Thefe wefe significant differences betwee0
relative ablmdance of Chlorophyta, Eugl€nophytn
ard Bacillaiiophyta in the walers and in the
intestiral conteflt. The differences cau be explnined
with chamcteristics of cnrp feeding and of different
groups of algae Becarse nost of the specjes fiol11
the divisio Bacillariophyta are epipbyles, calp took
in higher numbef of these algn€ with the derr i tus.
These algae have cbaraclefistic silicale shells that
mrde possible therr detemlination for longef
pe od. FLon1 the dilision Chlorophyta. ihe ost
abundnnt species were in the intestinal conlelt of
calp fionr the genus,Scercdcs r6 what can be
erplained with their abundrnce in the watef wilh
their cell wall characteristicsi the cell wall of these
species contanrs sporopollennr which is enzynre-

Recenily, exaniiations of gfowth rate and
feednrg of fish were very actual in th€ protected
areas, e.g. Lake Pal ia and Lake Ludas, the old
Begej and th€ obedska bara swanrp (Pujin and
Budakov, 1979i Budakov, 1980. 1989, 1992;
Mal€tin alrd Budakov, 1983; Budikov and L€cic,
1992).

From Old Beg€j, attention wis paid to the
growth faie ard feeding of pike rnd pike-perch
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wlich species are listed ir the Red Dat. Book of
Selbin (Budakov, 1992) as well as to soDre
rllochtonoL,s species (Maletin, 1988).

Liremture darr on feed.rg olCyp-inid:re spec.es
are r.lther limiied fron ihis region Complex
examinations of growtb mte and leeding of cary
were canied out on the sanples from ihe River
Danube (Risti6, l97l), fronr the Lake Skadar
(Drecun and Ristie. 1972) Ind on cary fiom several
fishponds in Vojvodina (Pujin, 1967).

Cat? inhabits slow-ruDnhg aDd still wateN and
ir1 cedair period of year can be found on flooded
lreis Cnry is benlhophrgous (Drecuf d.rd Risr i6.
1972) but Niki t ina (1981) classi f ied i t  as
polyphagous species.

In the firsl years of its life, carp eats the
phytoplanktor, zooplankton and benthos but in
old€r ages it usually consunres iaryef organisms of
benthos such as larvae ofChironomidn, Oligochaeta
and others as well as ripe fruits. Old€r carys tum to
pfedntion and catch young individuals of othef fish

Resulls of our exanrifttions pointed out thal
nlgae are inpotant in wide iange of calp feeding.
At all ages of calp, up to age class 6', differelrt
groups of algae were recorded dissinilar fiom
li leratu)e dat0. Kostonlarcv (196)) stated lhnt cal?
was selectiv€ in feedi0g, it showed ar rge
dependent selectiou thoLrgh thele vere sever:rl
species iD the nalural food source, We can not
accept this statenlent on selectivity, because we
recorded approxinrately the safle prcpotjons of
different nlgnl groups ir all investigated age clnsses.

T
1

l 0

2A

60

l + 2 1 3 , 4 5 f 6 + 1 +

Fis 3.j-onsitudnrd Bb$ll, ofq?)i,b.nryr, L. in so,nc lqlrtic

The growlh rate of carp is good under optinal
circunrstances. The ofder ofstudied aquatic habltats
o n r h e b a s i . o f t o w r h  " o r e o i c . - p  i s  t l e  l o l o $ i r C .
Lake Ludas < Stari Besej < River Da.ube < Lak€
Skadar. Il wrs highef in OId Begej onlt compared
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ro Lnke Ludas {Pujin and Budakov, 1979). Lake
Ludas was characterized by int€sive development oi
plrytoplankton and by large variation in oxygene
fegime. A sinlilar phenomenon was noticed in
fishponds when. in the period of lrigh lempefahrre
and rntenslve growth of phytoplanklon, oxygen
content of the water varied causing weakef growrn
of cary even though lhe food supply was not
lin]itine (Pujin, 1967).

O\yger content in O'd Begej wJs very iow i f
the firsi ye: of our exaninrtion. Frorn May to
October l99l  i ts values ranged from 6.46 ta U.22
m g / o m .

High density of phytoplankton conmunity,
favoumble lemperatNe regin:rrd improvmenr of
oxygen regine did not caus€ highef growth rale
because ofprobable conpetition for food with orhef
fish species.

ln th€ prot€cted areA of Old Begej drere afe a
loi of allochlonous specjes beside alrtochtonolrs

e.g. Catassi r atrat s gioe a,
Hypophthal ichthys n'olitth ^11d Aristichthts
nabirr. These allochtfionous species adnpted easily
to the feeding conditions in the extended flreA, ard
bec0lrse they are aggressive compete out
autochthonous species (Ca' assius caft$si us. Tiitctr
tirrca )bftt"tis btant.t. Ritth6 n ;l'6 C)p|\rs

Aim of this study is the implementation of
protection of ouiochthoDous and all endangered
species. These investigalions are also inpo |lnt for
prorechon of rchrl'yogene'ic fund fi oul wrtel's.
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ECOPHYSIOLOGICAL INTERPRETATION OF HEMATOLOGY OF
DIF'FERENT PERCIDAE SPECIES IN THE RIVER TISZA

A. Ivanc, S. Maletin, N. Djukii and B. Miljanovid

I|arc, A., Maleth,5., Dirkii, N. antl tuliljanorit B. (1994): Ecaphrsialogical irterptetdtian of
het'ntalos, ofdil|brcnt Percida. species iti the ii,et Tisltt. - Tiscia 23, 53-56.

Abstract. Hematological anilyses of pikeperch (,iiror/cdto, luciopetca) and perch (Pcrca
tl/ldtili) orighrted fion1 the River Tisza rea6y Novi Becej were perforned.
The fish were causht by electrofisling, recovered durins 24 hours, and fiDally heart puncluring
was unde[0ken fof blood co]lection Number of erythrocytes, erythroblast percerxcge,
haematocrit, hemoglobin concentratior, mean copuscular volume (MCV), nrean corpuscular
hemoglobir (MCH), mean corpuscular hemoglobin conce,ltralion (MCHC), number ol
leukocytes, and differential blood court were determined. Different values for hematological
paraneters were obtained, in pnrlicular hemoglobin conc€ntration. MCHC, and differential blood
oourt. The diff€fences noticed were discussed fiom lhe nspect of idioecological specificity of
these two Percidae species.

Kc)arcrds: erythrccytes, erythrcblast, huenntoctit, hemoglobir. MCV, MCH, MCHC. le kocytcs.

A. Ivanc, S. Maletin, N. DjukiC, B. Miljanovi6, Uriversiiy of Novi Sad, Faculty of Sciences,
I l .st i lute ofBiology. 21000 Novr Sf ld.  Yugoslavi l

IntroductloI

Having fair knowledge of the hematological
status of cenain fish species is equally useful fiofil
the poitt of view of their physiology and ecology.
Hemfltological state of an orgaDism is d€fined by
the inlerAotion of heredilary and ecological feotors.
The fomer determines basic structural and
functional features of a species fomed during its
sp€oiation and adaptalion to a given eDvironment.
The latter manifests its effects by an imm€drate
influence upon an organisrn occupying certain
habitat. As a response, aD organism activates its
physiologjcal regulatory mechanisms andor
adaptational meohanisms such as acclimation and
accl imatizat ion (Sloniq l97i ;  Ivanc et. l . ,  1985).
Distinction between hereditary and ecological
deteminants in actual valu€s of certain
physiological para eters ls essenlial for a lnore
comprehensive underctanding of botb physiology
and ecology of a species. It could be hardly cany
out, howevet due to a complex interaction of
factors and the fact that actual respoffe on the
organismic level is influenced by the state of its
intemal environment and the laze of its lif€ cycle,

such as age, reproductive activity etc. (Speckner et
al., 1989). Dala on a comparative hematology of
fieshwater fish are not rare but most frequently suoh
investigalions werc not cauied out in the way
€nabling th€ differentiation betwe€n hematological
adaptation typical of a sp€cies and physiological
acclination and/oraccljlnatization (Hart, 1962).

This paper deals witb the hemalology of two
species of th€ family Percidae (pikeperch and
perch) living in the same habitat under the sAme
basic environmental conditions. To eliminate th€
environmental influence upon th€ results of
hematological investjgrtions of these two fish
species they were analyzed on the sane day and
therefore the obtained valu€s may be considercd as
characterislic for species.

Mcthods

Hematology of two sp€cies (Sti.ostedion
hcioperca ̂ nd Perca ftriatilis) fronr the River
Tisza \vas strdjed. lndividuals of both species were
caught from rhe sanre local i ly ner6y No\ i  Bece .
They w€re caught by electrofishing and iher let to
reco\er for :a hours in ne'cages kepl In l ie n\€r
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Blood samples were taken by cardiac plrncture,
without using aniicoagulant. Erythrocyte and
leukocyte numbers werc counted in Neubruf-
chambef followins Kekic and fvarc (1982).
Hemoglobin concentlation estimated
photometricnlly by neans of hemoglobincyanide
rnethod (Blaxhall and Daysley, 1973). Hematocrit
was de'ernined by cen r ihrt .nt  b.ood i . ]
h€parinized capillary glass tubes at 15000 rym fof 5
ninutes. Mean coryuscular volune (MCV), mean
corpuscular hemoglobin (MCH) and nean
corpusculnr te. ]  oglobi.1 conce.]rJr io.r  rMCHC)
w€re detemined by calcLrlatiors based on
erythrocyte number, hemoglobin concenimtion .rd
haenatocrit. Differ€ntirl leukocyte count alrd
erythroblast count wefe nade on blood snrears
stained accordilrg to Pappenh€im and Crahrm-Knoll
(Romeis, 1968i FleckreL. 1975). Siguificarce of
differences in mean values of henralologicnl
p rl]let€ls b€twe€n the two species w€re
established by Studenl's "t"-test.

Resrlts nnd dlscusslon

concen'r l ion l . lem ocnr,  MCV, MCH, VCHC,
and number of polychromatic and acidophilic
erylhroblasts are given in Tab. 1. alrd leukocyte
nu bef and propodions of ditrercnt white blood
cells are siven nr Tab. 2.

Perch had sisnificantly higheL vahes of
henoglobin conceniration, MCH and MCHC than
pikeperch, while the v.lues of erytbrocyte number,
haenratocrit nnd MCV were almost identical in
these two species. The leukocyt€ number had
similar values ir both perch and pikeperch bur
i . ,d, . idu:r l  ! r r iarror ofr l ' is pnrameref wis \rg\er rn
pe( r .  rs i r  .s evidenr from brord rarte rnd \ i8 l
standard devi^lion. As to diffefenlial leukocyte
colLnts, perch and pikeperch differcd significantly.
Ir the blood of pikeperch innnature (myelooyte aDd
n€tanyelocyte) neutrophils and matur€ pseudo-
eosinophilic granulocyies were pr€sent while th€y
were not fbund jn lhe blood of perch. Perch had
highef proportiolls of nonsegmented nfid segmented
eutrophi lsand low€rpropolt ion of lymphocytes.

Tf ie di f ferences in hemoglobin concentmtio,
McH and MCHC of pikeperch and perch folrnd ir
this study can hardly be attfibuted to environnrental
i'rfluences because fish ofboth species inhabited theNunber of eyhrocyres. \einoglobrn

. hb | c l . comp0n l i v chon l l b | ogy . | s l i : a ! e | l i onh | i o | . | . dnnd / t ' ' . d ' / l l l n ' i l - | i r i | | o8 i

difieruDccs bchvccn Dc{nt.

x  lo l2 ,4

l l c l .
t A u

Mfl{

tsl
MCH(:

( i  12.1 L9 t.735 54.09 0  { 3 1 250.503 1 . 5 1)26.01 2 t . l t 4 , 6
SD 435.2 10.4 0 . 2 1 7 3.78 0 0 4 t 3.16 1 0 . 1 7 t4.7

t28.0
1258.(

26.5
5 2 0

1 . 5 l 3
2.200

49.60
60.21

0.3?9
0..t88

2)2.27
28?.72

25.89
15.25

I 1 3 . 3 6
)11.10

5.0
54.0

5.0
25.0

7 3 . 1 1 6 9 1.625 82.68 0 . 8 5 269.015 l t2 190 68 20.3 16.?
sl t 58.8 1 . 1 0.105 6.58 0.04334.75 5.57 4.71 10.? 6 6

26.0
2 1 2 . 0

t 3 . 0
25.0

| .467
1.781

76.48
9,1.38

0.389
0.487

228.83
I  t 7 . 9 1

42.8t
59.92

174.01
203,44

4.0
34,0

4 0
24.0

>0.200 <0.001 >0.400>0.200<0.001<0 001 <0.00t

Tablc 2. Co'nrrbtire l,eh3tolng of stizoi..lioh hl.iopctcd ^nd P.tcd lhniotili\ - Leucoe'rr (ncxn, sD, ratrse. siebinomcc of
differenccs heN.en neaDt.

1
20.140 0.013 0.019 0..1.11 0.00.1 o,129 0.0r0

SD 5.216 0.016 0.023 0. I2.1 0.007 0 . 1 6 1 0.065
13.000
27,000

0.000
0.040

0.000
0.060

0.240
0.580

0.000
0,020

o.240
0.660

0.020
0.190

1
25.000 0 . 8 1 3 0.007 o.t71

SD 10.001 0.061 0.01. i 0.o'12 0.007
9.000
+3,000

0.0t0
0.910

0.000
0.010

0.050
0 . 1 l 0

0.000
0.020

>0.200 >0.050 >0.050 <0.001 >0 201 >0.100 <0 001 .0.0t0
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sane microhabilat. Handling of fish, technical and
a alyiical met|ods were ideniical and were
pedormed at the same period ofday, so that effecis
ofthar kind wefe also silnilar.

Ther€fore, the differcnces observed are due to
certain other factors. possibly to perch speciation
wirhin which this species was adapred also lo waters
witi lower oxygen concentration (Muus. and
Dahlslrdm, i978), at least in c€rtain periods of a
year. Within this process, ]tr perch blood a tmnspod
system provjding satlsfactory oxygen supply of
tissues, even when its concenbation tu the
envircnnent is low, was developed. This may
account for its beine widespread in almost al1 irland
wdters (Miiller, 1987). The fnct that in tle sane
nricrohabitat and at the same physico-chenical
features of wAter perch has evidertly different
henatological pammeters than pikeperch, shows
that here indeed operate the physiological
adaptation and hereditary characterislics of the
species. Similar differences in helnalological
pararneters were repo[ed by Halsband et al. (1981)
in two specjes oftle flrr') Cyprirridre acdl?ssn'r
autahtr ̂ nd C),p,inus c.rpio) of which the fomlef
better endures unfavolrrable conditions of
environment. Hematological chnracteristics of such
type were also found in other fish species And
usually they were explarDed by difrerences rn
hrbrhi qualrty flnd activity level. Therefore. In
active species considerably higher values of
erythrocyte parameter w€re repored. TLis
phenomenon is explained by a highef melrbolic
rate, and gr€ater tissue requirenents for more
efflcieflt oxygeD supply. Thus, Ronestand et nl.
(1983) in their study of henatology of a nunlbef of
sea and freshwater fish obseNed that the number of
erythrocytes is higheL in sea fish lvhile they have
smallel l,olume (MCV) and snaller amo nt of
henoglobin (MCID. The authors staled that an
adaptive charaoter wffi established since Al the same
total volume (henatocrit) a great number of small
erythrocytes is charactedzed by a greater tolrl
surface thaD a snall nunber of large erythrocytes.
This improves gls exchange and breathins in sea
water ir which oxygen dissolubility is lover.
Rambhask and Srinivasa Rao (198?) found thal
more active species of tropical sea fish wefe
charrcrerized by a greater erythocyte number,
higher hemoglobin concentration, and higher MCH
and MCHC values, and smaller volune of
er l lhrocyles fMCV) thar less actr \e l ish specres
ftom the same water. They concluded that in fish
both the increase of hemoglobin concentration and
the decrease in erythrocyte volune appear as
adrptive characters but that ratio of these tlvo

TISC]A 28

adaptalion aspects differed from one another.
Differences in proportions of leukocytes

between pikeperch and perch obtained in our study
may be probably attriblrted to adapialion of these
fish species to different ecological niches. In olher
words, in waters inhabiled by perch greater amounl
o '  orgx l  c  mlre i  ard f rc ' r l  a '  \e  pxr \ogel ic
microorganisns are present. They were showed to
be the reason of an increase in propodion of
p| l r tocyr  c  leukocyres In ot ler  f is \  spec es
(Alvarez-Pellitero and Pinto, 1987; Siwicki and
Stud1 cka,  lq87;  Hrne rnd w0ir .  l t88r  Iv inc et  a l  .
1993).
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