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Abstrict. This paper contains results on prelininary examinations of phytoplankton comuniry
and saprobiological characteristics of the prorect€d par of riv€r Stari Begej, within the p€riod
frorn April to November 1990. 274 species, varieties and forms of Cyanophyta, pynophyta,
Xantophyta, Chrysophyta, Bacilla ophyta, Eugl€nophyta and Chlorophyta were collected. Th€
phytopiankron community *as charact€rized by domination of Chlorophyta and a sporadic
occune,nce ofXa^ntophyta. Derrsrry of phJtoplankton oommunity was changeable and varied from
4.8x10J ind/cmr to ll.2x10r ind/dmr. tndex of saprobity varjed from 2.0 to 2.4 whrch
corr€sponds to the b€ta"mesosaprobic (second calegory) waters.
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Introductlon

"Stari Begej'r is a proteoted area located in ihe
central part of Vojvodina province - the noth of
Serbia, in the aluvion of rive$ Begej and Tisza.
This area includes the old riverbed of river Begej
(within 10 kin), Tiganjica, Carska bara, Pefleska
bara. Present character ofthis area was completed
with the digging of a new riverbed of river Begej.
The oid riverbed of river Begej is supplied with the
vate$ fiom ne by fishpond and from the rlver
Tisza.

Becauso no datr on form€r examinations of the
phytoplanldon community and saFobiologicrl
characteristics of th€ protected part of river Srari
Begej exist, these exaninations are preliminartr and
baseline information for tuither examinations.

Mltertal and m€thods

Samplins took place ftom April to November
1990, and was performed monthly on three sanl-
pling sites: on 15th km-I, 10th kn-II, 5th km-[I of
river Stari Begej. Standard limnological m€thods
for sampling, qualitative and quantitaiive anatyses
were used (Hribar, 1978). Th€ index of saprcbily
was oalculated after Panile and BDok (1955) on the
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basis of pbytoplankton indicator species.

R€sult's

274 speoies, varieties and foms of Cyanophyta,
Pyrrophyta, Xmtophyta, Chrysophyta, Bacil
larjophytq Euglenophyta and Chlorophyta were
recorded in the prorect€d pan ofriver Stari Begej in
the course of the examination period. Chlorophyta
wefe represented with 117 taxa (42.7%), Baail-
lariophyta with 64 (23.3%), Euglenophyta with 40
(14.6%), Cyanophyta with 24 (8.770), rynophyta
\ lith 21 ('t.6yo), Xantophyta with 5 (1.8%) and
Chrysophyta with 3 (1.1%) iaxa.

From the division Chlorophyta which was rep-
resented with rhe high€st number of taxa,
Scenedesnus ab ak' (Kirch.) chod., ,S. ac,rr.'
(Mey€n) Chod., S. de"ticulatus Lageth., S. falcatus
Chod., ,t opolie,rd Richter, S. qudticauda ('t!rp.)
9rcb.. Chlorctlo vulEatit Beyetinck. Cncigenia
tetrupedia (Kitch.) W. et c.S. West, C. qua.lrata
MoJren, Dicdrorpherian pubhe un Wood,
Gole kikia rudiata Chod., Pediastum duptex
Ueyer. P snnplcr Meten. P rctras (Ehr.) Ralfs.,
Tehaedrcn mn'itiuh (Al.Braun) Hansg., I
rnsoara C.lag.) Hxnss.. Terra'trun'nuroseniae-
lbme (Sctua.) Lem]||,-, Stuurastrum pandot&h'
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Meyen were the species with ihe highest fteqLrency.
From the divis ion Bac j 'a. ioph)u. the spec:es

Crclatela neneghinia a Kvtz., Melosira gratula-
/d (Elr.) Ralfs., Stephanodiscut hantzs.hii GN-
now, NiEschia palea (K\ttz.) W.Smith, Sy,edra
ae s Kutz., S. ,'a (Nitzsch.) Ehr. were with the
highest fiequ€ncy.

rrom the division Euglenophyra. the species
Eugle a dcs Ebt., E. oxywk Schn.,atda, E. riidir
El1t., Lepocinclis o|un (Ehr.\ Lernm., Ttdchelo-
dohas hispida (Petty) steia, T. yobocina Etu . wete
ofhighest fiequency.

acicularis v,l. Smith, N. palea (Kutz.) Snith,
Stephanodiscus hatzschii G^jilow, Chlanydononas
ehrenbereii Gotosch., Goni n peetaftle Mlller.
Bela mesosaprob specles zte Ahabaena spiroides
KLbat]4 Apha isone oh los-aquae (L.) F.ztfs.,
Micracytis aerughora Klutz., M. flosaq@e
(Wittr.) Knchn., Meisnapedia tenuissima Lemn:',
Petidi iu aciruliferun Ler n., Synura uyella
Ebt., AchMttes lahceolata (Brcb.) Grun., Anvhora
awlis K]rtz., Cynatopleun s,lea (Breb.) W. Sm.,
Cynbella lanceolara (Ehr.) v. Heutck, C. ventricota
K\tL., Diatona terue ezr. elongatun Lyry.

Tablc l, Dlnini.s ofdctuity ofphytopllrldon community (Nrt OOO in&cn3).

From the division Cyanophyta, the species
Anabae a spitoides Klebabn, Aphanisonenon /os-
aquaa (L.)Ralfs., Mictoctstic aeruginosa K\tL., M.
lor-d4rae (wittr.) Kirohn. w€re the most abundanf,

The ftequency of representatives of Pyrrophyta
and Chrysophyta was considerably lower and the
representatives of Xantophyla wore recorded oDly
spondically.

The monthly variation in qualitative conposi-
tion of the phytoplankton cohmunity is given on
Fig. L

The density of phytoplankton colnmunity was
changeable ana yaried fiorn 4.8x103 ind/cm3 to
l1.2xl0r ind/dmr (Table l.). The rniniInal DuDlber
wls recorded in April on the sampling sire IIL rnd
maxirnal one in S€ptember, also on the sampling
site III.'Ihe recorded phytoplan-kton indicator species
of the polysaprob level arc Aflabaeka co rb,icta
(Szafer) Geitlet. Spirulina je neti (Hass) Kur?..
Euglew vbidis Ehr., and lhe speoi€s ftom genus
Cafteria. Thase ol alpha-mesosaprob level are
Or.illatoia formasa Bory., O. pri ceps V^rcll., O.
tefluir Agajdh, Cryptononar erosa Eht., Cyclatella
nenehghihiana k)rl.. HanEschia aaphia,r' (Eht.)
Grunow, lr'avicala cryptacephala Kutz., Ni t^chia

Tlblc 2. Dynamioe of s!6bit ihdex

Epithenia hrgida (Bhr.) Kutz., the sp€oies of the
EenJ]s Ga phonena, Melosira srunulata (Eht.)
R.alfs., Nitzschia wnnicularis (Kutz.) Crun.,
Rhoicospheria cwlata Cr.tn., Synedra act$ K.utz.,
S. ,l/na (Nitzsch.) Ehr., Phacut pleuror,ectes
(O.F.M.) Duj., Irachelonohat wl|ocikd Eht.,
Eudofi a elegdhs Eht., Pandorina morunt Bory,,
Acti attun hanaschii L6geth., Coehtrum
nictopotttt Nag., Dictyosphaeriun pulche un
Wood, Micrdttiniun pwjllrn Fres., the speoies of
genela Pediasb um and,Scanddesnar, Oligosaprob
species are Ceratuu, hit hdinella O.F.M.,
Dynobrion sertulaia Ehr., Nitzrchia li earis W.
gfi,, Sy ebo acut yar. a gr/Jtissitna Gfin. In
general the indicators of beta-mesosaprob level

Index of saprobity (Pantle and Buok, 1955) is
given in Table 2.

Dlscusslon

274 species, varieties and forms of algae were
recorded in the prclected parl of river Stari Begej in
the course of examinations. This differs from data
on algal taxa r€coded in Carska bara swamp (Pujin
et al., 1987) which is a pad of this protected area
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and is suppl i€d wi 'h warer f iom , iver Slar i  Begej
103 algal taxa altogether were recorded in Camka
bara swamp. Howev€r, ther€ were nonsignificad
differences in the qualitative conpositio! of
phytoptankton commuity in the protected pad of
river Stari Begej and in Carska bara swamp (Pujin
et al., 1987). Nanely, in Carska bara swamp
Chiorophyta were also reFesented with the highest
number of taxa. Bacillariophyta were the second in
rar* and were follow€d by Euglenophyia and
Cyaflophyta. Pfrophyta, Xantophyta and
Cbrysophyta wero rcpresented with significantly
lower nulrlber oftaxa.

with regard to some rivers of this region, the
differences in qualitative composition of phylo'
planldon oommunity were noticed.

The oxaminarion of river Ponjavica (obuskovic.
l99l) showed that Euglenophyta and Chlorophyta
rvere the dominant groups of algae and were
followed by Baoitlariophyta and Cyanophytr The
other groups of alga€ wefe represented wrlh
significantly lowor number oftaxa.

obuskovic (1982) found that in river Bosut the
reprosentativos of Bacillariophyta w€re doni ant
and Clorophyta, Cyanophyta and Euglenophyla taxa
were subdominant. Number of taxa of othor groups
ofelgae was low.

It can be point€d out that the qualitative conr-
posilion of phytoplankton communiiy of this
proteclod habitat was almosl similar to that in Ludrs
lake (Selesi, 1981) which is a protected area ls
well. Namely, in Luda! lake chlorophyta wele nlso
the dominant group of algae wilh th€ highest
number of taxa, Bacillariophyta wero the second
and then came Eugl€nophyta, Cyanophyta and
Pynophyta. Xantophyta and Chrysophyh were
represented with only one taxon, respectively.

Regarding the mo$hiy variation in the qualrta-
tive composition (Fig. l), il can b6 concluded that
the pircipal features of phyloplanklon community
of th€ protecled part of river Srari B€gej were the
dominanco of Chlorophyta and a spomdic
occunence of Xantophyta.

In the variation of density of phytoplankton
community no r€gularity can be noticed.

The index of saprobity after Pantle and Buck
(1955) vaied frorn 2.0 to 2.4 but no regularity
oould be notioed in its variation. as well. or1 the
basis of saprobity index, the waters ofthe prctected
part of river Starj Begej can be ranked as beta-
mesosaprob (second category) ones.

From these exaninarions, it could be concluded
that such qDalitative composition of the
phytoplankton conmuniry is often associated with
eutrophic conditions.
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Iig. l, Varintion in phytollskion comnnniry in St:n A.g.j
walc6duiing 1990,

Apart ftom nutrient loading, lhe phytoplatldon
community composition d€pends on climate and
other ecological oonditions. Mlny authors ponted
out the influenc€ of temperature and pH. Saphiro
(1973) demonstraled thai th€ phytoplankton domi
nance in a nutrient rich pond could be switched
from dominance of blue-green algae to dominance
of chlorococoal green algae by adding ftee carbon
dioxide and lowering pH of wator, Vincent and
Silvest€r (i979) demonstrated that temperatur€ and
pH optima for Anabae a and Chlorella at.
div€rgpnt, 28-35 oC and 23-28 oc, respectively, and
pH 9-10 and pH 7-8, respectiv€ly. So, possible
€xplanation of Chlorophyta domination in the
protected pan of over Stafl Begej is that carbon is
never limirirrg factor for phytoplankton growth and,
therefore, pH has not b€en so high that Cyanophyta
growth has b€en selectively promoted.

Anoth€r hypothesis for Chlorophyta dominance
oould be that theso alga€ oust rePresentatives of
other groups of algae by means of some growth
inhibiting facrors, although vioent and Silvester
(1979) demonstraied th€ opposite case. Namely,
th€se authors reoord€d that exrracellular products
lrcm Chlorc a vrl&aris ptamate the growth of
Mictocystis alld Anabaeno *hile extrao€llular
products from Mrc,'acFrrs and Anabaena ithibir rhe
growth of Chloretta.

Several aurhors (Andersson et a1., i978; Brooks
and Dodson, 196s; Cronbers, 1980) recorded
influenc€ of fish stock on the phytopianlion
community. Andenson et al. (1978) and Cronberg
(1980) demonstrated that abundancG of bream and
roach in the wai€rs affected the phytoplanlton
comnuniry. These fish species are very abundant in
the protected part of river Stari Begej (Budakov,
1989) and so obviously have an effect on the
phytoplankton comnunity.

Taking all these facts into consideratio4 ii

5 9

Jue July Aug s€pl oct



could be concluded that the phytoplankton con,
munity composition and ils variation io the pro-
tected part of river Stari Begej was dependent,
among oth6r facton, and apart from nutrient load-
ings, on temperature, pH, alleloparhic hctoN and
fish stock.
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THE STATE OF POPULATION OF CROCUS BANATICUS J. GAY IN
TIIE TRANSCARPATHIAN REGION OF THE TISZA VALLEY

A. V. Mihrily and V. I. Komendar

MihAty, A. v. and KonendaL t. L (t993): The $tate ofpoputation of Crocus banaticus J. Gay in
the Transcarpathian r.siot of the Tisza valley. - Tis.ia 27, 6l -63.

Abstract. This paper pres€nts the results of the investigation of a Crcc s ba aticus l. Cay
population in the Transcarpathian rrea of the Tisza valley. Data are given about range of
distribution, phytocenotic tbriven species, age structure ofrhe populaiion and seed produotion.
Some dara are also preseded on the biology of ihe species, and certain aspects of generative
reFoduction of C. banaticus are anaiyzed. We give suggestions to the prbtection and re-
establishment of natural area of this species in carpathian region.

Key wo s: Iridaceae, Ctocus banaticls, populatiot biolog!, protectian.

A. V. Mihily, V. I. Komendar, Depatment of Botany, Uzhgorod State University, Voloshin str.
54, Uzhgorod, UKR-294000 Ukraine.

Ihtroductlon

In order to dev€lop the €ffective protection and
nat]ral area re-€stablishment of rare and
disappearing plants, there is a need for conrplex
studies of ecological and biological charactelistjcs
of those specios. The eph6meroid elemenis of th6
nalural flora are mosr sensiti"e to anthropogenic
inlluence. one of them is aocw banatictLs I aay
that is under fu1l destruction threat. Large quantities
of its flowers are picked, corms are digg€d up ald
transplanted. In the lasl decade the popularion srze
of C. bahaticus has been drastically reduced as a
consequence of wood-felling and rneliontion. Th€
arca decreases, some populations completely
disappeared, the individual nurnberc in populations
decreased to critical level. The Crotus banari,rs is
hishly decorative, flowers in autunn, and is
pollinated by bee.

M&t€rlal and Methods

Studies on C banatb8 werc oarfied out in 3
isolated populations in Tisza valleyl

L Villase Bushtino environs, Tyachiv district,
2s0 m a.s. l . ;
2. Village Onok environs, Vinogradovo
district, 300 m a.s.l.;
3. Village M. Kopanya environs, Vinogradovo
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district, 400 m a.s.l.;
Area and state of local populations wore

measured, description of plant communilios with
the presence ol C. banaticus wss don€ by route
meihod. Planh were coll€cted to study the
morphological features and s€ed produotion.

Populalion size, ontogeny and age structure
were deiermined in different ecological-
phytooenologic condiiions witb transeots laid down
by mndon 'neihod (Smimova et al., 1976). Age
classes were delermined according to Rabotnov
(1950a) and Smirnova €t al. (1976).

S€ed produotion was meNured aocording lo
Rabotnov (19s0b) and vainagy (1974). The
potential seed production (PSP) - number of
seedbuds in fnrit, ach$l seed production - seed
number in fruit, and seeding pe,cenlage (SP) *
proportion of se€dbuds developing to seed were
determined on 25 randomly marked individuals in
each popdlation. Slandard varianc€ analysis
statistics werc cnlculated (Zaitsev, 1973; Schmidt,
1984).

Results and Dtscusslon

'lhe Crccus batnticw L Gay (syn.r c.
iidifo'u He$f.: C. bwnthikus Herb.) is an
autumnal flowering ephemeroid plarr from
Iridaceae A.L. de Jussieu family- As many



hysieranihous geophytes, it is also relared !o
Mediterranean flom (Dafti et al., 1981). It is Sub-
Dacian floral elenent (Randejlovic et al., 1990). It
occurs in Rumania (Be1die, 1967), Serbia (Hayek,
1933; Jivorka, 1964; Randjelovic et al., 1990), from
norlhem Transsylvania to the Balkans (Prisztel
1974). In Ukrainie it occurs only in Transcarpaihra,
the north-eastem border of its ^tea. C. ban.tticus
grows in zonal oak and beech forests and
sonetines, for exlmple, in Transsylvanran
mountains Erc, reaches 1000 m above sea-level
@emetsky, 1911).

C. banaticts ptefets semishaded places, gfows
in oak and beech forests, brushwoods. The
investigafed populations wete in Festlco-
Quercet tn roboris assoaiati,on ot S ercetea rabori-
petrueae Bt.-Bl. et Tx. 43 class, Fdgo'Caryineht|,1
association of Caryino-Fagetea Jakuos 67 class,
Rabinietw pvudoacaciae association of
Robinietea Jurko €x Hadac et Sofion 80 class
(Krichfalushiy and Mihrly, 1993).

The conn of C. banaticw is round, slightly
Ilarten€d at the top and bottom. rts wrdrh wrties
from 14 to 16 mm, and the height from 8 to 9 mlrl.
The colour is dirty-brown. FloweN are significantly
different from those of other O?crr species. size of
inner petals is th€ haLf of that of ouler ones, and
rherr color is v iolet .  Anrhers are yel low. si igrna is
blue-viol€t, and is very bnnched (nunber of
bnnches ranges up to 50), Flowers of 10-i2 cDl
bloom in September-October (sonetimes even rn
the beginning of Novehber. Leaves and frujts
appear next spring. The sprout is very weak a d
brittle during the flowering, nechanical slrengl[ is
given by ihe associated leaves. Fruits are three-
sided capsules. In each of the thee cavities the
seeds are atarged in two fows. Seeds are redish-
brown, €lliptical, l€mon like acuminates are at the
ends,4-4.5 mm in lengrh. Generative individuals
have three green leaves, but sebile ones have only
l-2.  Leaves are lanceolare, erecr,  l5-25 crn in
length and 13"15 mm in width. Apex of leaf is
slightly blunt. Fruit opens with thfee pafs. Seeds

germinate in autum. Flowering occunes in the 4-
5th year.

Oniogenic stages af C. banaticw ar6: juvenile
0), immature (im), virein (v), senerative (s) and
senile. Age structure of ih€ populations studied is
given in Table I and Fig. L

Group of juvenile plants prevails over all
populations, juvenile and imnuture individuals are
over 70 % in all populaiions. A rather Low number
of generative individuals should be explained wrth
ftequent flower picking. The Bushtino and M.
Kopanya populations are fully a[tuous, normal by
Rabotnov (19s0) soheme. The share ofsenile plants
js very low. The three populations may be classiffed
as young, normali close to invasional.

Table L Ase strocture of cloos bmatids populatiors. Indivnfual nunbeB pcr mr dd pcrccntnEs arc givcn

Fig. L Ase rlocturc of Cpcue!ru8li.uc populotione.

For the ephefieroids, characteristic are the
complete, left sided basic spectra, in whioh
pregenerative individLrals dominate over gen€rative
nnd senile ones. This can be explained with the long
persistence ofvirgin perjod of ontogeny, as well as
the dominance of seed gennination over vegetative
reproduction in population dynamics.

Interspecific competilior has rather low effect
on ephemeroid populations, its manifestatjon rs
obvjous near th€ border of the popuiation
distribution. In such conditioDs the individual
numb€r of popuhtlons decreas€s abruptLy, and the
slrong deformaiion of theiL age spectra can be
observed (Shorina and Smimova, 1976).

C. banatic8 prcpagates itself generatively
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ra6'. 2. Potential dd .d.l sd ?roducrone oa c bddr n pop ' r 'on! itudi.n.

SP
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1.63
L l9

23 23

l . 3 l

66.13
34.13

very easily and fast by means of seeds, but
v€getative propagation is quite week. The nunber
of pregenerative individuals d€pends on the soil
seed ba* that is connected to the se€d production
of tle population (Konendrr and Nemet, 1980).
Table 2. summatizes the seed production of C
6aratcb in the thre populations studied.

Some conclusions of the investigationsr the
number ofgerms is considertably stabl€ ihan lhat of
seeds. Differenc€s between germ numbers of each
populations are less then those between seed
numbers. Actual seedproduction depends mrjnly on
environmental oonditions, bul potential s€ed
production is less dependent, that r€ferrc to its
genetic baokground,
Population of M. Kopanya is mosl threatened, it is
situatod closo to the highway. Here ihe flowefs are
colleoted, mainly the largest ones ("a ificial
selection" takes placor the weakest and smallest
individuais remain in the population).These facts
could explain tho low seed production and lhe smau
number of generative individuals in the populationl
this population is d€grading under anthropogenrc
influence,

Protection of C banar,crs is wery important in
Transcamathia. beoause h€re is the nofth-easrem
border ofiis area. C ,aradcrr is present in the Red
data book of Ukaram€ and USSR. h is a
disappearing species, area of which is decrcased
under human prcssure. C banaticlLt is sn
endangered species not only in Uhami r
Carpathians but in other regions. The most effective
prot€ction and reestablishment of its populations
should be in natural habitats, and with establishing
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COMPARATIVE ANALYSIS OF' SUCCESSIONAL STAGES OF'
SANDY VEGETATION - A CASE STUDY

K. Marq6czi

MaryiczL K (1993): Comparati'e a allsk of successional nas6 af sandy wgetatian - 4 case
study. - Tiscia 27, 3-8.

Abstrrct. The vegetation of seven selected sites, represenring different stages of pimary
suooession, is aMlyzed in order to esiablish a feasible successional soheme, and to compare the
traditional succ€ssional parhways and rhe palhway suggesled by the multivariate methods
The ordination of micro-scale coenological relev6s suggests a nore or less linear successional
s€quenc€ ofstudied stands conespoDding wiih the tsditional theory.
Five g,?ical patches w€re identified in each stand by olassificaiion in order to repres€nt the
intemal variability of the vegetation. Ordinalion of 6ese lypical patches on the basis of species
frequ€ncies shows, that the primary dynanic ofthe sand vegetation is more ooinplox The linoar
suooessional sequence of studi€d stands is uolikety, differeni kansitions betwoen stages are
equiprobable, and the graph structure ofseries is rather reticular.
Three groups ofstands were identified by diversity orderingi (i) an initial, oPen grassland lype

with low diversity; (ii) a grassland with medium diversity ;the forest herb layer also belongs to
this oategory; (iii) the most diverse, olosed grassland, and the shrubby habitat. Diversity Profiles
of these groups were cleariy separated.
The m€thods employed diffelenliate ih€ vegetation of the studjed stands aocordjng to their
species composition, diversity and complexity, but the €stablished sequence does not necessarily
reflect to the real historioal develop eut ofthe stands in quesiion

Kewottlsi sancl! wgetatiotl, successioL ntultituriate ethah, di|e,sity ordering

K. Marg6czi, Deparmenl ofEcology, JATE Univ€rsity, Szeged, Pi 659, H-6701 Hungary

Introductlon

On€ ofthe typical vegetation and florl types of
the Hungarian Plain can be found on smdy areas
between the Danube and Tisza riv€|s. This
vegetation has been shrdied by many authors,
among then such pioneers as Kerner (1863) and
Rapaics (1918). The successional stases were
described by Hargjtai (1940), zsolt (1943) and
Magyar (1960). Besides this olassical works,
Pr€cs€nyi (1981) studled the diversiry chaDses
dudns suocession and there are several publications
elucidating cedain ecophysiological phenomena of
such vegetation (e.9. Tubq 1984 and Fekete et ai.,
1988). The spatial pattem as weli as the niche
r€lations of some sp€cies belonging to the gnssland
commlnity Festucetu raginatae lr.rc studied by
Molnir and Nosek (1979) and Fekete et a1. (i980).

Recently Fekete (1992) published a nelv con-
oept of primary succession, wich is different from
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the traditional interpfetation by the Hungarian
phytosociologists. He pointed oui that the primaD/
dynamics of sandy vegetation is very complexr the
vegetaiion-soil evolution is non-patali6l; ihe
suocession is often detemined by stoohastic tran"
sitions between stages; the successional graph
structul€ of the sand s€re is rather rcticular than
linear; origin of climax stage is hetercgeneous. The
pioneer snssland do€s not accumulate suffioient
humus fof the €srablislment of steppe-m€adow
species, so the steppe m€adow does not fit the
pioneer gmssiand-shrub lin€. The stands of oak
wood (the climax connuniq, in the kaditional
concept) are habitat-dependent.

Although the classical phytocoenological
oescr,pr ion of sand) !egetat ion successron is given
in the above meniioned papers, no detailed
nultivariate analysis has been made to describe
vegetation differ€nces anong the stnges.

Classifications and ordinations arc suitable for



analysis of succession, but the effectiveness of
djfferent methods dep€nds on ihe nature of analyzed
dara (Mazzoleni, 1991).

Unequivocal successional sequences are not
necessarily self evident to critical observer
(Andersoq 1986). Ior example, computer based
classification and ordination tecbdques d€fined a
successional gradient that differed fion a theo-
retical or assumed successional classification 1n the
case of a big sagebrusl/grass comnuniry (Tueller
ald Platou, 1991).

The aim of this study is to analyz€ the v€gela-
tion of seleot€d habitats in a Hungarian sandy area
using multivariate methods and diversity
comparisons, and to evaluate the differert concepts
ofsuccession according to th€ r€sults.

The art comnuniry composition a.]d epigeic
fauna ofthe same study plots analysed in lhis paper
has also been studied (Jlirdlin et al., 1993)

Study area and Methods

L Site desct ipt ion
The field studies wer€ canied out in a naiure

leseNe in fhe southem parl of Hungary, betwe€n
lhe rivers, Duna and Tisza near !o the village
K6leshalom rn June 1991. The study siLe is a
complex of wind-blolvn sand dunes, SeveLal suc-
cessional siages of sandy vegetation occur here
fiom bare sand to popl forcst For the preseni
study 7 plots were s€lect€d, representi g these
stagesl

Plot 1. Almosi bare sand with sorne plant spe"
cios belonging to the association Fr,ttrcalr,,
yaginatae. The bare sudace within the plot nlay
derive frofi an abandoned sand-mine.

Plot 2. Open perennial grassland with 30-40 %
plant cov€rage, predonir\ ting by Festuca r.lgi ata
(Festucetwn |aginatae danubiale). The ]|r,oss nnd
lichen layer was also considerable.

Plot 3. Similar to plot 2, but predominated by
Stipa borysthenica. (Fesh.tceh.t,n vaEinatae stipe-
tasutn borysthenicae)

Plot 4. Open perennial grassland predoninated
by the species belonging to the Festucetun
laginatae comm]rr,ity ^ad Popuhts alba fomls a
shrub storey here. Height ofit is s0 cn, about 2s %

PIot 5. Closed grasslud with sone xero,

nesophilous and nesophilous species besides the
xerotolerant ones. The phytocoenologicai siatus of
this stand is uncedain.

Plot 6. Shrubby habitat with 50-60 % covemge
of Crataegus nanagya, Juhipen$ connu,,i\.
Berbe s vulAaris and Ligtsttun vulgarc sht\bs

Plot 7. Closed poplar (Pop&lrs a/ba) forest with
sama Robi ia pseudaacacia .Jees. Crutaegus
nonagtna and Junipetw cannunit give a sparse

The areas of the study plots were about 400 m2.

2. Field sanpl ins
A sinilar sampling procedure x,as applied thatr

desoLibed by Szollet and Bartha (1991) with sone
modjfications. Long tnnseot of 200 contagious
small plots, each of 20x20 cm size, were used fol
sampling in each stand. The total lransect of 40 m
lenght was broken 4-5 times, resulting a zig'zag line
"netling" the whole plot. The presence and absenoe
ofspeoi€i rooting in the subplots v,ere recorded. hl
the shrubby habitai and in the poplar forest only the
herb layer was sampled. The presenoe of detectable
lichen and moss species w€re record€d and analysed
together with the biSher pLants.

3. Data ahalysis
The seven study sites were ordinated according

ro rbe pooled frequency of occuning species using
principal coordinate analysis with Czekanowski
index by the program package NuCoSA
(T6thlneresz, 1991, 1993a). Virrgh (1986) havs
found the sarne ordination rnerhod and similarity
index to be usetul for deiecting vegetation
differences in a similar scal€ study.

In order to represenr the intemal variability of
the stands five most abundant oharacterisiic patch
types (10 contagious 20x20 cm subplot of each)
were seleoted in each stand by classification of aU
200 subplots acoording to their speci€s composition,
using the Sorensen similariq, index by the NCLAS2
program of SYN-TAX lll prograF package
(Podani, 1988). These 20x100 cmz subplots,
represenlirg lypical patches, were classificat€d by
NUCoSA usins Czekanowski similadty index and
singl€ linkage soiting algorithm. Principal
coordinate analyses (NuCoSA) ofthe same subplols
were peLfomed usins asain Czekanowski index,
and the resrilts of clustering method and ordinalion
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Ta$le 1- T[cpoolcd foqr...y values otth sldi€s in tlc 200 2ox2o 3n quadntctet shrdy plol Dah of22 rarc $ccies, whoscloolcd

f@qu;cy valuca v.r. tclow l0 ae not indicaiod. Th€ uscd nonetrclahnc h aftor siron ( 1992).

Analysis ol the diversity conditions were
performed by dive'siry o de iog rTodmeras?
1993a,b). This evaiuation differentiates ih€ diveBiry
sequedce of studied commurities based on

dominant lercus lare species. The Hill diversity
value is seisitive on rare species at low scale
parameter value and it is sensitive on dominant
species at high paranet€r value.
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R€sult

Ordi  at ion and cfassi f icat ion of st  dy

The ordination olthe seven stands according to
the pooled frequency of occuring species defined a
successional sequence, rhat did not differ
considembly from a theoreiical or assun€d
successional orderj if the arch etrecl of the ordina'
tion method is laken into coffideralion; or y the
plot 4 does not fit well into the sequence (Fig. 1 . )

The selected representaiive subplots of the
stands were sepanted rather well on the PCoA
scatiergran (Fig. 2.), and the classification resulis
confirm the togethemess of thes€ subplots (Fi8. 3.).
There are very few overlaps b€lween the diffefent
stands, consequently between ihe successionaL
stages. Ohly the subplots of dre shrubby hab(al
(plot 6) form l1o separale cluster and they are
positioned fa. from each other on the cenlral pa|l of
the scattergram. The vegeiation ofthis stand is very
heierogeneous. The identified patch types mny
rcpres€ni differen! successional stages, and can be
ordered in a feasible successional sequence that is
parallel with the sequence of tbe other stands (Fig.
2.t.

r18.2. Pnncrpd cod'lDarc M(lyss ol Llie 'eDresentative subplotr
o f rhc  rJd .cd ,knd, .  L incs  edc i ' c lc  rhc  !ubp loG bc loncrns
to lhc ,omo chstcr, indiortcd by rta6 ir Fig, L Th€ d!,hcd
lines sisr lossibl. orddrs of rho samplcs co.sid.dng th.
rrchoffc.tof llr.ordin iotrmcLhod.

area. Inside tb€ denoled cluster the two siudy sites
are separated (Fig 3.).

Diversi t ,

Altogether 76 species were recorded in the 7
siands. The frequencies of species are presented on
Table 1. (Datfl of 22 rare specjes, whose summed
fiequency values were below 10 are not indicaled.)

Three groups of stands wefe identifLed by
diversity orderingr (i) an initial, opeo grassland type
with low diversity; (ii) a grassland with ftediuln
diversityt the forest herb layer also belongs to this
cAtegory; (iii) the nrosl djverce, closed grassland,
and the shrubby habitat. Div€rcity prcfiles of these
groups were.clearly separaled.

In the first group the diversity of plot 1 is
unambiguously lower, than that of the plot 4.
However nr the nediurn diveNily group the profile
ofplots 2,3 and 7 cross each other, this means tha!
these three co nuniiies cannot be ordered simply
by th€ir diversity. At lower scale palameter, ihat is,
regarding the rare speci€s the diversity ofthe plot 7
is the highest, but the opposite is right ai the higher
value of scale parameter - iegading the donr;nant

Discusslon

According to the tradilionai inte{pretations
(Zsalr, 1943 and Magyar, 1960) the feasible
successional sequence of siudied stands is the

"ai
-...\

\,

lig. L P ,cipal coordlrar. nalysn oftlc shdy plols accodtug
ro thc poolcd frc'$ancic, oftho occnirins spccica. ror tho
a.srirtion ofthc atudylioh indicatcd by nuhlcs sc. thc
"Sludy d.a md Mctlods .

Some subplots do not join to any group; ihey
represent unical patch rypes. On Fig. 2. the subplots
ofplot 1 and plot 4. are encircled together, tlis lwo
plots represent the initial stage ofsuccession in this
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Fis.3. DcndrogBb oflh. Elrcscnhliv. sulploh oftho studied
$ande. Tlc a6 indi.rtc thc &lcvst clust rs, subflors of
whicl oro cnciicl.d by lir$ in th. ordin ion diasmm D

followirgalmosi bare sand (plat 1) "- Ferhrenml
yaginatae danubiale (plot 2) - Fasfircetn
\)aginatae ltipetosrtl sabulosae (plar 3) - open
grassland with small poplar trees (plot 4) - closed
gLassland (plot 5) - shrubby habital Glol 6) -
poplar forest (plot 7). On the PCoA scattergram of
stands this soquenoe oaD be mofe ol less recogujzed
if consideLing !h€ arch effect of the ordination
nethod (Fig,1.). The arch effeci is stronger when
the ordinared samples have few species ir conrnlon
(Mazzoleni et al., 1991) The Brcneho tcctonutt

communiry, an amual grassland, which is regarded
by the faditional concept ls the firsr stage of sandy
succession cannot be found in K6leshalom site.
Festucd wgi ata is rhe rl]ost frequent species m the
very open, pr€s'rmably pioneer stages (plot I and
plot 4). It is remarkable, that poplar can colonize
even in the very initial forn ol Festrcetut
vagrrdla? oommunity the (plot 4).

Fekete (1992) presenled a different conoept of
primary succession on sandi the starting point is
Dsually Festucetun wgitlatae community. The
succession terminates ar the Juniperc - Papuletun
along nany lines; this comnunity corresponds to
the real forests in this sere. The sleppe meadow
(closed grassland) does no! fit to the proneer
grassland '' shrub line and this makes the graph
reticulaied in this xerosefies

The fesult of analysis reflecting to the intemal
variability of the stands (Fig. 2.) suppo( rhis con-
cept fathef than the traditional, lin€ar successional
sequefice. The starling point is undoubt€dly the
complex oflhe plot I and plot 4; plot 2, 3, 5 and 7
could be nlrernarrv€ e dpornis of successrol .
Besides this ar alternntive explanation of the
scailergra is also possibler (I-a) - 3 - 2 - 5 - 7 plot
sequence could be rccognized aloflg an arch in the
Fig.2.

Tbe subplots of plo! 6 may rcpresen! interme-
diate stnges of altemative pathways leading from
the opefl grasslnnd (plot 1,4) to the closed grassland
Glot 5) and poplar fol€st (plot 7). At th€ same rime
the subplois repres€nling lypical patches of plot 6
are ordered along aD arch, parallel with the
nlenlioned (1-zl) -. 3 " 2' 5 - 7 plot sequ€nce in the
scattergran. That is, aherfiative interyretations are
possible whefl t0,fu9 to identiry the successronaL
sequence on the bas€ of ihe ordination result. The
used methods are suitable to arange rhe
communities accordhg to their complexjry, and
specles composition bul it does not mean, that the
identified sequence exactly corresponds to ihe r€al
historical de\,elopment ofthe stands in questior,

ln a hilly area there arc considerable diff€rences
in the physico-clremical condiiion of the soil (i.e.,
humus and nitrogen contert, water content and soil
granule size) ai ihe top ofthe sand hills, in the wind
grooves between them and at the relatively flat
afeis (K6rm6czi, 1983). Such environnenral
differences mry cause the development of
altemative erdpoinis ofsuccession, according to the
concept of Drake (1990), who resard rh€
environmentrl grrdients as | filter definug which
set ofspecies is pemissible to colonjze.

The specles diversity js the highest in the closed
grassland (plot 5) and in the shrubby habitat (plot

.n
,t
=

!  
- - -  - -  -  r  l lo.o r.z ,.a r.6 ai 610

Iis 4. Divc$iry ord€nng of thc ,tudy piots. lccoiins lo llic
poolcd fEqnency valu$ of th. .ccunis sp€cies. Ior
d€scription oftn. shdy plots indicaled !y dunbc.s scc lxe
.study d.a md M.tlods '.
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6), but presumable because of ditrerent reasons ln
the oase of closed grassland conmunity $e nore
favourable environmental conditions of the slight
wind srove habitat (higher soil humidity, lower
wind effect and insolation) allow the coexisrence of
more species. The shrubby habitats have d€veloped
in the upper slope of a sand hil1, and lhe sbrtbs
stand separately providing a wide varieiy of
microhabitats from the open, dry patches between
the shrubs to the shaded sites under their canopy,
were ihe soil is covered by litter. Here the habrtat
heierogeneity causes higher number of speoies.

Studyirg simi lar sandy vegeLal ion P acsenyr
(1981) found that the species diversiE, was the
lowest in the last stage of successiot, that is iD ihe
forest. In present case the diversity of foLest berb
layer is high if resarding the rare sPecies, bu!
oonsiderably lower if regarding lhe dominan! sPe-
cies (Fig. 4.). This community does not evolve
aulomaticaily lrom a pre"ious grassland slage bur
the light shotage (the shading effeot ofthe growing
tree canopy) driv€s its developmenl So, because of
the considerable change ill environnenta]
conditions a different species Pool is allowed !o
colorize (of. Drake, 1990)

The vegetaiion of plot 4 provides an eviderce
rhar lhe leforestation of open grassland is possrble
but canno! be found cLear tfansitional slages
between the open grass)and and folest herb liyer
among the studied Plots.

Pfesent paper ref€rs to field investigations of
one single time Point. Direct evideces about the
successional pathways can be drawn uP oDly aftel
several years study period on Pe|m rehl plots
Result of such a long teffi sludy caMed out on the
vegetation of Hungarian sandy arcas have not beeD
publjshed yet. Although better understanding of the
succession is very importnnt from the natue
consewatior point of wiev as well, because the
consewation activiry have io aim at naintainance of
all succ€sionftl stages close 10 each other if it is
possible. BLtt ih€ nininal spalial scale of the
successionalprocesses rs no'known ) er rs del l
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ANT ASSEMBLAGE COMPOSITION IN A SUCCESSIONAL
HUNGARIAN SAND DUNE ARIA

Cs. J6rd6n. L. Gall6 and K. Maredczi

Jlrdi:n, Cs., Galli, L. and Maryic,i, K.(1993): Ant ase blage conpasition in a suc.essiohal
Hungarian sand dune area. - Tiscia 27,9-15.

Abstract. In the frame ofa project dealing with the succession ofant comnunities in sand dune
areas of different seosraphical resions in Europe, nr K6lesbalom sandy area (southem Hungary)
eight study plots, representing differeni successional slages of vegetation, were select€d for de-
tailed sampling proglam. PCA analysis ofthe ar! assenblages of study plots shows that the suc-
cession ofih€ ant conmunity conposition follows two nuin pathways: one is typical to open ar-
eas, i.e. grasslands, lhe othef is usualiy teminated in forests.
Comparing the successional sequence ofthe shdy plots according io their ant assemblages, veg€-
tation composition ard epigeic fauna, it is established that the initial and final successional
phases ar€ the same in each case, but there are uncoordinat€d successional steps in the three
assenblage lypes in the transitioDal stages. Th€ diversity of ant assemblages increases along the
successional gradients, bul that of ihe vegetation and epigeic launa has a maximum in a
transitional phas€.
Microclimate, dead twigs on ground suface alld vegetation arohiiectur€ were identified as the
maiD extenMi corfelates, which probably have certain role ir structuring ant assemblages.

Ke! wards: .u1t cot r ur'ities, prittau ! su.cess io , envi olnrcntal coh eldles, sand dunes

Cs. JArd6n, L, G!116, K, Marg6czi, Department of Ecology, JATE University, Szeged, Pf. 659,
H-6701 Hurgary

Introductlon

Vegetntjon sucoession hAs exlensively b€en
studied from the very beginning of ecology
(Clements, 1916; Cowles, 1899t Cleason, 1917).
The succession ofaninrr l  conrnrunl l res, houe\e.,  is
one of the most n€glect€d fields in aninal ecology.
Although ther€ is a lot of information on the com-
posiiion of ant communities (see e.g. Brian, 1983i
Hdlldobler a|d wilson, 1990; as reviewing bookr,
we know much less aboul e process of o,61,)izl-
tion, i.e. succ€ssion of these assemblages. The suc-
cession ofth€ ant communities is usually shjdied by
simultaneous comparison of several habitats repre'
sentins different sucoessional stases (Szujecki et
al., 1978; Vepseleinen and Pisarski, 1982;
Boomsma and Van Loon, 1982r Zorrilla et al,
1986; Gall6, 1991; Gall6 et a1., i11 preparation) and
there are much fewer long-ienn invesiigations on
the successional transfornation of ant populatioDs
or assemblages in a padicular babitat (e.9. Gall6,
1981; GaU€ et a1., 1993) because of the long tine
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spar of cohnunity dyhanlc prooesses. We use the
first, comparative approaoh 1r the pres€nt paper,
which is a paft of a project dealiry with the primary
succession of ant assemblages in different sand-
dune areas of Europe and the Middle East, fron
Fjnland to southem Turkey. Tlre previous papers of
the series have been ca ied out by Call4 (1990a,
1990b, l99l) and Oall6 et al (in pteparation).

The field sludies were done in a succ€ssional
sand-dune afea i0 Middle-Hungary in order to re-
veal the mdn attributes of ant communities of dif-
{€rent succ€ssional stages. Three main questions
were addr€ssed, as follows:

(1) whai khds of ditrerences and similarities
exisl  in l l re cornposr.oi  ol  lhe rr l  lssemblages in
the study plots, which repr€sent different succes'
sional stages of v€getation?

(2) Is there any co-ordination between the
pathways of ant communjty succession, and that of
other assemblages, i.e. regetaiion and the epigeic

(3) wlrich extemal conditions (habiiat proper-

I



!ies) are correlated with the struchre of ant assen-
blages?

Study area and methods

The study area is a complex of wind-fonned
sand'dunes, between the r,vers Dr.1a and T s?r r.i
the southem part of Hungary, and it belongs !o
Kiskunsag region near rhe villase K6leshalom.

For detailed studi€s, qight plots were selected
with ar€as of300 to 500 mr. The plots were pafis of
such habitats, which repr€sented different stages o{
the sand-dune vegetation succession (Fekete, 1992)
fiom the bare sand thorough open grasslands, closed
grasslands, shrubby habitat to a poplar for€st. Piot l
had a low cov€rage (<20%) ol planis, mainly
Festuca yaginata and Stipa borynhenica. Althaueh
djffering in exposition and total vegeiation cover-
age, plots 2 and 3 were similar open grasslands of
denser v€getar ion thar plor l ,  pr€dominated by
Festuca |agi ata, Stipa borysthenica and Kaeletia
g/a!/cd. The moss and lichen layer was also consid-
erable. Litter cov€r was about 40%. Plot 4 was a
closod grassland, predominated by Feshtca psetdo-
vi na, Teuc riM chanaedl.ys. Ha losc hocn,s w lsr ns.
Galium wru\l and Poa ang$tifolia. 'lhe fiass a:rld
lichen cover was also considerable. Plol 5 lesenl-
bled to 3, but with a Populus alba shrubby storey
(height <50 crd, ooverage about 30%). Plot 6 was n
shrubby habitat vtith C,?tae|us ttorogrna,
Juhiperut cant unis, Eerberis t'ulgaris and
Ligusr'um yulgate. Thynns degenianus, Sti?a
borysthelica, Carcx liparocaryos, Galiut" \,et n,t
plant species were found in the und€rctorey. Plot 7
and 8 were closed paplar (Papulus a/6d) foLests
\\,ith some Robinia pse.tdoacactd trees. Thefe were

Tlbla l, Ahdlut4 for cna' rcrolizariou of Blady plols

shrubby storeys with Crutaesus ttotrogSua and
Jutliperus conmunis. Cdlu/d.ad was predoninant
in the herb layer. These two plots apperently dif-
fered in rheir red wood ads, therefore they were
separately tr€ated. A more detailed survey on the
vegetation of the research area is given by Marg6ozi
(1ee3).

The ant assemblages were sanpl€d with pitfall
traps. 12 traps were used in each study plot and the
traps worked lwo times for two weeks. The same
pitfall traps yielded the data on the conposition of
lhe epig€ic fauna, as well. Herb layer invertebrates
werc collected with sweep nei. 5xl0 sweeps were
applied in each study plot. Beside the various inver-
tebrate groups, these samples yielded sone addi-
tional infomation on the ant fauna of the study
plots, too All colleoted aninrals were sort€d on
uxonomic group level. If considerab e body size
differerces were observed silhin a taxonomic
group, itwas subdivided into size classes.

The cover of plan! species was estimated in 5
quadrates of I nz in every plot. Using the average
values of the number of collecred ant specimens,
ihst of the other epigeic groups, and rhe 0\ age
cover values of plani species, three resemblance
matrices wele s€t up. Th€ percehtag€ similarity
\ alues ofRenkonen inder were used in thes€ matri-
ces to compare the study plots acoording to the
three different assemblages, i.e. veg€talion, ants 6nd
epigerc faunr. Wuh the help of rhese matnces, the
possible successional sequence of str.dy plots could
be sel up, because the similarity between the ptots
presumably represehts the successional r€lations of

In order to find the main external conelates of
the composition of ant assemblages, we examined

lll veschrior archilcchtrs

J2l vqcrition co'npdition

[4] D€rd twiss oo sroud

[7] Fauna of the [e6 layc!

1,2 covorofhoNos lnd lichcrs

1.4 Plinl odvral 0-5, 5-15, t5-30, 30'50...

2 I Rclatite fEquetrct of pi.doni.ati'rs

4.t DoDsily of dcad bidrolct of various

5,1 Tcrnpc6turesof soil, of an2 cD $ovc
soilsuifacc,andof dn 2n[eisnt

6.1 lrcqucncy of varions animal gronps
collected n, pitiall traps

?.t Frftquency of vaionE aimal aroqrs
couected by sv€ep rci
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* = sexuals collecled by hand or / ard pit{all traps
+ = workers coll€ot€d by sweep net

their corel4tion wilh som€ habitat propefiies, W€
used altogether 160 habitat attribute scores for a
detailed charact€rization of the study plots. These
habitat scores were groLrp€d in s€ven: v€getation
arohitecture, veg€tstion composition, size of tlre
plot, twigs on ih€ ground surface, microclinate,
epigeic fauna and faunal composition in herb layer
(Table l).

From among the habitat attrlbutes not en-
tioned above, the measurenent ofth6 microclinate
was caffied out il1 the usual ways. The number of
dead twigs on the sudace were counted in 0.5x0.5
m quadraiesi the lengtbs, widths and the cordition
(fresh, dr], dry with holes, wet and rotten, orly
husks) of the twigs were n1easured.

In the data evaluation, PCA ordination was
employed to establish relation among the studied
objects (i.€. plots, ant, invertabrate and plant com-

Results

A total of 22 ant sp€cies w€rc collected (Tabie
2). The study ptois formed two main sroups oL1 the
basis of the composilion of their ant fauna: the ant
assenblages of firct three plots were predominated
by Lasius alienus, Plagiolepis vindobonettis aLtd
Cataglyphis aenescehr. These plots represented the
earliest stages of anr asse$blage succession, lvrth
TISCIA 27

low specjes diversity. A higher number of anl
species were found in the second group of plots,
especially in forest habitats (Table 2).

Ordinalion of the Barber trap ant data by PCA
yielded the following results (Fig. 1). The ant
assemblages of open habitats are position€d mainly
iD the "a" part ofthe PCA; the samples from forest
plots are on the opposite part of the figure ("b"); and
the angle of the pipe-like figure contains the
sanples of transitional stages. According to tbes€
results, it seems very possible that the succession of
ant commun'q composir ion may fol low two mrin
p"rhways. one is rypical  ro open areas. ie
grasslands and i€ading to tbe ant assemblages of
clos€d grasslands, the other is characteristio to the
path, which leads to the ant ass€mblages of the

A more exrct successional sequence of the plots can
be set up on the basis of resemblance matrices of
the ant, plant and epigeic animal connuities (see
Fig. 2). The plots can b€ arranged foughly into five
successional steps in all of the three community
types. It is clear that the initial and final succes-
sionai stages are the same in each case, but both the
position of rhe transitionai plots and rhe pathways
show sonre differ€nces. This means that there ar€
uncoordinated steps in the succession between the
different communities.

u

2

lttraiu laainoab Nyl-
Wai.o vbdeti M.in n
DiP krh o Ptur,1 lizAu L^rt.
Tet ononM crespitun Laft.
kpblhtD nJlatuqi Fitld.
Lp|o|ha N uni|btciotu Lartr.
I2ptothd 6 abetuft F''rsr
D o li.h o dcu q, adnp w.tatu L.
TaPtnoDo aduauw Em
P lagi o lepit r i n d o b o ne n s i' Lo nn

canpotuha tog6 s.6p.
Cakpona hr trwcatE Spi^,

Fomica sheihea L^ft.

Fomi.a .ni.ulano L^tt.

CataAlrphb aer6.ens Ldtd.
Pobetu tutes.a1s Ltrt.

494.6 fl8l,4 +167,0 163.1
0.21 55,63

1.33

.11 .0  +34,0  +  14 ,83  +3,09
6,41

]  J6
+ 3 .90  +  9 .03  11 .36

.0 .08

|  +13.0  15 .66

3.53

0.53 .+1,?5

| .25

0,03
63.33 0.03
+40,58

0,08

+1391.
0,03
0.16

4.08

0 . t 3

0.13

I6.03

'1 t3 83



0

8

Fig, l. Ordin.tion ofBarbcr krp mt drt{ by PCA. T6ps ofl[..aheplot arc cncilclcd.

---.-.:ry....-ry
I

,t
tn
_1._

I  l r l l  I

tm

The Shannon djversity of ant assemblages
jncreases aloug the five-step successional sequence
(Fig. 3,), whereas that of the vegetatior srd th€
epigeic fauna leaches a haximum in the third stag€.

For the corelation analysis between ant
assehblage cohposiiion and the habita! attribute
scores we used lh€ firsi lhr€e coordinates of each
study ploi in PCA factor space set up on the basis of
their ant assemblage composilion afid the cor-
relatiol were cotnputed between these coordinates
and the values of fte above mentioned 160
individual habirat scores. Using this nethod, we
found that there were 23 attributes oorrelated witir
ants, such as microolimate faotors, dead twigs, some
inv€rlebnte groups and plant species (Table 3.).

Ther€ are som€ problems with the interpreration
ofthes€ results becruse of lhe possible intercorrela-
lion belween attributes. Therefor€ we used also an-
other proc€dure in order to dete nine nrore exactly
the extemal corelates of ant communiiies. Study
plois were ordinated on the basis oftheir ant assem-
blages and the different attribute groups mentroned
above (Table l.) h seven djffereot PCA spaces. In
all cases th€ relativ€ position of the points repre-
sentiry the plots in the PCA factor spaces was
measured as a set of multidimensional Euclldean
disiances (Pielou, 1984) liom the others weighted
by the variance percentage values of ihe PCA axes.
The distances of the corresponding points in ditr€r-

l is.2. Successional seqlchce oftlF study plols on dre basis of
icehllecc natric.s of ln d! plmt and thc ep,se'c
minal comnunities.
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sl€s..Elds

lis. 3. Shnnon dircnsb, of vcs€t tion, a.1 as.nbhs$ J
.piscic fauna in nvc scc.sioial stcps,

ent PCA spaces were compared with co|relation
analysis using non'parametric Speannan's coeffi-
c iert ,  Close conelar ion berween the .e ar ive posi-
tion of plots compuied from their ant assemblage
composition and any other attribute gfoup indicntes
that the atiributes in question presuflably affect the
composition of the ant assemblages. Since thh
analysis result€d in a combined conelation lable,
the table-wide significauce values wefe co puted
by the sequential Bonfenoni test (Rice, 1989).

The dead twigs on ground surface, the
microclimate and in less extent the vegetation

architechrre were found to be significantly
coffelated with the composition of ant assemblages
(rable 4.).

Dlscosslon

It has been demonslrat€d by several authors thai
diversity of different ecological communiiies shows
an increasing trend during succession (Odum, 1969;
Eiba, 1980; Rey, 1981; Andersen, 1986; paf i ia l ly
Boomsma and Van Loon, 1982; Gydfry and
Kdmdczi, 1987; but not quite by Kondoh and
Kitazawa, 1984). A decline ofthe divercity brought
about by the high density of red wood ants at the
final successional stages was d€monstrated by Call6
et al. (in preparation) in Kampinos region, Poland.
I1r the pres€lt study, how€ver, the derNity ol red
wood ants was nor so hiSh in the forest plot that it
could decrease the drvers.ty ofanr assemblages.

we found a negative correlaiion between the
dens.ry of r \e pioneerind 0nt specres (r .e.  Lasius
aljenus) and the ant communjty diversity
0= -0.76, p< 0.05) as Boomsma and Var Loon
(1982) descr ibed i t ,  l ikewise Oal16 et al  (1985) and
Gil l6 (1991)

The above results suggest thai the vegetation

Tabl.3. Faotos cotrcl .d with PCAaxo!ofordinrliorofnilrss'ibh86. lrl= $rolure v ucofcocinciout ofcoi!.l.tiorit = levcl

tletcovdat 5-15 ch levcl

Froqucncy of two plaDt q.oios

Cord n.cca var. oq'idah

Dc rwiss ofdif€rentsiz* in dificrdnt

rnYeft.barcs i. rlc lerb layer

0.820

0.920

i
I .

IIl.
L
JI.

L

I I ,
I
'

III.
T I
l
I

.
L
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rablc 4. sp.ane s mt .oftcl.lion b.rw€d PcA spac$ of dilTcrcnt cronF of halitnt scoEs md mt as€n6lasd l r = absolut valuc
ofcocincidt ofcorclationr p - ld.l of sisnincaice

D.ad twigs on ground $rfac.
co mpo sitiotr o I cpis.ic fauna

4.121

archit€cture is an imponant factor differeniiating
ant assemblages. I! accords with th€ results of
Boomsma and De Vries (1980), Johnson et 41.
(1983), seifed (1e86), Gall6 (1991) and ca116 el al
(in pr€paration). The complexity of the vegetation
architecture is a component of the habrtat
helerogeneity that can be responsible for lhe
increasing diversity during ant comnunity
sucoession (Kondoh and Kiturwa, 1984; Zordua et
al . ,  1986; Gal l6,  1991).

Both previous stsdies (Gall6, 1991i Seifet,
1986) and the present resLrlts sugg€si ihat the dead
twigs on the ground surface have an importaDt
effeot on the composition of ant communities. Tbe
role of microclimate (Bri6n, 1964t Gall6, 19?5,
1991) is not so equivocal.

In contrast to Johnson el al. (1983) and Seifert
(1986), but according \'/ith Gall6 (1991) we fourd
that the vegetalion composition does not play a
significant role in structuring lhe cornpositioD of
exarnined ant assemblages,

Making ! oonparison between the present
results fiom Keleshalom study site and ihe resulG of
sjmilar previous studies from other sand-dune areas
stLrdied in the couse of the presenl projeci (Gall6,
1990a, i990b, l99l ;Cal l€ et al . ,  in preperai ion) oD
the environrnental factors which possible affeci the
composition ofant assenblages (Tabie i.), there are
6ome good agreem€nts, e.g. r€garding tlte
correlation with vegetation archit€cture, the dead
twigs on ground surface and the composition of
epigeic fauna, but there are some djff€rences, too.
Th€ compraiive resuits of the present study wrth
the previous ones, suggest that the microclimaie has
an increasing impoitan€e toward the southem
geographical r€gions in the determination of ile
composition of sand-dune ant assemblages.
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ANTS (IIYMENOPTERA, FORMICIDAE) OF THE GLADES IN THE
TATRA MTS (THE CARPATHIANS)

M. wovciechowski

It'ot.iechowski, M. (1993): Ants (Hy\tenopteft, Fo nicidae) of the stades in the Tatra Mts.(the
Ca'?athiakr). - Tiscia 27, 17-22.

Abstract. Fourteen species of ants have been found within the area of23 glades in the Polish part
ofthe Tatra Mts. The number ofant species and the density ofnests are greater in sheep-gnzed
gldes than in th€ other, non-grazed glades. The nunbeL ofspecies is positively oorelated wrth
increasing ahiiude. Hithedo rwo ant speciesr M/rricd lobicdtlis ̂ nd Fornica pjced have not
been recorded from the Polish Tatra Mis. Th€ preseNation ofTatras glades, artificially cleated in
natural forest, by moderate grazing seems to keep a greater variety ofhabitats and simultaneously
greater diversity of anr species.

Ke! r'ords: a t cannffiity, ope habitat, glade utilizatian.

M. Woyciecho'rski, Bee Research Depr meDt, Agricultuml University, 31-425 Krakow, A1. 29
ListoDada 52. Poland

Introductlon

Data conceming the dishibulion of ants in the
Polish parr of rh€ Tatra Mts are scaroe and were
often compiled either in the 19th c. CNowicki, 1864,
1867; Wierzajski, 1868, 1874) or at ieast 60 yeafs
ago (Kulmatycki, 1920; Lomnicki, l93l). only few
informrtion on rhe distribution of prcviously
recorded speoies can be found in hter works
(Dluski and Pisarski, 1971; Pisalski, 1971, 197s).

The distribution of ants in ihe Tatra Mts is lin1-
ited mainly to open habitats. In forest associations.
ant n€sts oan be found almost exclusively in the
vicinity of non-forest associations or, t€n]polalily,
in windfall areas.

The Taua glades were created atificially on
land formerly occupied by lower (ub to ca. i250 n
a.s.l.) and upper (up to ca. l5s0 m a.s.l.) mountain
forest associations. Their presence there was stabi-
lized by regular gnzing or moving, combined lvrllr
organic fertilization. However, such utilization of
most of the glades was abandoned in the sixties of
this c€ntury. As a result, most of the glades s1afied
to become overgrown with forest relativ€ly sooD (in
ca. 30 yearc) (Dziewolski, 1985; Michalik, 1986),
thus dininishing the area of open habirats, infre-
quent in the mountain forest associations and prr-
marily limited to rocks. screes orpeat-bogs.

TISCIA 27

The ain of the pfesent study was to l) assess
ihe species conposition and quantitative relation-
ships of the ant in glades of the Polish parl of the
Talrs Mts; 2) assess the influenoe on thos6 insects
of environmental cofiditions connected with the
altitudo and the mode olutilization (grazing, mow"
ing) or its lack.

Study area and methods

Th€ fesearoh on th€ anls was conduct€d be-
tween June and August it 1982-1984. It took plaoe
in 23 of the several dozen glades situated within
nrountain forest associations of th€ Polish part of
the Tatra Mts (Westem Caryatbians) (Fig. 1). Singl".
stoDes, rocks, small, man'made mounds of stones
and lallen trees were included in the study area. On
rhe other hand, ants collected from plant assocra"
tions of rocky turf-on-spre€ B?e glades or thetr vr-
ciDity were Dot included.

The glades were seiect€d according to their dis-
tribution vithin the various plant association zones
rnd their  ul i l izat ion or i rs lack. The lalrer cr i ler:on
helped ro divide them into tlree groups: grazed
glldes, nown glades ard non-utiiized glades. Pas-
ture (nostly sheep) was re-introduced in the ghdes
of th€ grazed .ategory o.ly sev€ral years ago.
Those mowr were thus ifeated regularly in most of
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their area, usually once a y€ar. The non-utilized
glades have been left non-grazed or unmown for at
least a dozen or so years and were overgrcwn wlth
al mosl single llee seedlings. Only two glades situ"
aled ouiside the Tatra National Park (Fig. l) hAve
been mown and grazed (mostly by cattle) with no
inierruption for many y€ars.

- The aDts were coll€oted in 10 to 30 plots (10
m21 in each glade, according to the size of the
glade. The plols were combed as plecis€ly as possi-
ble for all anl nes1s. This m€thod was used in 13

slades ofa total of3100 m2. Additionally, in all the
23 glades, it was attempted to find as many nests as
possible on tb€ whole area ofeach glade, with par-
ticular care in the places wbere rhe probability of
discovering them was the great€st. It is Laiter
melhod that yielded a qualitativ€ly richer naterial
Th€ altitudes wer€ recorded for each nest fbund
Also, fomging ants were collected during the search
for nests. If a species was represented in a glade by
foragins individuals only, this information was
treted as if one nest of th€ fonging species wete
found. si tho-r a.1) data on i ts al l i r r-de. S'ngle rep.e-
sentatives of sexual castes were noi included rn the
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R€sults

A total of 14 ant species was recorded from 23
Tina glades. Ofthose. MJ mica ruginadis. Farnica
lema i, M. scabtulodk ̂nd M. r'rbrd were the mosi
numerous and pr€senl in the greatest number of the
glades. N€sts of the remaining species wer€ found
in lesser numbers and in less rhan a half of the
glades siudi€d (Table l.).

Two ofthe species recorded, M. lobicontis and
F. picea have not been report€d so far ftom the
TatIaM\s. M. lobicomis was found in seven glades.
Two nests ofF. pi.ea wer€ found in a tall peatbog
called Molkowka.

It was establishsd that the number of ant spe-
cies present in the glades is positiv€ly coneiated
with th€ area ofihe glades (Sperman test; rs:0.586,
d{=20, P<001; Table 1.). The Bialy Porok glade
was exciuded fron rhe evaluation of this colrela-
tioq as ils area was greater than almost twice that
of the other la.ge gLad€s, and becaus€ of its situ'
ation in the viciriry ofbusy roads and settlements.

The gr€atest number of t€n species \tas
rccorded in the non-utilized Przyslop Mientsi glade,
standing apart from the other glades because of its
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greatest habitat differentiation. The nests of most of
those speoies were found on rhe southem slopes of
tle glade. among scanr v€gelation colering dry.
shallow, rocky ten.ain. Excluding this glade from
rhe considerarions. the avemge number of species

found in all grazed glades was 6.1, in mown slades
a.8 and in non-ur i l ized glades 3. |  f ie di t re-erce in
the number of sp€cies inhabiting the tbee glade
groups is of statistic significmce (Kruskal-waiis
test; T=6.392, df=2, P<0.05).

Iablt 1 P.rcdksc ofdt spei.s dd iunbd ofn6l3 (N) found i.lhc Tat6 8l .s (.&n gbdc vith ils alproxinated.rc! ih ha, t?c
olntilization: e - s@.!, n - noM, n - noD-ntilized, and llie avense aldrud. ofnests found, resp.ctively).
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The evaluation of ant nest density was per-
fonned for 13 glades (Table 2.); only 9 species, of
which 4 were represented by single nests, were
found on 3100 mz. 39 nests ofthe most nunrerous
species, M. ruginodis, were found in 7 grazed
glades over a total of 1540 mz, Only 20 nests of
lhat speci€s wer€ Found in the orher glade caregones

Momn: h - Laia hiA*; i Fornica Ie ati.
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Fotutca Lha,i, I - F. pi.ea

over a total of 1560 mr: tlis would point to a srg-
nificanr ditr€rence of their density in both types of
the glades (12 = s.360, df=1, P<0.05). As the num-
ber oF the nests of rhe other ant species was insig.
nificant, they vr'ere treatedjoindy; thus, only 7 nests
were found in the non-grazed gldes, while 52 in
the grazed ones. In vie\r of the study area, this

f N
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23. Rnsinow! Eloo
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Fig.2. sinilority ofnymaofaunr of l0 T!h! Bladcs evalurted basing or tle sarch ofplott, rcNltins tton cpcci.s PE,cncc (A) dd

yields a highly significant difference in der$ity
(tz = 29.728, df = i ,  P<0,001),

The results obiained in nest density evaluation
(lhe glades with zero trials were excluded) were
used in a dehdrogram ofglade similarity, calculated
basing on th€ information of the species' presence
(Fig. 2A) or on their nests' denslty per 100 mz (Fig.
2B). In both dendrograms, the glades grouped into
two categori€s, the grazed and the non-grazed, with
two exceptionsr the Kopieniec glnde (18), which
entered the non-grazed group (Fig. 2A) and the non-
utilized Przyslop Mietusi glade (8) among tbe
grazed glades (Fig. 28),

In order to esrablish the influence ofthe aliihrde
on the distribulion of lhe particular species, the
nesls wer€ caiegorized rccording ro their situaliotl
below or above the altitude of 1250 m a.s.l. (Table
3.). Only the Molkowka glade was excluded ftom
these consideraiions, its being a natural peal-bog
and not an artificially created g1ade. Of lhe 13 spe-

cies, all were found below 1250 m a.s.l., while only
9 above lhai altitude.

Dlscusslon

Two of the 14 ant speci€s recorded in the glades
(Table 1.) were not mentioned in the list of the 16
species reported by Lomnicki (1931) from the
Polish part ofthe Tatrn Mts. The first of these is F.
pice4 from th€ Molkowka p€atbog, now utilized as
grnzing ground, though it is a natural non-forest
association, with a preserved, typically peat-bog
flotus. F, picea is rare in Poland, only found in
pe.r-bogs (Dluskr and Prsarski .  l9?l) .  This species
has been so far unreoorded ftom ih€ Polish part of
the Carpathians. The nesis ofthe second speoies, M.
lo6ico,r,ls, were found in almost one in thre€ ofthe
glades. It is thus a species ftequent in the glades; it
can be sumised that the repods on the presence of
fhe moryholosically related M. Nchencki, repaned

Tallc 3. P.rcsnhsc orm! ocsls found in tlo Tatr! sladcs lelow Md aLrovc 1250 D a s l, vith (patntlBized) thc nrot( of stndCd
n.sbof .ac lspcc i€s(dc lowcsLn l t i$dcot {nos iwas915, t l i s l  s los t -  1450n a .s l . )
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t1, t BiB niaer 0t
r2. L.J4D6 04)
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by Lonnicki (1931) from the Tatra Mts, the region
of zakopane and Toporowa Cyrhla, concem h fict

The severe clinatio conditions ofthe Tah? Mts
are the reason for the povefty of the ant fauna there,
in comparison wirh r \e o'her pads of t l 'e Carya-
thians, e.g. with the much smaller Pieniny Mls (46
speci€sr Koehler,  l95l :  Czechowska. 1976).  Vr le
Pieniny M1s (38 speciesi woyciechowski, 1985, and
unpublished) or Bi€szczady Mts (10 speciesr
Panpura and Pisarski, 1971). Four species are the
most fiequent ones in Tatra glades, whether ihese
are utilized or not: M. ruginodis, F. le ati, M.
subtinodis al'd M. ru6,?. Both the dorninant spe-
cies and the complele list (Table 1.) are sinrilar to
those of the glndes in the Bieszczady Mts, which,
simi lar ly to the Tarra glad€s. were crented rn pr i-
marily for the scant lorest t€nain. Th€ Tatra glades
are characteristic for the scaut presence ofthe nests
of L. iger and L. Iavur, dominant in glades and
pastures of the oiher regions of th€ Capatbians
(Parapura and Pisarski, 1971; Petal, 1974
Czechowska, 1976; woyciechowski and Miszta,
1976; woycieohowski, 1985).
Ths parts ofthe glades overgrown with rich gmssy
vegetation are usually completely deprived of ant
nosts. This can be observed in most non-utilized nrd
mown gkdes. Also empty of rnts are the fragments
of glades covered '&ilh .ompact Alche tila sp. ol
Runex olpihus, as sheep rarely graze on those
species. Such associations can be observed not only
in non-utilized glades such as Przyslop M.eLL,si or
mown ones such as Mala Laka, but also in gfazed
ones such as Niznia Kominiarska. The divefsity of
habitats of parlicular ihportance for ihe anls lvas
mosdy impoverished in rhe glades mown now ot rt
the past. Large ffagments of tbose glades hav€ beer
deprived ofsingle rocks or stones and nests oflniny
ant speoi€s can be lound on mounds made of those
stones or on small embinkmenrs. lo sone 8hdes. e
g. Chocholowska, such places yield much highef
nest densiti€s, and are the almos! sol€ habrtats
occupied by the ants in some other ones, e. g. Mala
Laka or Olczyska.

Parrs ofmany glades, especially sleep, insolated
slopes of shallow, rocky tenain, are conveni€nt
habitats for ant nests whether they are presently
utilized or not. This is the case in slades such as
Przyslop Mietusi, Kopi€inec or Szalasiska Kop,.

The above-mentioned reasons make nore diffi-
cult a straightforward evaluation of the type of
glade utilizaiion on the ants. Ii can be stated, how-
ever.  lhar lhe number and dersiry of rhe i  resrs is
higher in grazed glades than in nown or non Lrtil-
ized ones (Table 2, Fis. 2). In spite ofihat it has not
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been detemined that there exist species avoiding or
pLefe[ing glades of any rype of utilization. It seems
then that the mod€ of glade utilization or its laok
co-ld dete.mrne a pan;cular ant species composi-
, io l  (Table l . )  This is due,o ihe facr rhat g 'a7ing
increases ihe area of habitats adequate for the an!
nests. The size of the glades and its altitude turther
complicate the evaluation of the influence of graz-
ing or nowing. The result to the effect that the ar€a
of a slad€ is of sone significance for the divercity
ofrhe species wl- ich inhabir  i t  is nor surpr isrngl the
probrbi l i ry of f i1ding di f fere{ type habrtals in a
given glad€ increases with its area. Also increase
the odds for suwival of such iocal, small popula-
tions, e|dangered wirh eliminrtion in the extreme
environmental conditions. These conditions become
worse with the altitude, so that less species are
found in higher glades, or even higher pafs of
glades (Tabl€ 3.). Paticularly inrulnerable to altr-
rude-connec,ed iacrors is F. /enali, a species srg-
nificantly increasing its domination in higher glades
nables L and 3. ).

The presewation of the Tatra glades is of aes-
ihetic. cultural and economic value. and does no!
strives to Dreserve ih€ natural biocenoses. The bio-
Iogical factols are significant because of the fact
that the glades increase !h€ area of the non-forest
habjtais, tbe naturnl associations of which occupy
only a snrall pa$ of the mountain forest zone. The
presen atron oF the glades \rould thu, increase the
dive(sity of the local ants.
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SOME REMARKS ON THE FORAGING STRATEGY IN
CATAGLYPHIS AENESCENS NYL, (HYMENOPTERA,

FORMICIDAN

I. Z. Petrov

Peilo\,, I. z. (1993): Sone remarks on the farusins strates) in Catagwhis aenercqs Nyl
(Htne optera, Forhicidae). 'Tiscia 27, 23-23.

Abstr|ct. The frequency ol exits and entries, the maxinal distance of foraging trips ftom the
nest, as well as the foraging route shape ofa mark€d ant, in the connection with the temperature
of sand were observed twice in 1981.
The numb€r ofexits ofthe marked ant was similar iil both cases (12 and 10 times). The maximal
distanoes were similar in both cases (10 n and 10.6 m). The marked ant spent similar time in rhe
nest between two exits (on the average 20.25 min. and 25.3 min. respectiv€ly). There is a
difference in the tine spenl out ofthe nest (i3.94 min. and 2l.6 min. respectively).
The marked ant shows the site"fidelity, by running in the sam€ dir€ction chosen by tho firs! €xit.

Ke! wordst ant hragitlg strategy, ditmlal acti|ity, Deliblatska pescaru.

L Z. Petrov, Inslitut€ of Zoology, Faculty of Biology, University of Belgrade, 16 Studentski trg,
I 1000 B€lgrad€, Yugoslavia

Inhoductlon

This paper continues the series of works on
Cataglphis aehescens Nyl. (form€rly called C
cursorFonsc. ar C. c. aendcar,t Nyl.) (P€trov 1984,
1985, 1986, I988, 1990; Petrov and Cal l€ 1986).

According to its morphological and ethoiogicaL
oharaoteristics such asr somewhat upw0rd raised
gaster, long legs and high mnnjng speeds, this
speoies is adapted to arid habitats. Concemirg th€
peculiariti€s of the habitats which C. aenescens
innabits (semidesert and desert), as w€ll as its
impodanoe and 1016 in such habir'ts, C. aene'cens
fc' crfforl arose int€rest of many authon (cagniant
19'13, 1976, 1979, 1980, 1980a, 1984; Dlussky
1962, 1981j Marikovski 1973, 1977; Reznikova
1983; Lenoir 1987; Lenoir et al. 1988; Sclnid-
Hempel l987).

Since the data on foraging strategy of this
species, under poor trophic conditions ofs€midesert
and des€rt, are scarce (Petrov, 1990), it seerred of
interest to continue relevant inv€stigations to
illustate some aspects of the foraging mode of one
desed ant speci€s such as C. aenesc. s.
NSCIA 27

Materlal and methods

lnvestjgations on lhe forrging mode of c'
ae es.ens h^!e been canied oui in the locality
Cardak (Deliblatska pescafa, Serbia), about 70 km
northeast ofBeigrade, twice in 1981.

Boih tim€s rhe investigations of frequency of
exits and €ntries, began with the first exit of the
narked anl and lasted 507 ninut€s each, The ant
was harked by using the light colour, in the
aftemoon ofthe previous day.

The foraging ioute and the maximal distance
fiom the nest was established by using coloured
stlcks, *hich wer€ pined into the sand on each 15-
20 cm behind the marked ant, and drawing the
routes 1aier. Out of 22 observations of two marked
anis from tvr'o different nests, it was possible to
draw the routes of 13.

Result and discussion

C. ae esce s, like the other Cataglvhis
species, is stricily diurnal forager leaving the nest
individually and never undeftakins mass folaging.
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The first observation of JDly 19, began at 5.30
a.m. and lasteduntil2-15 p.m. It canbe noticed rhat
the marked anr left the nest 12 times (Tab. 1). The
frst leaving wls at 6.37 a.m., at the temperaiure of
sand of 26 oC, and ihe last leaving was at 12.31
p.m., when the sand temperature was 57oC. Out of
the nest, this ant spent from 2 to 26 minutes. The
total out time was 167.3 minut€s (13.94 rnin. on the
averase) (rab. l).

This ant spent from I to 48 minutes in the nest
between two exits. the total nest time was 243
minutes (20.25 min. on the average) (Tab. 1).

The maximal distance obsered was from 0.1 n
to 10 m (the average 3.95 m) (Tab. l).

The marked ant was loaded thrce times, of 25%
oftho total exits (Tab. l). Although this an! used to
find cer'tain panjcles which il began to cany toward
the nest, it drd nol bring them inlo lh€ resl twice.
but lost them and retumed unloaded.

The second observation of August 4, was
caried oul between 5,30 a.m. and 2.15 p.m. The
mark€d ani left the nest 10limes. It left the nest the
first time at 6.05 a.m. at the sand t€mperature of
22.5"C. The last leaving was a! 1.15 p.m., when the
sand temperatur€ wls 62.5'C. This ant spent froh I

mhute to 2 hours out ofthe nest. The total out time
was 216 minutes (the average 21.6 min.) (Tab. 2).

This ant spent fron 1 minute to 2 hours in the
nest between two exits (ihe average 25.3 min.). The
maximal distanoe was lrom 0.1 m to 10.6 m (the
aeq^ge 3.93 ln) (Tab. 2). In this observation, the
marked ant retumed loaded only once.

Th€se obsepations conflrm some staiements
aboui the relat€d species c. 6i.o1ol F. Narnely,
Hark ess (1977) siated that c' bicolor on its
foraging trips spent 17 minutes out of the nest on
the av€rage, and 8-24 minutes in the nest.

W€hner €l al. (1983) staled hat "fie fomging
range of a colony can be approxinated by a circular
area centered around the nest". Their inv€stigations
showed that the radius ofa circular area within which
rhe anls spend the most of the tine doirg foraging
tdps, was 13 m in Greece and 32 m in Tunisia
irespective whether a food iiem has b€en found.

Their investigations on C 6ieolo,' showed that
the number of loraging trips was l0 runs in Greece
and only 4 runs in Tunisia. They explained that wrth
the facl that C. bicalor in Creece started its exits
earlier in the moming and finished them later in the
ev€nrng.

T6blc l.ir.qu.ncy ofcxitslnd.nkje!,6.xinal dht Nc!,outm.st$d n.rtlio€oflhomortad$t(19? 1981): food(t)

l f

2f

3

5

3

I I

1\5 420

s02-s2t

to32-1040

l l43_u53

t2a0-t2o3

7224_1230

t231-t251

t 2

3

3

l0

3

2

26

t2

23

2

t.20

1,80

7.30

2.20

26

3 l

36

50

167_3
20.25
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Tablc 2. Fr.qudcy of di13 md dhi*, Fdind dist nc.s, olt odt Dd in n*t tin. of thc neled nt (04.3.1981.): food (t),

2

3

3

630430

940,941

l l05_ l l l0

, . 1 4 , , 1 5

l3 l5_1316

t20

33

23

5

I

2A

6

r20

0.10

10.60

6.50

2.30

4.00

3,00

22.5

25

5 t

5 l

60

TOTAL 2 1 6 253
21.6 25,3 3,93

A small percentage of successful foraging trips
in our investigations can bo explain€d wilh poor
trophic condilions in habitats which C. aenescens
inhabits (B6midesert or deserl), although Wehner et
al, (1983) stated that in their boih investigated sit€s
(Groece and Tunisia) aboui half of the forage$
retumed with a solid prey (dead anhropod).

Tbese investigations in sorn€ way, as well as
some others, conceming the aotiviry of 1vo'kers
(Petrov 1988), conlirm the statemenl given by
Harkness (1977), Dlusslry (1981), wehner et al.
(1983) that at any time in a colony, there are
inor6 than a few hundred foragers, rvhich is
sinaller part of the colony.

In the 6rst observation, the routes of nine €xits
was established (Iig. 1). It is obvious that althougb
the routes are winding. and the maximal disrance is
ditrerent, the marked ani always forased in the
same direction. The roure shapes by rls foraging
idps are more of less similar (triansular, elonsated,
eliptic).

The flrst exii was different from the others.
Namely, the ant wandered across ihe bulwark at
fifst, and then sudd€nly started to run in one
direclion in whicb it ran for rhe resr of its forrSing
time.

In the second obs€walion four roules werc
established (Fig. 2). On that occassion, the naLked
TISC]A 27

ant went through ono turf of Fostuca vaginala on th€
way from and lo tho nost. Generally, the route
shapes oflhis ant w€re almost identical. On the way
out, in front of the F. vaginata turi the harked ant
stoped lor a while, or tumed around ilself beforo it
eniered the turf
It is obvious that in both cases, the mrnimal, the
maximal and the eab distance were similar. The
ants wore always going in th€ same direction chosen
by the first exit. Such a behavior of workers
confirms lhe site'fidelity, present in ant species an.l
rnentioned by several authors (Rosengren 1977,
19774; Harkness 1979j Wehner et al. 1983).Making
its foruging trips, C. aenescens is hunting over ih€
desert ground at the hott€st time ofthe day, Like all
Cataglwhk species, C, aenescens is a scavanger.
Its diet consists mainly of dead anhropods (cheafly
insecls). snall xerophilic snails of the fanily
Cepaeidae wete also foend to be items of its dietary
rcsources. Plant malerial and plant saps account lor
smaller pofiion ofdietary resources of c. aenercenr
(Petrov, 1990).
These investigations stimulate, of course, the
question of navigation in this and other individually
searching desert ants. That problem has not been
investigated by the author up tiil now. BDt, Wehner
and Reber (1979) and welner (1982) stated thar the
navigational strategies emplayed by C. bicolor are

the
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"dead-reckoning (veotor navigation by neans of
celestial compass) and piloting by landmarks". It
means that "they rely neaiy exclusively on visual
cues inoluding sunlight pattems and landmarks

Concluslons

On the basis ofplesent investigations it may b€
concluded that Cabglyphis aenescens is di,nn l
individually foraging desert ant.

The number of exits and entries wer€ sinilar in
both cases (12 and 10 times).

Tho naximal distanoos by foraging trips were
similar inboth cases (10 m and 10.6 m).

The avenge time spent in th€ nest bet';ve€n iwo
exits ofth€ marked ant was similar (20.25 min. and
25.3 min.) .

The average time spent out of the nest was
different (13.94 min. and 21.6 min.).

c' aereraers shows the site-fidelity by doing its
forssins rrips.
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STUDIES ON ANTS AND THEIR COMMENSAL INSECTS

D. Paraschivescu

Paraschhesca D. (l 993): Ecologiml stu li* on ants and their connrcnsal insectt - Tiscia 27, 29'3 I

AbstrAct. In Dobmdja (Roumania, South-w€st Europe) Atelwa Iormi.aria Heyder and ,'{.
pseudolepisna Gassi (Tisanura) were formd in ihe nest of Messol structor Lart. Farnicd
pt'atensis Retz. was p.ov€d to be the host species of Lepisha awea Dufour (Tisanura) and
Ihne.husa stumosa F. (Coleoptem: Staphilinidae). Attopor lbtnicatia Hasen (Psocoptera) was
present in the nest of kri ' Iulis losts (Latt.). Experinental laboratory researches were carried
out on behavioural and ecological asp€cts of the rel ations between M. structol ^nd A. fomicana.

Keywotds: cot,'t,'ensal i sects.

D. Paraschivescu, Institute ofBiology, Rumadm Academy of Sciences, Bukarest, Rumania

Introductlon

Among the papers dealing with myrmecophily,
Janret (1897), Halifman (1964), Holldobler (196?)
and Cdsswald (1989) gave su marizalions and
reviews. Bemard (1968) enumerated 241 commer-
sal insect speci€s from the nests of 193 anr species
in'Westem and South€m Europe. Our previous stud-
ies descdbed the trophio reiations between Lac|ni-
dae and Formicidae (Paraschivescu, 1973i 1975;
1976a, cr.

This paper presents lhe results of ile field and
laboratory studies on commensrl insect of ants in
Dobrudja, Rumania, frofl the period of 1968-1991,
focused mainly odto the first part of it.

Materlal and Methods

The obseFations were canied out in South"
westem Dorudja (Rumsnia) in the localities of
Valului Traian and Palas-Constanra Agigea. The
nesr populations of ants and their comrnensal insect
guests were collected in the field by excavating the
nests and prese.r'ed in 70 % ethanol. The commen-
sal insects *ere studied ftom ihe nests of n-[e$o/
structor (L^1 .). Farhi,d pnteisis Rel/. ̂ nd L)';u\
fuliginosus LaE. Altogether ten nests of these sp€-
cies were sorted and the guest imects were identr-

T]SC]A 27

fied. Field observations were compar€d with the
results of laboralory studies.

Adificial nests (Jannet, 1897; Paraschivescu,
1972) were used to maintain ant colonies with their
guest insecis in laboratory conditioffi, Th€ nest
walls w€re made of plexiglass and parafiin oil was
employed to prevent ants to leave the nest,

Results

( l  )  Field absen'at ions

Atelura fomica,ia Heyder was found in the
rcsts of Metsor stt ctor (Table I) together th€ art
wo*ers, usually in the oval chambers with the rem-
nants of Cramineae plants, the seeds of which are
collected by M"$o,. Its flaitened body helps to
disappear very rapidly among ant workers if the
nest is disturbed as well as to approach regurgitating
ants to collect food drops from them during tro-
phallaxis. Tbe other species collected from M€rsol
nesrs \\as A. pseudolepisDra Grassi and Roseli.

The other three species of commensal insects
(Lepisna durca DDtoDt, Lonechrca stnnosa F. ̂ nd
Atropos lomicaria H^gen) were found in the nests
ot Fot,nica p tensis and Lasius fulisi osus (Table
l) in a nunber nuch less tha'n in ll:,e case af Atelura
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Ta!j. 1 Nunbcr of individn.ls ofcofto.n,al insets found in n€sts of dif.tcot mt sP*ica

I

2

L

2

4

5

I

2

I

Atelqa Janicorn Heyd.r

t1 tt o b N I b mi c at i o H^e.ti

l3

t 5

3

5 conncnsal inscct spcci€s

* ncltbnilt in thc soil; ti ncstwith niddle mound

(2) Labarutot,  experi tnef l ts

In €ach of the three aniffoial n€sts of MrJJr,l
there were particular chambers, wher€,4ldrr?

fornicaria indiv).duals rlere seen. Since th€ total
number of ,{t /r,? spocimens was 49 ilh 589 ants,
their appearance and aotivity rates were high in
these chambers, therefor€ a tendency ofaggregatioD
is estabiish, All the pairs offood changing ants were
surrounded by two or thro€ Atelura as a rule, and
rhe ratio of food taken from the ants is hrgh Theil
high efficiency is explain€d by th€ high speed of
Atelura movement.

Acknowl€dgm€nt.

Commensal insects were identified in the
Taxonomic Labontory of lnstitute of Biology, Jassy
UniveNity. Author would like to thanl for this

B.ma.d, F- (1963): Led Formis d E!Dp. o€identsle €t
scptotlionalc. - lali J, ?9-36?.

c6$wald, K. (1939): Di. wald.mcise I. Biolosische crundhccn.
- okologic und vcrhalt n, Aula vcnas, vlicabadan.

Halitors, L (1964): Parola dt.nclor ihcrucisatc, ' Ed. st.
BudEsti, pp. 203-213.

3 0

H6lldoblc!, B. (1967)r Zu! Physiolosic dcr Gtrslwin-
BoziohuDscn (Mymccirhilio) boi Am.hcn L D$
Gn,wcrlillnisso dcr ,,lr,E/dr und rondclrd, Lad., (Col.
Slrphylfldacr e ron\ka (lly$. Foflricdrc. - Z. vol.

JrnNt, Ch, ( 189?):Rlppone dc! drinrux nyn!6dophylo, avcc
lcB It&xir (Lino8ct, - Mcn, Soc. Zool. Fr0noc 10, 302-
327,

Pas$hivdd, D, (1969): Ccrcetori ox!edn.nl!1. !rivirrd nutriti.
h tun'ica Sra vora Massor sbactor L^tt. ll{y6.
lomioida4. " P r! consf.hlnc Notionah dc Entonolosic

Parascl,iv.rcu, D. (r9??): R.lat\^ttoficr dintt Famtica ptutenrir
4 cnnM pihed ld. t pin) Ei Buchn.ria !..tibatc (dc p.
l , ' ad .  -  s tud . i  6 .  cerccr " r ide  B io logr ,6 . r .7oo l .2 . .35r '
362.

ParNoliv.su, D. (19?3): Un nou tip d. in alalj. cxlcrim.ntah
potrlru !tudi.r.o fomioidclo! cu uul sau maimult€ cuibui.
- Srudii si Carcotd dc Biolosic, s.t, Zo.l, 2t,289-29r,

Pirischivcscu. D. (19?5) ttbd dic trophischd aoziohunscn
zwisch.n.inison Fornicid.n (Hyn6oplc6). Apnididcn
und -5-l,trd.r (dodoprcrutn $.ldpilnzcn in Run:si.n -
Polskio Pisho Enlonoloczcbo rJ, 67-30,

PdiFhivcscu, D. (1976): Morplblosiscle Urlcslchunsh $cr
die Adcisc.irbcit.rbnen von Fo/tnico pntrtk Retz. ini
Hindblick atf ihre trophisch.n Baiehu$en a Lachnden-
Athid.nArlen. - Waldhygicnc 11. l7l-172.

laraschivescu, D. (1976): Ve€leich.nd. Ubtcrsuchu.gd ar
ToplDbioso von Fo,nica paljcbra !6st. und F,r/r.'
prure,ri, Rctz. a vorscnicdcndl UbscbuDa vod wnzburs.
-wal'ihygieDc/1, 173']73,

?a6sclivos, D. (1976): Die TrBcs- und tnlr.%'llichcn
Vcdind.tulaob dci B.lalfdicht. ton Famtica pratznsis
Relz. in weck€lbezi€chuns€n nit Lachnid€n,Aphiden-
vorkonmeD cnri8er waldl,iotope bci wnzbug
Waldhygien. /1, L?9-135.

T]SCIA 27



?da6chiv.ro, D. 0976): Exr|dibdrcllc U.t dciulgen in
\Icklbiolop iib.r di. tuphBch.n B.z'trhuns.n zwisho
dcn vffibi.denen lnchniden- bd FomKidcn-^IK.
Waldhygia..l.l, I35-133_

Pohl, L (1955): verglcichdde eatooiel hisrologisch.
Urt rMhmg.n { Izpitrta src.huina L. v! o.I
ntneophylcn ,aklwa Joni.dio Hryd.r - 8.,r,4, D,ss
Inf Ang.wedicZnol. WiiRbure9t, 57.

TISCIA 27 3 l



DMRD l.s0: A PROGRAM FOR DMRSITY ORDERING

B. T6thm6r6sz

Tdthne sz, B. (199j): Ditiord t.s0: A Proyamfor DiveBitr Oftleriry. - Tiscid 27, 3i-44.

Abstract. The rnerhods ofdiversiiy orderins, based or diversiq, profiles, have been developed as
an improvement on diversity comparjsons based on numerical valued divercity indices. A conl-
muniq, A is said to be more diverce than that ofB wh€n the curye ofthe divercity profle ofA is
abov€ ofB on lhe whole rang€ ofa scale paraneter. A pfoglam, Divofd, is present€d !o calculate
md dispiay the divenity profil€s of connunjtjes. Eis}t medrods afe included in th€ packase.
Mathematical background ofthe nelhods is aiso discussed. New results about the divercity index
families are presented conceming their relations and characteristjc features. Their usetulness is
also assessed and a guideline 1s presented how io use and interpret the r€sults during ecological
studies. Densiiy d€penden! and densjly ind€pendent represertations afe proposed and lhe effect of
spatial pattem is also stressed. Their relations iowards the direcl spatial series analysis are also

The Fogram is written in Turbo Pascal and il is execuiable on any IBM-compatible PC having
640 Kbyte memory or mor€ and VOA, ECA or Hercules graphics c&rd. The program is com-
plelely nenu-controlled.

KeWo s otie-para\letet dnersiry i dex Iatnilies, dh'e$ity proJile, di,ctsitr atdetks, densit),
depeltde t and density independui t eprcsc tatiols, dit ect spItia l series onalysis

B. T6thm6r6sz, Ecological Iostitute, Kossudr L. University, Debrecen, Pf. 14, H-4010 Hungary.

Why shotld we use dlv€rslty proflles for dlver-
slty comparlsons?

Drfferenr diversity indrces miy r3n,( rnconsis-
tently a given pair of communities (Hurlbel, 1971).
For example. rwo conlr-ni , ies ui 'h rhe fol lowrng

A = (33, 29, 28, 5, 5), s speoies comnlL,nity
B = (42, 30, 10, 8, 5, s), 5 species conDrunity

are ranted differently by the Shmnor, H, and
Simpson, D, indices:

H(A) = 1.3808 < 1.4s74 :  H(B) ,
D(A) :0.7309 > 0.7194 = D(B).
Values of Shannor divefsity was calculated by

H:-2p1logp;, Dsing natunl logadthm. Sinpson di-
vercity was calculated by D:1-ttn(nf l)l/n{(N-l)1.
ni is the abundance and pi is the relative abundance
of the i-th species; N=tni.There are nany reasons
for ihis mis'ord€rins. Patil and Taillie (19?9) en-
phasized thai such inconsistencies are jnevitable
whenevff one atiempts to rcduce a mlLhidnnen
sionalconcepl to a single DuLnber:  r  comLUfir)  rs a
multidimensional entity and its divemity is only a
scnlar quantib'. A rnorc straightforuard illunination
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of ihe problelb, provided by them, is related to the
different sensitivities of diversity indio€s. The
Shannon index is tnorc sensitive to the €ffeot ofrAre
species; while the Simpson index tend to stress the
effect ofdominant species. A possible solution is to
use paranetric fanilies of div€rsiry indices instead
ofa nunerical-valued divelsity index. An inportant
propedy of the falr;ly of diversity indices is theil
vrr iable sensi ' ivrr)  ro rr .e rno Jb .nd.ruL spec.es
This means tlrat communities can be conpared for
dlfferent "doflhance levels" as a scale parameier
changes. When we use a one'parameter family
{Da: l)(' real} of dlv€rsity indices ihen the family
may be portray€d graphically by plotting diversities
Dd lgainst the scale p.rrrne,er c.  I t is cuNe. 'he
graph of {Dd: o real}, is ftequenrly mentioned as
the djversiry profile of the comnunjty (Patil and
Taillie, 1979, 1982). In fact, a serves as a scale
pammeter; membels of the Dd fanily have varyng
sensitjvities to the rarc and abundant species as c
changes. DileNity pfofiles of conmunities A, B

c :  ( 3 2 , 2 1 ,  t 6 ,  t 2 , 9 , 6 , 4 )
are presented in Fig. 1.
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Usins diversity profiles we can defne rhe
diversiry ordenog of communities in rh€ following
way: Commlmity A is rnore diverse lhan commu-
nity B (written A>B) when the diversity pnfile of
A is above or equal to the diversity profil€ of B on
the whole range of the scale parameter.

It can be shown that diversity ord€ring is a Par-
tial order so that if A>B and B>C then A>c. How-
ever, it is not true that for every A, B, either A>B or
B>A; i.e. oulves oftwo diversiry profiles may inter-
sect. In this case the two communities ar€ nol oom-
parable; this means that we oan find at least two
dive$ity indices which order the communrtres
differenily. Thi6 situation might reflect important
eoological processes whioh can b€ interpreted
clearlyi see for example Matus and T6thmeresz
(1992), T6rhner6sz et al. (1993). In Fig. I we can
see that A and B are non-comparable, but that C>A
and c>8.

while calculating diversities is very populu in
tbeorelical and neld ocology, drversity ordering
based on param€tnc fanilie, of diversiry indices is
not frequently used. Thes€ m€thods involve more
calculations than a simple diversity index. On th€
other hand they are relativ€ly simple and orc
straightforward than the multivariate statistical
meihods. However, none of these are inoluded in
standard computer packages NuCoSA might be an

excepiion (T6thmei6sz, 1991, 1993c). This software
gap has delayed ihe sFead of thes6 methods.

Overvl€w of diverstty ordedngs

There are a long history and tradition of diver-
siry in ecology. Tremendous iot of indices were
publlsh€d io measure it. These statistics were also
used in other sciences, especially in physics. Statis-
ticians also looked into the details ofthe characteri-
zaiion of "diversity". R6nyi (1961) has published
the first generalized €ntropy tunctior Generalized
eniropies are heavily used in physics nowadays
(Hentschel and Procaccia, 1983). Based on thN
paper Hill (1973) deriv€d a farnily oldiversity indi-
ces and examined the usefulness of rhis unified no-
tation. This index family is a straightforward
derivation of the R6nyiis entropy. Dar6czy (1910)
publish€d another generalized entropy which also
ihclud€s the Shannon diversity as a speoial case. At
tha! time, eoologisis did not recognize one of the
most usetul propenres of tbese ind€x familiesr i e
they can be us€d foi djversity ordering. It was rec-
ognjz€d and emphasized by Patil and Taillie (1979)i
se€ also solomon (1979). They had a very impor-
tant €ontribution to tho idea of diversity. They also
proposed other famrhes of diversity ordering.

Renyi 's  d ivers i ty

0  0 . 5  1 1 . 5  2 2 . 5  3 3 . 5 4
scale Parameter

F18.1. Div.rsity ord.ring oflhr* adincial conmnnili.s usnrs l{anyrs index aa ly co'nmunil, c i3 thc 'nost divdsc (oA dd c>B)
Connudli.s A ud B ar. non-conpa6blc b€ans lhc divcisiry pofil$ int.sml
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DlY€rslty lnder frDft6

Scale rrmeter is relaled to
tle relatile abudane smc

ceDsalized d1rcpy ?lols

Ceulalivc atudaft e plott

Scale ralmclc! is related lo
the relarive atudance sh!c-
iuc dd $e suple size

lgtrore the spaiial Ftt€m

Do not iguore the spatial pattem

rig. 2. Trc. diasiam of oncj,aranct.r divrBit i'rd.x fldilica
(div.sity od.iisr.

T6thm6r6sz (1993b) reviewed the families which
may be useful fof diversity orderilg; he also pro-

The story of rarefaotion diversity, which also
oan be used for diversity ord€ring, is even more
interosting. This is usually attributed to S nders
(1968) and/or Hurlbed {197I).  A mrnimurn vir iance
unbiased eslimation of it was published by S ith
and Grassle (197') .  However.  'h is rs nothing else
just a species-individual curve which was invented
in botany during th€ 1920's (Airhenius, 1921i
cleason. I922). That time rhere was a lot of drsc-s-
sion about the role ofspecies-ar€a and species-indi-
vidual curves (Ashby and Stevens, 1935; Blacknan,
1935). They even published many of the nunerical
fomulas r€-inv€nted later in th€ same or a sonle-
what differedt coniext.

Trpes of diversi t t  oldel i  gs
Th€re are two main grcups of divenity rndex

iarniiies (Fig. 2). In the first group the scale
parameter is related to the dominance structure of
the commJnif .  ln $e second gloup lh€fe:s J
straightfo ard intepretation ofthe scal€ parameter
related ro differenr sanple sizes. Tbus. the me"ning
of the soale parameter is somewhat differ€nl for the

There are t$o subgrodps of!,he first group: i,e)
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can be nentioned as Sene'?lized elltrop)' ptots
(GenE plots) ^nd cuhubtile relatire abundah.e
tlotr (CuRe plots). All lhe diversity index families
inoluded in a subgroup are closely relatedi see the
proofs in T6thm6r6sz (1993b). Th€ first orc
inoiudes the methods of Renyi, Hill, Dar6czy, aM
PatiL & Taillie; the second one contains the loga-
rilhmic dominance plo! and righttail-surn diversity
plor" For the members o'r l 'e f i rst  subgroup'here is
a scale parameter whioh is usually larger than 0 or
-1; see Table L For the members of the other sub-
g'oup rhe range of he sca e prraneter is
"automatically" the number of species.

Taua l. orc-raBFerer div€sily inddx fanili.s u,etul for
divecily ordcrjng. 1he nanc of thc fnnili4 h id ih. li$t
.olumn. Thc gnph dadr index fanily i, display.d i. tle
seond cohnn in thc fon of(x-coordinat , y-coordinat.)
vhich cudc is thc divcsity p!ofi1., Th. thitd colusn
.onrninsthe ranc.ofth.fanily $[cc th. ENh ic rclaant
fpn mltl'cnatical and ccologicnl poi.t ofvi€w.

c.nc!alizc,l tntroDv rloli (CcnE Ploh)

Hill
(a, H(a))

g>-I .0+0
cumulrtiv. Relolivc Abundancc Plors (CuR. llol,)
LoE.rithnic dohtunnco plol (losi, r(1)) ,s

.s
Rrrcaaction DiveNitv Ploc
Logrithmic.pecicsindi!i(l

Logirithm io 6r cc icFnrci (/o8^. s(^D

There is a sophisticated relatioNhip between
the diversity orderings of the second group and the
direcr spatial series analysis. It is evident that the
diversity of a comnunity also depends on the spa-
lial structure. Strongly aggregat€d or segregated
appearance of the species may h€avily decrease the
diversity It is not possible to r€prcsent the €ffect of
paitem in diversity conparisons except for the
flembers of the second group. In the traditional
form these methods also ignor€ the spaiial struclure
of the community. Indeed, when the spatial srmc-
lure is included we should speak about direct spatial
seies analysis. The spatial seri€s analysis, however,
needs special samplirg techniques (Juhesz-Nasy,
1976, J-n-sz-Nagy Jnd Podani.  la83: Tolhm€r6sz
and Erdei, 1992);thus, these are not included in the
packase. This needs a special packase like MULTI"
PATTERN (Erdei and T6&n6r6sz, 1993).

It car be proved that al1 these lanilies are
equivalelt fiom the poitlt of view of orderins (Patil
and Taillie, 1979). Ir does noi involve, however,



rhat there is no reason to use the others. T6thmaresz
(1993b) demonshated studying the graphical prop-
erti€s of th6 divercity orderings thrt different meth-
ods may be usetul for diff€renr data sets dependrng
on the communiiy stluciure, sample size, number of
species, €tc. Another important feature of the sPe-
cies-ar€a and speci€s-individual relarions the possi-
bility of the density d€pendenr and densi9 inde-
pendent representations and the close relarionship io
the direct sprtial Focesses (T6thm6r€sz, 1993a).

Dirersi ty o er in&s intplentented i t  the

c€nerally, a oommunity A may be ide ified
with tbe ordered pair A=(sA,nA)=(S(A),n(A)),
where SA is the number of species that are presenl
and

nA=(n r,nr, . . . ,nt , . . . ,nsr a r)
is the ;bu.r i lance ' ;cror; fr ie co.n,nr lnny ano n, is
the abundance ofthe i'th species of the community.
Frequently enough to know the relative abundances
ofspeci€s; thus a community may be idurtified by a
pan (S4,p!, where pA is ihe relative abundauce
vector ofihe species,

Patil and Taillie (1979) str€ssed the view ihat
oommunity diversity can be defined to be the aver'
age species rarjty. Many different rarity functions,
ard ihus many different div€rsiiy tunotions can be
defined. The one-parameter diversiiy index families
implementod in the program are displayed in Table
L The diversity index fanilies are defin€d in the
following way.

Entropy oforder c. (R6nyi, 196l):

Enrropy of type ct (Dar6czy, 1970; Acz6l and
Dar6czy, 1975)

Diversity index of desree B (Patil and Taillie,
r979)l

J
?"(t)= r(,+r)+...+p(r) = t _p(j)

where p( , . . .piS) are t le relat ive abundances
oi ' l 'e species ofa communi ly anarged ;r  descend-

Rarefaction div€rsity (Saunders, 1968; Hurlbert,
1971) or species-individual curve:

J
s( ' )=s-  :  (1  , ' ) ' i

i = l

The expected number of individuals in an arca
is proponional to the size ofthe area. Therefore, we
can caloulate the species-area curve (Blaoknan
1935) using the following relatio$hip
where N is the tolal number of individuals on the

Smith and Crassle (1977) pLesented the minF
num variance ubias€d estimation ofS(m) as:

"  s / N - " . l / N l
s ( m ) =  s -  )  l l  I

{ '  l -  ,u
l , i  J ( ,v-,Dr, i l

An jmportant propedy offamily ofindices is its
variable sensitivity to rare and abundant speoies. A
pr€cise definition ofsensitivity is given by Patil and
Taillie (1982). For large values ofthe scale pararne'
ter. CenE plols are sensitive to abundant species,
whercas thcy are sensitive to rare species for
smaller values of the scale parameter.

Tabl. 2, Th. r.lltion of th. msnihde of 6cile para'ftter dd the
e.snivit of divcsirr ordcri,,Bs.

Valuc oItl,c scilc oaranct(

H(")=[r"s ;ei]/G-.,)

I  S  l ,
D H i a , = l . I  p o - r  / ( 2 ' - o - r r

i , (1')=lr- i . ! l - ,1/r,

Right-rail-sum divercit (Patil and Tailiie,
1979;Solomon, 1979):

3 6

The pattem ofsensitivity ofthe CuRe plols are
opposite to ihat of GenE plotsi they are sensitive to
abundan, specjes for smal l  " i '  and ro rare species
for large "i". In the case of rarefaciion curves rh€
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pattem of sensitivity is the same as with CuRe
p1ots.

Special  cases and interpretat ion of inder

It is important to know some special cases of
diversity index families to interpret the result of
diversity orderings.

For the R6nyis diversiry orderiag rhe fol lowing
relations are valid.

H(-6) = logarithm of the reciprocal of the rela-
tive abundance of ih€ rarest species. This is men-
tioned just because of the completeness of the spe-
cial v ues because it was proposed not to use scale
parameter values less than 0.

H(0) = loga'i!,\m ofrhe toral number ofspecies:
H(cr->l) = Shannor index;
H(2) = logaritbn1 ofthe reciprocal of Sirnpson's

indexj
H(+co)= Iogailhm of the reciprocal ofthe relA-

tive abundance of the commonest species. This is
the logarithm of lhe reciprooal of Berger-Pafkel
index (Berger and Parker, 1970).

Tho following special cases can be mentioned
for the Patil and Taillies's div€rsity index farnil,.

DCI)= total numbsr ofspecies " I
D(R'>o) = Shannon index
D(l) = Sinpson index

Finally for the species-individual relaiionship
the following cases may be mentioned.

S(2) = (1 + Sirnpson index);
S(+co) = total number ofspeoi€s.
When m is a positive integer, S(m) is the

expeoted nunbei ofspeoies to be found in a hypo-
thetical random sample of size m. For a tsi'er)
commurity, the plot of this index versus m is the
expecled specres-individual c-Ive. fhere is
mathematical sense of S(m) lor a noninteger m
valu€. In direct spatial series analysis there is eco-
logical sense as well (T6thm6r6sz, 1993a).

D(n) of Patil 3nd Taillie can be interpr€ted as
the number of species that a oompletely €v€n conl,
muniry would need to have its diversity to be the
same as that of the studied co:nmunity. Thus, some-
rim€s it is mentioned as equnalehr nunb.r of spc.
ci"s. erpH(o) also canbe interyret€d this way.

How to use the program

Place the Divord diskette into the Ar disk drive.
Copy the DIVORD.EXE file to your hard disk.
From the root directory, type COPY
A:\DIVORD.EXE then press <ENTER>. Preferable
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you should copy the program into a subdir€ctory
instead ofthe root directorr.

To activate the program, rype DMRD and
press <RETURN>. Then one page of information
appears, and if you Fess any key you can see the
main menu (Fig. 3).

cdcEltcd Enko?y Plots (cc.E Plok)

I , H i l l

cloulativ.Rel iv. Alundanc. Plote (c\rR. Flolr)
6 - LoBirithnic Doninancc Plot
7 - Risl -Tailsum Div.sityPlot

R claclio! Divorsity Plots
8 - Slaics-lndividunl Curyc (D€n,ity Ind.p.ndcit
9 - sp€ciclArc. CuRc (Dcn,i9 D.pcndcnt

l0 - Othar Sanpl.r lo Compar.
ll - Rcsultlo Dirk h HG FolBat

l2  "  Ex i t

Iis.3, TIF mrh nqu ofth. Divordtbsom,

The program takes data from data files and not
dir€otly from the keyboard. The instructions for the
alrangemenl of data input files are in the
"Arangement of input data Chapter. This versjon
ofth€ progran can handle data natr ices conraining
50 samples and 200 species (50 rows and 200
oolumht. The "Data Input" option is used to load
drra mrtrices into lhe program rn the following
way. First the name ofthe file is requested (Fig. 4).

Nmc of lrput Filc = DEMO.DAT

Thcrc nc 3 hBpl. units.

How muy flry6 do you wtut io dhw 0N blro or.qual io 4) ? 2

PleN.9pc lhc identi9 N$6doftn. sanplc sit€s:

Fra. 4. DaL lbpul screns of lhc Divord pmgnm. In th..DEMODAT fil. thclc lrc 3 ranples ad thc divdsiry
profil. ofthe l,t od 3rd sanpl* komnunitict .r. asked

Then, the conputer informs you about the



number of communities (sampling units) contained
in the data matrix and then ihe nurnb€r of
communities (samplins units) to be compared ls
asked (Fig.4).

The compuier informs you when the data file
camot be found, for example, owe to mistwing of
the fle n-ame. Then you have to us€ again the "Data
Input" option to load data into the progrlm. After
finishing the data input procedur€ successtully you
are in the main menu again and you can select a
diversity ordering.

Rd3. ofll. eal. p.ran.l.n durin8 ln. pdiouB run :

Ncw run with othor mg. <y/RETURID ?

!is,5. Th. ncnu ofchesins thc iugc ofscal. prran.to dd thd
ctopsofcrlNlations,

In the case of tho Gen.B ploll the pre-defined
rango oftho scale paramoter is tho 10,41 inteNal for
Renyi's snd Hills ord€ring. [0,2] for Dar6czy's. and
l-1,21 for Patil & Taillie's. If you press any key ihe
diversity profiles disappear and you can choose an-
other range ofthe scale paramet€r (Fig. 5). You can
also chango the step-size of ih€ calculations: usiDg
larqer steDs tbe calculation is faster but the cuNe

might not be as srnooth as using an optimal step
size. There is no reason to use a scale parameter
higher than 10. Very frequently 4 or 6 is excellent
as an upper bound; sometimes 3 is enough. For
pnctical reasons the Fogram is designed not io use
parametervalu€s higher than 15 or 20.

Finally, the "Oth€r Samples to Compare" option
allows you to choose oth€r oomrnuniiies ($mpling
units) to be compared from the same data sea. Firct
th€ prograrn informs you again about the number of
conmunirres fsampling units) in the data malrix as
in lhe case of choosing the "Data Input" menu and
then you proc€ed in exactly the same way as before.

Th€ figures presenred by th€ Divord program
can be included into papers directly using the
CRAB.EXE utility of WordPerfect or any other
utiliiy distributed with high quality wordprocessors.
There is a special option in the Divord to save the
fesults into as ASCII file in a special format whioh
can be used dheotly to impod iflto lhe
Haraardcmphics program paokage, Thus, you can
produoe high quality figures comfortably. You
should consult th€ documentation how to uss
HaNardcraphics, we present a short description
how to import ASCII data into the
Hsrvardcraphics.

l. Select "Create new chart'r at the main menu and
lhen "bar/lin€ chart'. There you must seleol rrnumber,

asX data tlpe. Finllly press F 10; see Fig,6,
2. At the Main Menu. select ImportExpon.
3, At the "Impor/Export" menu, seloct Import

ASCII da!a,
The Select File screen appears. (a) Select an

38

Bar/ r ine cha! t  Data

x daia type: Nlrbe!

Fr  f ie1p  F3 -Save
F2-Drar  char t  F4  -Dra{ /Annot

6. "Ba i,. charr" neN of rh€ Haratdcdca.
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ImDor! lscll Dat.

3

0 . 0 0 0 0  r , 5 0 9 4  1 . 7 9 1 3  1 . 9 , 1 5 9
0 . 2 0 0 0  ! , 5 5 0 0  1 . ? 2 0 2  1 . 9 0 4 4
0 .  { 0 0 0  r , r 9 7 3  1 , 6 4 9 {  r . 3 6 4 1
0.6000 rnporE t re les  and Leg.ndE

t . r 000 l  I npo lE  t i r l e  and  s l b r iE l e :  'Y . .  No
t , 400q l  Impo . !  l i l s t  l r ne  a5  5e ! -es  l esends '  Yes  ' I o

Read dara by 'n1!. corum I Read rrom llne 4 ro rin€ 2.3 |
rabula! data folnat r*.. No i Read llon colum . I

F r . -ue lp
P{ -Rese lec t FS-Opr lons  F I0-Cont lnu .

Fig. ?- r'lhponASCII dal h.n! of thc HaryardcBrhicc.

ASCII filo to impoft. Then th€ Import ASCII Data
scr€on appears; Fig. ?. (b) If you have already rn-
porled fiom an ASCII file, the Irnpon ASCII Data
screen appears. Press F3 to display the Select File
screen and then go to step 4.

4. Set tho options on the Import ASCII Data
screen as displayod by Fig. 7.

You are the "Bar/Line Chart Data" menu and
you can use the options to define the fin form of
the figure.

Arrrngement of the Input data

The program reads ASCII fil€s in the form of a
two-way table; i.e. an,' by 'l data matrix is used,
where t (rows) is the nurnber of oommunities
(sampling units) to be studred and r (columns) .s
the total number of sp€oies in the samples or a'ly
other characteristics measured for each sample. Th€
data matrix must be tull; i.e. missing values are not
adnissible. The first line of the data file must con,
sist ofa lab6l for the datl s€t which will help you 1o
identiry lhe data. The maximum lenglh oftbe label
is 159 characters. The second line contains two
figures separated by spaces. Th€ first figure is the
number of rows in th€ data matrix. The second
figure is the number of columns of rhe data matrix
It does not matter how many spaces are betweer the
two figures; the line mieht also begin with space

On the third line the data matrix sians, in free
format. The items of the rnatrix must be separated
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DivcBity otdqins (norconp.i.bl. conruniti.4; DEMO.DAT
a 7
3 3 2 9 2 8 5 5 0 0
4 2 3 0 1 0 8 5 5 0
3 2 2 t 1 6 1 2 9 6 4

by a space or spaces; the number ofspaces and the
anangement of the matrix is entiroly froe. It is pfac-
tical, howev€r, 1o anange the fi8uros as a tabl€
becaus€ this oan be useful for other purposos and
easy 10 ch€ck and correct,

It is easy to crealo these data files using any
spreadshe€t program package such as Qualtro,
Excel, Symphony or Lotus 1,2,3 or by using the
fullscreen editor of the DOSs or any word procos-
sor and saving the data in DOS tcxt file format. The
fi1e named "DEMO.DAT". distributed wilh me
Divord program is present€d in Fig. 8.

Fis.3. Thc DEMO.DAT dard fij. dislrilulcd by th. Divoid

The datr matrix in Fig. 9 contains 3 samples of
7 species. In ihe first sample there are 33 indi-
viduals from the first species; there are 29 individu-
als fiom lhe 2nd species. 28 from rhe 3rd species.
etc. Simitarly, we oan say that the tst species is rop-
res€nted by 33 species in the first oommunity
(sanpl€) and by 42 individuals in the 2nd one and it
is represented by 32 individuals in the 3rd commu-
nity (sanple). Thus, the data matrix is organized as
it is shown in Fig. 9.
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Fis. 9. Thc anoscn. of dar: nds in t[. datn nlc u*d by tle

Guldellne to the appltcattons of th€ methods

Graphical  conpariNon of dirersi ty a ler-
inEs

T6tlm€r6sz (1993b) compared the diversity
o'denrgs according lo r le (  etrecr ireness in
displaying the ditrerences of community struciures.
Ho was stressing a practical point of view: which
methods were the most usetu1 dudng the Sraphical
inspection of data comparing the diversity of oom-

one of the besr rnethod for o-dering communi-
ties was R6nyi's index family irrespectively of the
species number ofihe communilies; the intersection
of the dlversiry profiles was v/ell-indicated by this
rnethod. Logarithmio dominance ordering also pfo-
duced cl€ar, well.interyr€rable figure for communi-
ties of all size. For species-poor and moderately
species'rich communitios Hill's index family was
useful; for species-poor communities the right tail
sum ord€ring also p€dormed well.

When the differences between the species num-
ber of communities aro medium or high (i.e. when
one of the compared communities are much richer
in specios lhan the others) then also the R6nyi's
index family or logarithmic dominance plot was
usetul.

calculation of rarefaction div€rsities was overly
time-consu ing oompared with the others in the
cas€ ofunbiased minirnum variance estimation. The
cuives produood by rarefaction diversities clearly
indicated the relation ofsampl€ size and the number
of specres but it was nor espec.rlly effecr:ve in
feflecting the intersection ol diversity profil€s. The
logarithmic scalins of thc x-axis, however, hishiy
inproved the figure. Plotting then this way they
were also very usetul for both small and laige

Denri t t  dependent and. lersi ty i  depend'
ent represe tat ions

Evidently tho number of sp€ci€s in a sample
depends on the nurnber of individuals which can be
found in the sample. The density of vegetaiion,
however, is fiequently differ€nt for the compared

commmities. We are interested in the diversity par
tem of the communities and the density has a
"scaling" etrect. Therefore, depending on the goal
otthe shrdy, i! may be usetul a density independenr
representation of the rarefaction divercity profiles.
Density dependent and density independent repre-
sentations evidently may produce ditrerent diversity
ordering relations as it is demonstrated by Fig. 10.
Here B>A, but the density of community B was
higher. Usins a density independent or densiry-ftee
reFesentation of the rarefaction diversiry profiles,
we can see that the communities are non-compara-
ble. The possibiliry of density depended and den-
siiy independent representations are extremely use-
tul  in ecorogical  rese ch: see.n appl icar ion in
T6thm6r6sz and Matus (1993). There is no such
possibiliry for cenE and curE plots.

CaDtplententat i4J af GenE and CuRe plots
GenE plols depend strongly on the number of

species because at the sianing point ofthe diversiry
profile they rake th€ value of rhe number of species
or a value directly related to it, like S-1 or /oas.
CuRe plots ar€ heavily depend on the abundance of
rh€ most abundant species. From rhis pornt of view
thes€ methods are exactly complementary. Lets
compare the diversity of the co muniti€s of the
fiIst Chapter 10 a community

t ' =  ( 2 9 , 2 9 , 2 8 , 5 , 5 )
whioh is almost identical with Aj the abundance

ofthe firct speoies is 29 instead of33. Using one of
the CenE plots €vidently A<B but it is rather difii-
cult to recognize that A'<>8. The diversity profiles
intersect for a scalo paramoter value which is larger
ihan 15 and it is alnost impossibl€ to recognize rhe
irlersection. On the other hand th€ non-cornparabil-
iLy is evideri usins one of rhe CuRe plots: 6ee Fis.
I L

It is easy to produce an exanple whioh is the
'opposite" of the above mentiooed. Lets compare
the following communltiesl

E\ = Q9O,74 t9, t23, s0,3,2s, 13,28,37) ,
E\' = (790,74, t9, 123, s0,3, 2s, 13,28, 37, I, I) ,
E2 =(8,6q 55,45,8,7, 144, 1,7s,4s).
The first and the third communities are almost

identical; the only diff€rence is that in the commu-
nity El' two new species ar€ included with 1-1 indi-
viduals. Using a CuRe plot it is rather difiicult to
detect t }at  E1<:82, however.  i r  rs evidenl using a
GenI plot; see Fig. 11.
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The €f€ct of grszlng

Matus and T6thm6r6sz (1992) and T6thheresz
and Matus (1993) studied the €ffect of moderat€
caltle grazing to lhe structure of a ssndy gmssland
in Eastem Hungary. This region is characterized by
inland dunes having been forrned during th€ Pleis-
tooene. The studied headow is not sustained or sla-
bilized by the grazing; the grazing is not part ofthe

There were 33 species in the udgrazed case and
36 in the grazed one. 30 species were detected m
both transects. The species-individual divenity of
the ungrazod communiry was2.2757 and22269 fot
the cmzed communitv usjnq lhe corrected Shannon
ford'ula proposed by Hulchlson (19?O). the differ-
cnce is not high, yet it is significant in staiistical
s€nse using the analog of t{est develop€d for con1-
pariDg divershies. Anolher jnter€sling fact was rhlt
rhe srazed community was more species rich shrle
the un$azed comrnunity was more diverse. The
diversity profiles of lhe communities iotersecled:

for the rare species the cattle grazed community
was rnore diverse while the ungrazed community
was more diverse for the dominant and subdominant
species. Therefore, the modorate grazing deoreased
the diversity of dominani speciesi lhe abundance of
th€se species also deoreas€d. At the same time the
number ofrarc species and their diversity increased.
The siiuation was rnuch more sophrsticated using
rarefaction diversity ordering with special emPhasis
on the e$eot of the distributional pattem
(T6thm6r6sz et al., 1993).

Dlv€$tty ordertngs and spltl3l Proc€sses

The rarefacr ion cun€s are wel l  I 'no$n in
botany and zoology as species-area and species-
individual curves; more €xactly these are the spe-
cies-ar€a or species-individual curves ofa "random"
or unsfuctured community. Howev€r, the diversity
ofa cornmunity heavily depends on the pattem The
importance of thE paichiness on the cornmunity
level was recognized very early in botany; see
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Fi8,12, Th. .fc.t of spltidl pon.n or r.rcf..tion div.6iy ordcMs

Godwin and Conway (1939), Watt (1925, 1937).
Wan (1947) suggested thar plant communities nre
comprised ofa mosaic patt€m of patches which are
dynamically related to each other. Ecologisls
always professed rhe imponance of muhispecres
pattems; see Watt (1947). This is also confirmed by
tho fact that Watt's seminal paper is the most
ftequently cited paper in the €oological lir€rarure
(Mclntosb 1989).

The emed of pattem to the species richness is
demonsbrted by the Fig. 12. Each communiry has
exactly the same number of species and the same
nunber of indiv'duals: rherefore rhe s(m) cuNe is
the same for each community if we ignor€ rhe spa-
tial pattem. The distribution of individuals, how-
erer. are strit rngly differenr. The number ofspecies
was couded for 50 plots for each plot siz€ and rhe
avemge nirmber of species was ploued againsr rhe
plot size. The communiti€s ar6 well order€d; the
conmutity having regular pattem is the most
diverse; the aggregated oommunity is less diverse
than the totally random. unsrtuctured comnriry

IISCIA 27

rp..l..-.E. ord.rt.q

That is a very significant featrne of the rarefac-
tion diveEiry orderings. All the other merhods
ignore the spatial pattem of the communities. To
utilize ihis important feahre of the rarefaction
diveFity ordering we need a special sampling tech,

The less divers€ is the segregrted community where
rhe dis$iburion of individuals is aggr€gat€d and
*ere rs a strong segregarion between the spcciesi
i.e. the patch€s usually contain one or only few spe-

Tablc 3,,Tnc r.lilion.of r.r.flclion div.6ity oid.rin$ dd drcor
sprud scncs eary$s,

(fiold)



nique which reflect the spatial anangement of the
individuals. The relation of nrefaction diversity
orderings and direct spatial series analysis ts
demonstrated by Table 3. A more detail€d drscus-
sion of direct spatial series analysis can be fouud in
T6 rm&6sz (1993a).
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MULTI-PATTERN 1.00. PROGRAM PACKAGE TO ANALYZE AND
SIMULATE COMMUNITY-WIDE PATTERNS

Zs. Erdei and B. T6thm6r6sz

Er.lei. h. and Tdthnl ,sz, B. (1993): MULT-PATTERN 1.00. Prcgran package to analyze atd
sinnlate conmunity-wide pattens. - Tiscia 27,45-48.

Abstracr MULTI-PATTERN is a progrnn package developed for lBM-compatible PCrs to simu-
late multi-species point pattems and to calculate direct and jndirect spatial stadsrics for real and
simulated point palterns. The progmm is entireiy nenu controlled. The program package is
supported by detailed gnphical display oflhe results.

Kevords: nultispecies point pattems, diect dtld indnect spatia! setias analysis, conputerized
sanpling, sit ulatioL

Zs. Erdei, B. T6thm€r€sz, gcological Instilut€ of Kossuth L. Univercity,Debrecen, Pf. 14,
H-4010, Hungary.

G€nerd d€scrlptlpn of th€ package

MULTI-PATTERN is wditen in Turbo Pascal.
It may be run on lBM-compatjbie PC's with at least
640 Kbytes available memory, Because of the
extensive input and outpr.rt manipulatio s afld oflhe
large amount ofsimulated data, a hard disk rs rnevF
tabl€. At least 2 Mbytes free space is reconnrended
to store the simulat€d data sets. The graphics rou-
iines can run on any graphics card, but ECA or
VGA are preferred. To ca y out an extensive srnu-
letion study a mrthematical coprocessor is highly
recommended. Each procedure is plinned to uni-
mise computing time aDd maximize th€ size ofdata

The package has two separate goals; oLre of
these is to anabze lhe pairem of muhispecies
communjt ies in direcr and indirecr spat ir l  se. ies
analysis and the second one is to simulale nultispe-
cies point pattems which may be us€tu1 to tesl other
techniques which are frequenrly used in ecologr.

Gaphical display ofthe field and/or si ulated
pointpauems(Fig. l )  a. ld lhe res- lrof  spai ial  ser ies
analysis is included in the prckag€ (Fis. 2).

Spatlel statlstlca tnclud€d tn the packrge

Th€re is a long tradirion olthe analysis of one-
and two-species patt€rns in botany and ecology
(Greigh-Snith, 1952, 1983; Ke|shaw, 1957, 196l).
Ir is incr€dibly tine-consuming, howev€r, io sludy
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multispecies spatial patterns quantitatively; Erdei et
al. (1993) published results about computing times.
B€fore th€ widespfead availability of fast comput"
ers, the calculatjons eveD for species poor com1nu-
oities would hnve been a formidable task.

During a spatial series analysis the spatral
pattem is analyzed using a sefies of djffefent sized
plots. For each plot size n plots are placed randomly
to the studied oohrnunity. The importanc€ of such
spalial analysis of th€ v€g€lation, when a series of
increasing plot siz€ is used, was recognized and
emphasized very early by Juh6sz-Na6/ (1967,
1976). According to the niethod developed by him
the number ofplots havirg different species list are
counted first and after that the statistics describins

Fis. l. a community cotrtairi'rs four spccies. Thc distribution of
the individuals are slrongly aggr€Bated for ea.h spcci.s.
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the spatial structue ofthe vegetation are calculated
ftom this derived data set. Therefore, it might be
mentioned as an indireot spatiat series analysis. In
the case of direct spatial series analysis for erch
plot a characteristics, like nunber of specres or
div€rsi ty,  is calculated and the spal ial  pa'ren is
desoribed this way (T6thmCt'sz, 1993a).

Two statistics ar€ included in the packrge for
direot spatial series analysis; the average and varl-
ance ofthe number ofspecies (T6thmeresz, 1993a).
There are five indnect spatial staiistics in the pro-
gam: nuinber of species cornbinations, florula
diversity, florula €venn€ss, preferential infonnntion
hererogeneiry or local disrincr,veress and associr-
tum (Juh6sz'Nagy and Podani, 1983; Podani, 1984a,
1984b).

Neutral models rnd complet€ sFtlal randomness

It is natural to use as a neutml or null model the
hypothesis of Complete Spatial Randomness (CSR)
csR is frequently used in ecology and elsewhere to
rhe formulation of hlpotheses conceming rhe
pattem and its genesis (Diggle, 1983; Ripley, 1981).
The CSR hypothesis can be stated as follows: Civen
the occunence ofm individuals in a finite region A,
the location of those individuals are a random
sample of size m from the uniform distribution on
A. There are altemative characterizations of CsR
r€lated to Poisson distribution,

Multispecies point pattems can be constNcted
by extending univarirte models. The sirnplest such
models aro those conpound ofindependcnt compo"
nents In many respects. the role of independence is
analogous to the role of CSR in the univariate case
(Cressie, 1991).

Juhesz-Nagy stressed very early the irnporta'lce
of null models in €cology (Juhasz-Nagy, i970).
Nowadays, the significance of these models is
generally aocepted (Caswe11, 1976j Haryey et al.,
1983). There ar€ two possibiljties to generate
neutral models for a spatial series analysis. lt is
possible to caiculate the "lheoretical" value of a
spatial statistics for a random comrnunity. The theo-
retical null nod€l is calculated for "inJinitely large"
cotnmunity where the latio of ihe species is the
same as for $e srudied communi'y Anorher poss.
bility is to simulate a random commmity where the
number ofspecies and the nurnb€r of individuals rs
the same as for the studied connuniE, and then io
calculate the statistics for lhat pattem; that prodLrce
a realized null model (see Fig. 2). Because of the
finite nurnber of individuals rhe realized o ne
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theoretical null nodel may produce striLingly
different result. In ihe case of rare and subdominant
species T6thm6r6sz and Erdei (1992) dernonstrated
that the association, *hich should be zero for a
random community, is much higher than z€ro for
realiz€d random models.

" 
'^ 

" 
'" 

oi '; i  Pbf;ri4 
Di 0i Di ! !

Fis.2. v.danccofthc rlcmsc nunbor of,p.ci.s (rc_va'sN) in a
dirc.t lpdialsclics anoly,is for lh. connunity pr.snt d h
Fis, I o lhc Erlizcd Nll nodcl of it (varsN).

Both theoretical and r€alized random models
can be calculated by the package. Calculation ofthe
theoretical values is included in the package as an
option. The rellized random model also can be
si ulated by the package and then, the renlizod
values oftb€ spatial strtistics can be calculated

FormrX ofdata flles

The progrm lvorks with the tlvo-dimensional
euclidean coordinaies of rh€ individuals. The
defaull extension of the data files is "*,COO". The
first line of the data file is a label which helps to
identiry the data-fiIe. The second line contains the
x-size and y+ize of th€ studied area. The third lrne
conrains the nurnber of.nd.\  iduals.  In Ihe fol lowinS
lines are the coordinates of the indivjduals; one
individuals in one l ine. The lrsr f ig lre in lhe hne is
an int€gef value to identiry the species. The second
figure is the x-coordinate and the third figure is the
y-coordinate of th€ individual. This data format is
conpatible with the format used by the SYN-TAX
III (Poda , 1988); the only differenoe is that the
first three lines of the files, which provide addi-
tional informarion fiom the data, are missing in the
case of SYN'TAX and the fi1e directly siarts \nth
the species identification and the coordinates of the
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Parrmeter lll€s olslmulailon rnd srmpllng

Parameters ofa simulation are proposed to store
in a file having a "*.SIM" ext€nsion This is the
default extension. The first line of the file conlains
information about tho data included in the file. The
second line contains two figuresr the lengt! and
width ofthe area where the individuals ar€ locnied.
Tbe third line contains the number ofspecies. Then
each consecutive line contains the number of indi-
viduals of a species and some other paraneters
describing the distributional pattem ofthe individu-
als. Th6 following pattems oar b€ genemtedr (i)
uiformly randomj (ii) unifonnly randon along a
gradient; (iii) aggregated pattem; (iv.a) patchy
distribution with 2-dimensional normal distributioD
within the patches; (iv.b) patchy djstribution with
unrforml) random drstr ibut ion wrrhin the pa'clres:
(v) association betwe€n the species; (vi) resular
distribution. The fil€ can be generat€d by any
general-purpose edltor of it is gererated aulonrati-
cal ly b) the prog'rm usrnS the nren. opr.o,s rsee
Fig. 3). It is stored as anASCII6le.

Il is also possible io crerte communities lvith
ple-defined abundance-dominance structule; tre
following abundance-dominanc€ distribuiions are
included: (i) MacArthur's broken stick model; (ii)
Zipf model; (iii) Zipf-Mandeibrot lnodel. The
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abundance-dominance structure can be modified or
€ntirely created by the built-in editor of the pack-
age

Th€ poini pattem result€d in by the sinulation
can be displayed by symbols of different form and
colour using the "View" optioD ofthe program.

The program package is abl€ to simulat€
sampling procedure. It can be used by the data set
ger€rated by the package or rny other data set (e.g.
by a real point map of a forest or any other commu-
nities). Total random and regular sampling may be
canjed out Sampling units with the shape of
square, rectangle, cifcle atd ellipse can be used.

"'.PLP" is the default extension of a parameter
file which describes the sa pling techrique of the
spatial s€ries analysis. This is also generated auto-
matically by the program. The shape and size ofthe
plots are included in tbe file.

There are two options for sampling. In the case
ol binary sampling jusr the presence/abserce of
species is recoLded while in ihe case ofquantitarive
sampling the number of individuals are also
recorded. The fesuli ofsampling is sav€d to disk in
a file with a user-defined file-naln€ i. the form of a
two-way table. Thus it can be used by other
prograns or progran packages. Data format of this
fil€ is ideniical with the data-format used by the
NuCosA prosram package (T61hm6r6sz, 1993c).
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Executable prognm and demo files for IBM-
cohpatible PCt are available ftom th€ authors on
request sending a formatled disk (3.5" or 5.25"). Ii
is also available on E-mail.
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OLIGOCIIAETA COMMUNITY AS INDICATOR OF
EUTROPHICATION IN LOWER STREAM OF RIVER TISZA

N. Djukic, S. Maletin ard B. Miljanovic

Djukic, N., Malerii, S. and Mi|ana'ic, B. (993): Otisochaeta co,nmaity as indicator of
eutrophicatio in lowet strean offier Ti$a. - Tkcia 27,49-52.

Abstract. Arlalyses ofOligochaeta comnunity in Backwater Tisza (during 1983-1991) and lower
stream of river Tisza (from 1985 to 1991) established a mpid increase in number and biomass,
especially for species which are j dicators of eutrophic enviionment. According to relative
abundance in Backwater Tisz^, Li no.hlts halfne,rre]i (up to 50 %) and, Brcchirru solrerbri
( lJ %) qere dominanrs. Averase anr)ual . ]u. ])ber of Indivrdurls ranged f iom 88.8 ( in t983./  to
12,457 ( in 1990) indT mz. and bionrass i lon 0.3 to 29 15 & mr. The signi f icanr increase of
populatjon density in river Tisza was stat€d upstream fiom rhe dam which is a consequence of
slower flow and enrichment of subgtrare with organic compounds. Maximun nurnber of
individuals ranged up ro 2,908 ind/m2 and biomass-up to lO.iI E/rn2 with preaomination oi
geneta Linnodtilus and Brckchiut! . Disturbed relationship in the structure of Oligochaeta
communiiy, rapid inor€ase ofindividual number and biomass, and high rate of €utrophic speoies
indicate a rapi.l prooess ofeutrophicniion.

Key wotd: baelyate\ rh,er-bed, pop latian, density, bionass.

N. D.jukic, S. Maletin, B. Miljanovic, Institute of Biology, Faculty of Sciences, University ol
Novi Sad, 2l000Novi Sad, Yugoslavia

Introductloh

Scientists have begun to b€ interested in ihe
problem of eutrophication of stagnaft waters at the
beginning twentieth century (W€ber, 190?). Lots of
papers have shown rhar eutrophicarion devetops rn
large mountain lakes as well in Switzerlard,
Sweden, USA and other oounlries (Milbrjili 1980;
Lang and Lang-Dobler, 1980; Lang and H tter,
l98l; Lang, 19484; coldrnan and Byron, 1986).
Investigation of Oligochaeta commuriiy and
estimation of eutrophicaiion in Backwater Tisza
until 1987 are shown by Dukic (1989) indicatinS
accelerated eutrophication process in this
ent ironn1eni.  Hose!er.  hydrorechrical  mers,rres .n
river Tisza bed, ns various regulations irciuding
locks and damq slowering the water flolv,
decreasinS 'he warer qLal i ry and increasi lg
eutrophisation process, too. In lots of papers ]t was
cladfied that the construction ofresewoirs ano oiner
anthropoSenic influences have caused changes rn rhe
bottom fauna (Pelran and Kothe, 19?5; Russev,
1982; Herzig, 1984j Djukic and Kilibarda, 1985).
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Therefore new assignfieDts are posed !o
irvesligators including research on occurenoe of
eutrophisation in rivers (Owens, 1970; Cuseva and
Anisinova, 1971j Kozoea, 1974; Labutina, 1974j
Chemogolovska, 1974; L€e and Jones, i978;
sifenko and Oavrilenko, 1978).

Investigations of Oligochaeta comrnunity in this
sector of Tisza valley are continued so rhis work
gives insight to resuhs obtained for stagnant and
running water.

M€thods

Samples were collected seasonally in 1983-1991
period for analysis of Oiigochreta fauna fron
Backwater Trsza and river Tisza (near the bank).
Study site at Backwater Tisza is situated near Curug
vilhge, and those at river Tisza vere near Manonos
(border profile), Novi Becej (dam) and Titel (at the
mouth). Mud was taken by "Ekman-Bridge" dredge.
Collected material was prepared in laborarory by
American standard metbods. Determination was
canied out on live Oligochaeta specimens. Number
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of^individuals is given as average annual vrlue per
mr of surlac€ examined. and biomass as ftesh mass
or specmens ln g/m-.

Results

Two families, Naididae and Tubificidae, and
seven genera were identified by qualitativ€ analys's
of Oligochaeta commrlnity in Backwater Tlsza.
During the last three years of investigated period,
eutrophio species doninated. Acoording to relative
abundance analysis, percent share of
Psannoryctidec baftarus dearcased, and that of
Limnobilus hoflneisteri increased up to 50 %.
Brunchiura sowerbyi species was not recofded in
previous peiiod, but it was found in fudher
researches with average share of 13 %. All these
data are in favour ofconolusion that this river lake is
rich in organjc compounds and eutrophic (Fig. 1).
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%

Fis.I A{.Fs. p.( dtr8. !r.r.ncc v.lue otOhsochr.i" qpccic,.
Pcriod:1988-1990.

Examination of quantitative Oligocha€ta share
in benthic communrry shows drslinct increise in
number of individuals - ftom 88.8 ind/mz in 1983
to 12,457 indlm2 \n l99o (ris. 2). At th6 sarne tim€,
biongasss raryed from 0.3 8/mz in 1983 to 29.1s
gm2 in 1990 (Fi8. 3).  Nunber of inoividlals
inoreased 141-fold, and biomass g?-fold, which is
characteristic for eutrophic waters.

Th€ differences between these extreme values
ar€ highly siglificant (p<0.01), as well as majoriry
int€r alia years, especially in consideralion for first
tbree yeaff in relation to ihe nextp€riod.

In qualitative analysis ol Oligochaeta
conmunity in lower stream of riv€r Tisza, 16
species vere found fton 10 genera and 2 fanilies,

5 0

Naididae and Tubificidae (Tab1e 1). Changes in
perceni share of certain species *ere noted on
localiiy near Novi Bec€j, close to dam. On this
section species from Tubificidae farnily are
dominant ftom genel,a Linnodrilus and Brachiuta-
Percent sharc of these species ranges up to 50% ir
comparison ro other sp€cies in the Oligochaeta

a a
rig,2, Mcatr unual vllucs (ind/m2) ofthc Olisochacta nldber m

The period of invesligation (198s-1991) is
characterized by visible increase of individual
numb€r. Exhemely high values w€re found upstream
from tbe dam. Maximum number rang€d up 1o 2,908
ind.,ml which repres€nts 44-fold increase in
comparison to results from 1976, and 4.3-fold in
comparison to maximum value fron 1984. At the
same time, maximum sverage annual biomass was
recorded in 1990 (10.21 g/nlr). These increases are
also signrficant (p<0.05). panicularly in comparison
to values at the beginning (1985) and the €nd (1991)
ofstudied period. The increased dynamios in number
of individuals and biomass is discemibly oonneot€d
to timc when dam begun to tunction (Fig. 4 and 5).

Fis.3. Md eNalvalu4 ofthc olisocheta bionass.
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TalL 1 Qualitativc ualy* of olisocha.b in lower 6tlah of iver Ti% (19351991).

Mdonos Novr Bcccj

NA]DID4E

Dqo dtglora
Dqo obh.td
Nu' Mnwis
Nai ;  enryas
Pte.it librali:
Un.tnalis hcinata

3lu.hiwa sowbri
uh"oa.itu .hpa'edeohb
Ehnoarils halln.isbn
LinnodrilB rd.kmiaa
Peloselet eelutinrc
PotanottrLr hMnoaie$k
Po I ah a I h iN n o 1.1 avia sit
Psddon.r.Ls babatw
rr Iet no,t4w

Dlscussion

Oligoohaeta community of Backwater Tjsza was
investigated as a very good indicatof of
eutrophication level (Djukic. 1989). In vicrniry of
baokwater, agricultural fields ar€ located,
influenoing nutri€nt contcnt ofrbe wat€r, as well as
increacing of primary and secondary production.
Drastic increase ofoligochaeta number and biomass
is a waming that equilibriun in the conmunity is
disturbed.

of this part of food resourc€, In that way, existing
food chains, established by permanent introduction
of planctophagic fish species as well as predators,
would be suDDlemented.

o t
,37 33 39 90

_r_ N*i Edj

Fig. 5, Mcin abnual valucs of Olisoch..r. bion$t

First data on Oligochaeta from lower shean of
river Tisza were published by Pujin and Maric
(1961). They stat€d &ar river bottom was sandy and
clayey with small amouni oforganio compounds and
sparse number of oligochaeta in bottom fauna. On
ihe basis of complex physico-chemical and
hy&obiological investigations, th€y concluded that
rbis r iver was nor pol lLred. warer qual i ry ranging
within limits of B-m€sosaprobic, even oligosaprobic,
during summer. Twenty years iater Djukic and
Kilibarda (1985) foun thar dam, buih in 1977,
caused significant change in number of Oligocha€ta
individuals. Slo*er riv€r strearn and enrichment of

+Ti1d . |rrvi BRs

!is.4. M€& eul vdu6 ofolisochacta nuntd

This highly productive ecosystem should be
used more rational. It is suggested that planned
stockjng of benrhophag'c fish species (arlrt,a
caryio and Tinca tinca) would enhance exploitation
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substrate ir organjc compounds contributed to
intensive increase of individual nMber- At thc san€
time, number of species found during the analyzed
period has not cl 'ang€d srgl i f icanrly in conprr isor
to former results (Djulic and Stanoj€vic, 1981,
1983; DjuLic and Kilibarda, 1985). However, these
species (ftom Eene:a Linnadrilus and Btunchiwa)
are very numerous in waters which are rich in
orgaric compounds. Acoording to Carroll and Donis
(1972) $arers wirh sloser f low and high orSaric
compounds content are favourable for growih and
dev elopme nt of B r a, c h i ur a s ow e r b r i.

DisiJbed relationships in Oligochaeta
communiry siructure, increas€ of rurnbef of
individulas and biomass, and dominrce of eutfophic
species, are warning of aocelerated process of
eulrophication in studied water ecosysiems.

Concluslon

Investigations of Oligochaeta commulity in
Backwater Tisza during 1983-1990 and in lower
sheam of river Tisza from 1985 io l99l show that
this hydroecosystems have very accelerated
eutrophioation process. The significant increase of
individual number and biomass was established in
analyzed backwater, as well as in river Tisza
upstream (near dam), which is consequence of
slowed water flow and subsfiate enriched rn organic
comPounds. In the whole res€arch pefiod, eutrophio
Oligochaeia species dominated, therefore they are
characteristic for this envhonment. This points !o
dishrrbance of biological equilibrium in this part of
Tisza valley. Aulhors suggest thai this backwater
shouid be used more rationaly by increase of fish
production of benthophagic fish sp€cies. A11 facts
considered in the case oflower str€am ofriver Tisza
poini out on disiurbanoe of biologicrl ballance and
increased eutrophrcation process. especralb .n river
^ 1 n , , ^ . r r . i h  + ^ ! h  . l ' m
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CIIARACTERISTICS OF FEEDING AND GROWTH OF' PIKE PERCH
AND PIKE IN THE PROTECTED PART OF RIVER BEGEJ

L. Budakov

L. Budakor (1993): Characteristics afleedins a srowth ofPike perch and pike in the Protected
palt olri|er Beqej. - Tiscia 27, 5s-56.

Alrstract. Material was collected through 1990 up io October 1991 in the regional Park "Stan
Besej" of river Begej. Altogether 80 specinens of pike perch and 94 specinens of pike were
investigated.
Tte aim of the study was the analysis ofrelationship between predators and prey conceming th€ir

ile age ofpikJ was beween 2+ and 6+, and ihat ofpike perch betw€en 2+ and 5+. Age class
3+ was dominant in the case ofboth species. The values ofbody lenglh increase are in the limits
reported by Maleiin and Budakov (1984), and Budakov (1989) as shown for both predatoN in
Vojvodina rivers.
Pike and pike perch have limited variation conceming feeding. Fish predominated their food, 4
and 6 fish species, respeotively. The highes! proportion is linked with Ca,?ssiut auratus gibelio
Both species are on the list ofSerbian "Red book".

Ker wads: pika, pike perch, Stari B egej , feedins, gtoi'th

L. Budakov, Provincial Bureau for Environnental Protection, Pelrovaradinska tvrdjava 3, 21000
Novi Sad, Yugoslavia.

I[troductlon

The Regional Park "Siari Begej" is situat€d in
alluvial flat l6nd ofrivers Begej and Tisza.

Today's aspect ol Stari Begej is the result of
digging and irs tificirl separatior on the fifteenth
kilomeier. In the length of about ten kilometefs,
rivor Begej is today in th€ limjt of protected area
separaled from the rest of dv€rs Beg€j and Tiszr.
separated part of river Begej is cut ftom Tisza by
watef gate. Natural and s€asonal variation of 'vater
l€vel is regulated by th€ water gate system on ih€
north€m and southem parrs.

It represents llst and modest rcmnants ofmaNh
area in the low stream of dvers Beg€j and Tisza.

Stari Begej is occupied by 24 fish species fiom
7 familiesr Esocidae, CFrinidre, Cobitidae, Silufl-
dae, Ictaluddae, Cenlrarchidae and Percidae. The
gr€alest is Cyprinidae lamil)  s irh l6 species
(Budakov, 1989).

Ichthyofauna of Stari Begej has been in'esti-
gated in the last few years. Predalors (Stlr'!r
glatlis, Stizostedian lucioperca, Esoa luciu', Pet?a

fluvianlis) arc abwd^nt and consequ€ntly ther rn-
.TISCIA 27

fluence on the other species is important.

Msterlal |nd Methods

Studled alerial was coll€ct€d in Stari Be8€j
within the liflits of protecied ar€a - Regional Park
Srari Begej. Catching of pike and pike perch was
done lhrough 1990 up to October 1991 by elec-
trofishing.

Material - 94 pik€ and 80 pike perch individuals
- werc investigated in ftesh oondition. Age and re-
construction ofbody length were determined on the
basis of scales. Body weighl was estirnated from
body lensth. Annual cycle of food composition was
established from the stomach conient, depending on
season, age and sex.

R€sults

Ilr the studied sample, age classes of pike were
laheled 2- ' 4- in 1990 and 2- - 6- in 1991.
Within the pefiod of both years, the age class 3-



Av6rages of body length (without caudat fin)
were 369.75 and 438.33 nm, rcspectively (Table 1).
According to the calculated values, length .was du-
plioated a{ier the seoond year, shoiving an intensrve
increase in th€ first years of lif€. It increased with
age ard became larger in individuals tom 1991.
Ahrual increase ofbody length grdually depressed,
but after age 5r it increased prominenrly. crowth
rare and growlh constant are the highesr in age 2-
(C=0.03; K:4.07 or 3.s7). Decrease of growih con-
stant was noticed from 3r (K=2.07 or 1.74) relat€d
to approachiag rnaturity.

Table 2. shows average values of body length
(without caudal fin) for pike perch nngins from
337.86 to 342.69 mm. Estirnated values of erowth
of body lengih are th€ same during the firsr y€ar.
This parameter increased gradually with ag€ but the

values are slightly larger in jndividuats from 199q.
In the ages lr and 2r, amual increase of lenath
growrh and gowrh rare wer€ very similar for b;rh
yea's, rhen gradually decreased but Fom age 4'
they abruptty increased.

crowth of weisht of pike and pike perch is
shown in Fig L These values promin€flrty in-
creased for pi[e after fiFrh and fo' Dik€ Derch after
fourth year.

On the basis ol th€ seasonat analysis of feeding
of pike from 93 stomachs (Tabte 3.), th6 highesr
mass was noticed in Spring and the smallest in
Summer. Seven fish species were deterinined in
stomrch conrenr, as well as young fish were sepa-
raled. T\e larges! proponion belonsed b Cara,si6
awatur gibelio, followed by Rrdlrs t'tilw. pikes
of ages 2- to 4+ feed with Perca .fluviatitis and

Tabl. l. Lorsitudinal glovth ofdror i,.,6 in Shri Bcscj, on thc blsis of$nplos ton I9tO ud 199 ] Data .rc 8iv.n ,n nn,

N LI L2 t3

it
1990
1989

l l J21.64
352,02

54.86
35,29
34.69

253.0?
2J3.70
235.67

347,22
323.40 336.34

.v.6go 369,15 34,t2
33.12

237,91 312,26 386,84
?4,53

N L I L2 LJ L5 L6

4;

1991
1990
I989
1988
t981

I
t 4

3n.40
421,11

620,00

150,80
t59,41

t35.76
15t .00

242,J,
274.90
262.85
203.64
258,33

310,23
359.41
211,5\

424,14
339.39
413.33

407.21
442,22 5 5 r , 1 1

aviras. 438.33 271,46
tt6.74

361,34
90.33 38,83

5 5 1 , l  r

Trll.2. Lonsibdinrl groMh of Sti.ost $oi lu.iopercd i\ sr^ti B€scj, on lhc b$ir ofjanptos fron t99O $d t991, D,b ar. gN6,n

N l l L2 L3 L5

i: t990
198t
1933
t93?

9
t 3

233,11 115.32

116.32

2t1 .36
2t5 .44

235.33 147.35

av.Fg. 331.46
119.6

216.3
72.46 12.21 ttl.zl

N L] L2 L3 L4 L5

2 t99l

l t89
1933

22

l

333.14
339.41
339.25

I t3 .6 l
255.43
2t6 .49

130.12

247,19
242_05
260.20 t6l.J6

avc8gc 342.69 I13 .6 2t4.3 214.2 303.2

54 TISCIA 27



Rutilus rutilut. Young fish is eaten in the largest
amounl by age class 2 . From age class 2- to 4
raDge offood is very wide and includes five species.
Carassiw auratus gibelio was prey of pike of ag€

In spring, aft€r pike's spawning, female ar€
more active in searching food, but the proportion of
individuals with not empty stomach is almost th€
same for male and female.

From 78 studi€d stomaohs ol pike perch, 56 had
one componenr ' fish and young fish. The dererni-
nation of the larter was not possrble. Increasing
number of species were noticed from Spring to
Aubrmn, but Ca'?$irs aulatus gibelio, Rutilus 'ati-
lu' and Leponis gibbosls wer€ present during all
seasons. Calassius auratw gibelio and Rutilus r ti-
/ri are main .components of food of pike perch rn
age classes 2- to 5r. Males and females have prac-
tically the same demands for food afler spawning.

Dlscu$lon

Data related to the growth of length ar€ contd-
buiion to the knowl€dge ofecology of pike and pike
perch which are v€ry inportant in economy as well
as in sport fishing.

Age and growth of pike in vojvodina waters
were investigaied by Ristic (1968), Jankovic (1973),
Budakov and Msletin (1982a, 1982b, 1984),
Maletin and Budakov (1983) and Budakov (1989),
and those of pike perch by Maletin and Budakov
(1984).

T$lc 3. cod!6diti6n 6frr.y Np.ci.d in th.lood ofsludi.dprcd*os.

2+ l+ 4+ 5r
q.dB

Ito],qdsr,l *wid*iij@

Iig. l. Eslinatcd Browth of wcieht of EiG tu i6 (upp.r) ed
Sn26bdidr lwioper.d <l6v.t) in St^ti B.Eaj,

The gbwth of length of pike in stari Begej is
similar to the those in Danube, Sava and Tisza, but
larger than those in Obedska bara and Koviuski di
(Budakov, 1989a, 1989b), and opposite to tho
r€sults of Pankatova (1980).

Mrlotin and Budakov (1984) reported the larg-
est longitudinal growth ofpike p€roh from Sava and
weak€r than that from Danube. The values of this
parameter wero similar for Tisza and Tamis, These

20@
G
Y 1500
';,lmo

€ 6 m'I r00

SorinE $'nn.r Aullnn 2+ 3+ 4+ 5+ 6+
nlhla of .stinar.d rto6.chs
Numbd 6f tull rtohachs

53 14  2 l t2  54 2 l
4 2 A 1 6 I

43 t4

S.z rdi ti 6 ery 11 tup I I tl I d I i a

ctNia audha aibelio

24.39 - 20.00
2,44 - 10.00

46 30 - 40.00

7.32 50.00 10.00
2.44 10.00

i2 .19  10 .00

2s,96 9,09 - 100.00
-  13 .13
3.70
-  54 .55
'1.41

14.31 - 100.00
44.44 9_09
1.4t 9.09

.
t4.29

22.58 30,00
J.2t

6,45 10.00
3.23

12.90 10.00

Stizoste.liot h,ciope rca
SDrin( Sunnq Auhlnn 2+ 3+ 4+ 5+

nunbcr of .erinat.d elooache
Nunbd of tull 3tonachs

t6 37 25
t0 24 22

t1  40  16  5
l0  23  14  I

23  t4
1 3  t l

<hr6iB auahLs gibeuo

4t.61 42.42 )3.19
- 3.03
50.00 33.33 41.38
- 3.03 3.45
3.33 9.09 10.34

- 6.90
9.09 24.t1

3A.T 3\.t5 24j7 t6.6',1
7 . t4

69.23 26.33 42.36 50.00
- 2.44 - t6.67
- t2.20 11.29
- 4_33

t9.5t 1.11 16.67

43.75  41 .13
6,25

31.25 35.29
, 5.33
t3 .?5
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results show thrt longitudinal grcwth of pike perch
fton Slari Begej was better rc1ated to that from
Danube but snaller conceming pike perch fiom
Sava, Tisza and Tamis.

Food oomDosition of Dredators in waiers of dif-
ferert t'"€ depends on the abundanoe of prey fish
seecies. as wel l  as their  avai labi l i ty,  direr ls ions
b;dy shape, behavoiur and wat€r regime (Nikoliski,
1974). Feeding characteristics of pike and Pjke
percl"  change wi ih season rnd aee {Domarelski j
lc58; RDd4ianskene, 1987).  as wel l  as re'aLed io
sex, especially after spawning (Ivanova, 1965)

spectrum of food of pike and pike perch in
Stari Begej is poor, and inoludes nonvaluable sPe'
cies. Slomach conteni ofpikes from Danube, Sava,
Tis?a, Koviljski nt consisted of ll lo l 7 specie"
Sysiem offeeding is similar to that in Obedska bnra
(Budakov. te88. 1990). In rhe food o{ pik€ oe"cl'
the pdmary speci€s are simiLar to those of pike
(Ivanova, 1965) . Kirillov et al. (1977) repons ihat
food oomposition depends on availability ol differ-
ent sDecies as well as on their length and ecological
ohar,cteristics (Rudzjanskene, 1987)

Spectrum of predatorh feeding depending on
age is less investigated. Pervaztanskij et al (.1977)
r€ports rhat Predarors of age group uP lo 4 lre
charaot€rized by different food. On the oth€r ha d,
individuals lab6led from 5+ to 9+ replac€ srnall lit
toral species with larger ones.

lntensiv€ foeding of pike and Pik€ perch f€-
males after spawning (Zajcev' 1956) could not be
lotally accepted sccording to our results.

The feedmg biology of pjke and PIke perch rre
differ€nt and because of that there is no inlerspeci"
fic compelition betw€en these two fish sp€cies Al-
though Co,asius auratur Ai6ero rs predominanr rn
their feediu, this resuhed from its large abundance
in this river. The role of th€se predators is related to
decrease of allochtonous species in the pfotecled

our results show (Budakov, 1989) thai pike and
pjke perch are exposed to enough food, since thrs
iactoi has no limitation for their longitudinal
srowth. It is obvious that dependence exLsts be-
iween growth and enviromnenial conditions, bul rt
is very hard to separate any special factor concen-
ing their complex effect.
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