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Abstract. This paper contains results on preliminary examinations of phytoplankton comunity
and saprobiological characteristics of the protected part of river Stari Begej, within the period
from April to November 1990. 274 species, varieties and forms of Cyanophyta, Pyrrophyta,
Xantophyta, Chrysophyta, Bacillariophyta, Euglenophyta and Chlorophyta were collected. The
phytoplankton community was characterized by domination of Chlorophyta and a sporadic
occurrence of Xantophyta. Density of phytoplankton community was changeable and varied from
4.8x103 ind/em3 to 11.2x103 ind/dm3. Index of saprobity varied from 2.0 to 2.4 which

corresponds to the beta-mesosaprobic (second category) waters,
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Introduction

"Stari Begej" is a protected area located in the
central part of Vojvodina province - the north of
Serbia, in the aluvion of rivers Begej and Tisza.
This area includes the old riverbed of river Begej
(within 10 km), Tiganjica, Carska bara, Perleska
bara. Present character of this area was completed
with the digging of a new riverbed of river Bege;.
The old riverbed of river Begej is supplied with the
waters from nearby fishpond and from the river
Tisza.

Because no data on former examinations of the
phytoplankton community and saprobiological
characteristics of the protected part of river Stari
Begej exist, these examinations are preliminary and
baseline information for further examinations.

Material and methods

Sampling took place from April to November
1990, and was performed monthly on three sam-
pling sites: on 15th km-I, 10th km-II, 5th km-III of
river Stari Begej. Standard limnological methods
for sampling, qualitative and quantitative analyses
were used (Hribar, 1978). The index of saprobity
was calculated after Pantle and Buck (1955) on the
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basis of phytoplankton indicator species.
Results

274 species, varieties and forms of Cyanophyta,
Pyrrophyta, Xantophyta, Chrysophyta, Bacil-
lariophyta, Euglenophyta and Chlorophyta were
recorded in the protected part of river Stari Begej in
the course of the examination period. Chlorophyta
were represented with 117 taxa (42.7%), Bacil-
lariophyta with 64 (23.3%), Euglenophyta with 40
(14.6%), Cyanophyta with 24 (8.7%), Pyrrophyta
with 21 (7.6%), Xantophyta with 5 (1.8%) and
Chrysophyta with 3 (1.1%) taxa.

From the division Chlorophyta which was rep-
resented with the highest number of taxa,
Scenedesmus abundans (Kirch.) Chod,, S. acutus
(Meyen) Chod., S. denticulatus Lagerh., S. falcatus
Chod., $. opoliensis Richter, S. quadricauda (Turp.)
Breb.,, Chlorella vuigaris Beyerinck, Crucigenia
tetrapedia (Kirch.) W. et G.S. West, C. quadrata
Morren,  Dicdyospherium  pulchellum  Wood,
Golenkinia radiata Chod., Pediastrum duplex
Meyen, P. simplex Meyen, P. tetras (Ehr.) Ralfs.,
Tetraedron  minimum (Al.Braun) Hansg., T.
trigonum (Nag.) Hansg., Tetrastrum staurogeniae-
forme (Schro.) Lemm., Staurastrum paradoxum
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Meyen were the species with the highest frequency.

From the division Bacillariophyta, the species
Cyclotella meneghiniana Kutz., Melosira granula-
ta (Ehr.) Ralfs., Stephanodiscus hantzschii Gru-
now, Nitzschia palea (Kutz.) W.Smith, Synedra
acus Kutz., §. ulna (Nitzsch.) Ehr. were with the
highest frequency.

From the division Euglenophyta, the species
Euglena acus Ehr., E. oxyuris Schmarda, E. viridis
Ehr., Lepocinclis ovum (Ehr.) Lemm., Trachelo-
monas hispida (Perty) Stein, T. velvocina Ehr. were

acicularis W. Smith, N. palea (Kutz.) Smith,
Stephanodiscus hatzschii Grunow, Chlamydomonas
ehrenbergii Gorosch., Gonium pectorale Muller.
Beta mesosaprob species are Anabaena spiroides
Klebahn, Aphanisomenon flos-aquae (L.) Ralfs.,
Microcystis  aeruginosa Kutz., M. flos-aquae
(Wittr.) Kirchn., Merismopedia tenuissima Lemm.,
Peridinium aciculiferum Lemm., Synura uvella
Ehr., Achnantes lanceolata (Breb.) Grun., Amphora
ovalis Kutz., Cymatopleura solea (Breb.) W. Sm.,
Cymbella lanceolata (Ehr.) v. Heurck, C. ventricosa

of highest frequency. Kutz., Diatoema tenue var. elongatum Lyng.,
Table 1. Dynamics of density of phytoplankton community (Nx1000 indfcm3)‘
Month
Sampling site v Vi VII VIII X X XI
I 5.0 8.1 7.3 6.8 6.4 8.5 7.4
II 52 8.6 8.1 7.2 7.7 8.0 6.5
11 4.8 8.8 8.6 8.5 11.2 7.9 9.1

From the division Cyanophyta, the species
Anabaena spiroides Klebahn, Aphanisomenon flos-
aquae (L.) Ralfs., Microcystis aeruginosa Kutz., M.
flos-aquae (Wittr.) Kirchn. were the most abundant.

The frequency of representatives of Pyrrophyta
and Chrysophyta was considerably lower and the
representatives of Xantophyta were recorded only
sporadically.

The monthly variation in qualitative composi-
tion of the phytoplankton community is given on
Fig. 1.

The density of phytoplankton community was
changeable and varied from 4.8x103 ind/em3 to
11.2x103 ind/dm3 (Table 1.). The minimal number
was recorded in April on the sampling site III, and
maximal one in September, also on the sampling
site IIL.

The recorded phytoplankton indicator species
of the polysaprob level are Anabaena constricta
(Szafer) Geitler, Spirulina jenneri (Hass.) Kutz.,
Euglena viridis Ehr., and the species from genus
Carteria. Those of alpha-mesosaprob level are
Oscillatoria formosa Bory., O. princeps Vauch., O.
tenuis Agardh, Cryptomonas erosa Ehr., Cyclotella
menenghiniana Kutz., Hantzschia amphioxys (Ehr.)
Grunow, Navicula cryptocephala Kutz., Nitzschia

Table 2. Dynamics of saprobity index

Epithemia turgida (Ehr.) Kutz., the species of the
genus Gomphonema, Melosira granulata (Ehr.)
Ralfs., Nitzschia vermicularis (Kutz.) Grun.,
Rhoicospheria curvata Grun., Synedra acus Kutz.,
S. wulna (Nitzsch.) Ehr., Phacus pleuronectes
(O.F.M.) Duj., Trachelomonas volvocina Ehr.,
Eudorina elegans Ehr., Pandorina morum Bory.,
Actinastrum  hantzschii  Lagerh.,,  Coelasrum
microporum Nag., Dictyosphaerium pulchellum
Wood, Micratrinium pusillum Fres., the species of
genera Pediastrum and Scenedesmus. Oligosaprob
species are  Ceratium  hirundinella O.F.M.,
Dynobrion sertularia Ehr., Nitzschia linearis W,
Sm., Synedra acus var. angustissima Grun. In
general the indicators of beta-mesosaprob level
were dominant.

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

Discussion

274 species, varieties and forms of algae were
recorded in the protected part of river Stari Begej in
the course of examinations, This differs from data
on algal taxa recorded in Carska bara swamp (Pujin
et al.,, 1987) which is a part of this protected area

Month
Sampling site v WV V1 VII VIII X X X1
I 2.3 2.3 2.2 2.0 2.2 2.2 2.1 2.2
I 23 22 2.1 2.0 2.1 2.2 22 2.2
111 2.3 22 23 2.0 2.1 2.4 2.0 2.2
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and is supplied with water from river Stari Begej.
103 algal taxa altogether were recorded in Carska
bara swamp. However, there were nonsignificant
differences in the qualitative composition of
phytoplankton community in the protected part of
river Stari Begej and in Carska bara swamp (Pujin
et al, 1987). Namely, in Carska bara swamp
Chlorophyta were also represented with the highest
number of taxa. Bacillariophyta were the second in
rank and were followed by Euglenophyta and
Cyanophyta.  Pyrrophyta,  Xantophyta  and
Chrysophyta were represented with significantly
lower number of taxa.

With regard to some rivers of this region, the
differences in qualitative composition of phyto-
plankton community were noticed.

The examination of river Ponjavica (Obuskovic,

1991) showed that Euglenophyta and Chlorophyta

were the dominant groups of algae and were
followed by Bacillariophyta and Cyanophyta. The
other groups of algae were represented with
significantly lower number of taxa.

Obuskovic (1982) found that in river Bosut the
representatives of Bacillariophyta were dominant
and Clorophyta, Cyanophyta and Euglenophyta taxa
were subdominant. Number of taxa of other groups
of algae was low.

It can be pointed out that the qualitative com-
position of phytoplankton community of this
protected habitat was almost similar to that in Ludas
lake (Seledi, 1981) which is a protected area as
well. Namely, in Luda§ lake Chlorophyta were also
the dominant group of algae with the highest
number of taxa. Bacillariophyta were the second
and then came Euglenophyta, Cyanophyta and
Pyrrophyta. Xantophyta and Chrysophyta were
represented with only one taxon, respectively.

Regarding the monthly variation in the qualita-
tive composition (Fig. 1), it can be concluded that
the principal features of phytoplankton community
of the protected part of river Stari Begej were the
dominance of Chlorophyta and a sporadic
occurrence of Xantophyta.

In the variation of density of phytoplankton
community no regularity can be noticed.

The index of saprobity after Pantle and Buck
(1955) varied from 2.0 to 2.4 but no regularity
could be noticed in its variation, as well. On the
basis of saprobity index, the waters of the protected
part of river Stari Begej can be ranked as beta-
mesosaprob (second category) ones.

From these examinations, it could be concluded
that such qualitative composition of the
phytoplankton community is often associated with
eutrophic conditions.
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Fig. 1. Varation in phytoplankton community in Stari Begej
walers during 1990.

Apart from nutrient loading, the phytoplankton
community composition depends on climate and
other ecological conditions. Many authors pointed
out the influence of temperature and pH. Saphiro
(1973) demonstrated that the phytoplankton domi-
nance in a nutrient rich pond could be switched
from dominance of blue-green algae to dominance
of chlorococcal green algae by adding free carbon
dioxide and lowering pH of water. Vincent and
Silvester (1979) demonstrated that temperature and
pH optima for Anabaena and Chlorella are
divergent, 28-35 ©C and 23-28 OC, respectively, and
pH 9-10 and pH 7-8, respectively. So, possible
explanation of Chlorophyta domination in the
protected part of river Stari Begej is that carbon is
never limiting factor for phytoplankton growth and,
therefore, pH has not been so high that Cyanophyta
growth has been selectively promoted.

Another hypothesis for Chlorophyta dominance
could be that these algae oust representatives of
other groups of algae by means of some growth
inhibiting factors, although Vicent and Silvester
(1979) demonstrated the opposite case. Namely,
these authors recorded that extracellular products
from Chlorella vulgaris promote the growth of
Microcystis and Anabaena while extracellular
products from Microcystis and Anabaena inhibit the
growth of Chlorella.

Several authors (Andersson et al., 1978; Brooks
and Dodson, 1965; Cronberg, 1980) recorded
influence of fish stock on the phytoplankton
community. Andersson et al. (1978) and Cronberg
(1980) demonstrated that abundance of bream and
roach in the waters affected the phytoplankton
community. 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 community.

Taking all these facts into consideration, it
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could be concluded that the phytoplankton com-
munity composition and its variation in the pro-
tected part of river Stari Bege] was dependent,
among other factors, and apart from nutrient load-
ings, on temperature, pH, allelopathic factors and
fish stock.
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THE STATE OF POPULATION OF CROCUS BANATICUS J. GAY IN
THE TRANSCARPATHIAN REGION OF THE TISZA VALLEY

A. V. Mihaly and V. I. Komendar

Mihaly, A. V. and Komendar, V. I. (1993): The state of population of Crocus banaticus J. Gay in
the Transcarpathian region of the Tisza valley. - Tiscia 27, 61-63.

Abstract. This paper presents the results of the investigation of a Crocus banaticus J. Gay
population in the Transcarpathian area of the Tisza valley. Data are given about range of
distribution, phytocenotic thriven species, age structure of the population and seed production.
Some data are also presented on the biology of the species, and certain aspects of generative
reproduction of C. banaticus are analyzed. We give suggestions to the protection and re-
establishment of natural area of this species in Carpathian region,
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Introduction

In order to develop the effective protection and
natural area re-establishment of rare and
disappearing plants, there is a need for complex
studies of ecological and biological characteristics
of these species. The ephemeroid elements of the
natural flora are most sensitive to anthropogenic
influence. One of them is Crocus banaticus I. Gay
that is under full destruction threat. Large quantities
of its flowers are picked, corms are digged up and
transplanted. In the last decade the population size
of C. banaticus has been drastically reduced as a
consequence of wood-felling and melioration. The
area decreases, some populations completely
disappeared, the individual numbers in populations
decreased to critical level. The Crocus banaticus 1s
highly decorative, flowers in autumn, and is
pollinated by bee,

Material and Methods

Studies on C. banaticus were carried out in 3
isolated populations in Tisza valley:
1. Village Bushtino environs, Tyachiv district,
250m a.s.l;
2. Village Onok
district, 300 m a.s.l;
3. Village M. Kopanya environs, Vinogradovo
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environs, Vinogradovo

district, 400 m a.s.l.;

Area and state of local populations were
measured, description of plant communities with
the presence of C. banaticus was done by route
method. Plants were collected to study the
morphological features and seed production.

Population size, ontogeny and age structure
were  determined in  different ecological-
phytocenologic conditions with transects laid down
by random method (Smirnova et al,, 1976). Age
classes were determined according to Rabotnov
(1950a) and Smirnova et al. (1976).

Seed production was measured according to
Rabotnov (1950b) and Vainagy (1974). The
potential seed production (PSP) -- number of
seedbuds in fruit, actual seed production -- seed
number in fruit, and seeding percentage (SP) --
proportion of seedbuds developing to seed were
determined on 25 randomly marked individuals in
each population. Standard variance analysis
statistics were calculated (Zaitsev, 1973; Schmidt,
1984).

Results and Discussion

The Crocus banaticus J. Gay (syn: C.
iridiflorus Heuff.; C. byzanthinus Herb.) is an

autumnal flowering ephemeroid plant from
Iridaceae A.L. de Jussieu family. As many
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hysteranthous geophytes, it is also related to
Mediterranean flora (Dafhi et al., 1981). It is Sub-
Dacian floral element (Randejlovic et al., 1990). It
occurs in Rumania (Beldie, 1967), Serbia (Hayek,
1933; Javorka, 1964; Randjelovic et al., 1990}, from
northern Transsylvania to the Balkans (Priszter
1974). In Ukrainie it occurs only in Transcarpathia,
the north-eastern border of its area. C. banaticus
grows in zonal oak and beech forests and
sometimes, for example, in Transsylvanian
mountains Ere, reaches 1000 m above sea-level
(Bernatsky, 1911).

C. banaticus prefers semishaded places, grows
in oak and beech forests, brushwoods. The
investigated populations were in  Festuco-
Quercetum roboris association of Quercetea robori-
petraeae Br.-Bl, et Tx. 43 class, Fago-Carpinetum
association of Carpino-Fagetea Jakucs 67 class,
Robinietum  pseudoacaciae  association  of
Robinietea Jurko ex Hadac et Sofron 80 class
(Krichfalushiy and Mihaly, 1993).

The corm of C. banaticus is round, slightly
flattened at the top and bottom, its width waries
from 14 to 16 mm, and the height from 8 to 9 mm.
The colour is dirty-brown, Flowers are significantly
different from those of other Crocus species. Size of
inner petals is the half of that of outer ones, and
their color is violet. Anthers are yellow, stigma is
blue-violet, and is very branched (number of
branches ranges up to 50). Flowers of 10-12 cm
bloom in September-October (sometimes even in
the beginning of November). Leaves and fruits
appear next spring. The sprout is very weak and
brittle during the flowering, mechanical strength is
given by the associated leaves. Fruits are three-
sided capsules. In each of the three cavities the
seeds are arranged in two rows. Seeds are redish-
brown, elliptical, lemon like acuminates are at the
ends, 4-4.5 mm in length. Generative individuals
have three green leaves, but senile ones have only
1-2. Leaves are lanceolate, erect, 15-25 cm in
length and 13-15 mm in width. Apex of leaf is
slightly blunt. Fruit opens with three parts. Seeds

germinate in autumn. Flowering occurres in the 4-
5th year.

Ontogenic stages of C. banaticus are: juvenile
(i), immature (im), virgin (v), generative (g) and
senile. Age structure of the populations studied is
given in Table 1 and Fig. 1.

Group of juvenile plants prevails over all
populations, juvenile and immature individuals are
over 70 % in all populations. A rather low number
of generative individuals should be explained with
frequent flower picking. The Bushtino and M.,
Kopanya populations are fully arthrous, normal by
Rabotnov (1950) scheme. The share of senile plants
is very low. The three populations may be classified
as young, normal, close to invasional.

Bushiing Ouok M .Kopanya
& j

Fig. 1. Age structure of Crocus banaticus populations.

Oiw By DOg MW

For the ephemeroids, characteristic are the
complete, left sided basic spectra, in which
pregenerative individuals dominate over generative
and senile ones. This can be explained with the long
persistence of virgin period of ontogeny, as well as
the dominance of seed germination over vegetative
reproduction in population dynamics.

Interspecific competition has rather low effect
on ephemeroid populations, its manifestation is
obvious near the border of the population
distribution. In such conditions the individual
number of populations decreases abruptly, and the
strong deformation of their age spectra can be
observed (Shorina and Smirmova, 1976).

C. banaticus propagates itself generatively

Table 1. Age structure of Crocus banaticus populations. Individual numbers per m? and poreentage are given.

density of Age group
Population Comtmunity individuals
ind/m? i im v g s JHim vigls
Bushtino Festuco- 183 87 45 29 19 3 132 51
Quercetum
roboris % | 47.54 24.39 15.85 10.38 1.64 72.13 27.87
Onok Robinietum 144 53 49 27 15 - 102 42
pseudoacaciae % | 36.80 34.03 18.75 10.42 70.83 29.17
M.Kopanya Fago- 74 44 14 9 1 6 58 16
Carpinetuin % | 59.46 18.92 12.16 1.35 8.11 78.38 21.62
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Table 2. Potential and actual seed productions of C. banaticus populations studied.

Population PSP ASP Sp

x sX min-max x sX min-max %

Bushtino 3513 1.47 22-56 23.23 2.26 3-47 66.13

Onok 40.97 1.68 26-63 34.47 1.99 14-57 84.13

M.Kopanya 28.59 1.19 18-44 18.93 1.31 4-34 66.21
very easily and fast by means of seeds, but References

vegetative propagation is quite week. The number
of pregenerative individuals depends on the soil
seed bank that is connected to the seed production
of the population (Komendar and Német, 1980).
Table 2. summarizes the seed production of C.
banaticus in the thre populations studied.

Some conclusions of the investigations: the

number of germs is considertably stable than that of
seeds. Differences between germ numbers of each
populations are less then those between seed
numbers. Actual seed production depends mainly on
environmental conditions, but potential seed
production is less dependent, that referrs to its
genetic background.
Population of M. Kopanya is most threatened, it is
situated close to the highway. Here the flowers are
collected, mainly the largest ones ("artificial
selection" takes place: the weakest and smallest
individuals remain in the population).These facts
could explain the low seed production and the small
number of generative individuals in the population:
this population is degrading under anthropogenic
influence.

Protection of C. banaticus is wery important in
Transcarpathia, because here is the north-eastern
border of its area. C. banaticus is present in the Red
data book of Ukaraine and USSR. It is a
disappearing species, area of which is decreased
under human pressure. C. banaticus is an
endangered species not only in Ukrainian
Carpathians but in other regions. The most effective
protection and reestablishment of its populations
should be in natural habitats, and with establishing
nature reserves.
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COMPARATIVE ANALYSIS OF SUCCESSIONAL STAGES OF

SANDY VEGETATION - A CASE STUDY

K. Margéczi

Margéezi, K. (1993): Comparative analysis of successional stages of sandy vegetation - a case
study. - Tiscia 27, 3-8.

Abstract. The vegetation of seven selected sites, representing different stages of primary
succession, is analyzed in order to establish a feasible successional scheme, and to compare the
traditional successional pathways and the pathway suggested by the multivariate methods.

The ordination of micro-scale coenological relevés suggests a more or less linear successional
sequence of studied stands corresponding with the traditional theory.

Five typical patches were identified in each stand by classification in order to represent the
internal variability of the vegetation. Ordination of these typical patches on the basis of species
frequencies shows, that the primary dynamic of the sand vegetation is more complex. The linear
successional sequence of studied stands is unlikely, different transitions between stages are
equiprobable, and the graph structure of series is rather reticular,

Three groups of stands were identified by diversity ordering: (i) an initial, open grassland type
with low diversity; (ii) a grassland with medium diversity ; the forest herb layer also belongs to
this category; (iii) the most diverse, closed grassland, and the shrubby habitat. Diversity profiles
of these groups were clearly separated.

The methods employed differentiate the vegetation of the studied stands according to their
species composition, diversity and complexity, but the established sequence does not necessarily

reflect to the real historical development of the stands in question.

Keywords: sandy vegetation, succession, multivariate methods, diversity ordering

K. Margdczi, Department of Ecology, JATE University, Szeged, Pf. 659, H-6701 Hungary

Introduction

One of the typical vegetation and flora types of
the Hungarian Plain can be found on sandy areas
between the Danube and Tisza rivers. This
vegetation has been studied by many authors,
among them such pioneers as Kerner (1863) and
Rapaics (1918). The successional stages were
described by Hargitai (1940), Zsolt (1943) and
Magyar (1960). Besides this classical works,
Précsényi (1981) studied the diversity changes
during succession and there are several publications
elucidating certain ecophysiological phenomena of
such vegetation (e.g. Tuba, 1984 and Fekete et al.,
1988). The spatial pattern as well as the niche
relations of some species belonging to the grassland
community Festucetum vaginatae were studied by
Molnar and Nosek (1979) and Fekete et al. (1980).

Recently Fekete (1992) published a new con-
cept of primary succession, wich is different from
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the traditional interpretation by the Hungarian
phytosociologists. He pointed out that the primary
dynamics of sandy vegetation is very complex: the
vegetation-soil evolution is non-parallel; the
succession is often determined by stochastic tran-
sitions between stages; the successional graph
structure of the sand sere is rather reticular than
linear; origin of climax stage is heterogeneous. The
pioneer grassland does not accumulate sufficient
humus for the establishment of steppe-meadow
species, so the steppe meadow does not fit the
pioneer grassland-shrub line. The stands of oak
wood (the climax community in the traditional
concept) are habitat-dependent.

Although the classical phytocoenological
description of sandy vegetation succession is given
in the above mentioned papers, no detailed
multivariate analysis has been made to describe
vegetation differences among the stages.

Classifications and ordinations are suitable for
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analysis of succession, but the effectiveness of
different methods depends on the nature of analyzed
data (Mazzoleni, 1991).

Unequivocal successional sequences are not
necessarily self evident to critical observer
(Anderson, 1986). For example, computer based
classification and ordination techniques defined a
successional gradient that differed from a theo-
retical or assumed successional classification in the
case of a big sagebrush/grass community (Tueller
and Platou, 1991).

The aim of this study is to analyze the vegeta-
tion of selected habitats in a Hungarian sandy area
using  multivariate methods and  diversity
comparisons, and to evaluate the different concepts
of succession according to the results,

The ant community composition and epigeic
fauna of the same study plots analysed in this paper
has also been studied (Jardan et al., 1993),

Study area and Methods

1. Site description

The field studies were carried out in a nature
reserve in the southern part of Hungary, between
the rivers, Duna and Tisza near to the village
Kéleshalom in June 1991. The study site is a
complex of wind-blown sand dunes, Several suc-
cessional stages of sandy vegetation occur here
from bare sand to poplar forest. For the present
study 7 plots were selected, representing these
stages:

Plot 1. Almost bare sand with some plant spe-
cies belonging to the association Festucetum
vaginatae. The bare surface within the plot may
derive from an abandoned sand-mine.

Plot 2. Open perennial grassland with 30-40 %
plant coverage, predominating by Festuca vaginata
(Festucetum vaginatae danubiale). The moss and
lichen layer was also considerable.

Plot 3, Similar to plot 2, but predominated by
Stipa borysthenica. (Festucetum vaginatae stipe-
tosum borysthenicae)

Plot 4. Open perennial grassland predominated
by the species belonging to the Festucetum
vaginatae community and Populus alba forms a
shrub storey here. Height of it is 50 ¢cm, about 25 %
cover).

Plot 5. Closed grassland with some xero-

mesophilous and mesophilous species besides the
xerotolerant ones. The phytocoenoclogical status of
this stand is uncertain.

Plot 6. Shrubby habitat with 50-60 % coverage
of Crataegus monogyna, Juniperus communis,
Berberis vulgaris and Ligustrum vulgare shrubs

Plot 7. Closed poplar (Populus alba) forest with
some Robinia pseudoacacia trees. Crataegus
monogyna and Juniperus communis give a sparse
shrub layer.

The areas of the study plots were about 400 m2.

2. Field sampling

A similar sampling procedure was applied than
described by Szollat and Bartha (1991) with some
medifications. Long transect of 200 contagious
small plots, each of 20x20 cm size, were used for
sampling in each stand. The total transect of 40 m
lenght was broken 4-5 times, resulting a zig-zag line
"netting" the whole plot. The presence and absence
of species rooting in the subplots were recorded. In
the shrubby habitat and in the poplar forest only the
herb layer was sampled. The presence of detectable
lichen and moss species were recorded and analysed
together with the higher plants,

3. Data analysis

The seven study sites were ordinated according
to the pooled frequency of occurring species using
principal coordinate analysis with Czekanowski
index by the program package NuCoSA
(Tothmérész, 1991, 1993a). Viragh (1986) havs
found the same ordination method and similarity
index to be useful for detecting vegetation
differences in a similar scale study.

In order to represent the internal variability of
the stands five most abundant characteristic patch
types (10 contagious 20x20 cm subplot of each)
were selected in each stand by classification of all
200 subplots according to their species composition,
using the Serensen similarity index by the NCLAS2
program of SYN-TAX III. program package
(Podani, 1988). These 20x100 cm? subplots,
representing typical patches, were classificated by
NuCoSA using Czekanowski similarity index and
single linkage sorting algorithm. Principal
coordinate analyses (NuCoSA) of the same subplots
were performed using again Czekanowski index,
and the results of clustering method and ordination
were combined.
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Analysis of the diversity conditions were
performed by diversity ordering (Tothmérész
1993a,b). This evaluation differentiates the diversity
sequence of studied communities based on

dominant versus rare species. The Hill diversity
value is sensitive on rare species at low scale
parameter value and it is sensitive on dominant
species at high parameter value.

Table 1. The pooled frequency values of the species in the 200 20x20 em quadrate per study plot. Data of 22 rare species, whose pooled
frequency values were below 10 are not indicated. The used nomenclature is after Simon (1992).

SPECIES STUDY PLOTS
1 2 3 4 5 6 7
Achillea pannonica 0 0 0 0 11 72 0
Alyssum tortuosum 30 1 5 39 0 0 0
Asclepias syriaca 16 0 0 0 0 0 0
Asperila eynanehyea 0 0 0 0 0 27 0
Berberis vulgaris 0 0 0 0 0 26 27
Botriochloa ischemum 0 0 9 9 0 0 0
Bromus sterilis 0 0 0 0 0 0 36
Calamagrostis epigeios 0 0 0 0 16 4 0
Camptothecium lutescens 0 0 0 0 0 54 0
Carex flacca 4] 0 4] 0 ] 0 72
Carex liparicarpos 12 24 34 77 58 119 127
Cladonia convoluta 0 59 8 4 1 0 0
Cladonia magyarica 0 33 0 0 14 0 0
Cladonia rangiformis 0 0 0 0 8 56 0
Cornus sanguinea 0 0 0 0 0 19 10
Crataegus monogyna 1 0 0 0 0 9 36
. Cynodon dactylon 4] 0 14 0 ] 0 2
Cynoglossum officinale 0 0 0 32 ] 0 4]
Equisetum ramosissimum 0 0 0 0 26 0 0
Erigeron canadensis 1 13 0 4 0 0 0
Erysimum diffisum 0 4 5 7 3 0 0
Euphorbia cyparissias 0 2 0 0 G 23 0
Euphorbia segueriana 59 12 29 10 2 9 0
Falcaria vulgaris 0 0 0 0 0 14 0
Festuea vaginata 124 109 68 167 22 45 5
Festuca wagneri 0 0 0 0 73 18 0
Fumana procumbens 17 5 70 3 0 0 0
Galium verum 0 0 0 0 94 37 4
Holoschoenus romanus 0 0 o 0 42 o 0
Kochia laniflora 0 30 60 4 9 0 0
Koeleria glauea 12 13 36 0 2 4 0
Ligustrum vuigare 0 0 0 0 0 24 55
Minuartia glomerata0 4 0 8 0 0 0
Minuartia verna 5 28 8 0 1 2 0
Parmelia pokornyi 0 39 58 2 1 4] 0
Pimpinella saxifraga 0 0 0 0 0 0 10
Pleurochaete squarrosa 0 36 0 0 37 7 0
Poa angustifolia 0 0 0 0 43 51 12
Polygonum arenarium 0 7 5 50 12 0 0
Populus alba 0 ] 0 33 0 1] o
Potentilla arenaria 0 37 18 16 23 76 0
Prunus spinosa 0 0 0 0 0 2 27
Seabiosa ochrolenca 0 0 0 0 21 55 0
Sedum hillebrandtii 0 3 11 0 0 0 0
Stipa borysthenica 23 132 105 61 51 98 0
Stipa capillatal 0 0 0 64 0 0
Symtrichia ruralis 5 70 16 34 22 0 0
Taraxacum officinale 0 0 0 0 1 5 4
Teucrium chamaedrys 0 47 0 0 113 26 48
Thesium arvensel 0 0 0 4 6 0
Thymus pannonicus 15 46 45 0 52 101 0
Torilis japonica 0 0 0 0 0 0 16
Viola rupestris 0 0 0 0 0 32 5
Total species number 15 24 21 19 35 33 28
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Result

Ordination and classification of study

plots

The ordination of the seven stands according to
the pooled frequency of occurring species defined a
successional sequence, that did not differ
considerably from a theoretical or assumed
successional order, if the arch effect of the ordina-
tion method is taken into consideration; only the
plot 4 does not fit well into the sequence (Fig. 1.).

The selected representative subplots of the
stands were separated rather well on the PCoA
scattergram (Fig. 2.), and the classification results
confirm the togetherness of these subplots (Fig. 3.).
There are very few overlaps between the different
stands, consequently between the successional
stages. Only the subplots of the shrubby habitat
(plot 6) form no separate cluster and they are
positioned far from each other on the central part of
the scattergram. The vegetation of this stand is very
heterogeneous. The identified patch types may
represent different successional stages, and can be
ordered in a feasible successional sequence that is
parallel with the sequence of the other stands (Fig.
2).

Fig. 1. Principal coordinate analysis of the study plots according
to the pooled frequencies of the occurring species. For the
description of the study plots indicated by numbers sce the
"Study area and Methods".

Some subplots do not join to any group; they
represent unical patch types. On Fig. 2. the subplots
of plot 1. and plot 4. are encircled together, this two
plots represent the initial stage of succession in this
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Fig. 2. Principal coordnate anulysis ol the representative subplots
of the studied stands. Lines encirele the subplots belonging
to the same cluster, indicated by stars in Fig, 3. The dashed
lines sign possible orders of the samples considering the
arch effect of the ordination method.

area. Inside the denoted cluster the two study sites
are separated (Fig 3.).

Diversity

Altogether 76 species were recorded in the 7
stands. The frequencies of species are presented on
Table 1. (Data of 22 rare species, whose summed
frequency values were below 10 are not indicated.)

Three groups of stands were identified by
diversity ordering: (i) an initial, open grassland type
with low diversity; (ii) a grassland with medium
diversity; the forest herb layer also belongs to this
category; (iii) the most diverse, closed grassland,
and the shrubby habitat. Diversity profiles of these
groups were clearly separated.

In the first group the diversity of plot 1 is
unambiguously lower, than that of the plot 4.
However in the medium diversity group the profile
of plots 2, 3 and 7 cross each other, this means that
these three communities cannot be ordered simply
by their diversity. At lower scale parameter, that is,
regarding the rare species the diversity of the plot 7
is the highest, but the opposite is right at the higher
value of scale parameter -- regarding the dominant
species.

Discussion

According to the traditional interpretations
(Zsolt, 1943 and Magyar, 1960) the feasible
successional sequence of studied stands is the
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Fig. 3. Dendrogram of the representative subplots of the studied
stands. The stars indicate the relevant clusters, subplots of
which are encircled by lines in the ordination diagram in
the Fig. 2.

following: almost bare sand (plot 1) -- Festucetun
vaginatae danubiale (plot 2) -- Festucetun
vaginatae stipetosum sabulosae (plot 3) -- open
grassland with small poplar trees (plot 4) -- closed
grassland (plot 5) -- shrubby habitat (plot 6) --
poplar forest (plot 7). On the PCoA scattergram of
stands this sequence can be more or less recognized
if considering the arch effect of the ordination
method (Fig.1.). The arch effect is stronger when
the ordinated samples have few species in common
(Mazzoleni et al., 1991). The Brometumn tectorum

35.0 4,

24,40 +

Hill's diversity

320 -

; . : i
0.0 12 24 16 48 6.0
scale parameter

Fig 4. Diversity ordering of the study plots, according lo the
pooled frequency values of the occurting species. For
description of the study plots indicated by numbers sce the
"Study area and Methods".
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community, an annual grassland, which is regarded
by the traditional concept as the first stage of sandy
succession cannot be found in Kéleshalom site.
Festuca vaginata is the most frequent species in the
very open, presumably pioneer stages (plot 1 and
plot 4). It is remarkable, that poplar can colonize
even in the very initial form of Festucetum
vaginatae community the (plot 4).

Fekete (1992) presented a different concept of
primary succession on sand: the starting point is
usually Festucetum vaginatae community. The
succession terminates at the Junipero - Populetum
along many lines; this community corresponds to
the real forests in this sere. The steppe meadow
(closed grassland) does not fit to the pioneer
grassland -- shrub line and this makes the graph
reticulated in this xeroseries,

The result of analysis reflecting to the internal
variability of the stands (Fig. 2.) support this con-
cept rather than the traditional, linear successional
sequence. The starting point is undoubtedly the
complex of the plot 1 and plot 4; plot 2, 3, 5 and 7
could be alternative endpoints of succession.
Besides this an alternative explanation of the
scattergram is also possible: (1-4) --3 -2 -5 - 7 plot
sequence could be recognized along an arch in the
Fig. 2.

The subplots of plot 6 may represent interme-
diate stages of alternative pathways leading from
the open grassland (plot 1,4) to the closed grassland
(plot 5) and poplar forest (plot 7). At the same time
the subplots representing typical patches of plot 6
are ordered along an arch, parallel with the
mentioned (1-4) -- 3 - 2 - 5 - 7 plot sequence in the
scattergram. That is, alternative interpretations are
possible when trying to identify the successional
sequence on the base of the ordination result. The
used methods are suitable to arrange the
communities according to their complexity, and
species composition but it does not mean, that the
identified sequence exactly corresponds to the real
historical development of the stands in question,

In a hilly area there are considerable differences
in the physico-chemical condition of the soil (i.e.,
humus and nitrogen content, water content and soil
granule size) at the top of the sand hills, in the wind
grooves between them and at the relatively flat
areas (Koérmoczi, 1983). Such environmental
differences may cause the development of
alternative endpoints of succession, according to the
concept of Drake (1990), who regard the
environmental gradients as a filter defining which
set of species Is permissible to colonize.

The species diversity is the highest in the closed
grassland (plot 5) and in the shrubby habitat (plot
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6), but presumable because of different reasons. In
the case of closed grassland community the more
favourable environmental conditions of the slight
wind grove habitat (higher soil humidity, lower
wind effect and insolation) allow the coexistence of
more species. The shrubby habitats have developed
in the upper slope of a sand hill, and the shrubs
stand separately providing a wide variety of
microhabitats from the open, dry patches between
the shrubs to the shaded sites under their canopy,
were the soil is covered by litter. Here the habitat
heterogeneity causes higher number of species.

Studying similar sandy vegetation Précsényi
(1981) found that the species diversity was the
lowest in the last stage of succession, that is in the
forest. In present case the diversity of forest herb
layer is high if regarding the rare species, but
considerably lower if regarding the dominant spe-
cies (Fig. 4.). This community does not evolve
automatically from a previous grassland stage, but
the light shortage (the shading effect of the growing
tree canopy) drives its development. So, because of
the considerable change in environmental
conditions a different species pool is allowed to
colonize (cf. Drake, 1990)

The vegetation of plot 4 provides an evidence,
that the reforestation of open grassland is possible,
but cannot be found clear transitional stages
between the open grassland and forest herb layer
among the studied plots,

Present paper refers to field investigations of
one single time point. Direct evideces about the
successional pathways can be drawn up only after
several years study period on permanent plots.
Result of such a long term study carried out on the
vegetation of Hungarian sandy areas have not been
published yet. Although better understanding of the
succession is very important from the nature
conservation point of wiev as well, because the
conservation activity have to aim at maintainance of
all succesional stages close to each other if it is
possible. But the minimal spatial scale of the
successional processes is not known yet as well.
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ANT ASSEMBLAGE COMPOSITION IN A SUCCESSIONAL

HUNGARIAN SAND DUNE AREA

Cs. Jardan, L. Gallé and K. Margdczi

Jarddn, Cs., Gallé, L. and Margéczi, K.(1993): Ant assemblage composition in a successional
Hungarian sand dune area. - Tiscia 27, 9-15.

Abstract. In the frame of a project dealing with the succession of ant communities in sand dune
areas of different geographical regions in Europe, in Kéleshalom sandy area (southern Hungary)
eight study plots, representing different successional stages of vegetation, were selected for de-
tailed sampling program. PCA analysis of the ant assemblages of study plots shows that the suc-
cession of the ant community composition follows two main pathways: one is typical to open ar-
eas, i.e. grasslands, the other is usually terminated in forests.

Comparing the successional sequence of the study plots according to their ant assemblages, vege-
tation composition and epigeic fauna, it is established that the initial and final successicnal
phases are the same in each case, but there are uncoordinated successional steps in the three
assemblage types in the transitional stages. The diversity of ant assemblages increases along the
successional gradients, but that of the vegetation and epigeic fauna has a maximum in a
transitional phase.

Microclimate, dead twigs on ground surface and vegetation architecture were identified as the
main external correlates, which probably have certain role in structuring ant assemblages.

Key words: ant communities, primary succession, environmental correlates, sand dunes

Cs. Jardan, L. Gallé, K, Margéczi, Department of Ecology, JATE University, Szeged, Pf. 659,

H-6701 Hungary

Introduction

Vegetation succession has extensively been
studied from the wvery beginning of ecology
(Clements, 1916; Cowles, 1899; Gleason, 1917).
The succession of animal communities, however, is
one of the most neglected fields in animal ecology.
Although there is a lot of information on the com-
position of ant communities (see e.g. Brian, 1983;
Hélldobler and Wilson, 1990; as reviewing books),
we know much less about the process of organiza-
tion, i.e. succession of these assemblages. The suc-
cession of the ant communities is usually studied by
simultaneous comparison of several habitats repre-
senting different successional stages (Szujecki et
al,, 1978; Vepsiliinen and Pisarski, 1982;
Boomsma and Van Loon, 1982; Zorrilla et al,
1986; Galle, 1991; Gallé et al.,, in preparation) and
there are much fewer long-term investigations on
the successional transformation of ant populations
or assemblages in a particular habitat (e.g. Gallé,
1981; Gallé et al., 1993) because of the long time
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span of community dynamic processes. We use the
first, comparative approach in the present paper,
which is a part of a project dealing with the primary
succession of ant assemblages in different sand-
dune areas of Europe and the Middle East, from
Finland to southern Turkey. The previous papers of
the series have been carried out by Gallé (1990a,
1990b, 1991) and Galle et al (in preparation).

The field studies were done in a successional
sand-dune area in Middle-Hungary in order to re-
veal the main attributes of ant communities of dif-
ferent successional stages. Three main questions
were addressed, as follows:

(1) What kinds of differences and similarities
exist in the composition of the ant assemblages in
the study plots, which represent different succes-
sional stages of vegetation?

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

(3) Which external conditions (habitat proper-
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ties) are correlated with the structure of ant assem-
blages?

Study area and methods

The study area is a complex of wind-formed
sand-dunes, between the rivers Duna and Tisza in
the southern part of Hungary, and it belongs to
Kiskunsag region near the village Kéleshalom.

For detailed studies, eight plots were selected
with areas of 300 to 500 m2. The plots were parts of
such habitats, which represented different stages of
the sand-dune vegetation succession (Fekete, 1992)
from the bare sand thorough open grasslands, closed
grasslands, shrubby habitat to a poplar forest. Plot |
had a low coverage (<20%) of plants, mainly
Festuca vaginata and Stipa borysthenica. Although
differing in exposition and total vegetation cover-
age, plots 2 and 3 were similar open grasslands of
denser vegetation than plot 1, predominated by
Festuca vaginata, Stipa borysthenica and Koeleria
glauca. The moss and lichen layer was also consid-
erable. Litter cover was about 40%. Plot 4 was a
closed grassland, predominated by Festuca pseundo-
vina, Teucrium chamaedrys, Holoschoenus vulgaris,
Galium verum and Poa angustifolia. The moss and
lichen cover was also considerable. Plot 5 resem-
bled to 3, but with a Populus alba shrubby storey
(height <50 cm, coverage about 30%). Plot 6 was a

shrubby habitat with Crataegus monogyna,
Juniperus communis, Berberis vulgaris and
Ligustrum vulgare. Thymus degenianus, Stipa

borysthenica, Carex liparocarpos, Galium verum
plant species were found in the understorey. Plot 7
and 8 were closed poplar (Populus alba) forests
with some Robinia pseudoacacia trees. There were

Table 1. Attributes for characterization of study plots

shrubby storeys with Crataegus monogyna and
Juniperus communis. Carex flacca was predominant
in the herb layer. These two plots apperently dif-
fered in their red wood ants, therefore they were
separately treated. A more detailed survey on the
vegetation of the research area is given by Margbczi
(1993).

The ant assemblages were sampled with pitfall
traps. 12 fraps were used in each study plot and the
traps worked two times for two weeks. The same
pitfall traps yielded the data on the composition of
the epigeic fauna, as well. Herb layer invertebrates
were collected with sweep net. 5x10 sweeps were
applied in each study plot. Beside the various inver-
tebrate groups, these samples yielded some addi-
tional information on the ant fauna of the study
plots, too. All collected animals were sorted on
taxonomic group level. If considerable body size
differences were observed within a taxonomic
group, it was subdivided into size classes.

The cover of plant species was estimated in 5
quadrates of | m? in every plot. Using the average
values of the number of collected ant specimens,
that of the other epigeic groups, and the average
cover values of plant species, three resemblance
matrices were set up. The percentage similarity
values of Renkonen index were used in these matri-
ces to compare the study plots according to the
three different assemblages, i.e. vegetation, ants and
epigeic fauna. With the help of these matrices, the
possible successional sequence of study plots could
be set up, because the similarity between the plots
presumably represents the successional relations of
them,

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

Core group Habitat cores No. of
calcgories
[1] Vegetation architecture 1.1 Total plant cover 1
1.2 Cover of mosses and lichens 2
1.3 Mould thickness 1
1.4 Plant cover at 0-5, 5-15, 15-30, 30-50... 5
level
[2] Vegetation composition 2.1 Relative frequency of predominating 65
plant species
[3] Size of plot 1
[4] Dead twigs on ground 4.1 Density of dead branches of various 25
surface sizes and conditions
[5] Microclimate 5.1 Temperatures of soil, of air 2 ¢m above 3
soil surface, and of air at 2 m height
5.2 Soil water content 1
[6] Epigeic fauna 6.1 Frequency of various animal groups 28
collected in pitfall traps
[7]1Fauna of the herb layer 7.1 Freequency of various animal groups 28
collected by sweep net
Total 160
10 TISCIA 27



Table 2. Frequency of ant species collected by pitfall traps (individuals/trap)

Plot no.

Species 1 2 3 4 5 6 7 8
Myrmica rugulosa Nyl. *0.08
Myrmica laevinedis Nyl * *
Myrmica sabuleti Meinert * +18.0 *5.66
Diplorhoptium fugax Latr. 0.09
Tetramorium caespitum Latr, 10.27 358
Leptothorax nylanderi Forst. 0.18 + *¥+3.41  *+1.66
Leptothorax unifasciatus Latr. + *0.41
Leptothorax tuberum Forsl. 0.58 *+1.75 1041
Dolichoderus quadripunctatus L. 0.08
Tapinoma ambiguum Em. 1.36 1.25
Plagiolepis vindobonensis Lomn, 2,25 + 850 + 9.08 11.36 +11.1 0.91 +
Plagiolepis xene Starke *

Camponotus vagus Scop. 1.75 0.08
Camponotus truncatus Spin. 0.08 0.08
Lasius alienus Forst. 494.6 F18l4  +167.0 168.1 +1391. 63.33 0.08 0.16
Formica sanguinea Latr. 0.27 55.63 +40,58
Formica fusca Latr. 0,25 4.41 4.50
Formica cunicularia Latr. 1.83 0.33 ¥
Formica rufa Latr, 0.08 10.66
Formica pratensis Retz. 233 64.75 4,08
Cataglyphis aenescens Latr. *11.0 +340  +14.83 +3.09 16.08
Polyergus rufescens Latr. 6.41

Total 3 4 5 7 6 13 8 14

* = sexuals collected by hand or/ and pitfall traps

+ = workers collected by sweep net

their correlation with some habitat properties. We
used altogether 160 habitat attribute scores for a
detailed characterization of the study plots. These
habitat scores were grouped in seven: vegetation
architecture, vegetation composition, size of the
plot, twigs on the ground surface, microclimate,
epigeic fauna and faunal composition in herb layer
(Table 1).

From among the habitat attributes not men-
tioned above, the measurement of the microclimate
was carried out in the usual ways. The number of
dead twigs on the surface were counted in 0.5x0.5
m quadrates; the lengths, widths and the condition
(fresh, dry, dry with holes, wet and rotten, only
husks) of the twigs were measured.

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

Results

A total of 22 ant species were collected (Table
2). The study plots formed two main groups on the
basis of the composition of their ant fauna: the ant
assemblages of first three plots were predominated
by Lasius alienus, Plagiolepis vindobonensis and
Cataglyphis aenescens. These plots represented the
carliest stages of ant assemblage succession, with
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low species diversity, A higher number of ant
species were found in the second group of plots,
especially in forest habitats (Table 2).

Ordination of the Barber trap ant data by PCA

yielded the following results (Fig. 1). The ant
assemblages of open habitats are positioned mainly
in the "a" part of the 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
samples of transitional stages. According to these
results, it seems very possible that the succession of
ant community composition may follow two main
pathways: one is typical to open areas, i.e.
grasslands and leading to the ant assemblages of
closed grasslands, the other is characteristic to the
path, which leads to the ant assemblages of the
forests.
A more exact successional sequence of the plots can
be set up on the basis of resemblance matrices of
the ant, plant and epigeic animal communities (see
Fig. 2). The plots can be arranged roughly into five
successional steps in all of the three community
types. It is clear that the initial and final succes-
sional stages are the same in each case, but both the
position of the transitional plots and the pathways
show some differences. This means that there are
uncoordinated steps in the succession between the
different communities.
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Fig. 1. Ordination of Barber trap ant data by PCA. Traps of the same plot are encircled.
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Fig. 2. Successional sequence of the study plots on the basis of
resemblance matrices of the ant, plant and the epigeic
animal communities.

The Shannon diversity of ant assemblages
increases along the five-step successional sequence
(Fig. 3.), whereas that of the vegetation and the
epigeic fauna reaches a maximum in the third stage,

For the correlation analysis between ant
assemblage composition and the habitat attribute
scores we used the first three coordinates of each
study plot in PCA factor space set up on the basis of
their ant assemblage composition and the cor-
relation were computed between these coordinates
and the values of the above mentioned 160
individual habitat scores. Using this method, we
found that there were 23 attributes correlated with
ants, such as microclimate factors, dead twigs, some
invertebrate groups and plant species (Table 3.).

There are some problems with the interpretation
of these results because of the possible intercorrela-
tion between attributes. Therefore we used also an-
other procedure in order to determine more exactly
the external correlates of ant communities. Study
plots were ordinated on the basis of their ant assem-
blages and the different attribute groups mentioned
above (Table 1.) in seven different PCA spaces. In
all cases the relative position of the points repre-
senting the plots in the PCA factor spaces was
measured as a set of multidimensional Euclidean
distances (Pielou, 1984) from the others weighted
by the variance percentage values of the PCA axes.
The distances of the corresponding points in differ-
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Fig. 3. Shannon diveristy of vegetation, ant assemblages and
epigeic fauna in five successional steps.

ent PCA spaces were compared with correlation
analysis using non-parametric Spearman's coeffi-
cients, Close correlation between the relative posi-
tion of plots computed from their ant assemblage
composition and any other attribute group indicates
that the attributes in question presumably affect the
composition of the ant assemblages. Since this
analysis resulted in a combined correlation table,
the table-wide significance values were computed
by the sequential Bonferroni test (Rice, 1989),

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

Table 3. Factors correlated with PCA axes of ordination of ant assemblages.

of significarce

architecture were found to be significantly
correlated with the composition of ant assemblages
(Table 4.).

Discussion

It has been demonstrated by several authors that
diversity of different ecological communities shows
an increasing trend during succession (Odum, 1969;
Biba, 1980; Rey, 1981; Andersen, 1986; partially
Boomsma and Van Loon, 1982; Gyorffy and
Koérméezi, 1987; but not quite by Kondoh and
Kitazawa, 1984). A decline of the diversity brought
about by the high density of red wood ants at the
final successional stages was demonstrated by Gallé
et al. (in preparation) in Kampinos region, Poland.
In the present study, however, the density of red
wood ants was not so high in the forest plot that it
could decrease the diversity of ant assemblages.

We found a negative correlation between the
density of the pioneering ant species (i.e. Lasius
alienus) and the ant community diversity
(r= -0.76, p< 0.05) as Boomsma and Van Loon
(1982) described it, likewise Gallé et al (1985) and
Gallé (1991).

The above results suggest that the vegetation

| v |= absolute value of coefficient of correlation; p = level

Faclors axis | 1] p
Plant cover al 5-15 c¢m level 11 0.811 < (.02
Mould thickness 0.980 <0.001
Frequency of two plant specics

Cratacgus monogyna 0.761 <0.05
Carcx flacca var. cuspidata 0.737 <0.05
Microclimate
Soil temperature 1. 0.820 <0.02
Surface temperature I. 0.836 <0.01
Soil waler content 1. 0.906 <0.01
Dead twigs of different sizes in different L 0.713 - 0.983 <0.05 - <0.001
conditions
Epigeic invertebrates
Acaridea L 0.740 <0.05
Acridoidea I 0.727 <0.05
Araneidea II, I. 0.839 <0.01
Chilopoda 111 0.718 <0.05
Cicadinea L 0.749 <0.05
Diplopoda II. 0.920 <0.01
TIsopada L. 0.775 <0.05
Mollusca L 0.976 <0.001
Invertebrates in the herb layer
Gastropoda 1L 0.904 <0.01
Araneidea 1L ) 0.719 = 0.05
Diptera 11 0.717 <0.05
Acaridea 111 0.762 < (.05
Collembola 111, 0.903 <0.01
Cicadinea 0.849 <0.01
Coleoptera L 0.903 < 0.01
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Table 4. Spearman’s rank correlation between PCA spaces of different groups of habitat scores and ant assemblages. | 1 | = absolut value

of cocfficient of correlation; p = level of significance

Score groups [} P
Vegetation architecture 0.376 <0.05
Vegetation composition 0.196 n.s.
Microclimate 0.683 <0.001
Dead twigs on ground surface 0.721 <0.001
Composition of epigeic fauna 0.19% n.s.
Fauna of the herb layer 0.199 n.s.

architecture is an important factor differentiating
ant assemblages. It accords with the results of
Boomsma and De Vries (1980), Johnson et al.
(1983), Seifert (1986), Gallé (1991) and Gallé et al
(in preparation). The complexity of the vegetation
architecture is a component of the habitat
heterogeneity that can be responsible for the
increasing diversity during ant community
succession (Kondoh and Kitazawa, 1984; Zorrilla et
al., 1986; Gallé, 1991).

Both previous studies (Gallé, 1991; Seifert,
1986) and the present results suggest that the dead
twigs on the ground surface have an important
effect on the composition of ant communities. The
role of microclimate (Brian, 1964; Gallé, 1975,
1991) is not so equivocal.

In contrast to Johnson et al. (1983) and Seifert
(1986), but according with Gallé (1991) we found
that the vegetation composition does not play a
significant role in structuring the composition of
examined ant assemblages.

Making a comparison between the present
results from Kéleshalom study site and the results of
similar previous studies from other sand-dune areas
studied in the course of the present project (Gallé,
1990a, 1990b, 1991; Gallé et al., in preparation) on
the environmental factors which possible affect the
composition of ant assemblages (Table 1.), there are
some good agreements, e.g regarding the
correlation with vegetation architecture, the dead
twigs on ground surface and the composition of
epigeic fauna, but there are some differences, too.
The comparative results of the present study with
the previous ones, suggest that the microclimate has
an increasing importance toward the southem
geographical regions in the determination of the
composition of sand-dune ant assemblages.
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