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Abstract. The impact of site history and current dynamical state of a loess steppe grassland 
community on its coenological changes caused by different disturbances were studied in permanent 
plots. Disturbance agents applied were the enclosure by fence and the resumed grazing.  
We investigated the coenological responses to grazing and lack of this management of 2 stands of a 
Pulsatillo-Festucetum rupicolae community with different structure, dynamical status and 
management history. One type of these stands was a species rich, well-organized "intact" stand, 
usually avoided by sheep. It was considered to be in a dynamically stable state. The other stand was 
a slightly degraded one, which was more frequented by the animals. This Festuca pseudovina type 
of the Pulsatillo-Festucetum rupicolae association had been used as a grazing land for a long time, 
but the regular grazing was stopped about 10 years before our experiments started.  
Our results demonstrated that effects of enclosure were entirely different in a relatively intact semi-
natural dense community and in a formerly grazed degraded community. We pointed out the great 
importance of site management history and current coenological and dynamical states of the com-
munity on its responses to fencing.  
Drastic coenological changes (significant decrease in species richness, vegetation cover and living 
phytomass) were detected in a very short time-period (3 years) when sheep were excluded in the 
formerly regularly grazed stand, while only slight floristic and coenological changes could be 
measured in the relatively "intact" community even for several years (9 years) after fencing.  
Our results of resuming grazing experiment in the degraded stand showed that the species richness, 
species diversity, average vegetation cover, as well as the living and dead parts of plant biomass 
were relatively unchanged in the slightly grazed plots. It was concluded that slight grazing 
management in a traditionally grazed old meadow was necessary for maintaining its floristic 
composition and coenological state. We emphasized that relative importance of grazing also dif-
ferred between various types of a grassland community and depended on their current floristic and 
dynamical states and the past grazing pressures.   
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Introduction 
 
The significant role of disturbances in forming, 

maintaining and altering floristic states and dynamics 
of plant communities is generally accepted. Various 
hypotheses and ecological theories have been 
developed to explain how local diversity is produced 
and maintained by disturbances (Sousa 1984, White 
and Pickett 1985, Collins 1987, Pickett et al. 1989, 

Chaneton and Facelli 1991). It was documented that 
the effect of disturbances on species diversity is 
strongly dependent not only on disturbance regime 
(type, frequency, intensity, duration of disturbance, 
site history) but also on the studied temporal and 
spatial scales (Collins and Glenn 1988, Matus and 
Tóthmérész 1990, Podani 1982, Wiens et al. 1986, 
Wiens 1989). It became obvious that plant communi-
ties show very high variations in their dynamic be-
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haviour and the predictability of floristic changes and 
community responses after disturbances is often 
uncertain. Understanding the disturbance-induced 
community changes and revealing their mechanisms 
are difficult because of lack of information on past 
events. Relevance of site history has been empha-
sized (Drake 1990, Facelli and Pickett 1990) in sev-
eral contexts, but our kowledge about the role of past 
history is rather insufficient. Our present work aimed 
to study the impact of site history and the current 
dynamical state of a loess steppe grassland commu-
nity on its coenological changes caused by distur-
bances: grazing and lack of grazing.  

Considerable empirical and theoretical work has 
been done on the effects of grazing on grassland 
structure and diversity (reviewed by Looman 1983, 
Milchunas et al. 1988, 1993). Many controlled graz-
ing and enclosure experiments were established for 
investigating long-term effects of grazing or protec-
tion from grazing in different types of grasslands 
(Klippe and Costello 1960, McNaughton 1979, 1983, 
Collins and Barber 1985, Hill et al. 1992, Noy Meir 
1995). These studies suggest that changes in species 
composition due to grazing were primarily a function 
of net primary production and the history of grazing 
of the site. It was also stated that community 
responses to grazing can be modified by soil and 
weather conditions (eg. soil moisture, and yearly 
rainfall). Chaneton and Facelli (1991) and Allen et al. 
(1995) emphasized the importance of site history, initial 
species composition and dominance hierarchy of species.  

Most of the observations on the effects of graz-
ing on grassland vegetation has accumulated over the 
last centuries, particularly in North America 
(reviewed by Ellison 1960, Stoddart et al. 1975, Noy 
Meir et al. 1989, Milchunas et al. 1988, Laurenroth 
et al. 1994). In parallel, some ecological hypotheses 
have also been developed that attempt to explain and 
predict grazing effects.  

 Majority of the enormous number of publica-
tions on this topic, however, is connected with typi-
cal grazing lands of long evolutionary grazing history 
and adaptation. Most of the studied grasslands has 
been grazed by domestic grazers for more than 5000 
years (Noy Meir and Seligman 1979). It is not the 
same situation in our young loess grassland area. The 
study site was not covered originally by grasslands. 
The present vegetation was formed after the 
deforestation (ca. 400-500 years ago) (Military Sur-
vey Map I 1783) and shaped by past grazing distur-
bances in different degree, but only for some centu-
ries, and without intensive use as a typical pasture 
neither in the past.  

Our present study analyzes the effect of exclud-

ing sheep-grazing from a stabilized subclimax slope-
steppe community (Pulsatillo-Festucetum rupicolae) 
formed after deforestation. We used enclosure to un-
derstand what will happen in the secondary steppe 
grasslands when sheep will be removed in the future, 
hereby giving useful information also from practical 
point of view. It is also important because there is no 
traditional nature conservation management practice 
in Hungary for maintaining diversity of this type of 
loess grasslands. The enclosure experiment may be a 
step towards understanding the importance of grazing 
and small localized disturbances in the maintenance 
of species-richness, compositional state and 
regeneration capability of a rarely or periodically 
grazed old loess steppe grassland community and of 
a formerly regularly grazed one. Furthermore, re-
suming grazing experiment will help to reveal the 
role of grazing in sustaining of current coenological 
states.  

The aims of our investigation were: 
1) to compare the floristic and coenological 

changes after grazing has been excluded from 2 
stands of slope steppe meadows of different dynamic 
states and histories (enclosure experiments);  

2) to study the effect of experimental sheep graz-
ing on the coenological changes of a slightly de-
graded stand of Pulsatillo-Festucetum rupicolae 
community (resuming grazing experiment).  

 
 

Material and method 
 

Study area and f ie ld  experiments  
Our study was carried out on a dry, wind-

exposed hill, at the southern foot of the Bükk Moun-
tains (NE-Hungary), at an elevation of about 200-300 
m. The subcontinental climate of this gentle hilly 
country represents an intermediate position between 
the Great Hungarian Plain and the mountainous 
region. The annual mean temperature is 9 oC, the 
total precipitation is about 600 mm. The soil is 
brown forest soil of chernozem character, formed on 
loess (Virágh 1982).  

The climatic zonal forest before the deforestation 
was Aceri tatarico-Quercetum reaching far from the 
Great Hungarian Plain, as proved by relic species 
(Quercus pubescens, Acer tataricum, Nepeta panno-
nica, Phlomis tuberosa etc.) and remnant forest 
fragments existing even today. Nowadays different 
secondary steppe meadows (Virágh and Fekete 1984) 
and their degraded types due to intensive grazing 
cover almost the whole area and only small remnants 
of forest steppe meadow rich in Festuca rupicola can 
be found.  
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Controlled disturbance experiments were con-
ducted for 10 years to study the secondary succes-
sion, as well as the regeneration capability 
(community resilience) of a loess steppe grassland 
community (Virágh 1982, 1989a,b). The internal 
coenodynamics of a grazed slope-steppe meadow 
was also investigated and the secondary xeroseries, e. 
g. : degradation stages created by past grazing in a hilly 
country were characterized (Virágh and Fekete 1984).  

A slope-steppe meadow, Pulsatillo-Festucetum 
rupicolae (Máthé and Kovács 1962) was chosen for 
our detailed studies. This community can be consid-
ered as the final stage (subclimax community) in the 
successional series of grasslands in the given area. 
Detailed description of this community and the 
sources of richness of flora are presented in Virágh 
(1982) and Virágh and Fekete (1984). Two uniform 
stands of this community were selected for our ex-
periments in order to eliminate the effects of spatial 
heterogeneity.  

The first stand situated on the hill top. In spite of 
its mild slope it was relatively protected from grazing 
because the animals were usually driven on from this 
field. Moreover, probably due to the presence of 
great number of slightly poisonous Pulsatilla nigri-
cans, the stand was mostly avoided by sheep. It was 
rich in plant species, consisted of 80-100 species. It 
was considered to be a relatively intact, natural or 
semi-natural typical stand of the Pulsatillo-Festucetum 
rupi-colae association (Virágh 1989a, b, Virágh 1992a, 
b).  

The second stand, nearer the village, towards the 
bottom of the slope was slightly degraded one, which 
was more frequented by the animals. Decrease and 
disappearance of many codominant and rare species 
(Pulsatilla nigricans, Genista tinctoria, Dianthus 
pontederae, Asperula cynanchica and Arenaria 
graminifolia, Asparagus officinalis, Stipa capillata) 
and the increasing abundance of grazing tolerant 
species (Hieracium pilosella, Plantago lanceolata, 
Euphorbia cyparissias) was characteristic here. 
Owing to the selective grazing, the abundance of 
Festuca rupicola, a species preferred by animals, 
also decreased and replaced by the less preferred 
Festuca pseudovina. It can be classified as Festuca 
pseudovina type of the Pulsatillo-Festucetum rupico-
lae association, tainted also with several ruderals. 
This stand had been used as a "grazing land", but the 
regular grazing was stopped about 10 years before 
our experiments started.  

The species list of the quadrats selected for our 
studies is presented in Table 1 with the indication of 
average cover. The flora of the studied area is rich 
both in the intact "ungrazed" plots and the slightly 

degraded ones. The total species number of the intact 
plots is 73, however, it is much smaller (53) in the 
degraded plots. It is remarkable that there is a large 
number of species with low cover and the total cover 
of the degraded quadrats is resulted mostly by a very 
few dominant species. Great differences in the spe-
cies dominance hierarchy between the 2 stands are 
demonstrated in Table 2. It is indicated that several 
species are codominant and many species of inter-
mediate importance values occur in the intact quad-
rats but only 2 grasses are predominant having a 50 
% share of the total cover in the slightly degraded 
(grazed) quadrats.  

 
Experiments 

1) Enclosure experiments: 
a) The area of 40 × 30 m in the intact, 

"ungrazed" community (stand A) was fenced in 1979 
to study major floristic changes in permanent quad-
rats over 9 years.  

b) Enclosure by fence was also applied in the 
degraded, formerly intensively grazed stand in the 
area of 5 × 5 m (stand B) to study the effect of pro-
tection from grazing after 3 years.  

Extent of the 2 fenced areas was dissimilar, be-
cause some other experiments (Virágh 1982, 1992) 
were also carried out in the stand A, but the compa-
rable data were both originated from the area of 5 m2 
that proved to be representative for the whole stand 
(Virágh 1992, 1994).  

2) Experiment of resuming grazing: 
The slightly degraded "grazed" stand (stand B) 

was experimentally grazed at a low stocking rate 
(grazed by a flock of four sheep; Gibson 1988, Gib-
son et al. 1987) from 1987. It was continued for 3 
years and then the influences on floristic and 
coenological changes were analysed.  

 
Sampling  

The experiments were followed in permanent 
plots of 1 m2 with 5 replications per treatments. The 
detailed investigations were made in 1 × 1 m quad-
rats covered with a grid of 20 × 20 cm. Presence — 
absence and percentage cover of each species, visu-
ally estimated, were recorded in a set of contagious 
subquadrats (125 in total per treatments).  The values 
detected at 400 cm2 were summed or averaged for 1 
m2 and 5 m2 quadrats in each experiment.  

 
Remarks on the relevant  plot  sizes 

Our previous studies (Virágh 1992, 1994) indi-
cated that: 

— Maximum value of the cover-based signifi-
cant interspecific correlation (ISC) appeared at 400 
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cm2 plot size on the study-site (Bartha 1983).  The 
number of species combination was also the highest 
and the stand proved to be the most heterogeneous at 
this characteristic area for the most abundant species.  
The floristic changes at this spatial microscale were 
indicated very sensitively (Virágh 1994).  

— At 1 m2 plot size summation of the smaller 
scale dynamics was manifested.  Variability among 
these plots, resulted from the plots differed in species 
composition and abundance, reflected the local spa-
tial heterogeneity, characteristic for the whole stand 
of small extent.  

— Considering all of the species, the 5 m2 size 
of plots contained a portion of the stand large enough 
to be floristically homogeneous and characteristic for 
the stand.  

Floristic composition was recorded in June from 
1979 to 1983 and then in 1987 in the case of ex-
periment 1a. Presence — absence and cover data for 
each species in the other experiments (1b, 2) were 
assessed before the treatments and 3 years later, at 
the end of May in 1987 and 1990.  

In the 2 latter experiments (1b, 2) simultaneously 
with the recordings, samples were taken for 
production investigations (by monolith sampler of 20 
× 20 × 10 cm). The samples were separated into 
monocots and dicots. Weight measurements of abo-
ve-ground living plant parts and above-ground dead 
plant parts were carried out after a drying on 105 oC.  

 
Methods used 

1) Community responses to disturbances were 
assessed with respect to major floristic changes and 
some community attributes, mainly based on the 
cover of every species. These were the following: 

a) total cover of vegetation, species richness, 
species diversity and evenness 

b) plant production (living and dead plant bio-
mass).  

 
Species richness is the total number of species 

for each date of sampling in each experiment. Spe-
cies diversity was calculated as: 

 H p pi i= −∑ ln   

(Shannon 1948), where pi is the relative cover of 
species "i" . The evenness measure used here is bas-
ed on this diversity index and is defined as:  

E
H

H
=

max

  

where Hmax = ln S,  S is the species number 
 
2) Dissimilarity indices were used to analyse the 

effect of treatments on the rate of change. The 
changes referring to the first sampling date, namely 
the trend of changes during the investigated period 
were calculated by Sørensen (1948) and Czeka-
nowski (1909) indices.  

Percentage dissimilarity index and principal co-
ordinates ordinations based on Czekanowski index 
were also applied (Podani 1991) to estimate the de-
gree of floristic change induced by disturbances and 
to reveal trends in temporal variation of species 
composition over years.  

 
Results and discussion 

 
Effect  o f  enclosure by fence (excluding 
sheep grazing)  

1a) Floristic and structural changes after 
fencing in the "intact", ungrazed stand of a semi-
natural community for 9 years 

In the closed, very dense intact community a 
large number of species coexisted (Table 1).  

Total percentage cover of vegetation (Fig. 2a) 
showed some significant changes during the 9 years, 
indicating mainly the effect of climatic differences 
between years. When the total precipitation of the 
growing season (Fig. 1) was high above the 50 years 
average in 1980 and 1981, the vegetation cover was 
the highest. There was a significant decrease in vege-
tation cover from 1982 to 1987 in response to the dry 
summer periods, but the vegetation still remained 
closed with relatively high cover values  
(>80 %) 9 years after the fencing in this stand.  
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Fig. 1. Spring and summer precipitation from 1979 to 1987. 

 
Species diversity (H) (Fig. 2b), species richness 

(S) (Fig. 2c) and evenness (E) (Fig. 2d) were very 
similar during the investigated period. Changes of 
species richness were insignificant from 1979 to 
1987, indicating that this community was able to 
preserve its species number for several years. Species 
diversity and evenness values changed within a  
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Fig. 2. Changes of total cover (a), species diversity(b), number of species (c) and evenness (d) in the intact stand over 9 years. (Arrow 
indicates date of fencing. Data marked with the same letters had no significant differences (t-test, p<0. 05))  
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Fig. 3. Trends of floristic change (a) and cover-based change (b) 
in the intact stand over 9 years. (Non-significant differences 
marked in the same way as in Fig. 2 ).  

relatively narrow range from 3.9 to 4.3 and 0.76 to 
0.80, respectively. The lowest values of these com-
munity attributes were measured in the dry years. 
According to the climatic differences between years 
the t-test showed some significant differences be-
tween the average diversity and evenness values, 
however these statistically significant changes could 
be considered rather "fluctuation" than ecologically 
significant changes referring to the whole period, be-
cause in 1987 both the diversity and eveness values 
were almost the same as 9 years before, in 1979.   

The results of dissimilarity analyses (Figs 3a and 
b) demostrated the differences in the temporal vari-
ation of floristic composition. Sørensen dissimilarity 
values referring to the first year changed between 12-
22 %. Because of the high species number and many 
rare species these dissimilarities could be considered 
relatively low. The Czekanowski dissimilarities 
based on species cover always showed higher 
dissimilatities than the Sørensen values. During the 9 
years the changes were between 33-44%. Both dissi-
milarity indices increased by about 10 % probably 
induced by the variation in weather, but significant 
changes could not be detected among the average 
values of the dissimilarity indices over the study-period. 
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Table 1. Species list of the intact stand (A) and the slightly degraded stand (B) before the treatments. Nomenclature follows Soó (1980). 
Average cover of each species was calculated for 1 m2 quadrats. 
 

Name of species Average cover % Name of species Average cover % 
 stand A stand B  stand A stand B 
Gramineae      
   Hieracium bauhinii   2.12 ± 0.32   0.39 ± 0.19 
Agrostis canina 10.85 ± 0.99 13.96 ± 2.10 Hieracium pilosella   2.74 ± 0.71   0.52 ± 0.12 
Anthoxanthum odoratum   3.56 ± 0.33   4.18 ± 0.77 Hypericum perforatum   0.92 ± 0.16 - 
Bothriochloa ischaemum   8.18 ± 1.05 - Inula britannica   0.20 ± 0.11 < 0.10 
Briza media   0.20 ± 0.11 - Leontodon hispidus 13.18 ± 1.49   4.52 ± 0.87 
Bromus mollis < 0.10 - Linum catharticum - < 0.10 
Chrysopogon gryllus < 0.10 < 0.10 Lotus corniculatus -   1.46 ± 0.36 
Danthonia alpina   2.93 ± 0.78   3.05 ± 0.94 Myosotis stricta < 0.10 - 
Danthonia decumbens   0.85 ± 0.24 - Ononis spinosa -   0.17 ± 0.05 
Festuca rupicola et 23.13 ± 2.01 21.92 ± 1.94 Orchis morio < 0.10 < 0.10 
Festuca pseudovina   Pimpinella saxifraga   0.70 ± 0.19   0.55 ± 0.15 
Koeleria cristata   0.48 ± 0.17 0.86 ± 0.16 Plantago lanceolata   1.04 ± 0.18   1.15 ± 0.34 
Stipa capillata < 0.10 < 0.10 Plantago media   0.76 ± 0.25   0.21 ± 0.11 
   Polygala comosa   0.25 ± 0.08 < 0.10 
Other Monocotyledons   Potentilla arenaria   3.24 ± 0.40 < 0.10 
   Potentilla argentea   0.33 ± 0.14 - 
Anthericum ramosum   0.16 ± 0.03 - Pulsatilla nigricans   1.84 ± 0.46 < 0.10 
Asparagus officinalis   0.40 ± 0.01 - Prunella laciniata < 0.10 < 0.10 
Carex caryophyllea   8.95 ± 1.07   1.86 ± 0.27 Prunus spinosa < 0.10 - 
Luzula campestris   7.92 ± 0.51   1.47 ± 0.43 Ranunculus repens - < 0.10 
   Rumex acetosella   0.57 ± 0.14 < 0.10 
Dicotyledons   Rumex thyrsiflorus   0.23 ± 0.13 - 
   Salvia pratensis < 0.10 < 0.10 
Achillea collina   6.64 ± 0.35   2.88 ± 0.47 Saxifraga bulbifera < 0.10 < 0.10 
Ajuga genevensis   0.16 ± 0.01 < 0.10 Scabiosa ochroleuca   1.09 ± 0.27   0.126 ± 0.05 
Arenaria graminifolia < 0.10 - Senecio jacobaea < 0.10 - 
Arenaria serpyllifolia < 0.10 < 0.10 Seseli annuum   2.56 ± 0.30   2.58 ± 0.44 
Asperula cynanchica   1.41 ± 0.25 < 0.10 Silene otites   0.25 ± 0.10 < 0.10 
Campanula rotundifolia < 0.10 - Stellaria graminea < 0.10 - 
Carlina vulgaris   1.91 ± 0.34 < 0.10 Taraxacum officinalis   0.39 ± 0.15 - 
Centaurea pannonica   0.27 ± 0.17   0.53 ± 0.33 Teucrium chamaedrys   0.58 ± 0.31 - 
Centaurium erythraea < 0.10 - Thesium ramosum   0.20 ± 0.07 - 
Cerastium brachypetalum < 0.10 < 0.10 Thlaspi jankae < 0.10 - 
Crataegus monogyna < 0.10 < 0.10 Thymus marschallianus 12.11 ± 1.06   3.51 ± 0.44 
Dianthus pontederae   2.16 ± 0.32 - Trifolium alpestre   0.57 ± 0.21 - 
Dorycnium herbaceum < 0.10 - Trifolium campestre   0.11 ± 0.01   0.40 ± 0.01 
Echium vulgare < 0.10 - Trifolium montanum < 0.10 < 0.10 
Eryngium campestre   1.21 ± 0.55 < 0.10 Trifolium repens - < 0.10 
Euphorbia cyparissias   2.40 ± 0.27   0.36 ± 0.07 Verbascum phoeniceum   1.44 ± 0.35 - 
Euphrasia tatarica   0.79 ± 0.10   0.11 ± 0.02 Veronica prostrata - < 0.10 
Filipendula vulgaris   2.33 ± 0.77   1.93 ± 0.25 Veronica spicata   1.09 ± 0.21   0.96 ± 0.19 
Fragaria viridis   1.15 ± 0.23   0.33 ± 0.14 Vicia cracca - < 0.10 
Galium verum < 0.10 < 0.10 Viola arenaria   5.60 ± 0.17   0.13 ± 0.03 
Genista tinctoria   2.88 ± 0.39 - Viscaria vulgaris   3.79 ± 0.82 - 

 
Our results suggested that the most important in-

fluential factor in the intact grassland community 
dynamics may be the climatic-year heterogeneity (cf.  
Virágh 1986, 1987). Vegetation cover changed as a 
result of year to year changes in species abundances 
also influenced by climatic differences between 
years. Fencing did not change significantly species 
richness, diversity and evenness, as well as the de-
gree of floristic composition changes within 9 years. 

All community attributes except the total cover of 
vegetation and dissimilarity indices changed within a 
narrow range during the study period, showing the 
intact community in a dynamically stable state. In 
spite of the protection of the stand from the large 
animal disturbances, as well as the great annual cli-
matic changes and fluctuation in species abundances 
(Virágh 1989a, b), the community was able to  main-
tain its floristic composition. It was also found that 
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Fig. 4. Effect of treatments on the total cover changes (a), changes of species diversity (b), number of species (c) and species evenness 
(d) in the intact stand (A) and the slightly degraded stand (B), (non-significant differences marked in the same way as in Fig. 2). 
 
the relative importance of most of the species re-
mained fairly constant and a relatively fixed abun-
dance-dominance hierarchy of the species was 
revealed for 9 years, as had already been discussed in 
Virágh (1989a). 
 

1b) Floristic and structural changes in the 
slightly degraded stand after fencing over 3 years 

The enclosure experiment in the degraded stand 
led to significant decreases in the average vegetation 
cover (<40%) (Fig. 4a), indicating that the stand se-
riously opened up. Monocots accounted for 71% of 
the total cover in 1990 which proportion was 15% 
higher than in 1987. This considerable increase of 
proportion between monocots and dicots after ex-
cluding grazing was not surprising because sheep 
prefer graminoids over other types of forage. The 
significant cover decrease was probably also due to a 
build-up in dead biomass, which was 4.5 times 
higher as compared to the living biomass.  

Fencing did not change evenness but it signifi-
cantly reduced species richness and diversity during 
3 years (Fig. 4). One of the most significant changes 
in the formerly grazed stand after the enclosure was 
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the considerable decrease of species number (Fig. 
4c), primarily as a result of disappearence of many 
subordinate dicots (Asperula cynanchica, Linum 
catharticum, Pimpinella saxifraga, Polygala co-
mosa) and more increasing dominance (predomi-
nance) of Festuca pseudovina et rupicola.  

Drastic coenological changes (Fig. 5) within a  
3-year period were also detected by the percentage dis-
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similarity index which showed the degree of community 
changes with a rather high dissimilarity value (>50%).  

Our results indicated that fencing differentially 
affected species composition and community struc-
ture in the dynamically stable intact stand and in the 
degraded, formerly regularly grazed stand.  

 
Table 2. Dominance hierarchy of the species in the intact stand 
(A) and the slightly degraded stand (B) before the treatments. 
 

A 
 
    Name of species 
 

 
Rel. dom. 

% 

 
Cum. rel. 
dom. % 

1 Festuca rupicola 15.82 15.82 
2 Leontodon hispidus 9.01 24.84 
3 Thymus marschallianus 8.28 33.12 
4 Agrostis canina 7.42 40.55 
5 Carex caryophyllea 6.12 46.67 
6 Bothriochloa ischaemum 5.59 52.27 
7 Luzula campestris 5.41 57.69 
8 Achillea collina 4.54 62.23 
9 Viscaria vulgaris 2.59 64.82 
10 Anthoxanthum odoratum 2.43 67.26 
11 Filipendula vulgaris 2.27 69.53 
12 Potentilla arenaria 2.22 71.75 
13 Danthonia alpina 2.00 73.76 
14 Genista tinctoria 1.97 75.74 
15 Hieracium pilosella 1.87 77.61 
16 Seseli annuum 1.75 79.37 
17 Euphorbia cyparissias 1.64 81.02 
18 Eryngium campestre 1.51 82.53 
19 Dianthus pontederae 1.47 84.01 
20 Hieracium bauhinii 1.45 85.47 
21 Carlina vulgaris 1.30 86.77 
22 Pulsatilla nigricans 1.25 88.03 
23 Verbascum phoeniceum 0.99 89.02 
24 Asperula cynanchica 0.96 89.99 
25 Fragaria viridis 0.78 90.78 
26 Scabiosa ochroleuca 0.74 91.53 
27 Plantago lanceolata 0.71 92.24 
28 Veronica spicata 0.65 92.89 
29 Hypericum perforatum 0.63 93.50 

 
 

 B 
 
   Name of species 

 
Rel. dom. % 

 

 
Cum. rel. 
dom. % 

 
1 Festuca rupicola 31.06 31.06 
2 Agrostis canina 19.79 50.86 
3 Leontodon hispidus 6.38 57.25 
4 Anthoxanthum odoratum 5.92 63.17 
5 Thymus marschallianus 4.97 68.15 
6 Danthonia alpina 4.32 72.47 
7 Achillea collina 4.08 76.55 
8 Seseli annuum 3.66 80.22 
9 Filipendula vulgaris 2.73 82.95 
10 Carex caryophyllea 2.64 85.60 
11 Luzula campestris 2.08 87.69 
12 Lotus corniculatus 2.06 89.75 
13 Plantago lanceolata 1.63 91.38 
14 Veronica spicata 1.36 92.74 
15 Koeleria cristata 1.23 93.97 

Fencing had significant effects on species diver-
sity and species richness only in the degraded stand, 
while the intact dense stand kept its composition 
practically unchanged for 9 years. Proportion of 
monocots, accounting for 40-50 % of the total cover, 
remained about the same in the intact stand over 9 
years (Virágh, 1989a), but the proportion of mono-
cots and dominance structure in the degraded stand 
had considerably changed (from 56% to 71%) in a 
very short time period (3 years). The degree of 
coenological changes had already been rather high 
over 3 years (50%) when sheep were excluded in the 
degraded stand while in the intact stand it was not so 
high after 9 years, either.  

The effect of protection from large animals on 
the vegetation cover changes was entirely different 
on the 2 stands. However, our evaluation in this 
comparision could be only limited, because we had 
no data for both stands during the same years, so the 
year to year climatic variability might be considera-
bly masked our differences obtained on the 2 stands.  

 
Effect  o f  resuming grazing at  low stocking 
rate  on the f lorist ic  and structural  chang-
es over 3  years 

Resuming grazing experiment demonstrated that 
the species richness, species diversity and evenness, 
as well as the average vegetation cover were unchan-
ged in the moderately grazed plots during the inves-
tigated 3 years (Fig. 4). Proportion of monocots of 
the total vegetation cover was also similar (64-65%) 
from 1987 to 1990. Percentage dissimilarity value, 
which expressed the degree of coenological changes 
over 3 years, was almost the same as in the case of 
the intact, hardly grazed stand (Fig. 5).  

Moderately grazed and ungrazed-fenced plots in 
the degraded stand were compared to determine the 
effect of grazing and protection from grazing on 
floristic state and biomass production, as well.  

 The ordination based on cover data (Fig. 6) 
showed great compositional similarities among the 
initial pre-disturbed states (1987). Separation of the 
fenced plots in 1990 from both the initial states and 
the moderately grazed states after 3 years was also 
well-demostrated, indicating larger floristic changes 
caused by exclusion of grazing than grazing.  

The results, that species richness and diversity 
remained very similar in grazed plots for 3 years but 
these attributes decreased in the fenced plots, were 
also obtained by Belsky (1992) in Mediterranean 
grasslands. Singh and Misra (1969) also reported a 
decline in species diversity in exclosures for an allu-
vial grassland and McNaughton (1979, 1983) and 
Belsky (1986, 1992) for several Serengeti communi-
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ties. However, many reverse situation had also been 
observed ( Noy-Meir et al. 1989, Allen et al. 1995) 
in various grasslands. We suggest that these results 
are strongly dependent on the current dynamical state 
of community, its species composition, as well as the 
climatic condition and intensity and duration of 
former grazing impact (site manangement history).  
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Fig. 6. Principal coordinates ordination (based on Czekanowski 
index) of 1 m2 sampling plots in the degraded stand.  

 
It is surprising that in our grazing experiment the 

total vegetation cover (Fig. 4a) was unchanged in 
grazed quadrats within 3 years but during the same 
time significant changes were induced by fencing in 
ungrazed quadrats. Belsky (1992) experienced that 1 
year after the enclosure the total live cover was 
higher in ungrazed than in grazed plots, however 
over the next 4 years live cover declined in the un-
grazed plots.  

It is likely that in our case the greater accumula-
tion of litter on fenced plots compared to grazed ones 
(Fig. 7) can be responsible for this difference. Litter 
in the fenced plots was 4. 5 times higher than the 
living biomass while this ratio was only 2 in the 
grazed plots. Greater accumulation of litter on un-
grazed sites compared to grazed ones is commonly 
reported for several grassland types (Belsky 1992, 
Kelly and Walker 1976, Knapp and Seastedt 1986, 
Cid et al. 1991). Three years after our treatments 
drastic changes in the biomass fractions was well-
detected. We suggest that the great number of litter 
fraction could inhibit the normal regeneration grass-
land dynamics and the process of establishment of new 
species. It may also be the reason for the great de-
crease of species number due to lack of grazing, too.  

In the comparison of 3 treatments (Fig. 8) the 
relative importance of site effects was well-

demostrated. The ordination revealed the similarity 
relationships among the treatments and showed the 
impact of fencing and grazing in the intact, hardly 
grazed and the slightly degraded stands. The result 
presented that the most influential factor was the dif-
ference between the 2 sites. Separation of the intact 
quadrats from the degraded ones was rather strong on 
the principal coordinates axis 1 accounting for 36 % 
of the total variance, while compared to this, the 
effect of treatments was only slight.  
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Concluding remarks  

 
Our investigations demostrated the differences in 

the coenological changes of a formerly grazed and an 
ungrazed community after fencing, and the dif-
ferences inside of enclosure and in the area subjected 
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to resuming slight grazing. Great importance of site 
management history was emphasized in the commu-
nity responses to disturbances.  

The effect of enclosure was entirely different in a 
relatively intact, semi-natural community and in a 
formerly often grazed degraded community. Signifi-
cant coenological changes were only found in the 
degraded stand, where drastic changes took place al-
ready within a very short time period (3 years). Con-
siderable decrease in species richness, diversity and 
vegetation cover was observed here. Protection led to 
the predominance of a few species and a very high 
litter fraction of biomass. On the contrary, the intact 
dense community kept its floristic composition and 
coenological structure practically unchanged for 
several years (9 years).  

In the degraded community resuming grazing 
promoted maintenance of species richness, diversity, 
vegetation cover and living and dead parts of plant 
biomass on similar level.  

The results of present study also suggested that 
in order to preserve the current compositional state of 
the regularly grazed communities slight grazing has 
to be used. Relative importance of grazing strongly 
differed between the various types of a grassland 
community and depended on their current 
compositional and dynamic state and the past grazing 
pressure. It was apparent that slight grazing 
management is necessary for maintaining the 
coenological state of the formerly grazed community. 
However, high species diversity and coenological 
structure of the relatively intact, formerly hardly 
grazed community can only be reserved by exclusion 
of regular sheep grazing in our study site. Strong 
protection by fencing is not proposed, because small 
natural animal activities are probably needed for per-
sistence of plant species and normal grassland 
dynamics for a long time period. 

This work focussed on the community changes 
after disturbances with only emphasis on some as-
pects of compositional changes without studies on 
particular population. It is a preliminary experiment 
because of the limitation of few years of exclosure 
and grazing treatments. Long term study of the im-
pact of slight grazing and lack of grazing manage-
ment (fencing) on the loess grassland area is needed. 
Our results can be useful for nature conservation 
practice which has to aim at both preserving the an-
cient loess steppe fragments and sustaining existing 
floristic diversity and maintaining all successional 
stages influenced by very variable past grazing in-
tensity on the study area.  
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Abstract. Reconstruction of past events and states provides useful information for the explanation 
of present vegetation patterns. Based on data from historical documents, old survey maps, the living 
memories of inhabitants and a detailed survey of present vegetation, the local history of the 
Kardoskút steppe was drawn and compared with the regional history of the Great Hungarian Plain. 
Special emphasis was put on distinguishing ancient and recent loess grasslands, alkali steppes and 
woodlands. 
The Kardoskút steppe landscape was shaped mainly by nomadic animal husbandry till 1847. From 
that time till the 1970’s, fine scale capitalist small-farm agriculture was the main landscape forming 
force. Cultivation was strongly controlled by soil conditions. Since the 1970’s, the combination of a 
socialist planned economy and nature conservation management induced considerable changes in 
grassland distribution and quality. 
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Introduction 
 
Landscape historical studies provide opportuni-

ties to reveal those past external constraining or 
enabling conditions, as well as, the order of events 
and system states which could have played an im-
portant role in the creation of present vegetation 
patterns and dynamics (Pickett 1989, 1991). A main 
feature of vegetation is its "memory" ("echoes of the 
past", Pickett 1991), present vegetation pattern 
reflects more the past environmental and competitive 
relations than the present ones (cf. Foster 1992). 

There is a number of disciplines which study the 
history of vegetation and landscape and the in-
teraction of land-use and vegetation. Landscape 
archaeology reconstructs past land-use and landscape 
using archaeological evidence (Aston 1985, Widgren 
1979), cultural palynology reconstructs human 
impacts on landscape as recorded in pollen diagrams 
(Behre 1986, Jackson et al. 1988, Braun et al. 1993) 
and historical geography investigates the interaction 
of socio-economic and landscape changes (Woodell 

1985, Frisnyák 1990). A multidisciplinary approach 
was used to draw the very detailed 6000 years history 
of a Swedish landscape (Berglund 1991). 

In order to understand present vegetation, Cen-
tral European plant sociologists have studied vege-
tation pattern at the Holocene time and Eurasian 
spatial scale (e.g. Zólyomi 1958). The map of 
Hungary’s natural vegetation (Zólyomi 1989) and the 
detailed history of vegetation (Zólyomi 1958, Járai-
Komlódi 1987) were reconstructed on the basis of 
this knowledge. Less attention was paid, however, to 
the vegetation transformations of the last centuries, 
when human land-use rather than climate played a 
significant role in shaping the vegetation  (Berglund 
1991, Cole and Taylor 1995, Zólyomi 1946, 
Frisnyák 1990). 

Detailed maps and documentary information 
help historical reconstruction at the century scale. 
Since more data are available for trees and water 
bodies, woodland and wetland historical studies are 
more frequent (e.g. Foster 1992, Majer 1988, Prince 
1995, Winsor 1987) than investigations of changing 
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grassland vegetation (e.g. Zólyomi 1946, Mitchell 
1991, Jeans 1978, Molnár 1995a,b). Data have also 
been successfully linked from historical sources with 
information from present day vegetation (Rackham 
1980, Vartainen 1988, Peterken and Game 1984, 
Zólyomi 1969a, 1989). 

Botanists and ecologists usually neglect histori-
cal sources and maps when studying present vegeta-
tion phenomena. Though the necessary data is scat-
tered in the literature, an adequate and sufficient 
historical reconstruction can often be made which 
e.g. explains specialties of local patterns and helps to 
distinguish ancient and recent habitats (Foster 1992, 
Peterken and Game 1984, Molnár 1995a). 

Historical studies can either substitute or rather 
propose long-term studies or can help to plan them 
by generating hypotheses on dynamic aspects of 
vegetation (Pickett 1989). Landscape models, study 
site selection, interpretation and regionalization of 
small scale results also often require historical in-
formation of past landscape transformations (Cos-
tanza et al. 1990, Baker 1989, Mitchell 1991). A 
better understanding of the past can also improve our 
predictions about future vegetation changes. Proper 
nature conservation management requires historical 
data about the systems to be managed, e.g. what were 
the main constraints in the past which played an im-
portant role in the development of present biodi-
versity. 

 
The Great  Hungarian Plain  in  the last  300 
years 

In the Plain, where human induced landscape 
transformation has been much bigger than in the 
surrounding mountains and where natural vegetation 
patterns and dynamics have changed so radically 
(treeless floodplains, lost loess steppes, drainage — 
Zólyomi 1946, Frisnyák 1990), it is hardly possible 
to understand present vegetation without a thorough 
knowledge of past human interference. 

In the Great Plain, the 18th century is the period 
of resettlement and the re-emergence of the cultural 
landscape. Between 1596 and the beginning of the 
18th century — during the Turkish Occupation, — 
the human population was wiped out and the former 
medieval agricultural landscape was ruined. Villages, 
farms, arable fields, vineyards, orchards and small 
roads disappeared (Frisnyák 1990, Hanák 1991, 
Szeremlei 1907). Vast areas turned into secon-dary 
steppes. 

In the 17th and the first half of the 18th century, 
nomadic grey cattle grazing was characteristic 
making the landscape probably even more homoge-
nous. During the 18th century, the dominant nomadic 
animal husbandry was replaced by wheat cultivation, 

which by the end of the century, became the 
dominant feature of the Plain (Frisnyák 1990, 
Szeremlei 1907). 

In the Great Plain, the anthropogenic features of 
the present-day landscape structure and its dynamics 
developed almost entirely in the last 200-250 years 
(e.g. pattern of cultivated areas and settlements, 
drained wetlands and secondary forests). Only the 
larger settlements and the main roads survived from 
the medieval cultural landscape (Frisnyák 1990). 

 
Kardoskút  steppes 

The Kardoskút area is particularly suitable for 
landscape historical studies. As a consequence of the 
two neighbouring towns and the famous lake, 
historical sources are more abundant than usual. 

The aims of our study are to find out the differ-
ences between the regional landscape history of the 
Great Plain and the local history at Kardoskút, and to 
point out local specificities which contributed to the 
development of the local landscape. 

Opinions are divided about the ancient or recent 
character of certain vegetation types of the Plain 
(woodlands, loess grasslands, alkali steppes - 
Zólyomi 1969a, Somogyi 1994, Bodrogközy 1965a, 
Szabolcs 1961). Based on historical data, the ancient 
or recent character of these habitats was recon-
structed in the region. 

The general vegetation and land-use history of 
the last 250 years was also reconstructed. Historical 
data was sorted and interpreted to make this readily 
accessible to other botanists and ecologists. 

 
Study area 

 
Kardoskút lies in SE. Hungary on the Békés-

Csanád alluvial fan, where extensive arable fields on 
chernozem soils (with corn, wheat, barley and 
onion), alkali steppes and wetlands are the dominant 
features of the landscape (Fig. 1). The average 
annual temperature is 10.5 Celsius, and rainfall is 
550 mm (maximum in June, drought in July and 
August; Pécsi 1989). 

The Great Hungarian Plain belongs to the Eur-
asian wooded-steppe zone, its vegetation boundary 
coincides with the orographic boundary of the basin 
(Zólyomi and Fekete 1994). Edaphic (mainly hydro-
logical) patterns are responsible for the formation of 
woodland-grassland mosaics on sand, alkali and 
loess soils, respectively (Soó 1929, Zólyomi 1958). 
Vegetation and landscape development of the south-
eastern part of the Plain was reconstructed by 
Zólyomi (1946, 1958, 1969a, b). In the Post-glacial 
and Boreal periods climatic steppes were wide-
spread. In the Atlantic, woodland might have devel-
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oped in some steppe areas but the land-use of the late 
Neolithic and Bronze Age probably prevented or 
hindered this process. 
 

 

 
Fig. 1. Location of the study area. The Kardoskút-steppe (marked 
with '+') is located in the Tiszántúl part of the Great Hungarian 
Plain, in the basin of the Békés-Csanád alluvial fan which was 
built by the river Maros in the Pleistocene. (Pécsi 1989). 

 
The area has been inhabited since the late Neo-

lithic, mostly by nomadic tribes such as Körös cultu-
re, Baden culture, early and late Iron Age, Scythians, 
Jazyg-Sarmatians, Avars and Gepids (Szeremlei 
1907, Banner 1943, Nagy and Szigeti 1984). 

The Kardoskút steppe is a characteristic, fine 
scale mosaic of loess, alkali and wet areas (Fig. 2). A 
temporal lake lies in the center of the basin. North 
and south of the lake, dry and wet alkali grasslands 
can be found. On higher elevations (the differences 
are only 0.5-2 meters) arable fields with chernozem 
and slightly alkali soils are typical. The Hungarian 
alkali steppes are partly ancient (similar to the 
Ukrainian steppes; Soó 1929) and partly recent i.e. 
developed as a consequence of river control and 
drainage in the 19th century (Szabolcs 1961). Their 
fine scale mosaic pattern is determined by surface 
water erosion, the depths of soil water, and salt con-
tent of the B horizon (Bodrogközy 1965a,b, 1977). 

 
Methods 

 
The period before the 18th century was recon-

structed because of a total lack of palaeopalynologi-
cal data based on the scattered written documents 
and archaeological evidence (cf. Zólyomi 1946), and  
toponyms (cf. Zólyomi 1969b, Garcia Latorre and 
Garcia Latorre 1995). 

From the 18th century onwards historical data 
are more abundant (e.g. military survey maps, 
Szeremlei 1907, Nagy and Szigeti 1984, Szenti 1983, 
Nagy 1975). In the 1960’s, a multidisciplinary 
research project was set up by the Hungarian 

Academy of Sciences to study the area e.g. Bodrog-
közy 1965a, 1965b, 1966, Kiss 1963, Sterbetz 1974, 
1977, 1992, Molnár and Mucsi 1966. 
 

 
Fig. 2. Map of the Kardoskút steppe and the lake Fehér-tó. The 
area is a mosaic of loess, alkali and wetland areas. 1. ancient 
steppes on alkali soils, 2. wetlands and bare alkali patches,  
3. secondary steppes, 4. lake bed and alkali marsh vegetation,  
5. arable fields on loess. 

 
All the available survey maps (1784, 1861-66, 

1884, 1970 and 1983) and aerial photos (1950, 2 
from 1953, 1964, 1976, 1981, 1987 and 1991) were 
studied in detail. In June 1995, colour aerial photos 
were made from a hang-glider. 

Dependence of land-use on soil conditions was 
analyzed by comparing the soil map of Hahn and 
Witkowsky (1938) and the grassland-arable field 
mosaic for 1784, 1861-66, 1884, 1950-53 and 1970 
redrawn on a transillumination table from maps and 
aerial photos. Areas which had been grasslands on all 
the 4 maps and photos were treated as ancient, and 
areas which were continuously ploughed between 
1861-66 and 1970 were regarded as permanent 
fields. It has to be mentioned that the inaccuracy of 
18th and 19th century maps (originated partly from 
the process of copying) could have caused an error of 
a magnitude of several %. 

A more detailed reconstruction of the land-use 
could only be made from the 1930’s, based on the 
living memories of the inhabitants. Data from per-
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sonal communications often involve the risk of 
subjectivity (cf. Winsor 1987, Mitchell 1991, Clarke 
and Finnegan 1984), therefore the most important 
data were verified. 

Nomenclature of species follows Soó (1964-80). 
 

Results 
 

Vegetat ion 
The first vegetation description of the area was 

prepared by Bodrogközy (1965a,b), but this data 
were collected from a much bigger area. During 1995 
the vegetation of the area under investigation was 
resurveyed. 

The most common vegetation type of the steppes 
is the Festuca pseudovina dominated, dry continental 
alkali grassland. In its more alkali subtype, Artemisia 
santonicum, Matricaria chamomilla, Podospermum 
canum, Atriplex litoralis, Trifolium angulatum are 
common. Its less alkali subtype, the Achillea steppe, 
can be characterized by disturbance tolerant, 
generalist species like Bromus mollis, Poa bulbosa, 
Cruciata pedemontana and  Veronica arvensis. The 
Achillea steppe is more common, since it can also 
develop from Artemisia steppes by degradation 
(caused e.g. by fertilization or liming; cf. Sterbetz 
1995). 

To the north and south of the lake alkali mead-
ows and temporary marshes (which dry out by May 
or June) with Agrostis stolonifera, Alopecurus pra-
tensis, Beckmannia eruciformis and Bolboschoenus 
maritimus fill the depressions. On the most alkali 
patches, where the salt content reaches 0.3-1.2 % 
(Bodrogközy 1965a), partially vegetation free white 
patches with Camphorosma annua are typical. 

Embedded in the alkali steppe, small stands of 
loess grasslands represent the last remnants of the 
former vast loess steppes. The only tiny ancient stand 
(ca. 0.2 hectare) is overgrazed, dominated by weeds 
and poor in specialist species (only Sternbergia 
colchiciflora, Thalictrum minus and Astragalus 
austriacus). The other loess grassland patches are 
secondary and dominated by Festuca pseudovina, 
Salvia austriaca, Poa angustifolia, Cynodon dacty-
lon and Euphorbia cyparissias. 

 
History of the steppes 
 
Before and during the Turkish Occupation 
(10-17th centuries) 

Though the area belongs to the wooded-steppe 
zone (Zólyomi 1946, 1969a), there are no data avail-
able which point to the presence of ancient wood-
lands on the alluvial fan. In documents from the 
Árpád period (10-13th century), the following 

toponyms with woody species names were found 
(Blazovich 1985): Cornus sp. (species of mesophil-
ous broad-leaved woodlands), Corylus avellana 
(common in xero-mesophilous oak woodlands with 
continental character), Prunus spinosa (species of 
fringes of xero- and mesophilous woodlands), Sam-
bucus nigra (Nitrogen frequent species of degraded 
woodlands and clear cuts), Thorny thicket (thickets 
presumably with Prunus, Crataegus and Rosa spe-
cies) and none for oak, elm or ash, the common 
woodland trees of the Plain. 

From this period, there are no data available 
about the grasslands. The typical methods of agri-
culture were rotation of pastures and fields, or fields 
and fallows  (Frisnyák 1990). The size and density of 
archaeological sites points to many, small, short-
lived settlements (Blazovich 1985). 

From the second half of the 13th century on-
wards, people began to move into nucleated set-
tlements and small villages became abandoned. The 
height of this process was at the turn of the 16th and 
17th centuries. The vast deserted steppes were used 
for nomadic grey cattle grazing (Blazovich 1985). 

In the Middle Ages, the Kardoskút steppe was 
inhabited for centuries by farmers and stock breed-
ers. Between 1693 and 1700, the area became 
deserted and later it was used for nomadic grazing 
(Szeremlei 1907, Szenti 1983). Settlements and 
fields disappeared, grasslands expanded and the 
landscape became more homogenous. 

 
The period of  extensive pastures (1743-
1847) 

In the 18th century, the steppe was till used for 
nomadic-style animal husbandry. This type of pas-
turing has been replaced by stabling, only since the 
end of the 1st World War. Overgrazing was common 
(Szenti 1983). In the beginning of the 18th century, 
the area was described as a steppe with extensive 
temporal wetlands, where, with the exception of  one 
pear tree, no trees could be found (Nagy 1975). Lack 
of trees can also be seen on the 1784 map. In 1743, 
the area was separated as a town pasture and land-use 
was restricted to grazing (previously mowing was 
also allowed; Szenti 1983). 

Since in the spring, inland floodings threatened 
arable fields, drainage works began early. Already by 
1805 dams were built to keep water in the steppe 
area away from the neighbouring arable fields (Szenti 
1983). This method of drainage survived till the 
1930’s (A. Gyömrei personal communication), later 
water was drained away into the Maros river. 

The first botanist who visited this region was 
Kitaibel, who travelled through the alluvial fan in 
1798 and 1810  (Gombocz 1945, Radics after 1970). 
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He listed the following habitat types from the vicinity 
of Csanád, Mezõhegyes and Kondoros: arable fields, 
fallows, pastures and meadows, alkali steppes, road 
verges, dams and settlements. The flora of the arable 
fields was more diverse than today. On the fallows 
specialist species of the loess grasslands appeared 
already in the first years of succession (e.g. Carduus 
hamulosus, Anthemis tinctoria, Astragalus 
austriacus and Euphorbia pannonica). The domin-
ant grass of pastures was Festuca (sp.?), common 
weeds were : Carduus nutans, Carthamus lanatus, 
Marrubium peregrinum and Artemisia absynthium. 
Some of the loess specialists which are now very rare 
or extinct (Molnár 1992) are mentioned too (Silene 
longiflora, Inula oculus-christi and Astragalus 
onobrychis). Loess specialists, however, were mostly 
found on road verges (Crambe tataria, Ajuga 
laxmannii, Dictamnus albus, Brassica elongata, 
Chamaecytisus hirsutus, Amygdalus nana, 
Campanula sibirica and Rosa gallica). From alkali 
habitats Limonium gmelini, Lepidium ruderale, 
Matricaria chamomilla, Hordeum hystrix and 
Lepidium crassifolium were listed. The landscape 
was still nearly treeless. Kitaibel has not seen any 
woodland, only a young oak plantation, and single 
trees of Ulmus minor and Pyrus sp. 

 
The small- farm system (1847-1950) 

In the first half of the 19th century, the area of 
the steppe decreased continuously from the edges. 
Demand for arable fields increased so much, that 
between 1847 and 1860 the steppe had to be par-
celled out by the town (Szenti 1983). In a little more 
than 10 years nearly all of the suitable land was 
ploughed (64% of the study area; Fig. 3, Table 1). 
Between 1861-1866 and 1884, more ancient 
grasslands were broken up, but at the same time 
abandonment of land also began. By 1884, all land 
that was suitable for farming had been ploughed. The 
remaining grasslands were used for extensive animal 
husbandry  (Nagy 1975). Ploughing of grass-lands 
did not seize, but was confined to secondary 
grasslands originating from arable fields. Between 
1884 and 1950, there were only slight changes in the 
area of ancient grasslands.  

Between 1847 and 1970, ploughing and aban-
donment was strongly controlled by site conditions. 
Land-use was fine-grained. Since peasants owned 
very small bits of land, they had no alternative but to 
plough even the smallest suitable piece of land (A. 
Gyömrei personal communication). As a conse-
quence, till the late 1940’s, the small loess grassland 
patches were also used e.g. as a vegetable garden or a 
quince orchard (Antal Gyömrei personal communi-
cation, aerial photos from 1950 and 1953). Today, 

these loess grasslands are poor in specialists, the 
characteristic dominant species are all disturbance 
tolerant generalists (Salvia austriaca, Ornithogalum 
orthophyllum, Cynodon dactylon, Festuca pseudo-
vina, Achillea collina, Poa angustifolia, Cruciata 
pedemontana and Euphorbia cyparissias). 

Land-use mainly depended on soil conditions 
(Fig. 4, Table 2). 84 % of the permanent fields were 
on chernozem soil. Only 0.5 % of the chernozem was 
never ploughed, but this area seems to be even 
smaller (0.1%) on the basis of field survey. 49 % of 
the alkali soils were ploughed, but only 29 % of them 
became a permanent field. 42 % of the alkali arable 
fields were abandoned later, but only 12 % of the 
fields on chernozem. 

 
Social ist  agriculture and nature con-
servation (1950-1995) 

Land-use changed remarkably between 1950 and 
1995  (cf. Sterbetz 1977, 1992). In 1950-53 (based 
on aerial photos) the traditional small-farm system 
was still the dominant landscape forming force. 
Later, the number of occupied farm-houses decreased 
(e.g. on the steppes around the lake: in 1950-53: 31, 
in 1964: 21, in 1981: 9, in 1991: 3, and in 1995: 1), 
while socialist agriculture became more and more 
dominant. Abandoned houses were demolished, 
small fields and fragments of pastures were 
aggregated into huge fields. 

In the early 1970’s, north of the lake, ca. 70 ha 
of arable field was turned into grassland for nature 
conservational reasons. From the 1960’s onwards, 
the  improvement of ancient grasslands accelerated, 
first by fertilization, but between 1976 and 1982, also 
by harrowing and overseeding, or even by breaking 
up the grasslands and creating a new one (I. Gojdár 
and I. Sterbetz personal communication). In this 
period, 40 % of the ancient grasslands were degraded 
(see Fig. 2). Specialist species like Artemisia 
santonicum, Limonium gmelini, Campho-rosma 
annua and Matricaria chamomilla disappea-red 
(Sterbetz 1995), together with specialist bird species 
like Otis tarda, Glareola pratincola, Burhinus 
oedicnemus and Charadrius alexandrinus (Sterbetz 
1992, Nagy 1993). In addition to these factors, the 15 
years long drought period has also caused trans-
formations, mainly in wetlands. Though mono-
cotyledons of steppe wetlands have a good resistance 
to dryness, the opening of the canopy and spread of 
weeds shows the degradation process. The area of 
bare alkali patches with Camphorosma has also 
decreased, which was caused by the less intensive 
grazing and the shorter inundation in the spring 
(Sterbetz 1992, Z. Varga personal commu-nication). 
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Fig. 3. Changes of the grassland - arable field mosaic at Kardoskút from 1861-66 till the present, based on the comparison of subsequent 
maps and aerial photos. Both ploughing and abandonment can be observed during the whole period. 1. Remained a grassland in the 
period, 2. Became a grassland in the period, 3. Ploughed in the period, 4. Remained an arable field in the period. Periods: a: 1861-66 - 
1884, b: 1884 - 1950-53, c: 1950-53 - 1970, and d: 1970 - 1995. 
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Table 1. Changes in the area of grasslands and fields at Kardoskút from 1784 till present, between subsequent maps and photos. 
Numbers indicate the area of certain types as a % of the total area. 
 

  
Time preiod 

 Remained a 
grassland 

Became a 
grassland 

Ancient 
grassland 

Total 
grassland 

Ploughed 
grassland 

Remained a 
field 

Total 
field 

1784          - 1861-66 36 0 36  36 64 0 64 
1861-66     - 1884 31 9 27  40 5 55 60 
1884          - 1950-53 28 4 26  32 12 56 68 
1950-53     - 1970 30 4 25  34 2 64 66 
1970          - 1995 33 31      14  64 1 35 36 

 
Table 2. Control of land-use by site conditions in the period of 
1861-66 and 1970 at Kardoskút. Soil moisture and salt content 
controlled land-use, with the wet sites being used as hay 
meadows or pastures and thus remaining ancient grasslands, dry 
alkaline sites being utilized for grazing and cultivation and dry 
sites with chernozem soils being used for cultivation. Numbers 
indicate the area of certain types as a % of the total area. 

 
Land-use / soil type Flooded alkali Alkali Chernozem 
Permanent arable field 0.8 9 51 
Ploughed but 
abandoned later 1.2 6.5 7  

Ancient grassland 8 16 0.5 
 

 
Fig. 4. Soil map of the area after Hahn and Witkowsky (1938).  
1. Chernozem soils, 2. alkali soils, 3. highly alkali and flooded 
soils. 

 
Discussion 

 
Regional  versus local  h istory 

Cultural landscape transformations are often 
abrupt, strongly bound to cultural changes or 
technical innovations. These changes are, however, 

scale dependent and local and regional timing of 
events do not necessarily coincide (Berglund 1991). 
Variances between individual landscapes may often 
be ascribed — beside the abiotic differences — to 
different local land-use histories. 
 

1. Regional scale processes in the Great Plain 
The broad outlines of the last 300 years of 

landscape history in the Plain are relatively simple: 
Desertification and nomadic animal husbandry in the 
16-17th centuries, re-emergence of the cultural 
landscape in the 18th and partly in the 19th century, 
development of the small-farm system, river control 
and drainage in the 19th century till the 1950’s and 
since then disintegration of the small-farm system 
and the development of the socialist agriculture 
(Frisnyák 1990). 

The re-emergence of the cultural landscape in 
the 18th century was in many respects similar to the 
encroachment of civilization onto the North Ame-
rican or Argentinean steppes (Hollander 1947) or to 
the large-scale deforestations in east North-America 
between 1810 and 1860 (Williams 1982), though in 
Hungary encroachment was not frontier-like, but 
more patchy as a consequence of the more heteroge-
neous landscape. Agricultural activity in the Plain 
was generally strongly controlled by site conditions, 
chernozem soils used as arable fields, alkali areas for 
grazing and meadow soils for mowing  (Frisnyák 
1990). 
 

2. Local features of the Kardoskút steppes 
At Kardoskút, the  turning of grasslands into 

arable fields could also be observed, though it hap-
pened later than in the region (I. military map, 
Szeremlei 1907, Molnár 1995a), since the town was 
able to conserve extensive pastures till the late 
1840’s (Szenti 1983). In the study area, site condi-
tions like soil moisture and salt content controlled 
land-use (with wet sites used as hay meadows or 
pastures, dry alkaline sites for grazing and cultivation 
and dry sites on chernozem soils for cultivation) but 
ploughing pressure (Elek 1937) was higher than 
general in the Plain. Consequently, a large propor-
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tion (49 %) of alkali areas were also ploughed for 
cultivation, although 42 % of it was later abandon-
ed. Even the smallest loess grasslands were used as a 
field. This small scale land-use can best be seen 
during the small-farm system period (1847-1950’s). 
Present landscape pattern was basically developed 
between 1847 and 1884, though by the time of the 
disintegration of the small-farm system (1950’s - 
1970’s), land-use changed fundamentally and be-
came coarser-scale. 

 

Fig. 5. As a consequence of the continuous ploughing and 
abandonment since the 19th century, the grasslands of the present 
steppe are of a different age. The map was constructed on the 
basis of the map series shown on Fig. 4 1. Ancient grasslands  
2. Abandoned between 1861-66 and 1884, 3. Abandoned between 
1884 and 1950-53, 4. Abandoned between 1950-53 and 1970, 5. 
Abandoned after 1970, 6. Improved since 1970. 

 
Contrary to the other areas in the region (Molnár 

1995a) already in the second half of the 19th century 
the abandonment of fields could be observed, since 
many non-productive alkali areas were broken up in 
the 1850’s. One fifth (19 %) of the cultivated area 
was abandoned between 1861-66 and 1970, nearly 
half of it (44 %) was on alkali soils. As a consequ-
ence of the abandonments of the last 130 years, the 
age of present-day grasslands are different (Fig. 5). 
Ancient and mixed aged recent secondary grasslands 
form a fine mosaic patterns, where patches are often 
hardly distinguishable in the field, because dominant 
weeds conceal differences in species composition. 
Lack of specialists and/or unnaturally shaped 
boundaries help point out secondary patches. 

In the Great Plain, during the last 150 years, the 
sharp decrease of wetlands is striking (Szabolcs 
1961). At Kardoskút, from the 19th century up to the 
1930’s, regional drainage resulted in more water 
locally, since the area of alkali pastures was used as a 
water reservoir to keep flooding water away from the 
arable fields nearby (Szenti 1983, A. Gyömrei 
personal communication.). 

 
Ancient  versus recent  habitats  

Since it is often difficult to prove that a certain 
vegetation patch is primary, with historical continu-
ity from the pre-Neolithic Period, we usually dis-
tinguish ancient and recent patches (Rackham 1980, 
Peterken and Game 1984). Ancient patches in the 
Hungarian Great Plain are those which developed 
before 1783 (the publication of the first military 
survey map), whilst recent patches are those that are 
less than about 200 years old. Ancient patches retain 
undisturbed, unploughed soils and have kept more 
valuable species than our recent and thus secondary 
vegetation patches. Reliable identification of anci-ent 
grasslands and woods is, therefore,  important for 
nature conservation. 

 
1. Woodlands in the region 
Opinions are divided as to what extent the 

Békés-Csanád alluvial fan was wooded a 1000 years 
ago. According to Zólyomi (1969a), Blazovich 
(1985) and Rapaics (1918), the area was probably 
nearly completely deforested, Somogyi (1994), 
however, assumes that extensive loess oak wood-
lands were still present. Based on toponyms from the 
10-13th centuries (Blazovich 1985), only shrub 
vegetation could have presumed to have been in the 
region ca. 1000 years ago, which could look similar 
to the steppe-thickets described by Rapaics (1918) 
from the Serbian Titel-plateau. Since later historical 
data (Kitaibel in Gombocz 1945, Radics after 1970, 
Thaisz 1905, Szenti 1983, Nagy 1975, I., II. and III. 
military survey maps) also do not indicate ancient 
woodlands, it can be concluded that in the last 1000 
years ancient woodlands were absent from the 
alluvial fan. 

 
2. Degradation of the loess grasslands 
Loess grasslands of the area are species poor, 

which was explained by Bodrogközy (1965a) by the 
high salt content of the B horizon of the soil, since 
patches adjacent to alkali grasslands could only 
survive. It was shown, however, that species rich 
loess grasslands can survive even if salt accumulates 
to depths of 1 meter, if grazing pressure is low (Biró 
1990). At Kardoskút, species richness is probably 
controlled more by the ancient or recent character of 
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the loess grassland stands, than by conditions of 
deeper soil layers. 

Based on the known methods of agriculture 
(Szeremlei 1907) and the two medieval villages at 
the lake (Blazovich 1985, Banner 1943, Olasz 1959), 
intensive use of loess areas can be assumed in the 
Middle Ages. Later during desertification (Balzovich 
1985), secondary grasslands could develop on the 
place of former cultivated fields. In the 18th century, 
overgrazing (Szenti 1983) might result in degraded 
loess pastures. These secondary loess steppes were 
described by Kitaibel (in Gombocz 1945, Radics 
after 1970) and later by Jankó (1886). In their 
species lists, specialist species show the ancient 
character of the grasslands (cf. Peterken and Game 
1984), while the long list of weed species point to 
their degraded character (Molnár 1995a). Concentra-
tion of specialists on the road verges (see Kitaibel) 
shows the secondary character of these pastures. It 
has also been shown that nomadic-like cattle or sheep 
grazing does not prevent the survival of steppe 
specialists (Molnár 1992). At Pitvaros, nearly half 
(47 %) of the specialists of the area could survive in 
grazed loess grasslands. This part of the Pitvaros 
steppes belonged to a large estate where land-use was 
coarser-scale (compared to Kardoskút), thus the 
small loess grasslands, embedded in alkali steppes, 
remained pastures. Today, even rare loess specialists 
can be found in them (Sternbergia colchiciflora, 
Phlomis tuberosa, Ranunculus illyri-cus, Thalictrum 
minus, Adonis vernalis Trifolium ochroleucum, etc.; 
Molnár 1992). 

At Kardoskút, loess grasslands were nearly 
completely ploughed (99.9%) between 1847 and 
1970. The species richness of recent stands is very 
low, since till the 1940’s, they had been used for 
cultivation. In the early 1970’s, extensive secondary 
grasslands were created on the chernozem soils (I. 
Sterbetz, I. Gojdár personal communication). The 
potential vegetation of these areas is the loess grass-
land, but the long history of land-use resulted in a 
locally very poor propagulum source, which prevents 
their regeneration. Based on the observations of 40-
50 years old abandoned fields, a decrease of weed 
cover and an increase of the dominant generalist 
grasses, can only be expected (Festuca pseudovina, 
Poa angustifolia and Cynodon dactylon; Molnár 
unpublished data). 

 
3. Alkali steppes 
Most of the alkali steppes of the Hungarian 

Great Plain developed as a consequence of the river 
controls and drainage works of the last 150 years 
(Somogyi 1965, Szabolcs 1961). These secondary 
steppes are usually poor in specialist species. Identi-

fication of ancient areas is sometimes difficult, es-
pecially when they are impoverished by overgrazing. 
Historical data can help distinguish ancient and 
secondary steppes by reconstructing past hydrologi-
cal, soil and land-use conditions (Molnár 1995a, b). 
Based on the data of Kiss (1963), Bodrogközy 
(1965a, b, 1966) and Szenti (1983), the Kardoskút 
steppes and the lake can be regarded as ancient, 
though some parts are being turned into secondary 
steppes by pasture improvements (cf. Sterbetz 1992). 

 
Conclusion 

 
The vegetation of the Kardoskút steppe has un-

dergone considerable changes in the last 250 years. 
Based on historical documents, survey maps, the 
present vegetation and the living memories of in-
habitants, this history could be reconstructed in de-
tail. Past events and states have had fundamental 
effects on the present state and dynamic of vegeta-
tion. Many of these effects were not deducible from 
present vegetation pattern. 

Historical reconstruction at the century scale can 
provide essential information for explanations of 
present and predictions for the future vegetation. 
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Abstract. Reconstruction of past vegetation changes provides useful information for the under-
standing of present vegetation. Based on historical data, old aerial photos and maps, a detailed 
vegetation survey, and the vegetation description by György Bodrogközy from the 1960’s, the 
vegetation history of the lake Fehér-tó at Kardoskút for the last 200 years was drawn. 
Historical data indicates that the lake remained in a near-natural state till the late 1970’s. Since 
1980, climatic drought has induced fundamental vegetation changes which differ in the 3 parts of 
the lake, probably as a consequence of differences in geological history. Predictions about the fu-
ture of the lake vegetation, based on historical data and comparisons with other drying alkali lakes, 
are also given. 
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Introduction 
 
There is a wide choice of methods for studying 

vegetation dynamics. At the year-decade time scale 
changes can, for example, be followed by permanent 
quadrates or by remapping the vegetation pattern. 
Indirect approaches, which create artificial chro-
nosequences and palaeobiological methods, help 
larger scale studies (Dierschke 1994). 

Historical botanical data can provide important 
data for studies of vegetation dynamics. Floristic 
surveys, cenological studies or vegetation maps pro-
vide direct data about past vegetation, though this 
data is often scarce and incomplete. In Hungary, 
historical data are available since the late 18th 
century (Kitaibel in Gombocz 1945). From the 
middle of the 19th century onwards, floristic data are 
abundant. Since the 1910’s more and more 
cenological descriptions and vegetation maps have 
been prepared. 

Spatial changes of vegetation can be best ana-
lysed by vegetation maps. Generally, those situations 
were remapped where anthropogenic degradation 
caused profound changes or where regeneration after 
disturbance or perturbation resulted in a fast vegeta-
tion change (Dierschke 1994). The time scale of 

these studies is generally several years or a couple of 
decades. 

In the Great Hungarian Plain river control, 
drainage and recent climatic drought resulted in dry-
ness induced successional changes (cf. Zólyomi 
1931, Szabolcs 1961, Bagi 1995). Though the alkali 
lake studied was also temporal in the past, as a con-
sequence of the drought period of the last 15 years, 
the water regime of the lake has changed considera-
bly for the worse. A vegetation map from 1962-63 
(Bodrogközy 1966) serves as a detailed reference to 
follow changes. 

The goal of our study was to answer the follow-
ing questions: 
− Has the vegetation of the lake bed changed as a 

consequence of the drought? 
− What vegetation types changed the most? 
− What vegetation types changed the least? 
− Do the real successional changes correspond with 

the theoretical trajectories established by 
Bodrogközy? 

Based on the historical data prior to the 1960’s, 
the brief history of the lake has been drawn. The goal 
of this reconstruction was to trace back the present 
twofold character of the lake vegetation to past 
features. 
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The area is a bird migratory site of European 
importance (Ramsar site; Nagy 1993)  and is man-
aged by the Nature Conservation Directorate of 
Körös-Maros. Since the lake and the neighbouring 
wetlands are drying out, which threatens the famous 
bird life, a research project was started in 1992. 
Based on the historical reconstruction, the manage-
ment of the area was revaluated (Molnár and Biró 
1995). 

 
Study area 

 
Kardoskút lies in SE. Hungary, in the Tiszántúl 

region, on the alluvial fan of the river Maros. The 
lake is surrounded by continental alkali steppes and 
cultivated fields. 

The lake (called Fehér-tó after its white appear-
ance in late summer) originated in the Holocene from 
two Maros meanders. The western has clayey 
deposits, the eastern part has more sandy deposits. 
The two lakes merged later (Molnár and Mucsi 
1966). The Copper, Bronze and Iron Age mollusk 
fauna indicates high habitat diversity, presence of 
woodlands, permanent and temporary water bodies, 
and densely vegetated marshes (Domokos 1984). 

At present the lake is temporary with maximum 
water in April, and a dry bed in July and August. The 
water has a high NaHCO3, NaCl and Na2SO4 content 
and its pH is about 8.5-10 (Megyeri 1963). The bed 
is a highly salty solontchak originating from 
redeposited Pleistocene loess  (Bodrogközy 1966). 
Till the late 1970’s, as a unique feature, in the dried 
out lake bed circular, dark muddy patches appeared, 
where soil water reached the near-surface layers or 
even the surface. These wells played a crucial role in 
the water regime of the lake (Kiss 1963). Since 1980, 
the lake has been gradually drying out (Sterbetz 
1992, Nagy 1993). From 1988, water from deep 
bored wells has been added in spring and autumn to 
provide habitat for migrating birds. 

The area around the lake has been inhabited 
since the late Neolithic, mostly by nomadic tribes 
such as Körös culture, Baden culture, early and late 
Iron Age, Scythians, Jazyg-Sarmatians, Avars and 
Gepids (Szeremlei 1907, Banner 1943, Nagy and 
Szigeti 1984). 

 
Methods 

 
Earlier historical records about the lake are 

scarce (military survey maps, Bodnár 1928, Szenti 
1983). In the 1960’s, a multidisciplinary research 
project was set up by the Hungarian Academy of 
Sciences to study the lake’s special features. The 
project covered the fields of botany and pedology 

(Bodrogközy 1966, Kiss 1959), zoology (Sterbetz 
1966, 1974, 1977, 1992, Marián 1966, Megyeri 
1963) and geology and hydrology (Molnár and 
Mucsi 1966, Kiss 1963). 

For the historical reconstruction, some documen-
tary sources provided direct information, others 
could be interpreted by the preferences of plant 
species. The Hungarian plant sociological school has 
collected a great deal of data on the cenological, 
water, pH, nitrogen, etc. preferences of species and 
estimated their disturbance tolerance and specificity 
(for a detailed data base see Horváth et al. 1995). 
This data provided a good opportunity to recognize 
and follow changes in site conditions (e.g. decreasing 
salt content and drying). 

Survey maps (1784, 1861-66, 1884, 1970 and 
1983) and aerial photos (1950, 2 from 1953, 1964, 
1976, 1981, 1987 and 1991) provided valuable in-
formation. In June 1995, colour aerial photos were 
made. Spatial movement and physiognomic trans-
formation of vegetation patches in the lake bed were 
followed by documentary photos, made between 
1966 and 1980, by István Sterbetz. 

The map of present vegetation was prepared in 
July 1995. In each of the vegetation patches, cover 
values (%) of the most important species of the lake 
were recorded (Crypsis aculeata, Suaeda maritima, 
Salsola soda, Puccinellia limosa, Camphorosma an-
nua, Phragmites australis, Bolboschoenus mariti-
mus, Aster tripolium ssp. pannonicum and the cover 
of the meadow, dry grassland and weed species). 
Classification of patches was based on the dominant 
species combination.  

Nomenclature of species follows Soó (1964-80). 
 
Results 

 
Vegetat ion of  the lake 

Plant communities of alkali habitats are usually 
species poor and can be easily characterized by sev-
eral dominant species. The first detailed vegetation 
description of the area was prepared by Bodrogközy 
(1966). Since the 1960’s, vegetation has undergone 
considerable changes (Figs 1, 2 and 3, Table 1). 

Lake bed vegetation: the lake dries out in the 
summer. On the mud surfaces Crypsis aculeata is the 
first colonizer. Stands are often monodominated. On 
drier mud surfaces, Suaeda maritima is typical. The 
next zone is formed by the tussocky perennial grass, 
Puccinellia limosa. At the edge of the lake, on the 
driest and most alkali surfaces, Camphorosma annua 
is characteristic. 

Alkali marshes: in the alkali marshes of the lake, 
Bolboschoenus maritimus and Phragmites australis 
or often only one of them, are the dominant species. 
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This habitat adjoins on the Puccinellia or often the 
Crypsis zones. In the upper zone of the alkali 
marshes, Aster tripolium ssp. pannonicum becomes 
dominant. 

 
Table 1.  Distribution of the mapped habitat types in the lake bed. 
“+++” indicates a common and typical habitat, while “+” a rare 
and non-typical one. Grouping corresponds to Fig. 1. 
 

      Habitats Western 
  basin 

Transition  Eastern  
   basin 

1.a. Open water ++ - - 
1.b. Crypsis zone +++ +++ ++ 
1.c. Suaeda zone +++ ++ + 
1.d. Puccinellia zone +++ +++ ++ 
1.e. Bare patches with 

Camphorosma +++ ++ + 

1.f. Phragmites stands with 
Puccinellia - +++ ++ 

2.a. Phragmites and 
Bolboschoenus stands - + +++ 

2.b. Phragmites and 
Bolboschoenus stands 
with Aster 

 
- 

 
+ 

 
+++ 

3.a. Drying out Phragmites, 
Bolboschoenus and 
Puccinellia stands 

 
- 

 
+ 

 
+++ 

3.b. Dried out marshes and 
Agrostis-Carex meadows - - +++ 

 
Drying and dried out marshes: if drying is fast 

and salt is lost, weed species appear. Stands domi-
nated by the original species were considered as dry-
ing marshes and stands dominated by weeds as dried 
out marshes. 

Meadows: a unique habitat of the lake is the 
Agrostis alba and Carex distans dominated solon-
tchak meadow (Bodrogközy 1966). Typical species, 
besides the Agrostis and Carex, are Taraxacum bes-
sarabicum and Scorzonera parviflora. Since this 
habitat needs less alkali soils, which are humid also 
in summer, it only occurs in the Eastern basin, at the 
edge of the lake where undersurface wells were 
common (Bodrogközy 1966). As a consequence of 
drought, this habitat is quickly disappearing. 

 
History of the lake 

 
Middle Ages 

In the Middle Ages there were two villages near 
the northern shore (Szeremlei 1907, Banner 1943, 
Olasz 1959, Blazovich 1985). Apácaegyház was a 
straggling village, mentioned first in the beginning of 
the 11th century and destroyed by the Mongolians in 
the middle of the 13th century. The other village, 
Bagd, was ruined in the 16th or 17th century. Though 
we have no direct information about the medieval 
lake, these settlements show its importance in this 
steppe landscape. 

1784 to  1960 
From the 18th century onwards, there are more 

and more available data about the lake. The wells of 
the Eastern basin were mentioned first in 1794, when 
one of them was cased (Szenti 1983). 

In the 1850’s, water of the lake usually shrank in 
the summer, became highly salty and was therefore 
unsuitable for drinking (Szenti 1983). On the military 
survey maps from 1784, 1861—66 and 1884 the 
shape of the lake is different. In 1784, part of the 
Western basin is shown to be more temporary. In 
1861-66, the joining basins seem to be part of the 
lake. Bodnár (1928) also mentions that in the 19th 
century, the shape of the lake was temporally differ-
ent. Since 1847, the lake has probably been used 
more intensively, e.g. for grazing and reed harvesting 
after farm-houses were built on the shore (Szenti 
1983). 

Bodnár (1928) describes the lake in detail. The 
water level changed considerably. In normal years 
the lake was permanent throughout the year, but in 
dry years it dried out. In the Eastern basin, a small 
marsh usually remained. During extremely dry peri-
ods, even this part dried out and vegetation became 
sparse. Vegetation in the two basins was different as 
a consequence of the wells. In the Western basin, 
small amounts of vegetation were confined to the 
edges whilst in the Eastern basin, marsh vegetation 
with Phragmites and Schoenoplectus could be found. 

 
The last  water rich period (1960 to  1980) 

In the springs of the 1960-70’s, maximum water 
depths reached 40 to 50 cm and sometimes even 70 
cm. The lake usually dried out by July or August. In 
November, the water was again 20 to 30 cm deep. 

 

The Eastern basin, where frogs and leeches were 
common, was more permanent than the western 
(Marián 1966, A. Gyömrei personal communication). 
This difference was caused by the “Seven Wells” (I. 
Sterbetz, I. Farkas, F. Panyik personal 
communication). Owing to the work of Bodrogközy 
(1966), the vegetation of the lake in this period is 
well known (Fig. 3). There is also a high quality 
aerial photograph from 1964. This period was used 
for a reference to follow the changes caused by 
drought after 1980. 
 

Though in the 1960’s water conditions were 
more favourable, there was no aquatic and freshwater 
marsh vegetation in the lake bed. The Western basin 
was covered with Crypsis and Suaeda whilst near the 
edges Puccinellia and Camphorosma appeared in 
patches. In the Eastern basin, Phragmites and 
Bolboschoenus dominated alkali marshes with Aster 
tripolium and containing less than 5 % weed
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Fig. 1. Vegetation map of the lake Fehér-tó at Kardoskút. The map was made in July 1995, based on a recent colour aerial photograph 
and field survey. 10 vegetation types (see Table 1) were distinguished on the basis of dominant species that were later grouped as 
follows: Zone A: 1. Crypsis and Suaeda mud vegetation, 2. Puccinellia and Camphorosma swards, Zone B: 3. Phragmites-Bolbo-
schoenus alkali marshes with Aster and Puccinellia, Zone C.: 4. Drying and dried out marshes and Agrostis-Carex meadows. 

 
Fig. 2. Spatial partitioning of the lake vegetation. Based on the zonation pattern along the shore line, the lake was divide into three parts: 
1. Western basin (only zone A), 2. Transition zone (zone A and B), and 3. Eastern basin (all 3 zones; for an explanation of the zones see 
Fig. 1). This partitioning coincides with the known distribution of wells (occurring only in the Eastern basin and the Transition zone - 
Bodrogközy 1966), the widths of the lake and may be a result of the geological history of the lake. 

 
cover, were widespread. The distribution of these 
marshes and the wells coincide, because in these 
areas soil is more leached, less salty and more humid 
(Bodrogközy 1966). In the Eastern basin, Crypsis 
and Suaeda were less common and Puccinellia ap-
peared in patches. Some of these stands were secon-
dary, developed in the place of marshes as a conse-
quence of cattle grazing (I. Farkas personal commu-
nication.). The most dense marshes were in the east-
ernmost part of the basin, where the abundance of 
water was the highest. The height of the reeds 
reached 3 meters. In the 1940-50’s, the reeds were 
smaller (I. Farkas and A. Gyömrei personal commu- 
nication) which could be explained by either the drier 
climate or the more intensive grazing prior to nature 
conservation (1966, Nagy 1993). Solontchak 

Agrostis-Carex meadows appeared only in the East-
ern basin. Their species composition shows that in 
the 1960’s they were still in a near-natural state. 
 
Drought period of  the last  15 years (1980 
to  1995) 

Since the 1960’s, precipitation in the Hungarian 
Great Plain has decreased considerably  (Ráth 1994) 
which has caused fundamental changes in the water 
regime of the lake. The quantity of water falling di-
rectly into the lake and flowing into it from the sur-
rounding alkali surfaces decreased considerably 
(Sterbetz 1992). The discharge from wells also 
decreased  (I. Farkas and F.  Panyik personal com-
munication). Later reduction in water level was 
caused by the lowered soil water table in the sur- 
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Fig. 3. Vegetation map of the Kardoskút alkali lake from 1962-63 (Bodrogközy 1966). This map was used as a reference to evaluate suc-
cessional changes induced by the drought period. To help comparisons, the original map was adjusted to a 1: 10 000 map and corrected 
by the aerial photo from 1964. Note the similar twofold general vegetation pattern and the profound but spatially uneven changes in 
vegetation types between 1962-63 and 1995. 1. Crypsis and Suaeda mud vegetation, 2. Puccinellia and Camphorosma swards, 3. 
Phragmites-Bolboschoenus alkali marshes with Aster and Puccinellia, 4. Agrostis-Carex solontchak meadows. 
 
rounding loess areas. Between 1970 and 1994, soil 
water table decreased by 0.8 meter (Kardoskút, Well 
No. 467, ATIVIZIG). 

Since 1981, István Farkas has recorded the date 
of complete drying out, which fell between mid-May 
(1993, 1994) and early September (1981). Between 
1982 and 1987 it was in July and August.  Since 
1988 it has been earlier, in May and June (except in 
1991). The shortage of water had more serious af-
fects in the spring than in the summer. Maximum 
water level in April decreased from 40-70 cm to 15-
30 cm. This meant that in the last 15 years only the 
Crypsis and Suaeda (sometimes also the Puccinellia) 
zones have been flooded. Alkali marshes and mead-
ows which were usually flooded till early summer, 
have remained dry throughout the year (I. Farkas, jr. 
personal communication, photos of  I. Sterbetz). 

Drought has brought about successional changes 
in the lake bed. Vegetation transformations include 
changes in the dominance and number of species of 
natural habitats, disappearance, movement, expansion 
and physiognomic changes of certain vegetation types. 

The Western basin has changed the least. Cryp-
sis and Suaeda are still the dominant species. Puc-
cinellia zone has become contiguous and wider by 25 
to 35 m, Camphorosma patches have not changed 
noticeably. The transition zone, where the mosaic of 
Phragmites and Puccinellia patches was characteris-
tic, has changed to a greater extent. Reed stands have 
dried out, become shorter and have opened. The 
Puccinellia zone has expanded and encroached upon 
the reed patches. 

Considerable transformations occurred in the 
Eastern basin. The Phragmites-Bolboschoenus-Aster 

stands, the solontchak meadows and the Puccinellia 
patches near the edges have dried out and weeds like 
Poa angustifolia, Festuca pseudovina, Agropyron 
repens, Carex vulpina, Sonchus arvensis, Cichorium 
intybus, Achillea collina and Cirsium arvense often 
became the dominant species (60 to 80 %). Some of 
the specialists, like Acorellus pannonicus and 
Triglochin palustre have died out. The Crypsis zone 
has shrunk. In the Suaeda and the wetter Puccinellia 
stands there has been little change. 
The general “theoretical” successional sequence of 
the lake bed was described by Bodrogközy (1966, 
1977): open water — Crypsis — Suaeda — 
Puccinellia — Bolboschoenus and Phragmites — 
Bolboschoenus and Phragmites with Aster — 
Agrostis-Carex  — Camphorosma. Drought induced 
successional trajectories, however, do not always 
follow this sequence and differ in the three parts of 
the lake (Fig. 4). In the Western basin, Puccinellia is 
often followed by Camphorosma and not by an alkali 
marsh. Direct open water — Suaeda and Crypsis — 
Puccinellia transitions are also common. In the 
Eastern basin, drying Crypsis stands are often 
invaded by the Bolboschoenus — Phragmites 
marshes. Alkali marshes have not turned into 
meadows, but became weedy, changing into dry 
Festuca grasslands. 

The two main types of changes were the move-
ment of zones towards the lake bottom and the 
changes in species composition of non-moving 
stands. Crypsis, Suaeda, Puccinellia, Aster and Fes-
tuca were moving relatively fast, while Bol-
boschoenus, Phragmites and Carex distans are rela-
tively slow. 
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The differences in speed resulted in zone inver-
sions. For example, in the transition zone the spatial 
pattern and extension of the Phragmites stands has 
changed very little in the last 15 years (photos of I. 
Sterbetz from 1980). At the same time, the Puccinel-
lia zone has moved towards the lake by 20-25 m. 
Puccinellia invaded the opened Phragmites stands 
and even formed a zone below the Phragmites zone. 
The upper and lower Puccinellia zones are, however, 
different, the lower zone being in terms of species 
composition (Bodrogközy 1966) and physiognomy 
(photos of I. Sterbetz from 1980) very  similar to the 
stands of the 1960-70’s, while the upper zone shows 
the signs of drying (Aster tripolium, Lepidium perfo-
liatum, Agrostis stolonifera, Poa angustifolia). 
 
Discussions 

 
The twofold  character of  the lake and i ts  
e f fect  on drought  induced succession 

The twofold character of the lake has been only 
mentioned by Molnár and Mucsi (1966) and Nagy 
(1993), though it is easy to recognize by the distribu-
tion of wells (Kiss 1963, Bodrogközy 1966 — at 
normal water conditions) and by the vegetation pat-
tern or the shape of the lake. The lake behaves as it 
were two independent lakes. Also the dynamics of 
vegetation differs considerably in the two basins. 
Differences may be ascribed to geological history.  

The presence of marsh vegetation in the Eastern 

basin was explained by fertilizer pollution, since 
arable fields border this basin, while grasslands bor-
der the other (Nagy 1993). The humus content of the 
deposits (Molnár and Mucsi 1966), and the presence 
of marsh specialist mollusc species from the Copper-
Iron Ages (Domokos 1984) indicate, however, that 
the marshes of the Eastern basin might have existed 
for thousands of years. In the 1920’s (before the 
increased use of fertilizers), the vegetation of the lake 
was already similar to the present situation. Agrostis-
Carex meadows also produce evidence for the long 
functioning of the wells, since these meadows can 
only develop and survive where wells provide damp 
soil throughout the year (Bodrogközy 1966). 
Specialist species of these meadows (Carex distans, 
Taraxacum bessarabicum, Triglochin palustre and 
Scorzonera parviflora) do not or rarely occur in the 
Tiszántúl region (Soó and Máthé 1938) and thus also 
show the ancient character of this habitat. 

The climatic drought of the last 15 years induced 
substantial successional changes in the lake. These 
changes provide fine examples of how past events 
control present vegetation dynamics (cf. Foster 1992, 
Peterken and Game 1984, Jackson et al. 1988). In the 
Western basin, changes are slow and vegetation 
zones follow the changes in site conditions. This can 
be ascribed to the finer sediments which prevent 
greater water and salt loss. In the Eastern basin, 
changes are more striking. Here the sediments are 
sandy and the wells provided access water and 

 
  Open water 
 
  Crypsis zone 
 
  Suaeda zone 

       Bare patches with Champhorosma 
          Puccinellia zone 

       Drying Camphorosma (with Festuca) 
   Phragmites-Bolboschoenus stands 
 

Drying Phragmites with Puccinellia        Phragmites-Bolboschoenus-Aster stands 
 
Drying Phragmites, Bolboschoenus and Puccinellia stands 
 
      Drying Phragmites-Bolboschoenus-Aster stands 
 
 Agrostis-Carex meadows 
 
 Dry Festuca stands          Dried out marshes 
 
1. 2. 3. 

 
Fig. 4. Successional pathways in the 3 parts of the lake bed differ as a consequence of different history and physical characteristics.  
1: Western basin, 2: Transition zone, 3. Eastern basin. 
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caused leaching (Bodrogközy 1966, Molnár and 
Mucsi 1966). Site conditions were more favourable 
in the past if compared with the Western basin. The 
effects of drought are thus greater, vegetation zones 
were not able to follow these fast changes and con-
sequently stands became invaded with weeds. 

 
Future of  the lake 

Historical data (Szenti 1983, Bodnár 1928, Mili-
tary survey maps) showed that the temporal character 
and the vegetation of the lake changed little from the 
middle of the 19th century till the late 1970’s. The 
lack of weed dominant patches in the 60’s 
(Bodrogközy 1966) also indicate near-natural condi-
tions. Thus the state of the lake in the 60’s can be 
regarded as near-natural, and hence can be used as a 
reference to evaluate changes caused by the drought. 
Predictions on the future of the lake were based 
partly on the local history and dynamics and partly 
on transformations of other drying alkali lakes (Bagi 
1995, Molnár unpubl.). It was presumed that the pre-
sent drought period is more serious than those in the 
past 300 years (Pálfai 1991), and that drainage influ-
enced well discharge adversely. 

If water conditions can not be improved, in the 
Western basin, Puccinellia will spread slowly further 
towards the lake bottom and in the Eastern basin 
Crypsis and Puccinellia stands will be shortly 
invaded by Bolboschoenus and Phragmites. Drying 
will cause further salt loss, weed species will become 
even more dominant and solontchak meadows will 
disappear totally. Regeneration of the lake is only 
possible if natural water supply from the wells can be 
restored or if artificial water supply can imitate 
natural water level changes. Based on historical data 
(Bodrogközy 1966, Kiss 1959, 1963, Sterbetz 1992, 
I. Farkas and I. Sterbetz personal communication), 
this means a maximum of 40 to 70 cm in April, a dry 
lake bed in July and August and a second water 
maximum (20 to 30 cm) in November. 
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CHANGES OF ZOOCOENOTIC STRUCTURE IN LOWER REACH  
OF RIVER TISZA 

V. Pujin, N. Djukić, S. Maletin, B. Miljanović and A. Ivanc 

Pujin, V., Djukić, N., Maletin, S., Miljanović, B. and Ivanc, A. (1996): Changes of zoocoenotic 
structure in lower reach of river Tisza. - TISCIA 30, 35-38. 

 
Abstract. Hydrotechnical constructions on rivers Danube (Hydroelectric plant Djerdap I and II) 
and Tisza (Dam Novi Bečej), as well as general industrial development in the Tisza valley  caused 
deterioration of physico-chemical  quality of  water of river Tisza. The slowing down of its flow 
and increased inflow of waste water  led to a decrease in dissolved oxygen concentration and 
affected the structure of  zoocoenosis. The number of zooplankton species characteristic  of smooth 
waters and tolerant to oxygen depletion increased. These conditions affected, as well, both the 
composition of bottom fauna and ichthyofauna. Analysis of Oligochaeta community has indicated a 
sharp reduction in the number of species and decrease in the numbers. The abundance of sterlet and 
predator fish species has been decreasing as well as phytophils. A slow decrease in carp population  
occurred despite a permanent stocking with fingerlings. Special changes appear in fish community 
in relation to introduced species, especially Prussian carp. The decrease in dissolved oxygen 
concentration below biological minimum caused fish dying  in recent years . 
 
Keywords: zooplankton,Oligochaeta, ichthyofauna, hydroecosystem, degradation 
 
V. Pujin, N. Djukić, S. Maletin, B. Miljanović, A. Ivanc, University  of Novi Sad, Faculty  of 
Sciences, Institute of Biology, 21000 Novi Sad, Yugoslavia 

 
 
 

Introduction 
 
The long-term investigations of the lower Tisza 

river have resulted in awareness of various changes 
of its physical and chemical properties concurrently 
affecting its zoocoenoses structure (Pujin and Rajko-
vić 1979, Djukić and Stanojević 1981, Kojčić et al. 
1988, 1989, Pujin 1987, 1989, Djukić et al., 1993). Since 
fish kills and death of other organisms have been 
reported frequently so far, the aim of the paper was 
to document structural changes of zoocoenoses in the 
lower Tisza caused primarily by anthropogenic 
influence. 

 
Material and methods 

 
Investigations included the composition and dy-

namics of zooplankton, oligochaeta fauna, and ich-
thyofauna during the period 1990-1994. Sampling  
 

was done by use of standard techniques (planctonic 
nets, Ekman-Birge dredge, electro-fishing, and fish-
ing nets) and standard methods (Felföldy 1980, 
American Standard Methods 1985). 

 
Results and discussion 

 
In the investigated period the qualitative compo-

sition of the zooplankton was as follows (Table 1.). 
The analysis shows a total of 88 zooplankton 

species with an expected dominance of Rotatoria 
(Table 2.). Variations of the species numbers  were 
associated with year, seasons, and locality resem-
bling to some extent already published results 
(Ratajac 1979, Pujin 1989, 1992). Those  investigat-
ions reported on changes caused by building a dam 
on the Tisza and hydroelectric power plant Djerdap I 
on the Danube that resulted in a slower water flow as 
well as an increased influence of waste waters. 
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Table 1. Qualitative composition of zooplankton of the lower Tisza in 1990-1994. 
 

Species  1990 1991 1992 1993 1994  Species  1990 1991 1992 1993 1994 
               
Protozoa        K. quadrata + + + + + 
Actinosphaerium eichhorni + + - - -  K. testudo + + - - - 
Arcella vulgaris + + - - -  K. valga + + - - - 
Aspidisca costata + + + + +  K. valga monospina + + - - - 
Carchesium polypinum + + + + +  Lecane bulla + + - + - 
Chilodonella cucullus + + + + +  L. luna + + - - - 
Colpidium colpoda + + + + +  L. lunaris + + - - - 
Dileptus anser + - - - -  Lepadella ovalis + + + + + 
Epistylis plicatilis - + + + +  Liliferotrocha subtilis + + - - - 
        Mytilina mucronata + + - - - 
Paramecium aurelia + + + + +  Notholca squamula + + + - - 
P. bursaria + - - - -  Polyarthra dolichoptera + + + + + 
P. caudatum + + + + +  P. vulgaris + + - - + 
P. trichium - + + + +  Pompholyx complanata + + + + + 
Tintinnidium fluviatile + + - - -  Rotaria neptunia - - + + + 
Tintinnopsis lacustris + + + + -  R. neptunoidea - - + + + 
Tokophrya quadripartita + - + - -  R. rotatoria + + + + + 
Vorticella campanulata + + + + +  Synchaeta oblonga + + - + - 
V. convallaria + - - - -  S. pectinata + + - - - 
V. microstoma + + + + +  Trichotria tetractis + + - - - 
        Trichocerca capucina + + - - + 
Rotatoria        T. dixon-nuttalli + + - - - 
Anureopsis fissa + + + - -  T. similis + + - - - 
Asplanchna brightwelli + + + + +  T. weberi + + - - - 
A. girodi + - - - +         
A. priodonta + + + + +  Cladocera       
Brachionus angularis + + + + +  Alona quandragularis + - + - - 
B. budapestinensis + + + + +  Bosmina longirostris + + + + + 
B. calyciflorus + + + + +  Ceriodaphnia quandrangula + - + - - 
B. calyciflorus f. anureiformis + + + + +  Chydorus sphaericus + + + + + 
B. calyciflorus f. amphiceros + + + + +  Daphnia longispina + + + - - 
B. diversicornis + + + - -  D. magna - + + + + 
B. falcatus + + - - -  Diaphanosoma brachyurum + - - - - 
B. forficula - + - - -  Graptoleberis testudinaria. + - - - - 
B. leydigi + + + + +  Moina micrura + - - - - 
B. urceolaris + + + + +  Macrothrix laticornis + - - - - 
B. urceolaris var. rubens + + - + +  Scapholeberis kingi - + - - - 
Cephalodella cetellina + + - - -         
C. gibba + + - - -  Copepoda       
Colurella coluris + + - - -  Acanthocyclops robustus + + + + + 
Dissotrocha aculeata + + - - -  A. vernalis + + + + + 
Epiphanes senta + + + + +  Cyclops vicinus + + + - - 
Euchlanis dilatata + + - - -  Diacyclops bicuspidatus + - - - - 
Filinia longiseta + + + + +  Eucyclops serrulatus + - - - - 
F. opoliensis + + - - -  E. speratus + + - - - 
Keratella cochlearis + + + + +  Eudiaptomus gracilis + + - - - 
K. cochlearis var. tecta + + + + -  Mesocyclops leuckarti + + + + + 
K. paludosa + + - - -  Thermocyclops crasus + + + + + 
 
Table 2. The number of zooplankton species according to analyzed groups. 
 

Groups 1990 1991 1992 1993 1994 Total 
Protozoa 16 14 12 10 10 18 
Rotatoria 46 47 25 20 21 50 
Cladocera 9 7 5 4 4 11 
Copepoda 9 7 5 4 4 9 
Total 80  73 48 37 38 88 

 
Zooplankton composition, in the period under 

consideration, showed the occurrence of species  
characteristic of slower steams and more tolerant of  
alterations in oxygen status (Kojčić et al. 1988, 1989, 

Pujin 1987, 1989). The influence of water impound 
upon the structure of zoocoenoses was also reported 
for certain Danube sections (Pujin 1990, Gulyas 
1994). Such a water control has resulted in an 
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increased threat of waste waters and, concurrently, 
significantly changing the zooplankton composition 
in the Tisza river. 

Significant qualitative and quantitative changes 
were found in the Oligochaeta fauna of the littoral 
zone of the Tisza river. Oligochaeta was found in all 
the analyzed samples where they dominated when 
compared with other hydrobionts. Our earlier inves-
tigations of the qualitative composition of the 
Oligochaeta community in the period 1974 to 1984 
showed the occurrence of 16 species from the two 
families (Djukić and Kilibarda 1985, Djukić et al. 
1993). In the period 1990-1994 however, only 13 
species belonging to two families were recorded 
(Table 3). In the whole period under consideration 
dominant species were Limnodrilus hoffmeisteri and 
Branchiura sowerbyi, the indicators of organic load 
and slower streams.  

 
Table 3. Qualitative composition of Oligochaeta community. 
 
                                                                       Period 
Species   1974-1984 1985-1990 1990-1994 
      
Naididae      
Dero digitata   + + + 
D.obtusa   + + + 
Nais communis   + + - 
N.elinguis   - + + 
Paranis  litoralis + + - 
Uncinais  uncinata + + - 
Stilaria  lacustris - + - 
Chaetogaster  sp. - - + 
      
Tubificidae      
Branchiura  sowerbyi + + + 
Limnodrilus  claparedeanus + + + 
L.hoffmeisteri   + + + 
L.helveticus   + - - 
L.udekemianus   + + + 
Peloscolex  velutinus + + + 
Potamothrix  hammoniensis + + + 
P.moldaviensis   - + + 
Psamorictides  barbatus + + + 
Iliodrilus  perieri + - - 
Isochaeta  michaelseni + - - 
Tubifex  montanus - + - 
T.tubifex   + + + 

 
Not only a reduced number of species, but also 

quantitative analysis have indicated  a sharp decrease 
in the Oligochaeta numbers when compared with 
former periods. Mean annual numbers for period 
1991 to 1994 ranged from 260 to 1,272 ind/m2, while 
maximum was ten times as low as the average annual 
numbers in 1990 (Fig. 1). The phenomenon is 
associated with changes in the environment, repre-
senting a consequence of building dams which slow 
streams and increase matter deposits. 

A quantitative analysis of the fish community 
including total catch data during the investigation 
period shows uniform annual values amounting 
approx. 100,000 kg/year. The highest percentage of 
the fish community belongs to lithophilous species 
(Acipenser ruthenus, Barbus barbus, and certain 
Abramidinae and Percidae), as well as Carrasius 
auratus gibelio with values exceeding 50% at certain 
sections. Qualitative analysis of the ichthyofauna 
structure shows certain changes when compared with 
the investigated period 1984 to 1988, primarily re-
flected by the reduction of numbers of certain phy-
tophilous species such as Esox lucius, the majority of 
Cyprinidae, and certain Percidae possibly due to a 
constant reduction of the flood zone and low water 
level (Maletin et al. 1990). Also, a significant reduc-
tion of phytophils, as well as certain drop in numbers 
of A. ruthenus and Silurus glanis was reported 
(Djukić et al. 1994). The percentage of C. carpio in 
total catch was found to be 20%, decreasing slowly, 
despite a permanent stocking. It should be empha-
sized that  these changes are less evident at the Tisza 
II section (from the river mouth to the dam near Novi 
Bečej) due to a greater stability of water level and 
larger flood zone. 
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Fig. 1. Mean annual abundances of Oligochaeta community in 
river Tisza. 

 
Both qualitative and quantitative changes in the 

fish community inhabiting the Yugoslavian portion 
of the Tisza are even greater when compared with the 
period 1974-1983. The average annual catch was 
app. 120,000 kg twenty years ago with significant 
mass percentages of S. glanis (27.49), E. lucius 
(13.42), A. ruthenus (10.28), and Stizostedion lu-
cioperca (6.27). At the same time percentage of C. 
auratus gibelio amounted only app. 7% (Budakov et 
al. 1985, Table 4). In the past twenty years signifi-
cant changes in  sex structure, namely a constant 
increase in male percentage, was recorded in the 
population of Prussian carp. 
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Table 4. Structure of total catch in lower Tisza river (in %) 

 
Period A. ruthenus S. glanis S. lucioperca C. carpoi E. lucius   C. auratus    Other  Total 
 74-80 10.28 27.49 6.27 18.50 13.42 7.39 16.65 100 
 81-83 4.20 10.60 7.00 7.53 5.13 22.70 42.94 100 
 84-88 4.00 6.12 3.84 10.63 4.28 40.71 30.42 100 
 90-94 3.68 2.88 3.64 8.15 1.39 50.61 29.65 100 

 
The majority of other introduced species showed 

a slow (Ctenopharyngodon idella, Hypophthalmich-
thys molitrix and H. nobilis), or a more rapid increa-
se in their numbers (Pseudorasbora parva) during 
the investigated period. An exception was Ictalurus 
nebulosus characterized by locally dependent stag-
nation or slow decrease in population numbers. 

From the biological and ecological aspects, such 
a distinct degradation of zooplankton structure, 
Oligochaeta community, and ichthyofauna, of the 
lower Tisza river is obviously due to an intensive 
influence of a complex of anthropogenic factors 
slowing streams and contributing to the water 
pollution. A culmination of the negative effect of the 
total spectrum of the abiotic and biotic factors upon 
the investigated zoocoenoses is recorded during 
summer (most frequently in August) when fish kill 
was regularly recorded in the past four years. 
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Abstract. At the territory of Banat province, in the southern part of the Pannonian Plain, about 100 
kilometers north of Belgrade, the appearance and seasonal dynamics of a bisexual population of 
Triops cancriformis over the period 1991-1995 was observed. 
A population of T. cancriformis appears regularly, i. e. every year when ephemeral ponds are 
formed. Hatching takes place between the beginning of March and the beginning of April when 
average temperature varies between 7 and 10 oC. Sexual maturity is reached after one month. A life 
span of two months is registered. 
During one year, several generations may appear at one month intervals, i. e. when sexual maturity 
of a previous one is reached. Up to three generations may be present simultaneously. Males are 
present during the whole season. They make 15-40 % of the population. 

 
Key words: Crustacea, Branchiopoda, bisexual population of Triops cancriformis, ephemeral 
ponds 
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Introduction 
 
Marinček (1961) registered, for the first time in 

Yugoslavia, presence of Triops cancriformis (Bosc 
1801) near the village Ečka close to Zrenjanin (Banat 
province). Later, this species was discovered in many 
other localities in the Pannonian Plain and in the 
easternmost part of the limnological area of the 
Dinaric West Balkan (according to Illies 1978). In 
the material collected only females were present 
(Marinček and Petrov 1994).  

During our investigations of Branchiopod fauna 
in 1991, at the territory of Banat province, about 100 
kilometers north of Belgrade, in the vicinity of the 
village Melenci, a rich fauna of these shrimps and 
among them a species Triops cancriformis, was dis-
covered. Males of Triops cancriformis were found 
for the first time in Yugoslavia (Petrov and 
Cvetković 1995). Since it has been the only finding 
of a bisexual population in Yugoslavia up till now, 
the appearance and seasonal dynamics of this species 
during the period 1991 - 1995 was observed. 

Material and methods 
 
Material was collected from ephemeral ponds on 

a pasture ground. In late winter, ponds were formed 
by snow melting while later on they were drained or 
refilled by rain falls. 

The area was observed at two week intervals 
from the beginning of February up to the beginning 
of August. Depending on the rain fall, the number 
and size of ponds varied considerably. The number 
of ponds was between 3 and 46, but after heavy rains 
almost all the area was covered with water and ponds 
were fused (sometimes completely). The volume of 
ponds varied between 88 and 0.03 m3 (most fre-
quently less than 5 m3) and their depth did not ex-
ceed 50 cm, most frequently being 5 - 20 cm. 

The presence of a species was established by in-
tensive sampling. Samples were taken with a hand 
net mesh size 1 mm. Because of the small size of 
ponds and the restricted number of individuals in 
them, only a few specimens of different size were 
always taken from each pond and fixed in 70% ethyl-
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alcohol. Carapace length was measured in order to 
establish the size of an animal . 

Official records of temperature and rain fall for 
this period were used. 

 
Results 

 
In 1991, from the beginning of the year until the 

end of March the amount of rain fall was very small 
(Fig. 1). The last 10 days of March were character-
ized by considerable increase of precipitation. This 
caused a formation of numerous ephemeral ponds 
and a hatching of Triops cancriformis at the begin-
ning of April. At this time the average temperature 
for the decade was 10.9 oC

 
and the minimum tem-

perature 0.1 oC. Only young individuals were col-
lected on April 13th (Fig. 2), and from May 12th, 
sexually differentiated specimens were found. Up to 
the beginning of June a high amount of precipitation 
was maintained. A rapid decrease of rain fall in June, 
followed by increase of temperature (maximum tem-
perature up to 35.5 oC) caused drying of ponds to the 
middle of June, and consequently a disappearance of 
Triops. Average temperature for the decade was 22.1 
oC and the maximum was 32.4 oC. During its whole 
life span Triops grew rapidly; maximum length of 
carapace attained was 3.2 cm.  

Since the climatic conditions were favourable the 
second generation appeared in May and the third one 
in June. In the second generation the growth was 
faster than in the first one. Individuals of the third 
generation did not reach sexual maturity because 
soon after their appearance ponds were dried up. 
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Fig. 2. Carapace length of Triops cancriformis of different age in 
1991. (Specimens of individual generations grouped together. 
Individuals from different ponds are in separate columns) 

 
In 1991, males appeared simultaneously with 

females. They were present during the whole season 
and their proportion was 16-40 % of the population. 

From the end of June to the beginning of August 
the amount of precipitation was very high again, but 
the ponds were not formed because of high tempera-
ture (average above 21 oC, and the maximum up to 
29.7 oC) and extremely desiccated soil. 

The whole 1992 was very dry and warm so that 
the ephemeral ponds were not formed, and T. cancri-
formis could not develop. 

The year 1993 was similar, but with somewhat 
more rain fall at the end of March and in the mid-
April. During that period ephemeral ponds were 
formed. Their number and distribution was similar to 
those in 1991, but because of higher temperature and 
considerably lower precipitation from the end of 
April, these ponds lasted only for one month. T. can-
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Fig. 1. Annual fluctuation of temperature and rain fall in 1991 - 1995 (mean, maximum and minimum temperatures, and precipitation 
amount for decades are shown) 
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criformis appeared by the mid-April, but it could not 
reach a sexual maturity. At the time of hatching, av-
erage and minimum temperatures were similar to 
those in 1991 (10.7 oC and 0.6 oC respectively), 
while at the time of disappearance of T. cancriformis 
average temperature was only 17.2 oC and maximum 
was 24.7 oC.  

The year 1994 was characterized by higher 
amount of rain fall and also with higher temperature 
in January and February compared to previous years. 
This caused an early formation of ponds but to much 
less extent than in previous years, and earlier ap-
pearance of T. cancriformis. Hatching took place in 
the second half of March when average temperature 
was about 10 oC and a minimum one 0.7  oC. The 
development was faster because of a higher tempera-
ture in the period after hatching; adult specimens 
were present as early as the middle of April. It is in-
teresting that in the period of maturation the tem-
perature dropped twice beneath zero (-1.2 and -0.4 
oC). As the amount of precipitation was very low 
from the end of February, and the temperature in-
creased rapidly, the ponds were dried out by the 
middle of May when the population of Triops disap-
peared. At this time average and maximum tempera-
tures were 19.8 oC and 32.2 oC respectively. 

In 1995 climatic conditions were especially fa-
vourable; extremely high amount of precipitation and 
its timing, together with favourable temperature, 
caused a formation of ponds and their drying for 
several times, what made the appearance of several 
generations of T. cancriformis possible. 

High amount of precipitation in January caused 
an early formation of ponds (at the beginning of Feb-
ruary) in a much higher number than in previous 
years, but hatching did not take place until the be-
ginning of March. At the time of hatching average 
temperature was 7.5 oC and the minimum -1 oC. 
Young individuals were collected for the first time on 
March 17th (Fig. 3). As in the previous year, 
temperature dropped several times below zero (up to 
-2.9 oC) over the period from hatching to sexual 
maturity. 

Because of a considerably low precipitation at 
the end of March and the beginning of April, and an 
increase of temperature most ponds were dried out. 
In a few that remained, sexually differentiated 
specimens were found at April 15th. During the pe-
riod of sexual maturation a relatively slow growth 
was observed. Having attained sexual maturity, the 
growth became considerably faster so that in mid-
May, when the last individual of this generation was 
found, carapace reached 3.2 cm in length. 
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Fig. 3. Carapace length of Triops cancriformis of different age in 
1995. (Specimens of individual generations grouped together. 
Individuals from different ponds are in separate columns) 

 
In the middle of April the increase of rain fall 

caused a new formation of ponds, but to a much less 
amount than earlier. Most of newly formed ponds 
lasted for only a month when they went dry again. 

At the time when ponds refilled, a second gen-
eration of T. cancriformis appeared. This generation 
reached sexual maturity by mid-May, and disap-
peared by mid-June. A growth of the specimens was, 
in contrast to the first generation, uniform during the 
whole life time, but a maximum size they reached 
was smaller (carapace length about 2.8 cm). 

About in the middle of May a third generation 
appeared. This generation reached sexual maturity 
somewhat earlier (at the beginning of June) and dis-
appeared by the beginning of July. The growth of this 
generation was uniform, like the previous one, and 
with a similar rate, but a maximum body size attained 
was smaller (carapace length about 2.3 cm). 

From the end of May to the middle of July un-
usually high amount of precipitation caused a forma-
tion of numerous ponds for the third time during that 
year. The number of ponds and their distribution was 
at the beginning similar to that after second forma-
tion of ponds, but in mid-July almost all the area in-
vestigated was covered with water. The ponds lasted 
by the beginning of August. 

At about the time when ponds refilled for third 
time, a new, forth generation of T. cancriformis ap-
peared. This generation reached sexual maturity by 
the middle of June and was present in the ponds until 
they dried out at the end of July. The growth of this 
generation, like two previous ones, was uniform. 
Maximum carapace size attained was about 2.2 cm. 

Finally, at the beginning of July a fifth genera-
tion appeared; it lasted until the drying of ponds. At 
the time when a population of T. cancriformis finally 
disappeared the average temperature was about 23.3 
oC and a maximum temperature attained 32.7 oC. 
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In September the amount of precipitation was 
high again, but the ponds were not formed because of 
high temperature (average temperature was 16.4 oC, 
maximum one 27.5 oC) and extremely desiccated soil. 

As in 1991, season males were present during 
the whole; they appeared in each generation and 
made 15-38 % of the population. By the beginning of 
June they were considerably less frequent than later 
on (Fig. 4). 
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Fig. 4. Fluctuation of sex ratio in the population during the season 

 
It is interesting to mention that Triops cancri-

formis was never present in all the ponds formed, al-
though they were very close to each other, sometimes 
less than 1 m apart. Triops cancriformis was found in 
8 - 39% of ponds (an example is given in Fig. 5). 
When ponds were fused it was restricted to certain 
areas. 
 

 
 
Fig. 5. Spatial distribution of Triops cancriformis 

 
Discussion 

 
Due to a periodical fusion of individual ponds in 

the area studied, and high possibility of transferring 
eggs from one pond to another, it may be assumed 
that the individuals of Triops cancriformis inhabiting 
different ephemeral ponds make a single population. 

A population of Triops cancriformis appears 
with large individual numbers and regularly, i. e. 
every year when ephemeral ponds are formed. This is 
opposite to Hempel-Zawitkowska's (1967) obser-
vation in Poland where this species seldom occurs in 
small water bodies, and with a small abundance. 
Although regularly present, T. cancriformis is never 
found in all the ponds formed. At the beginning of 
the season (in early spring) its distribution is spo-
radic. Later on it is present in more and more ponds, 
but never in all of them. 

Hatching takes place between the beginning of 
March and the beginning of April when the average 
air temperature varies from 7 to 10 oC, and a mini-
mum one is usually between 4 and 6 oC, but some-
times also about zero. Since the investigated ponds 
are very shallow, there is a little difference in tem-
perature between the water and the air. This means 
that temperatures at which hatching takes place in 
our population are much below the level of tempera-
ture (12-25 oC) established by Gaschott (1928) and 
Hempel-Zawitkowska (1967) at which eggs of T. 
cancriformis may hatch. Furthermore, after hatching, 
larvae and young individuals can endure even lower 
temperatures (up to -2.9 oC). This is in accordance 
with Gaschott (1928) who states that T. cancriformis 
can tolerate temperatures between 0 and 41 oC. 

Eggs of the population investigated may hatch 
with or without previous drying. In the later case 
hatching usually follows after heavy rain fall. This 
causes a change of osmotic pressure what is probably 
a stimulus for hatching. The time of the appearance 
of T. cancriformis and its distribution in individual 
ponds during the season confirms the existence of all 
three types of eggs that Hempel-Zawitkowska (1967) 
has established in the parthenogenetic population of 
this species, i. e. eggs which may hatch in the same 
year without drying, eggs which will hatch next year 
after drying and eggs which hatch only after several 
times of repeated drying and irrigation. 

Sexual maturity is reached after one month. The 
first sexually differentiated individuals may be found 
between the middle of April and the beginning of 
May. Individuals of our population need much more 
time to attain sexual maturity than those from a par-
thenogenetic population from Poland (about 12 days; 
Hempel-Zawitkowska 1967) or France (10 days; 
Nourisson and Aguesse 1962). 

An individual life span of about 2 months and a 
5 months life span of a population is established dur-
ing our investigations. From the literature it may be 
concluded that the life span of a population of T. 
cancriformis varies considerably, e. g. it is 12-29 
days (Hempel-Zawitkowska 1967) or about 3.5 
months (Grasser 1933) or 4 months (Čuvachin 1929). 
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Ramult (1938) found that the population always died 
shortly after attaining maximal development, and 
Hempel-Zawitkowska (1967) stated that most of the 
populations observed died suddenly before the 
drainage of the pond. During our investigations we 
have not noticed such cases; on the contrary, our 
population was present in the pond up to their 
desiccation. 

Hempel-Zawitkowska (1967) investigated the 
effects of temperature and drying on the hatching of 
larvae of T. cancriformis and found that eggs may 
hatch without previous drying, but she did not found 
the second generation in the same season. She sup-
posed that some unknown factors exist which cause 
an inhibition of egg development, or that metanauplii 
are eaten by adult individuals. We have found that 
several generations (up to 5) may appear during one 
year. New generations appear at one month intervals; 
this is a time when sexual maturity of previous 
generation is reached. Since up to three generations 
may be present in the same pond at a time, it is 
obvious that the parental generation does not affect 
the new one. 

The growth rate of succeeding generations is 
faster and more uniform than that of the first one, and 
sexual maturity is reached earlier (after 25 and 20 
days) probably because of more favourable condi-
tions (higher temperatures in the first place). A time 
necessary for reaching sexual maturity in the 
youngest generation is closer to that in the partheno-
genetic populations from Poland and France. A 
maximum size of individuals attained is smaller in 
every succeeding generation, and a life span is 
somewhat shorter. 

The investigated area was inhabited with bisex-
ual population of T. cancriformis. The presence of 
males was established whenever ponds were main-
tained long enough to reach sexual maturity. Males 
appeared simultaneously with females; they were 
present in the population during the whole period and 
in all generations. Males made 15-40 % of the 
population. At the beginning of the season (up to the 
end of May) they were less frequent, while later on 
they were twice as abundant. An increase of tem-
perature could be the reason of this, since it is known 
that within the species of T. cancriformis bisexuality 
is normal in the southern part of its range, while in 
more northerly regions males become less frequent 
and they are totally absent in the extreme north of the 
range (Longhurst 1955, Hempel-Zawitkowska 1967). 
The frequency of males varied considerably in 
individual ponds at the same time probably due to 
local conditions. On July 6th in one pond, as many as 
77 % of males were present. 

 

Conclusions 
 

On the basis of our five years investigations it 
may be concluded that a bisexual population of 
Triops cancriformis appears regularly with large in-
dividual numbers in the vicinity of the village Me-
lence, in the Banat province. This species is never 
present in all the ponds formed. 

Hatching takes place when the average tempera-
ture reaches 7-l0 oC, and the minumum one 4-6oC. 
Larvae and young individuals can endure even lower 
temperatures. Eggs may hatch with or without 
previous drying. Three types of eggs are produced. 

Sexual maturity is reached after one month. In-
dividual life span is about 2 months, and life span of 
a population is 5 months. 

If the climatic conditions are favourable during 
one year, several generations may appear. Up to 
three generations may be present at a time. The 
growth rate of succeeding generations is faster, but a 
maximum size of individuals and a life span is 
shorter in every succeeding generation. 

Males appear regularly and in all generations. 
The frequency of males increases during the season. 
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SEASONAL DYNAMICS, PARASITIZATION AND COLOUR 
POLYMORPHISM OF THE PEA APHID, ACYRTHOSIPHON PISUM 
(HARRIS) (APHIDIDAE, HOMOPTERA) ON ALFALFA IN THE 
SOUTH PART OF THE PANNONIAN AREA 

Ž. Tomanović, M. Brajković, M. Krunić and Lj. Stanisavljević 

Tomanović, Ž., Brajković, M., Krunić, M. and Stanisavljević, Lj. (1996): Seasonal dynamics, 
parasitization and colour polymorphism of the pea aphid, Acyrthosiphon pisum (Harris) (Aphididae, 
Homoptera) on alfalfa in the south part of the Pannonian area. — Tiscia 30, 45-48. 

 
Abstract. Over the period 1992 to 1994, individuals  of the pea aphid, Acyrthosiphon pisum were 
collected in the localities Kovilovo and Surčin near Belgrade, in order to analyze its seasonal dy-
namics, colour polymorphism and parasitization. Samples of pea aphid were collected by sweeping 
inside the field, and every sample contained ten subsamples. 
Aphid parasites were obtained by rearing aphids. We found that parasite spectrum of the pea aphid 
in Yugoslavia includes four species: Aphidius ervi, A. eadyi, A. picipes and Praon barbatum. 
Dominant species was A. ervi. 
We have also observed the influence of parasitization on the seasonal dynamics of the pea aphid. 
The greater the autumn parasitization of the pea aphid population, the greater the number of 
emerged parasites next spring which also means the greater the parasitization of the pea aphid 
population. If the autumn parasitization is low, the next spring parasitization of the population is 
also low. 
Colour polymorphism is an important self-regulating mechanism of pea aphid population. We found 
that neither of the four parasite species showed preference to any colour form of pea aphids. 

 
Key words: pea aphid, parasitoid, population density, colour forms. 
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Introduction 
 
The first faunistic investigations of aphids on 

alfalfa were carried out by Tanasijevic (1966) in 
Pannonian area of Federal Republic of Yugoslavia. 
He pointed out that during a vegetation period three 
aphid species lived on alfalfa: Acyrthosiphon pisum 
(Har.),  Therioaphis trifolii (Mon.) and  Aphis crac-
civora Koch. It was also found that A. pisum was 
more abundant than the two other species, and 
appeared on alfalfa during the whole vegetation 
period. 

Among the most significant natural enemies of 
the pea aphid are their primary parasites belonging to 
the family Aphidiidae (Hymenoptera) (Starý 1962, 
1972, 1974a, b, Starý et al. 1980, Hozak 1968, Jia-
Hua Chen et al. 1990). 

Green, red and yellow forms of the pea aphid are 
known. In North America only green form has been 
recorded (Harper et al. 1978), while in Europe in 
addition to the most abundant green form, there are 
also red and somewhat less frequent yellow ones. 
Individuals of the green form have the highest 
reproductive capacity. Relationships between these 
forms are various depending on many factors (Honek 
1982). 

The main goal of this paper was to observe the 
seasonal dynamics of the pea aphid and to estimate 
the influence of primary parasites on it. 

 
Material and methods 

 
Samples for analysis of seasonal dynamics were 

taken in the period 1992 to 1994, in the localities 
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Kovilovo and Surčin near Belgrade on a 50 ha of 
alfalfa fields. Samples were taken during the whole 
alfalfa season in 1992 and 1993 in the Kovilovo site, 
but in the whole season in 1993 and spring in 1994 in 
the Surčin site. 

Sweep net of 30 cm in diameter was used for 
collecting samples. Sweepings were carried out in-
side the field, 100 m far from the field margin to 
avoid edge effect. Each sample consisted of ten sub-
samples (two rows of 5) 20 m apart. Each subsample 
consisted of ten strokes of the net (Hozak 1968, Starý 
1970, Maiteki et al. 1986). Pea aphids were put into 
plastic bottles closed by gauze and were counted 
immediately in the field. 

Primary parasites were obtained by rearing the 
collected pea aphids from which parasites emerged 
after a week or two. The percentage of population 
parasitization was given by the rate of mummified 
aphids (emerged and non-emerged) to the total 
number of aphids. We used Starý's (1974a, b) and 
Tobias's (1986) keys to determine the primary 
parasites. 

In the Kovilovo site in 1992, coloured forms 
were separated immediately in the field and were 
reared in plastic bottles to obtain parasites and de-
termine their preference for colour forms. Statistical 
test of colour preference was performed with t-test. t-
values were calculated wit the following formula:  

t
x x

Sx Sx
=

−
−

1 2

1 2

 

where x1 and x2 are the mean values of primary para-
sites preferring red and green forms, respectively, 
and Sx1-Sx2 is the standard error of difference of ar-
ithmetical means in basic set. Degree of freedom was 
12, and the critical values of t-test are t0.05=2.179 and 
t0.01=3.055. 

 
 

Results and discussion 
 

Parasi te  spectrum and relat ive number of  
parasi tes 

In 1992 in the studied localities, 374 parasites 
were obtained by rearing the pea aphid. The most 
frequent species was Aphidius ervi Hal. (62.8%), 
somewhat less frequent was Praon barbatum Mack. 
(26.6%), while Aphidius eadyi Starý and A. picipes 
Nees were relatively rare in the parasite spectrum of 
the pea aphid (8.3% and 2.7%, respectively; Table 
1). In 1993, 94 parasites were obtained by rearing, 
47.9% of which belonged to A. ervi, 33.0% to A. 
eadyi, 14.9% to P. barbatum and 4.2% to A. picipes. 
In 1994, the 78 reared parasites consisted of 87.2% 
Aphidius ervi, 9.0% A. eadyi and 3.8% Praon barba-

tum. A. picipes was not observed in the first months 
of that year. 

Aphidius ervi was the most frequent in the para-
site spectrum of the pea aphid (Table 1) which may 
mean that it is the best adapted species in the locali-
ties investigated. 
 
Table 1. Number of the pea aphid parasitoids in the years studied. 
 

 A. ervi A. eadyi A. picipes P. barbatum 
 % Σ % Σ % Σ % Σ 
1992 62.8 235 8.3 31 2.7 10 26.2 98 
1993 47.9 45 33.0 31 4.2 4 14.9 14 
1994 87.2 68 9.0 7 0 0 3.8 3 

 
Seasonal  dynamics and parasi t izat ion of  
the pea aphid 

The first aphids (fundatrices) were collected on 
19th April at Kovilovo site in 1992 which means that 
they emerged at the end of March or at the beginning 
of April. There were several maximum values of 
population abundance in that year (Fig. 1). At the 
beginning of May the population density of the pea 
aphid  rose gradually, but that trend was temporarily 
stopped by harvesting of alfalfa. By the end of June 
the population reached its maximum size (2003 indi-
viduals per 200 sweepings), whereas under the influ-
ence of sweeping and climatic factors (temperature, 
humidity) it later temporarily fell. In late July the 
abundance of the population rose up to 1368 indi-
viduals per 200 sweepings. In August the population 
abundance fell again to several tens of individuals, 
and in September it rose to 461. 
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Fig. 1. Seasonal dynamics and rate of parasitization of the pea 
aphid at the Kovilovo site. Sampling dates in 1992: 19-Apr, 23-
Apr, 10-May, 31-May, 08-Jun, 14-Jun, 21-Jun, 09-Jul, 15-Jul, 26-
Jul, 16-Aug, 22-Aug, 13-Sep; those in 1993: 13-Apr, 19-Apr, 25-
Apr, 02-May, 10-May, 28-May, 05-Jun, 03-Jul, 15-Jul, 13-Aug, 
04-Sep, 14-Sep, 24-Sep, 14-Oct, 28-Oct 

 
The first aphid parasites were gathered by 

sweeping on 19th April, while the parasitization of 
the aphid population was recorded at the beginning 
of May (14.3%; Fig. 1). Later in the season, the 
parasitization rate decreased gradually, since the 
parasite population could not follow the population 
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growth of pea aphid due to their lower reproductive 
capacity. This spring parasitization (14.3% in early 
May), however, is very significant, as it did not allow 
the rapid increase of the pea aphid population at the 
Kovilovo site in 1992. At the end of the season at the 
same site, the percentage of parasitization was very 
low, 0.8% on 13th September. Such a low autumn 
parasitization of the pea aphid population meant that 
only a small number of parasites would appear in the 
following spring, so that next spring (in 1993) the 
parasitization was hardly recorded (Fig. 1). That was 
one of the most important reasons for very quick 
growth of the pea aphid population next spring. On 
5th June, 1993 over 10,000 individuals were 
recorded. At the end of the season a slight increase of 
parasitization was observed, the maximum 
parasitization rate was recorded on 28th October 
(7.7%). Similar situation was observed at the Surčin 
site in 1993 (Fig. 2). Spring parasitization was ex-
tremely low while the pea aphid population grew 
rapidly reaching the number of 6549 individuals in 
mid-May. It was only the end of the season when the 
parasitization increased gradually reaching its maxi-
mum value on 30th October (5.1%). The autumn in-
crease in 1993, which was a few times larger than in 
the autumn 1992, implied that the parasitization 
would play more significant role in spring 1994 then 
did in spring 1993. In 1994 at the Surčin site the 
parasitization was recorded as early as the end of 
April (9.7%; Fig. 2), while the maximum number of 
pea aphids (612) was recorded on 23th May. 
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Fig.2. Seasonal dynamics and rate of parasitization of the pea 
aphid at the Surčin site. Sampling dates in 1993:15-Apr, 20-Apr, 
26-Apr, 03-May, 11-May, 17-May, 12-Jun, 19-Jun, 16-Jul,  
28-Jul, 07-Sep, 23-Sep, 10-Oct, 30-Oct; those in 1994: 15-Apr, 
28-Apr, 23-May. 

 
Hence, parasitization as a population regulating 

factor is the most important in spring when the 
abundance of pea aphid is relatively low and the 
parasite activity is the most effective, since the num-
ber of aphids is reduced at the very beginning and 
hinder their growth later. The spring parasitization of 
the pea aphid population depends on its autumn 

parasitization in the previous year. The greater the 
autumn parasitization, the greater the number of 
emerged pea aphid parasites in spring which also 
means the greater the number of parasitized pea 
aphids. 

 
Seasonal  dynamics of  colour forms 

At the Kovilovo site in the middle of April, 
1992, the first collected samples of pea aphid were 
green and they belonged to fundatrix generation (Fig. 
3). Red forms were firs recorded at the beginning of 
May reaching the rate of 46%. In 1992 when the 
population density was relatively low, the percentage 
of red form was relatively high during that year 
(47.3±8.4%). Next year the population size was rela-
tively high, and the number of red forms gradually 
rose during the year. Similarly at the Surčin site in 
1993, at large population size of pea aphids the per-
centage of red forms was relatively low (Fig. 4). 
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Fig. 3. Seasonal dynamics of colour forms of the pea aphid at the 
Kovilovo site. Sampling dates are the same as on Fig. 1. 
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Fig. 4. Seasonal dynamics of colour forms of the pea aphid at the 
Surčin site. Sampling dates are the same as on Fig. 2. 

 
In our opinion, colour polymorphism is an im-

portant self-regulatory mechanism of pea aphid 
population as population maintains its size near op-
timal level favouring red forms which have lower fe-
cundity than the green forms. But in years when the 
number of pea aphids is relatively high (1993) the 
percentage of red forms should be relatively low. 
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Parasi t izat ion of  colour forms 
One of the factors that may influence the rela-

tionship between colour forms of pea aphids is the 
parasitization. The green form is generally more 
parasitized (Table 2) which is understandable as it is 
more frequent than the red form. Using t-test, we 
pointed out that there was no preference of A. ervi 
(t=0.537), A. picipes (t=0.787), A. eadyi (t=0.194) 
and P. barbatum (t=0.444) to any colour forms. 
 
Table 2. Preference of pea aphid parasitoids to different colour 
forms in the Kovilovo site (1992). 
 

 A. ervi A. eadyi A. picipes P. barbatum 
date green red green red green red green red 
10.5. 15 19 - 1 - 1 7 5 
31.5. 10 10 - - - - 3 1 

8.6. 7 5 2 - 3 - 4 5 
14.6. 6 6 1 2 - - 9 8 
21.6. 61 31 4 3 2 2 4 6 
15.7 3 1 - - - - 3 4 

26.7. 18 16 - - 1 - 17 11 
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IN THE SZIGETKÖZ FLOODPLAIN OF THE DANUBE 
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Guti, G. (1996): Species composition of juvenile (0+) fish assemblages in the Szigetköz floodplain 
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Abstract. Samples of juvenile fishes were collected with a point abundance sampling strategy using 
electroshocker at 27 sites in the Szigetköz floodplain in late summer 1992. Species composition of 
assemblages was examined and related with the habitat types (parapotamon, plesiopotamon) by 
principal component analysis. From the 27 species recorded the juveniles of 21 species were found. 
The distribution of juvenile fishes was correlated with the general flowing conditions of the 
backwaters and their actual connectivity with the main channel. 
 
Keywords: parapotamon, plesiopotamon, backwater, electrofishing, point abundance sampling, 
principal component analysis  
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Introduction 
 
The enormous variability of the braided hydro-

system in the Szigetköz floodplain made possible the 
development  of diverse potamic biocenoses unique 
in Europe. Szigetköz is the geographical unit of the 
alluvial cone of the Little Danubian Plain on the right 
side of the Danube. Its borders are clearly marked by 
a 59 km section of the main river and the 129 km  
Mosoni Danube, a meandering arm. 

In the second half of the 19th century the exten-
sive regulation of the Szigetköz became necessary 
because of navigational problems and damages 
caused by inundation. The flood protection dikes di-
vided the original floodplain into two ecologically 
distinct areas: the old floodplain is protected from 
floods by dikes, the active floodplain is situated be-
tween the dikes and the main channel of the Danube. 
It had an area of only 6 % of the former floodplain. 
The rolling and suspended alluvial sediment having 
been deposited on the former floodplain accumulated 
on the narrow active floodplain, and this process 
accelerated the aggradation of the main channel and 
the silting up of the side arms (Guti 1993). A new 
extensive regulation of the Szigetköz started in the 
1960's. Since the 1980's, the intensive gravel ex-
tractions from the main channel have resulted in the 
deepening of the river bed, and the side arm systems 

were fed by surface water directly from the Danube 
during only 20 % of the year. The construction of the 
Gabčikovo River Barrage has exacerbated the situa-
tion. Since the end of 1992, its implementation, the 
diversion of the Danube's discharge away from the 
floodplain, has threatened the region's environment 
(Daubner 1981, Holčik et al. 1981, Holčik 1991, 
Guti 1993).  

Despite numerous regulation hitherto made, 
there is a wide spectrum of aquatic habitats in the 
Little Danubian Plain (Bastl 1991). In general, owing 
to the great diversity of floodplain habitats, the 
number of fish species, the density of their popula-
tions, the ecological production and the fishery catch 
in the sections of rivers bordered by floodplains are 
very high. Adjacent reaches, which do not have such 
an extensive diversity of habitats, have lower value 
(Holčik et al. 1989).  

Before the operation of the Gabčikovo River 
Barrage, the side arms of the active floodplains in the 
Little Danubian Plain were connected with the main 
channel of the Danube and they played a prominent 
role in the reproduction of fish, especially for open 
substratum spawning phytophils, phytolithophils and 
lithophils (Holčik et al. 1981, Holčik 1991). The 
spatial distribution of juvenile fish is related to the 
reproductive potential of floodplain habitats, and so 
it provides essential information for any future 
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floodplain restoration attempts. The juveniles of 
nearly all species remain in their spawning ground 
and use it as a nursery area, and the density of juve-
niles tends to stabilize towards the end of the spawn-
ing season in late summer and early autumn (Copp 
1989, Penáz et al. 1991). The present study aimed to 
describe the species composition of juvenile (0+) fish 
assemblages in the active floodplain of the Szigetköz 
before the hydrological changes caused by the 
Gabčikovo River Barrage.  

 
Methods 

 
The classical methods for the examination of the 

natural fish assemblages are based on the qualitative 
estimation of the composition of the temporary as-
semblages, i.e. the De Lury method applying the data 
of cumulative fish catches efforts or the mark and 
recapture Petersen method (Ricker 1975). These 
methods produce reasonable data first of all on 
streams and small rivers. The spatial and temporal 
distribution of fish assemblages in large rivers is 
quite heterogeneous. As a result, classical population 
density estimation methods would require huge 
samples to avoid miscalculations, but it is not 
realistic (Persat and Oliver 1991). A  new approach 
to the study of riverine fish assemblages was the 
point abundance sampling method and strategy 
(Nelva et al. 1979). It was basically a high number of 
small samples instead of several large ones, which 
provides better statistical data for indicating the pres-
ence of populations with patchy distribution and a 
description of the spatial structure of the assem-
blages. At the end of the 1980's Copp and Penáz 
(1988) developed a new version of the point abun-
dance sampling for the investigation juvenile fish 
assemblages by some technical changes, and it was a 
purposeful complement of the research programme 
of fluvial ecosystems in the Rhone river (Penáz et al. 
1991). 

Our study was implemented in 27 sampling sites 
in the active floodplain of the Szigetköz between rkm 
1817 and 1840. The investigated sites were sub-
divided into parapotamic and plesiopotamic type of 
habitats (Roux et al. 1982, Amoros et al. 1987). At 
each sites, sampling was carried out with point 
abundance sampling strategy at 20-40 sampling 
points at a distance of approximately 10 m-s from 
each other in a random distribution. Fish were col-
lected with a battery-powered electroshocker of a 
low output (80 W). A special anode of 10 cm devel-
oped for the catching of juvenile fish was used. A 
rubber boat was needed to reach the sampling points. 
The anode was put fast at a depth of 50 cm and the 
shocked fish were collected with a 1 mm mesh size 

dipnet of 35 cm in diameter. Small fish specimens 
were preserved in a 4 % formaldehyde solution.  

From the material recorded, a data matrix of 
sampling points by fish species was created and the 
mean number of fish per sample, the index of aggre-
gation (Southwood 1984) and the frequency distribu-
tion were calculated for each species. For the ty-
pological analysis of sampling sites (habitats), an-
other matrix was derived from the data set. The 
numerous point samples taken from one site were 
summed and the resulting matrix contained the 
abundance of the fish species at each sampling site. 
This sites by species matrix was converted to 
absence/presence and then submitted to centered and 
normalized principal component analysis (Copp 
1989). 

 
Results 

 
Samples were taken at 27 sampling sites in the 

active floodplain of the Szigetköz between August 4 
and 19, 1992. Seven sites were plesiopotamic, the 
others parapotamic (Table 1). In the sampling period 
the water level of the Danube was very low and the 
side-arms were fed only by groundwater. Slow, local 
flow was observable at the narrow and shallow sec-
tions of some parapotamic side arms. Most of the 
plesiopotamic habitats were completely disconnected 
to other side arms. 

During the survey, 5923 individual fish were 
caught in 730 samples from the 27 sampling sites. 
The standard length of the fish varied between 12 
and 353 mm. From the 27 species recorded the juve-
niles (0+) of 21 species were found (Table 2). Alto-
gether 4849 fry were collected, which was 82 % of 
the total number. There were six species Carassius 
carassius, Cobitis taenia, Lota lota, Stizostedion lu-
cioperca, Gymnocephalus schraetzer and Gymno-
cephalus baloni, which were represented only by 1+ 
or older individuals. 

The juveniles of Rutilus rutilus were the com-
monest. It was followed by Alburnus alburnus, 
Blicca bjoerkna, Rhodeus sericeus amarus, etc. (Fig. 
1). The average individual number per sample was 
low with the exception of roach, which were repre-
sented by more than four individuals in a sample as 
an average. The aggregation index was the highest 
again with roach. It was high with A. alburnus, R. 
sericeus, Leuciscus leuciscus and Barbus barbus as 
well indicating the common occurrence of this spe-
cies in groups. 

The ordination resulting from the PCA of the 27 
sampling sites by 21 fish species matrix (Fig. 2a) dis-
tinguished the slow flowing and stagnant sites, with 
most of the variance being accounted by PC1,  
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Fig. 1. The mean number of individuals per samples (X), the 
index of aggregation (IA) and the frequency of occurrence (f) of 
0+ fish species collected in the Szigetköz floodplain, in August 
1992. 
 
as well as the species-poor and species-rich sites 
(PC2). The first two component of the analysis 

accounted for 34 % of the variation. The species 
richness of the sites is indicated with a square size 
relative to the numbers of species sampled. The 
presentation of the PC1×PC2 ordination by the habi-
tat types (Fig. 2b) demonstrated that stagnant plesio-
potamon type habitats (Sites: 2, 5, 6, 8, 10, 23, 24) 
are ordinated to the lower right, whereas the parapo-
tamic habitats are ordinated from the left side to the 
upper right, which indicates their greater variance. 
The sampling sites where slow flow was observable 
(Sites: 3, 7, 15, 17, 20) are ordinated to the left side. 
In the stagnant sites, the grain size of the deposited 
mineral sediments referred to the slope gradient of 
the channel and the current velocities during inunda-
tion, therefore these sites were subdivided into two 
groups according to the dominant bed materials. 
Stagnant parapotamic sites where the bottom was 
composed of gravel (Site: 4, 9, 12, 13, 16, 21) are 
ordinated to the lower central, while the sites where 
the bottom consisted of sand and silt (Sites: 1, 11, 14, 
18, 19, 22, 25, 26, 27) are ordinated to the upper 
right. 

According to the groups of the sampling sites, 
the frequency distributions of juvenile fish species 
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were calculated (Fig. 3). Rheophilic fishes occurred 
in the parapotamic side arms, however three of them, 
Leuciscus cephalus, Gobio gobio and Aspius aspius 
were collected from plesiopotamic waters, too. Eury-
topic and limnophilic species were present both in 
parapotamic and plesiopotamic habitats, though 
Abramis brama was not found in plesiopotamon type 
of water.  
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Fig. 3. Frequency of occurrence (f) of 0+ fish species in the 
habitat types subdivided according to the PCA ordination of the 
sampling sites in Fig. 2. 
 

In the samples, 48 % of the species were rhe-
ophilic, 38 % of the species were eurytopic and 14 % 
of the species were limnophilic. PCA ordination of 
the fish species as defined by sampling sites (Fig. 4) 
presented the rheophilic, eurytopic and limnophilic 
fishes, however ecological groups were not distin-
guished sharply. Rheophilic species are ordinated to 
the lower left, some of them were in the upper centre. 
Limnophilic species are ordinated to the lower right. 
The three most frequently encountered species (R. 
rutilus, A. alburnus and B. bjoerkna) were eurytopic, 
which are ordinated to the central zone. 

 
Discussion 

 
Before the operation of the Gabčikovo River 

Barrage, at the end of 1980's, and at the beginning of 
1990's most side arms were parapotamic and plesio-
potamic in the active floodplain in the Szigetköz. 
Parapotamic side arms are permanently connected 

with the main channel at their downstream ends. 
Their flow, which is fed by both surface and 
groundwater may reverse due to water level fluctua-
tions in the main channel of the river. Macrophytes 
are scarce but phytoplankton is rich and abundant. 
The fish fauna is rather diversified and the ich-
thyomass is moderate. Plesiopotamic backwaters are 
permanent or temporary stagnant formerly side arms. 
They are sometimes fed by groundwater. Their size 
changes according to the hydrological conditions. 
Macrophytes grow densely, phytoplankton is very 
abundant, algal blooms frequently occur. The fish 
fauna is mildly diversified and icthyomass varies 
from very low to very high (Holčik et al. 1989). 
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Fig. 4. The PCA of the fish species (see Table 2) as defined by the 
stations, from the Sites by Species matrix. 

 
Over the sampling period, in August 1992, the 

backwaters were not fed by surface water in the Szi-
getköz, and as a consequence the current velocity 
decreased in the side arms and  water temperature 
was higher than in the main channel. According to 
the deposition of the suspended sediment turbidity 
declined, primary production increased, the dissolved 
oxygen was higher and its daily fluctuation was more 
extreme. The hydrochemical and hydrobiological 
changes were more pronounced in more disconnected 
side arms (Tevanné Bartalis 1987). In stagnant 
backwaters there was a considerable vertical and 
diurnal thermal and dissolved oxygen stratification. 

The species composition of juvenile fish assem-
blages and their distribution were related to the gen-
eral flowing conditions of the sampling sites studied 
in the Szigetköz. The species richness of the assem-
blages were different in the parapotamic and plesio-
potamic backwaters, the juveniles collected repre- 
sented 21 and 13 species, respectively. In the subdi 
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Table 1: List of the sampling sites in the active floodplain of the Szigetköz. Habitat: para = parapotamon, plesio = plesiopotamon,  
* = slow flow, Sampl.: number of samples per site; F. ind. = number of collected juvenile fish per site; F. sp. = number of juvenile fish 
species. 
 

Code Site Habitat Date Sampl.  F. ind. F. sp. 
       

1 Szigeti arm para Aug.12 20 194 13 
2 Jegenyés arm plesio Aug.12 10 95 10 
3 Kecölcés weir  para* Aug.04 30 171 13 
4 Csákányi arm I. para Aug.04 30 135 11 
5 Csákányi backwater plesio Aug.07 30 118 7 
6 Muki oxbow plesio Aug.12 10 88 7 
7 Doborgazi canal weir  para* Aug.06 20 48 7 
8 Schisler oxbow plesio Aug.07 30 38 4 
9 Csákányi arm II. para Aug.05 30 46 7 

10 Akali arm plesio Aug.06 30 75 5 
11 Kerekesciglés arm I. para Aug.11 30 209 9 
12 Kerekesciglés arm II. para Aug.11 20 105 9 
13 Bodaki arm I. (Kôhíd) para Aug.11 30 21 4 
14 Bodaki arm II. para Aug.05 30 44 5 
15 Gombócos weir  para* Aug.17 25 235 13 
16 Újszigeti arm para Aug.17 35 200 10 
17 Halrekesztô weir  para* Aug.17 40 238 15 
18 Halrekesztô arm para Aug.15 30 348 11 
19 Morva arm para Aug.15 20 207 10 
20 Szürke weir  para* Aug.19 30 364 12 
21 Öntési arm para Aug.19 30 124 8 
22 Pókmacskási arm para Aug.19 30 303 11 
23 Pókmacskási oxbow plesio Aug.19 30 146 8 
24 Ásványi backwater plesio Aug.16 20 248 8 
25 Béka arm para Aug.16 30 452  
26 Szilfási arm I. para Aug.18 30 275 14 
27 Szilfási arm II. para Aug.18 30 322 10 

 
 
Table 2: Species recorded in juvenile fish assemblages in 1992 in the active floodplain of the Szigetköz, with indication of their 
ecological groups (Schiemer and Spinder 1989) and their occurrence (+) in parapotamic and plesiopotamic habitats. 
 

Code Species Ecol. group Parap. Plesiop. 
     

Bb Barbus barbus rheophilic + - 
Cn Chondrostoma nasus rheophilic + - 
Ll Leuciscus leuciscus rheophilic + - 
Li Leuciscus idus rheophilic + - 
Lc Leuciscus cephalus rheophilic + + 
Ga Gobio albipinnatus rheophilic + - 
Gg Gobio gobio rheophilic + + 
As Aspius aspius rheophilic + + 
Vv Vimba vimba rheophilic + - 
Al Abramis ballerus rheophilic + - 
     

Aa Alburnus alburnus eurytopic + + 
Rr Rutilus rutilus eurytopic + + 
Bj Blicca bjoerkna eurytopic + + 
Ab Abramis brama eurytopic + - 
Pf Perca fluviatilis eurytopic + + 
Gc Gymnocephalus cernuus eurytopic + + 
Pm Proterorhinus marmoratus eurytopic + + 
Ca Carassius auratus eurytopic + + 

     
El Esox lucius limnophilic + + 
Rs Rhodeus sericeus amarus limnophilic + + 
Se Scardinius erythrophthalmus limnophilic + + 
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visions of the parapotamon type arms, the number of 
the species was same, but the composition of the as-
semblages was slightly dissimilar. Great differences 
were detected in terms of the nursery capacity of the 
parapotamic habitats in the French section of the 
Rhone river. Such aspects the actual degree of con-
nectivity with the main channel, and the intensity of 
groundwater alimentation appeared to be especially 
decisive. The increasing intensity of primary produc-
tion considerably deteriorated the nursery of juve-
niles (Penáz et al. 1991). According to these experi-
ences, a decreasing tendency of abundance of rhe-
ophilic species appeared in the habitats in the direc-
tion from slow flowing parapotamon towards stag-
nant parapotamon with sand and silt composed bot-
tom in the Szigetköz. 

Owing to the low input of water in the flood-
plain, the distribution of rheophilic fish was limited 
and the occurrence of limnophilic species were rela-
tively wide-spread. Juveniles of rheophilic species 
clumped in the slow flowing habitats, mainly below 
the cross weirs, which may function as refuges for 
them, during the low discharge period in late sum-
mer.  
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1996 is a jubilee in the history of journal Tiscia, 

since it reached the 30th volume. It was founded in 
1965 as the official platform for the Tisza Research 
Committee and for the research activity. Founders 
and members of the first editorial board were the 
professors and qualified researchers of József Attila 
University, Szeged. The starting editorial board 
consisted of three persons: editor in chief was Prof. 
Gábor Kolosváry, the initiator and promoter of both 
Tisza research activity and journal Tiscia, technical 
editors were György Bodrogközy (for 25 years) and 
Andor Horváth. 

Tiscia has been published as an annual periodi-
cal nearly continuously from 1965, and only in 1970 
and 1991 were short breaks in this continuity.  

The first 29 volumes contain 440 articles, titles 
of which are listed below. Number of authors is 231. 
Most of the authors were professors or students of 
JATE University, but many of them were secondary 
school teachers in cities along the river Tisza, or 
were working in water conservancy authorities. 

From 1979, Tiscia became international, since 
the list of authors was completed with Ukrainian, 
Romanian an Yugoslavian researchers, covering the 
whole range of river Tisza. Next larger step of 
changes in the character of the journal was in 1991. 
Until that year Tiscia accepted exclusively papers 
dealing with the life of the river Tisza or the Tisza 
valley. It resulted that over 85% of the contributions 
(371 items) dealt with the river Tisza, Tisza valley, 
backwaters and tributaries of Tisza. Only 5 % of the 
papers were written on plants or animals of other re-
gions or on theoretical and methodological problems 
as a consequence of the change in the editorial board. 
In 1991 the scope of Tiscia was widened in relation 
to the territory but limited to rather ecological 

studies. In that year also the format of the volumes 
altered, only the original logo was kept. 

Publications were very diverse in some respect. 
There were typical preferences, but there occurred 
rarities. Language of Tiscia is typically English: great 
majority of the articles was published in English, 
proportion of the 345 papers compared to the total 
number is 78%. 69 papers (16%) were written in 
German, mainly in the several first years of the 
journal. Only one volume was published in Hungar-
ian, but with English summary. From that year (11th 
volume in 1976) the articles appeared with 
Hungarian, Russian and Yugoslavian summaries (or 
also with English summary if written in Hungarian or 
Russian). In the course of the 29 years, only one 
paper was in French (Fig. 1). 
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Fig. 1 Distribution of languages in the 440 papers of the 30 
volumes. 
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As for the subject of the papers, we can see again 
some preferred issues, but the diversity is much 
larger (Fig. 2). Nearly one third of the papers were 
faunistical, because most of the researchers were 
zoologists, at the next two places of the rank order 
we can find ecology and floristics. Larger number of 
ecological papers was due to the modification of the 
scope of latest volumes. Very surprising the 
relatively low number of articles on plant com-
munities. This should be because Szeged was not a 
very strong centre for phytocenologists, only few 
botanists of the University belonged to this group. 
Also surprising that the number of zoocenological 
investigations is not proportional with the actual 
development of zoocenology compared to the phy-
tocenology, much more papers could have been ex-
pected on plant communities. 
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Fig. 2. Frequency distribution of preferred subjects in the 
publications. Only those key words are listed frequency of which 
exceeds 10. 
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