Successional Dynamics of Sand Dune Plant and Invertebrate Communities: the Role of Stress and Disturbances
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Introduction

The life of the biocenoses is very dynamic, and is controlled or forced by external or internal factors. Forcing factors may result in a trend in these dynamics, and this trend is called the succession of the community. The background of the changes is often multifactorial, but in each case the role of one or two canonical factors is established. The particular groups of the whole biocenosis are well organised and well-balanced, but may have different responses to environmental factors (Gallé et al. 1985, Györffy and Körmöczi 1987). Since the great complexity of the communities buffers the effect of disturbances that can result in some fluctuation, the real trend of succession can only be discovered in a longer period, sometimes in several decades. This was noticed by many authors, but the investigations are not so numerous.

Kiskunság National Park was founded at 1975, and that was the year we started the long-term study of a grassland habitat on sandy soil. The original aim of the work was to learn the consequences of abandonment of the pasture, i.e. the process of secondary succession of plant and animal communities. Since the climate of that region is rather continental, and the environmental conditions are extreme, the effect of land-use change interfered with other, shorter and longer lasting effects.

The sand dune region of Kiskunság is covered with patchy vegetation due to the large frequency of sand dunes, the undulating terrain, and to the large variation of soil moisture and of microclimate, etc. (Körmöczi 1983). The spatial arrangement of invertebrate communities is similarly mosaic-like, but the size of patches varies assemblage to assemblage. 

Responses of different communities to experimental disturbances have been studied for nearly 20 years.   Disturbances have included single but serious events of topsoil removal, isolation of stands, and repeated slighter effects of mowing, trampling, watering, and fertilisation.  During this period several years of the annual precipitation deficit stressed the communities to change their cenological character. Here we present some examples of the long-term population/community responses to the different kinds of impact.

Effects of climate change on grassland structure

Most habitats of sand dunes in the Kiskunság are strongly affected by the temporal variation of climate, since this area belongs to the arid region of Europe. The year by year fluctuation of precipitation may influence the composition of vegetation due to forcing or retarding the vegetative growth of certain species, but it hardly alters the cenological state of communities (Körmöczi 1988, 1991). Effects of longer period climatic fluctuations, such as several years of serious precipitation deficit (Fig. 1), however, should result in more dramatic change in vegetation structure, even causing the loss of a well defined cenological character.

We started the survey of dry sand grasslands in the late ‘70s in order to learn more about the effect of land use change on plant and animal communities. The investigation was carried out in the Bugac region of Kiskunság National Park, on a 2.4 ha fenced part of a sand pasture. We intended to observe the community level changes — secondary succession of grassland and invertebrate communities — after eliminating the grazing. Several years of this process showed slight changes in community composition, but the early ‘80s produced a dramatic change of weather (Pálfai 1995).

The precipitation poor period of about ten years not only interfered with the modification of land use but it became of crucial importance in vegetation changes. Some of the population responses may be considered as the consequence of drought.

Thirteen representative plots were selected in the study area, and 2×2 m permanent quadrats were established to monitor the processes. Percentage cover of each species was estimated. We recorded over 130 plant species in the whole 2.4 ha area, but only 81 species were found in the study plots, 27 of which played the main role in the vegetation changes: Achillea millefolium, Calamagrostis epigeios, Carex liparicarpos, Carex stenophylla, Cynodon dactylon, Dianthus pontederae, Eryngium campestre, Euphorbia cyparissias, Euphorbia segueriana, Falcaria vulgaris, Festuca pseudovina, Festuca vaginata, Galium verum, Holoschoenus vulgaris, Koeleria glauca, Medicago minima, Molinia caerulea, Ononis spinosa, Poa angustifolia, Poa bulbosa, Potentilla arenaria, Salix rosmarinifolia, Schoenus nigricans, Stipa capillata, Teucrium chamaedrys, Thymus pannonicus, and Verbascum lychnitis. Figure 2 shows the cover changes of four grass species in the mesic wind groove that manifested in the shift of cenological characters.

PCA ordination results of the data from the 1981-1998 period show that three main community types (Festucetum vaginatae, Potentillo-Festucetum pseudovinae, Molinio-Salicetum rosmarinifoliae) can be definitely distinguished. Position of each of them changed considerably, and it was mainly fluctuation, although a kind of trend also occurred (Fig. 3). The very different starting positions became closer meaning the homogenisation of vegetation occurred. This is more pronounced in the relationship of Potentillo-Festucetum pseudovinae and Molinio-Salicetum rosmarinifoliae.
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Fig. 1. Changes of aridity index from 1981 to 1998 in the Kiskunság region. (Aridity index derives from annual precipitation, mean annual temperature and ground water level. Higher values indicate more severe drought.)
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Fig. 2. Percentage cover values of four dominant grass species in one of the mesic stands.
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Fig. 3. Temporal trajectories in the PCoA ordination of the study plots. (FV: Festucetum vaginatae, PFP: Potentillo-Festucetum pseudovinae, MSR: Molinio-Salicetum rosmarinifoliae; only one plot per community type was selected!). Arrows indicate the trends of changes from 1981 to 1998. 

Stability and regeneration of  sand grassland vegetation

The community level stability is a central problem in ecology (Chesson and Case, 1986) A system is deemed stable if the variables all return to the initial equilibrium following their being perturbed from it (Gallé 1998). In specific cases the question is what are the relevant variables, and what is their equilibrium value, if they have any. Only the conclusions drawn from well-documented changes caused by natural or antropogenic disturbances help to prepare a good conservation management plan.

In the Bugac core area of the Kiskunság National Park the present vegetation is a mosaic-like complex of  different natural, transitional and degraded stands of sand grassland associations. As a part of the complex long-term ecological study program of the Department of Ecology, JATE University, different management methods (irrigation, mowing and grazing) were tested in study plots representing the two main vegetation types of sand dunes and wind grooves (see Gallé et al. 1991). In order to detect the vegetation changes, the percentage cover values of the plant species were recorded from 1991 in every June and September in permanent quadrats. To study regeneration, 1 m2 large propagulum free plots were established in eight different vegetation types in winter, 1992.  Percentage cover data of regenerating and intact plots were recorded yearly. During the study period 1992-1994 were years of severe drought, in 1991, and from 1995-1998 the weather was less extreme in the region.

Grazing is a traditional management practice in this area, but the number of disturbance tolerant and weed species is considerably higher in the continuously grazed study plots than in the ungrazed ones, meaning a decreased natural value.

The points, representing the differently managed plots are well separated on the PCoA ordination diagram (Fig. 1).  There is a difference between the first, dry years and the following normal ones especially in the wind-grooves (Margóczi, 1998). The population level changes in dominance structure, causing this difference to be explained in community level. Species turnover rate was higher in the plots of wind grooves than in the plots in sand dune position.  Irrigation decreased and grazing increased this measure in both positions (Fig. 2.).

The speed and manner of revegetation of propagulum free plots was very different in the studied vegetation types (Fig. 3.). Regeneration is fast only if the conditions of the site are optimal for the dominant species (e.g., xerotolerant Festuca rupicola or F. pseudovina in wind groove position). Recolonization of some dominant species (Molinia hungarica, Stipa borysthenica, Stipa capillata, Festuca vaginata) did not occur (or was very low). Presumably the present conditions (especially soil moisture) of the sites are suboptimal for establishment of these species. Clonal plants such as Potentilla arenaria or Thymus degenianus can occupy the place of dominant grasses temporally. Weed invasion was low, because of the relatively low rate of weed propagules in the seed rain.

The drought influenced the vegetation in Bugac area (see Körmöczi 1994), not only in the performance of plant populations, but the regeneration of communities as well. The described results indicate the decreased resistance of plant communities because of drought and present grazing pressure.
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Fig. 4.  Effect of different management practices on the vegetation. A: PCoA ordination (using percentage differences) of relevés, made in permanent plots of wind grooves.  (: first 3 years, a severe drought period; (: the following wetter 4 years.  B: Averages of species turnover rates.
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Fig. 5. Species composition of regenerating plots, comparing with an average of intact vegetation in the Molinia hungarica, and Festuca rupicola dominated stands.

Recovery of Auchenorrhyncha communities in a sandy grassland after removal of the topsoil

Studies of community-responses to different disturbances may help us to estimate the degree of resilience and resistance of communities, as well as to predict the duration and speed of regeneration after disturbances. In the present study our aim was to investigate the reorganisation of Auchenorrhyncha communities after a strong disturbance: removal of the topsoil . 

Investigations were carried out on a sandy pasture of the Kiskunság National Park. The main plant communities correlating to the relief were: Festucetum vaginatae (FV), a perennial xerothermic grass type; Potentillo-Festucetum pseudovinae (PFP), typical for the grazed area; and Molinio-Salicetum rosmarinifoliae (MSR), a mesic grass type. A 20 cm topsoil was removed in 1981 from a 600 square meter plot, which represented two characteristic terrains with about 1 m elevation difference. Pitfall and pan trap sampling was continuous during the vegetation period between 1982 and 1988; from 1989 traps worked only four times in a year (Györffy 1995). 

The density both of larvae and adults increased rapidly during the first three years. The number of adults was more or less similar in the two terrains, but more larvae developed in the lower one. The larvae/adults ratio reflects the suitability of the biotop for larval development. The more extreme upper terrain seemed to be less suitable, and its suitability changed considerably, especially in the first seven years. The number of species in the surrounding species pool was more than 150, while in the bare plot we collected only 63 (in Barber traps), and 91 (in pan traps) species respectively. The species number was higher in the lower terrain. The values became similar to that of the three control plots after a short increase by the sixth-seventh year. There were many species in the first three years that  were not able to colonise. 

There was no trend in the diversity and evenness changes in the upper terrain. In the lower one, however, the diversity increased during the first four years, while the evenness remained balanced. This corresponded to the changes of species number. The speed of species turnover decreased from 80% to less than 50% during the first three years (Jaccard index). The rearrangement of species dominance values was faster, and its directionality was higher in the lower terrain. The similarity indices between the Auchenorrhyncha communities of the two terrains reached the maximum values rather quickly. The difference between the species compositions was greater because of some common dominant species.

According to the PCA ordination of samples, the degree of change was higher in the lower terrain. The species composition of Auchenorrhyncha communities on the bare plot became more similar to that of Festucetum vaginatae community, but the maxi​mum values were not very high. The species dominance compositions in the two terrains were much more similar to that of Cica​dinea communities living in the Festucetum vaginatae. The increase of similarity in the lower terrain stopped after the third year.

The directionality of the rearrangement of community dominance composition was higher in the lower terrain. According to the PCA scatter diagram, the trends did not tend towards any of the three control plots (Fig. 6.). Each Auchenorrhyncha community changed considerably during the investigated period because of the continuous drought. Community organisation was probably directed mainly by microclimate and disturbance tolerance of the species. The determinant role of the disturbance- and stress-tolerant species was more characteristic in the upper terrain, but their dominances decreased gradually (Fig. 7.). In the lower terrain the importance of the disturbance-sensitive populations increased rapidly.
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Fig. 6. PCA ordination of Auchenorrhyncha samples from the bare plot and from the three control plant communities. (Barber traps, standardized data, reduced noise.) The letters L and U refer to the lower and upper terrains, the numbers refer to the years after disturbance.
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Fig. 7. Proportion of individuals belonging to different tolerance-groups in the two terrains
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