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INTRODUCTION

This thesis consists of four research papers (hereafter referred as /-/7) and a summary. The
summary begins with a general background of the studies (forest fragmentation and their
consequences). Further, the design and main results of the studies I-IV are presented, and

these results are discussed in the context of habitat fragmentation.

Forest fragmentation

Habitat fragmentation is one of the most important causes of species declines and extinctions
across the world (Saunders et al. 1991). Fragmentation reduces the total area of original
habitat, creates isolated subpopulations, thus disrupting individual behaviour (e.g. Davies and
Margules 1998), the exchange of genes between populations (e.g. Lacy and Lindenmayer
1995; Gaines et al. 1997), species interactions (e.g. Kruess and Tscharntke 1994; Arango-
Velez and Kattan 1997; Lei and Hanski 1997) and ecological processes (e.g. Robinson et al.
1992). Thus, habitat fragmentation can influence an entire suite of processes, ranging from
individual behaviour through population dynamics to ecosystem fluxes. The response of
animal species to habitat fragmentation depends on their dispersal behaviour, their
demography, their competitiveness, and on the size of the fragments (Kareiva 1987; Saunders
et al. 1991). Furthermore, habitat fragmentation occurs on many different spatial scales
(Simberloff 1988; Gibb and Hochuli 2002; Lord and Norton 1990; Kareiva and Wennergren
1995), and ranges from small breaks in an otherwise homogeneous habitat to widely scattered
fragments in a surrounding area (Wiens 1989). For each species, the relevant spatial scale is
different (Forman and Godron 1986; Wiens 1994). 1 studied the effects of habitat

fragmentation on carabid beetles at meso and macro spatial scale.

Study of habitat fragmentation at meso spatial scale

One consequence of fragmentation and isolated habitat loss is decreasing fragment size,
which leads to a decreasing proportion of interior habitat and increasing proportion of edge
(Murcia 1995) (Saunders et al. 1991). Changes in abiotic and biotic conditions in the edge
compared with the intact habitat are collectively called edge effects. Forest edges have
distinctive microclimates, there are abrupt changes in light regimen, substrate, water

conditions, and they are generally rich in microhabitats (Murcia 1995) there are changes in



radiation, predation, parasitism, and species interactions (Saunders et al. 1991; Murcia 1995).
These factors are highly significant for small animals such as insects, especially of ground-
dwelling beetles (Lovei and Sunderland 1996). Therefore the increased levels of human-
induced disturbance at habitat edges also affect species composition (Kruger and Lawes
1997). To counteract the negative effects of edges it is important to understand how species
respond to conditions in habitat edges (Haila et al. 1994). Therefore the goal of my studies (/-
111) was to test the edge effect hypothesis for carabids (Coleoptera: Carabidae) along forest-
grass transects. [ also examined the environmental variables that may be important to control
the distribution of ground-dwelling carabids, and thus can influence edge effect on carabid
beetles. My hypothesis was that changes in carabids are most pronounced in forest edge
characterised particular environmental conditions, and that according to the classical edge
effect hypothesis the diversity of carabids will be higher in the forest edge than in the forest
interior. Moreover, my objectives were to asses the extent of variation in distribution of
carabid species along the transects, and to relate this to habitat characteristics and to spatial

distribution of co-occurring carabid species.

Study of habitat fragmentation at macro spatial scale

Urbanisation and the loss of biotic diversity have a vital direct and indirect influence on the
biosphere (Vida 1978). One of the leading causes of habitat fragmentation is urbanisation.
Urban ecosystems are areas under profound and constant human activity. They are
characterised by high-density human habitation, intense transport processes, and only
remnants of natural habitats (Mclntyre et al. 2001). Urban ecosystems contain spatially
heterogeneous and temporally dynamic areas that differ from their surroundings and from the
natural, intact habitats. Since urban development is both spreading and intensifying,
knowledge about the functioning of urban ecosystems has vital importance in planning future
urban development in order to minimise environmental impacts (Mclntyre et al. 2001;
Niemeld 2000). Despite their global ubiquity, relatively little is known about how arthropods
respond to urbanisation (Eversham et al. 1996; Bolger et al. 2000;McIntyre et al. 2001; Gibb
and Hochuli 2002), even though urbanisation is regarded as one of the leading causes of
decline in arthropod diversity and abundance (Davis 1978; Pyle et al. 1981). Recently, a
multi-national research framework to assess and compare the influence of urbanisation using
a single group of invertebrates and standardised field methods has been initiated (GlobeNet,
Niemeld et al. 2000). Carabids were selected as the key taxon since they were sufficiently

varied both taxonomically and ecologically, abundant and sensitive to the changes of the



microenvironment and human disturbance (Scott and Anderson 2002). In the GlobeNet
projects three kind of forested habitats (urban parks, suburban forested area, and rural forest),
representing different levels of human disturbance and habitat fragmentation were selected
(Niemeld et al. 2002). The patterns and responses of carabid assemblages along this
urbanisation gradient may help guide management practices, especially in the case of
urbanisation problems. The effects of urbanisation can be explored through investigations of
biotic and abiotic changes along urban-to-rural gradients (McDonnell et al. 1997; Niemeld
1999, 2000; Niemeld et al. 2000). Several hypotheses try explain the effects of disturbance on
biotic communities. In study IV, 1 tested the following predictions for carabids in urban
environments: (1) diversity should be the highest in the suburban area according to the
intermediate disturbance hypothesis (IDH) (Connell 1978) (2) diversity should decrease from
a high in the rural area to a low in urban area (increasing disturbance hypothesis) (Gray 1987,
1989); (3) the abundance and species richness of the forestspecialist species should increase
from the more disturbed urban area to the less disturbed rural one (habitat specialist
hypothesis); (4) opportunistic species should gain dominance in the urban area (opportunistic
species hypothesis) (Gray 1989); (5) the mean body size of the species should decrease with
increasing disturbance level, in our case from the rural to the urban area (mean body size
hypothesis) (Gray 1989); (6) carabid assemblages should change along the urbanisation
gradient and therefore there should be characteristic and/or key species of the stages of the
studied gradient; and (7) certain environmental variables should predict the observed pattern

of carabid abundance and species richness.

MATERIAL AND METHODS

Study area and sampling design

Studies I-111

Sampling area was located at the North Hungarian Mountain in the Aggtelek National Park,
near the Mogyoros Peak (Haragistya). In this region oak-hornbeam forests (Querco-
Carpinetum) and a grass association (Polygalo majori-Brachypodietum pinnati) are the most

extensive. There are three habitat types on the research area:



(1) Grass (Polygalo majori-Brachypodietum pinnati), with dense herbaceous vegetation
dominated by Polygala major, Brachypodietum pinnatum, Filipendula vulgaris, Salvia
pratensis, Inula hirta, Geranium sanguineum. The litter layer, the shrubs and the canopy layer
are missing in this habitat. Its area was approx. 40 ha.

(2) Forest edge, with dense herbaceous vegetation originating from the adjacent grass. The
shrub layer is also dense in this habitat, consisting mainly of shrubs and saplings of the
canopy trees (Carpinus betulus, Corylus avellana and Prunus spinosa). The litter layer is
thick and the canopy layer is less closed than in the forest interior.

(3) Forest interior: oak-hornbeam forest, with thick litter layer, moderate herbaceous and
shrub layer and with 85-95 % canopy cover. The size of the forest stand was greater than 100
ha.

Beetles were collected using unbaited pitfall traps, consisting of plastic cups (diameter 100
mm, volume 500 ml) containing ethylene-glycol as a killing-preserving solution (Spence and
Niemeld 1994).

In study I (in 1997) two parallel transects of pitfall traps were established with 8 traps in each
of the 3 habitats.

In study II (in 1997-1998) the pitfall traps were arranged in a trapping station in each habitat,
containing 5 traps. Three replicated transects of trapping stations were set across the studied
habitats.

In study 111 (in 1999) three replicated parallel transects of pitfall traps were set across the three
studied habitats. There were 42 traps placed along each transect (14 traps per habitat).
Altogether there were 3x3x14=126 traps.

The transects were perpendicular to the forest edge. To provide adequate statistical
independence for pitfall samples, transects and trapping stations were set at least 50 meter
from each other (Digweed et al. 1995).

To study associations between the distribution of carabids and the environmental variables, |
studied five environmental factors. I estimated the percentage cover of the leaf litter layer, the
herbs, the shrubs and the canopy layer around each trap. I also studied the abundance of the
potential food resources of the carabids (abundance of other invertebrate that fell in the traps).
These invertebrates (e.g. Lumbricidae, Mollusca, Isopoda, Chilopoda, Aranea, and
Coleoptera larvae) are surface dwellings, therefore they can be regarded as food source for
the carabids. It was proved by serological method (Sergeeva 1994) that these invertebrates are

prey for carabids. In study II the temperature of ground at 2cm depth, the air temperature on



the surface and the relative air moisture was measured near each trap monthly on a typical

sunny day in the morning. The statistical analyses were based on averages.

Study IV

The study areas were in Debrecen (Eastern-Hungary), the second largest city of the country.
Three forested sampling areas were selected along an urbanisation gradient within the
boundaries of the city, and in the surrounding forest reserve. This represented urban, suburban
and rural areas, according to the GlobeNet standard (Niemeld et al. 2000). In the urban park
area, several paths with asphalt surface were created and the shrub layer was strongly thinned
resulting in a park character, while in the suburban area the fallen trees were removed. All
sampling sites were situated in continuous patches of forest dominated by English oak
(Quercus robur) and covering at least an area of 6 ha. The typical, native forest association of
the sampling sites was Convallario-Quercetum (Téthmérész and Torok 2003).

Four sites were selected within each sampling area. Carabid beetles were collected at each of
the 4 sites of the 3 studied areas using pitfall traps. Ten traps were placed randomly at each
site. This resulted in a total of 120 traps scattered along the urban-rural gradient. The pitfall
traps were unbaited, consisting of plastic cups containing 75% ethylene glycol as a killing-
preserving solution. The traps were covered with bark pieces to protect them from litter and
rain (Spence and Niemeld 1994). Trapped beetles were collected fortnightly from the end of
March to the end of November, 2001. For the numerical analyses I pooled samples from the
whole year. Nine environmental factors were measured that can affect the distribution of
carabid species (Thiele 1977; Lovei and Sunderland 1996). Ground temperature at 2cm depth,
air temperature on the surface and relative humidity on the surface were measured adjacent to
each trap monthly on a typical sunny day in the morning. The statistical analyses were based
on averages. | also estimated the cover of leaf litter, decaying wood material, herbs, shrubs
and canopy around the traps within a circle of 2m diameter. I also counted the number of

potential prey for carabids (Sergeeva 1994).

Data analyses

In all study the IndVal (Indicator Value) approach was applied to find indicator species and
species assemblages characterising the grass, the forest edge and the forest interior (7, II and

111) respectively the urban, suburban and rural areas (/V)(Dufréne and Legendre 1997). To



start of this approach consists of obtaining a classification of sample units using one of the
classical methods of data analysis. I obtained a typology from the principal coordinates

analysis using Bray-Curtis index of percentage similarity for carabid abundances.

Studies I-11

The species richness was characterised by the Shannon diversity. Analyses of variance
(Kruskal-Wallis non-parametric ANOVA (1) respectively ANOVA, Friedman-test (/1)) and
Tukey-type multiple comparisons (7, 1I) were used to determine differences in the carabid
diversity per trap and in the studied environmental variables between the three habitats of the
transects. Spearman rank correlation (1) respectively multiple linear regression analyses (7)
were used to study the relationships between the environmental measurements and the
diversity of carabids (Zar 1984). Non-metric multidimensional scaling (MDS) based on the
Rogers-Tanimoto similarity was used for species composition (ZI). Principal coordinates
analysis (PCoA) using the Bray-Curtis dissimilarity (1) respectively the Bray-Curtis and
Matusita similarities (1) were used to assess similarities in abundances of carabids among the

traps (Digby and Kempton 1987). I used the NuCoSA package (Téthmérész 1993).

Study 11

Principal coordinates analysis (PCoA) using the Bray-Curtis index of similarity was used for
carabid abundances to asses similarities in carabid assemblages of the traps (Gauch 1986). |
used the NuCoSA package (Tothmérész 1993). To characterise the spatial distribution of

carabids, I calculated the index of dispersion, 15, which is defined as the variance-to-mean

—¢*/x 2, . .
ratio (Diggle 1983): Iy =s /x’ where § is the variance, and * is the average number of
individuals. An 10 value close to one indicates a random distribution. 16>1 indicates

aggregated, while 16<1 indicates regular distribution. The departure from randomness can be

_ 27
tested by the test statistic 12 = =DS"/X 14 hag approximately 42 distribution with (n-1)

degrees of freedom. This approximation is reasonable provided n>6 and x >1.

Multiple regression was used to study whether any of the environmental measurements and of
abundance of the other carabids could be used to predict distribution of a particular carabid
species. Catches of the common carabid species were compared among the traps of each

habitat with Kruskal-Wallis nonparametric ANOVA. A Tukey-type multiple comparison was



then used to compare catches from the habitat types (Sokal and Rohlf 1995). For the eighteen
most frequent species the correlation between the number of trapped individuals and the
degree of their aggregation was calculated by the Pearson’s product-moment correlation.
Before the calculations the number of individuals was transformed by a logarithmic
transformation to provide normality. The correlation between the abundance of a species and
number of traps from which it was recorded was calculated by the Spearman rank correlation.

The analyses were done by the SPSS-PC program.

Study IV

I used nested analyses of variance (ANOVA) to test

- differences in the overall carabid abundance and species richness among the sampling areas
and among the sites;

- differences in the number of individuals and species richness in three ecological groups (i.e.
forest species, generalist species and openhabitat species) — into the carabid beetles were
divided according to their habitat preference (Hiirka 1996);

- changes in carabid body size along the urban-rural gradient;

- the difference in the dominance structure among the sampling areas and among the sites;

- the ratio of the number of individuals of the opportunistic (generalist) carabid species to the
total number of individuals for all the 120 traps.

The distribution of data used in the ANOVA model was normal (tested by the Kolmogorov-

Smirnov test, Sokal and Rohlf 1995). When ANOVA revealed a significant difference

between the means, an LSD (least significant difference) test was performed for multiple

comparison among means. The composition of the carabid assemblages along the studied
urbanrural gradient was compared at site level by cluster analysis based on presence-absence
data using the Serensen index of similarity and the group average fusion algorithm. Non-
metric multidimensional scaling (MDS) was applied to assess similarities in the abundance of
carabids among the sites using the Bray-Curtis index of dissimilarity (Legendre and Legendre

1998). The relationships between the environmental measurements and the abundance and

species richness of carabids were examined by forward and backwards stepwise multiple

linear regression analyses (Sen and Srivastava 1990). Forward stepwise multiple linear
regression analysis provided a better fit; thus, I used this method as suggested by the

statistical literature (Kutner et al. 1996).



RESULTS AND DISCUSSION

Forest fragmentation on meso-scale (Studies I-111)

Edge effects on carabids

The analyses of variance provided that there was variation in the carabid diversity among the
habitats for the transects in 1997 (I) and in both years of study II. By the Tukey-type
posteriori test it is evident that the Shannon diversity was significantly (»p<0.05) higher in the
forest edge and the grass than in the forest interior in both studies and years, but the
differences in diversity between the forest edge and the grass were not significant (Figure 1.).
The same diversity pattern was shown by the pooled samples of the habitats. My results show
that there is a significant edge effect on the carabid assemblages. The diversity increased
along the transects from the forest interior towards the grass. The significant difference in
species richness between the forest interior and the grassland is known from the literature.
Similar results were published for forests and the surrounding open habitats (Halme and
Niemeld 1993; Niemeld and Halme 1992; Levesque and Levesque 1994; Niemeld et al.
1992b; Segers and Bosmans 1982). I found no significant difference in the diversity of the
grassland and the forest edge, which also corroborates the edge effect on carabids, because
forested habitats usually are significantly less diverse than the open areas, as was reported by
the above mentioned papers. Studying carabids of farmland-forest transects, similarly to my
result, Bedford and Usher (1994) also reported that open habitat and forest edge have higher
species richness than the forest interior. Baldi and Kisbenedek (1994), Butovsky (1994),
Asteraki et al. (1995) also showed that diversity is higher in the forest edge than in the forest

interior.

Ordination of the carabid assemblages and indicator species

According to the results of PCoA and MDS we can state that samples from the forest interior,
forest edge and the grassland were different from each other. There was a linear gradient in
the composition of the carabid assemblages along the transects, namely the carabid
assemblages change gradually from the forest interior towards the grass along the transects
(Figure 2). The arch effect usually represents linear gradients (Gauch 1986). Instead of the

almost continuous variation of the composition of the assemblage along the gradient, carabid



samples of the grass, the forest edge and the forest interior are separated from each other. The

composition of the samples from the forest edge and the forest interior were more similar to
each other than the samples from the edge and the grass.
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Figure 1. Average Shannon diversity of carabids per trap (with SE) in the studied habitats in 1997 (A)

and in 1998 (B) in study II. Means with different letters indicate a significant (p<0.05) difference by
Tukey-type multiple comparison.
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Figure 2. Ordination (MDS) of the pitfall catches based on species composition by the Rogers-
Tanimoto similarity (Study II). (®) Grassland; (V) Forest edge; (W) Forest interior.

According their habitat preference the collected carabid species can be divided into five
groups by indicator species analysis: (1) habitat generalists that occurred numerously in all
habitat types; (2) grassland-associated species, that were recorded exclusively in the grassland
or were the most abundant in the grassland; (3) forest generalists, that occurred exclusively in
the forested habitats or were the most abundant in the forest habitats (forest interior and forest
edge); (4) forest specialists that were captured numerously in the forest interior; and (5) edge-
associated species that were recorded exclusively in the edge or were the most abundant in the
forest edge (1, Il and III) (Table 1). However the analyses of indicator species show that all
studied habitat types have characteristic assemblages of carabid species associated with them.
On the studied scale the habitats are not isolated from each other and there appears to be
dispersal between the adjacent habitats. The high diversity of the forest edge may be caused
by small scale dispersal processes, as carabid beetles are able to cover large distance while
looking for food (Baars 1979b; Magura 1995). Other efficient causes of the dispersal
processes could be the exhibit density-dependent migration (Griim 1971), aggregation in
habitats with high amount of prey available (Bryan and Wratten 1984) and movement
between reproduction habitat and hibernation habitat (Wallin 1986; Andersen 1997). The



changes of the monthly distribution pattern of carabids in the habitats suggesting that there
must be seasonal movement between the adjacent habitats. In study I I analysed the indicator
species separately for each month. Pterostichus oblongopunctatus was significant character
species for the forest interior from March to April, and it was significant character species for
the forested habitats (forest interior and forest edge) from May to June, while it was again a
characteristic species for the forest interior from July to November. For the pooled samples it
was significant characteristic species for the forested habitats. Similar behaviour was
observed in the case of Pterostichus burmeisteri. Furthermore, with decreasing of canopy
cover, the species typical mostly of open habitats (e.g. Pterostichus melanarius, Synuchus
vivalis, Harpalus rufipes and Carabus montivagus) can immigrate into the forest edge
increasing the diversity. Spence et al. (1996), studying carabids in a clear-cut area and in the
adjacent residual pine forest, also reported that open-habitat species can colonize the forest
edge due to less canopy closure and to changes in microclimate. Forest interior species (4bax
ovalis, Abax parallelus and Aptinus bombarda) can also move into the forest edge. The
discussed dispersal processes and the edge-associated species contribute to the increased
diversity of carabids in the forest edge. Overall, edge effect on carabids is due in part to the
presence of species characteristic of each of the adjacent habitats (forest interior and
grassland) plus species inhabiting the edge. These edge species may find habitats at the edge
that are not present in either habitat alone, or they may require two structurally different
habitats in close proximity to one another.

In the three studies I found twenty-five common species and only six species showed different
habitat preference by the analyses of indicator species. These differences could be explained
with the low number of individuals in case of Abax carinatus and Amara convexior. These
species are asymmetrical indicator, according to the IndVal terminology, which means that
their presence cannot be predicted in all sites of one habitat, but contribute to the habitat
specificity. Furthermore several studies state that 10 traps placed in a habitat is sufficient to
obtain a quantitative picture about the ground beetle community of the habitat (Baars 1979a;
Benest 1989; Refseth 1980). On the other hand my results show that this pitfall number seems
insufficient if our goal is the examination of the small-scale distribution of the carabids. Since
in study Il was the number of the traps per habitat the highest (42 traps were arranged in each
habitat), therefore the results of this study are the most reliable. Furthermore the small-scale
dispersal processes between the habitats also could explain the differences between the habitat
preference of a particular species. A different seasonal movement between years could lead to

a different habitat preference along the years.






Spatial pattern of carabids along the transects

In study III 1 found a strong, positive correlation between the abundance of a species and
number of traps from which it was recorded. The collected 40 species can be partitioned into
four distinct groups according to their frequency of occurrence among the 126 traps. Two
species (Abax parallelepipedus and Molops piceus) which were found in more than 100 traps
and represented by a mean of more than 3 individuals per trap, were designated as habitat
generalists and eudominant species. Five other species (Pterostichus oblongopunctatus,
Pterostichus burmeisteri, Carabus violaceus, Abax ovalis and Carabus hortensis) that were
captured in more than 55 traps with more than 1 individuals per trap can be mentioned as
dominant species. Eleven other species, which were found in 20-40 traps and were
represented by a mean catch of more than 0.15 individuals per trap, can be designated as
subdominant species. The other 22 species that were captured in less than 20 traps with less
than 0.15 individuals per trap, are rare species. The dominant and subdominant species of
study III generally showed aggregated distribution. There were 19 cases where the statistical
test was applicable and 18 distribution patterns out of 19 were significantly aggregated.
Similarly to Niemeld and Spence (1994) I also found significant positive correlation between
the number of individuals and the degree of aggregation for the eighteen studied species
(r=0.6375, p=0.0033, n=19) (III). This may be interpreted as more abundant species are more
aggregated. Sometimes, variation in carabid catches among the fourteen traps in the same
habitat was greater than the variation among habitats indicating the importance of strong
microhabitat variations controlling carabid distribution. Differences among the habitats in the
number caught individuals, on the other hand, were significant for all the dominant and
subdominant species, except Carabus convexus, Carabus nemoralis and Carabus intricatus
(II1). The analyses of indicator species and the variation in carabid catches among traps and
habitats also show that the collected carabid species have a clear habitat and microsites
preferences with specific environmental conditions. In the literature (Niemeld et al. 1985,
1996), four not mutually exclusive factors are mentioned that might explain the spatial
distribution of carabid beetles: (1) autecological characteristics of the species, (2) small-scale
dispersal, (3) interspecific interactions, and (4) differences in environmental conditions
(habitat heterogeneity, food resources, microclimate, etc.).

The observable small scale dispersal processes at the research area were discussed above.

At the studied spatial scale, the occurrence of other carabids was a significant predictor of the

abundance of a particular dominant and subdominant species (77I). Most of the correlations



were positive, suggesting similar respond to habitat properties. Previous works (Niemel4 et al.
1992b; Niemeld and Spence 1994) also reported few negative relationships. These
relationships were usually between species of clearly different body sizes or seasonal
activities, or both, and are probably better attributed to different microhabitat preferences than
to effects of interspecific interactions. In study III there was a negative relationship between
the spatial distribution of the small Synuchus vivalis and the much larger Carabus arcensis
which also showed maximum activities at different times of the season. For similar reasons
interspecific competition is not a likely explanation for the other pairs of species showing a
significant negative relationship: Carabus arcensis and Harpalus rufipes; Carabus
montivagus and Harpalus rufipes (111).

Interspecific competition may be suspected to contribute to the negative relationship between
Molops piceus and Pterostichus burmeisteri which are of similar size and showed similar
habitat preference and similar patterns of seasonal activity. Other data sets (Magura and
Molnar 1997; Magura and Téthmérész 1997, 1998; Magura et al. 1997, 19984, b) suggest that
negative interactions are not a general feature of these two species. Niemeld (1988) and
Niemeld and Spence (1994) also reported two carabid species with similar size and seasonal
activity which showed negative interaction in a forest habitat, while these species in other
forest associations showed a high overlap in spatial distribution and in seasonal activity
(Niemeld et al. 1992bh; Niemeld and Halme 1992) or there were no correlation between the
occurrence of the two species (Niemeld et al. 1993). These facts suggest that the type of
relationship between the occurrence of carabids may not be a general feature. The interactions
can vary among habitat types with different environmental attributes. Further manipulative
and non-manipulative studies are necessary to prove the presence of competition between
Molops piceus and Pterostichus burmeisteri because distributional data (spatially non-
overlapping distribution) are just the first step to evaluate the mechanism of interspecific

competition (171).

Environmental factors controlling carabids distribution and diversity

In study 1 1 found, that the plant cover (leaf litter, herb or canopy cover) and prey abundance
significantly influenced the diversity of ground beetles along the transects. On the other hand
the results of study II showed that the relative air moisture, the ground temperature and the
cover of the herbs were the most important factors determining the diversity of carabids along

the studied transects. For this reason I examined whether any of the environmental



measurements could be used to predict distribution of a particular carabid species (//1). The
results of the multiple regression analyses show that the relative cover of the leaf litter was a
significant negative predictor for two carabid species (Abax parallelepipedus and Aptinus
bombarda). Cover of the herbs was a significant positive predictor for Carabus coriaceus.
Relationship between the cover of shrubs and the carabids' catch was significant for two
species (Abax parallelepipedus and Molops piceus). Canopy cover was a significant positive
predictor for Abax parallelepipedus. Abundance of carabids' preys was a significant positive
predictor for three carabids (Carabus convexus, Harpalus rufipes and Synuchus vivalis (I11).
The importance of the microclimate in structuring carabid assemblages is emphasized in
previous studies (Néve 1994; Butterfield 1997). The positive relationship between the ground
temperature and the carabid’s diversity can be explained by the fact that higher ground
temperature may provide favourable sites for aestivation, hibernation, egg and larval
development (Thiele 1977). The significant positive correlation between the relative air
moisture and the diversity of carabids is expected because higher air moisture may produce
favourable microsites for carabids in the studied area.

The significant negative correlation between canopy cover and carabid diversity could be
because ground beetles characteristic of grassland can colonize the forest edge if canopy
closure is low and thus microclimate is more favorable for them. On the other hand the
multiple regression analyses showed that canopy layer was a significant positive predictor for
Abax parallelepipedus. This is a habitat generalist, but significantly more individuals were
captured in the forest interior than in the other habitats, suggesting the importance of
microsites preference within the movement area.

The negative correlation between leaf litter cover and ground beetle diversity was unexpected
because it is argued that deep leaf litter layer enhances ground beetle diversity through
producing favorable microsites (Niemeld and Spence 1994). However, Guillemain et al.
(1997) showed that an increase in litter thickness was accompanied by a decrease in both total
beetle abundance and species richness. The proportion of forest species has also increased,
due to the disappearance of some ubiquitous species. At sites where litter got thicker,
ubiquitous species tended to become less abundant and ultimately disappeared leaving only
typical forest species in the assemblage. In the forest interior with thick litter, most habitat
generalists, edge-associated species and grassland-associated species disappeared producing a
decreased diversity of the assemblage. The significant negative association between leaf litter
and Abax parallelepipedus and Aptinus bombarda is surprising. Loreau (1987) reported that

Abax parallelepipedus is active mainly at the surface of the litter. Perhaps this species can



move easier in a habitat with limited litter layer. The same may be supposed for Aptinus
bombarda.

The significant positive correlation between the diversity of carabids and the cover of herbs
may be explained by the structure of habitats, as carabid beetles depend more on a habitat
structure than on specific plant species (Spence et al. 1996). Previous works demonstrated
that vegetation structure and its derived changes in microclimate (e.g. temperature and air
moisture) are likely to be one of the most important factors controlling and structuring the
distribution of carabids (Niemeld et al. 1992aq; Sustek 1994; Verschoor and Krebs 1995;
Magura et al. 1997, 2000). Greater heterogeneity of vegetation accompanied higher diversity
value of the carabid assemblages (Bedford and Usher 1994; Blake et al. 1996). Liebherr and
Mahon (1979), Refseth (1980), Parmenter and MacMahon (1984) and Niemela et al. (1996)
also pointed out that the diversity of carabids was related to the heterogeneity of the habitat.
In the case of the forest edge it can be stated that the herbs from the adjacent grassland and the
shrubs from the forest significantly contributed to the heterogeneity of the habitat and
supported the development of microhabitats.

With the increasing of coverage of the vascular plants (cf. habitat heterogeneity) the
microclimatic conditions become more favourable for the majority of carabids and their egg
and larval development (Thiele 1977). As the majority of trapped carabids are non-specialised
predators, scavengers or omnivores, percentage cover of the herbs may increase the amount of
herbivorous invertebrate prey available for carabids and may provide a more uniform resource
distribution in time (Niemeld and Spence 1994; Niemeld et al. 1994, 1996). The abundant
prey through the smaller resource-overlap (MacMahon 1980; Parmenter and MacMahon
1984) and the decreased intra- and interspecific competition (Miiller 1987; Loreau 1989,
1990) may explain the high diversity observed in the forest edge and grassland and the

positive relationships between the abundance of carabids' preys and the four carabid species.

Forest fragmentation on macro-scale (Study IV)

Responses of carabids to urbanisation

Urbanisation causes several forms of disturbance, such as alteration, fragmentation and
isolation of indigenous habitats, changes of temperature, moisture and edaphic conditions, and

pollution (Gilbert 1989; Niemeld 1999). Gray (1989) hypothesised that in habitats influenced



by disturbance, overall diversity should decrease, opportunistic (generalist) species should
gain dominance and the mean body size of species should decrease. My results did not
confirm the increased disturbance hypotheses. The number of collected carabid species was
significantly higher in the rural and the urban areas than in the suburban one (Figure 3 A).
The overall species richness of carabids was almost as high in the urban area as in the rural
one (Figure 3 D). Overall species richness changes along the disturbance gradient (urban-
rural gradient) can be complex, because in a group of taxa, species richness may increase or
decrease with disturbance depending on their habitat preference. Even basic biogeographical
rules, such as the species richness — island size relationship can be masked if one does not
take into account the ecological characteristics of the species studied (Magura et al. 2001).
The initial hypothesis regarding forest specialists was confirmed: the number of forest species
significantly increased from the urban to the rural area (Figure 3 B). The number of open-
habitat species was significantly higher in the urban area than in the suburban and rural areas
(Figure 3 F). These results indicate that human impacts caused a pronounced change in the
carabid assemblages. Forest species require microsites with a particular kind of environmental
heterogeneity (Desender et al. 1999). Changes caused by urbanisation eliminate favourable
microsites, altering the original habitats. These disturbances damage the species most closely
adapted to the original environment, here the forest species. The degree of disturbance is
higher in the urban area, than in the suburban, and lowest in the rural area. This was also
expressed by the difference in the species richness of forest carabids (Figure 3 E). The
remarkable alteration of the original habitats in the urban area was also reflected by the higher
number of open-habitat species (Figure 3 F). Urban parks contain several microhabitats that
open-habitat species can colonise. Previously I also emphasised (7, /I, I1I) that the number of
openhabitat species increases as the closure of the forest stand decreases. Changes of carabid
abundance along the urban-rural gradient showed a similar pattern (Figure 3 C). The overall
carabid abundance was significantly higher in the rural than in the urban and suburban areas
(Figure 3 4). The number of individuals of the forest species was also the highest in the rural
area, while significantly more individuals of open-habitat species were collected from the

urban than from the other areas (Figure 3 B-C ).
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Figure 3. Average value (+SE) of the overall carabid abundance (A), the abundance of forest carabids
(B), the abundance of open-habitat carabids (C), the overall carabid species richness (D), the species
richness of forest carabids (E), and the species richness of open-habitat carabids (F) along the urban-
suburban-rural gradient. Different letters indicate significant (p<<0.05) differences based on the LSD
(least significant difference) multiple comparison.



Intermediate Disturbance Hypothesis (IDH)
Both my findings and those of Niemeld et al. (2002) contradict the IDH (Connell 1978).

Species richness was not the highest in the moderately disturbed suburban areas as IDH
predicts (Figure 3 D). This may be explained partly by the fact that basal species in food webs
probably conform to this hypothesis (Wootton 1998), but top consumers like carabids (Lovei
and Sunderland 1996) do not. IDH is a general framework considering different kinds of
disturbance without precise, verifiable details regarding the ecological mechanisms of the
changes in species richness. The increase of richness may be ecologically important when
only the species pool of the local, characteristic habitat type (conform to native fauna) is
involved. However, invasion of the species from other habitat types or by generalist,
opportunistic species would also increases species richness. The gain by the presence of these
species could offset the disappearance of habitat specialists. According to the opportunistic
species hypothesis (Gray 1989) the generalist (opportunistic) species should gain dominance
with increasing disturbance within the assemblage. My results supported this prediction, as
the ratio of the individuals of the opportunistic carabid species to the total number of

individuals was significantly higher in the urban area than in the other ones (Figure 3 G).

Mean bodly size hypothesis

My results were also coherent with the mean body size hypothesis (Blake et al. 1994; Gray
1989): the mean carabid body size was significantly higher in the less disturbed rural and
suburban areas than in the more disturbed urban area (Figure 3 H). Gray (1989) hypothesised
that the mean size of the species should decrease in disturbed habitats. Disturbed habitats
(Blake et al. 1994) as well as forests (Holliday 1991; Magura et al. 2002) support a carabid
fauna with smaller average body size. Sustek (1987) also found that disturbance caused by
urbanisation produced smaller average carabid body size. It may be expected that changes in
body size distributions along the urban-rural gradient may reflect differences in resource
availability and stability or habitat capacity (Niemel4 et al. 2002). Blake et al. (1994) argued
that larger carabids were predominantly autumn breeders with overwintering larvae and a
longer larval period required an availability and stability of resources that was missing in
disturbed habitats. Several field studies confirmed that the abundance of carabids that
overwinter as larvae was higher in less disturbed habitats compared to more disturbed ones
(Butterfield 1997; Lovei 1984; Magura et al. 2002). In woodlands, increasing organic matter

is linked to increased carabid biomass, and this may contributes to the persistence of larger-



bodied carabids (Blake et al. 1994). In woodlands, the chief source of soil organic matter is
from decaying plant material and it is possible that a high organic matter content is an
indication of less disturbed forest habitats. At our sites, the rural area had significantly more
herbs and decaying wood than the other areas and therefore probably more organic matter.
This could contribute to the existence of larger carabids. The smaller mean body size in the
urban area may also be explained with the flight ability, as species capable of flying are
generally small-sized. The majority of open-habitat species collected in the urban area are

able to fly which enables their rapid dispersal.

Changes in species structure

There is a marked separation among the sites along the urban-rural gradient. The four urban
sites separated into a distinct cluster based on the species composition, while the suburban
and rural sites formed the other cluster, indicating that urbanisation caused a pronounced
change of carabid assemblages, as the urban sites separated from the suburban and rural sites
(Figure 4 A). The number of common species was high and equal for all the studied areas (21
species), while the number of differential species was very low for the suburban-rural areas (9
species) compared to the others (urban-suburban (27 species), and urban-rural (26 species)).
The number of differential species was very uneven; the urban area had 22 differential species
compared to the rural and suburban sites (5 versus 4 differential species, respectively). There
was no such asymmetry between the rural-suburban areas. This is explained by the patterns of
occurrence of carabid species along the urban-rural gradient. Forest species preferred the
moderately disturbed or undisturbed areas (suburban and rural), while open-habitat species
occurred mainly in the urban area. These changes along the urban-rural gradient and the
different patterns of occurrence were confirmed by the results of the IndVal procedure. Five
groups of species were distinguished: (1) habitat generalists that were numerous in all areas
(e.g. Harpalus tardus, Carabus violaceus, Platyderus rufus); (2) species preferring the urban
area, recorded exclusively or being most abundant in the urban area (e.g. Amara convexior,
Pterostichus melanarius, Anisodactylus nemorivagus); (3) species characteristic of suburban-
rural areas; (e.g. Carabus convexus, Stomis pumicatus, Oxypselaphus obscurus); (4) species
preferring the suburban area; (e.g. Harpalus Iuteicornis, Badister lacertosus, Amara
consularis); and (5) species characteristic of the rural area; (e.g. Pterostichus
oblongopunctatus, Ophonus nitidulus, Amara saphyrea). The MDS ordination based on the

abundance data revealed a linear gradient (Figure 4B): the carabid assemblages changed
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gradually from the rural area towards the urban area. The heterogeneity of the carabid
composition among the sites of the given area is highlighted by the size of the convex hull on
the ordination graph. The larger size of the convex hull indicates a higher variability among
the carabid composition of the traps. The size of the convex hull correlates with the B-
diversity and/or heterogeneity of the assemblages (Tothmérész 1998). The size of the convex
hull of the sites increased from the rural to the urban area, suggesting an increased
heterogeneity and/or B-diversity of the carabid composition along the urban-rural gradient
(Figure 4 B). High heterogeneity and B-diversity among sites in the urban area was caused by
the patchy environment. In the urban area, habitat patches with closed canopy co-occur with
patches of moderate closure because of the walking paths and thinned shrubs. This patchiness
facilitated the survival and persistence of forest species, generalist species as well as open-
habitat species in the urban area. However, the species composition changed from site to site,
causing high heterogeneity. The rural area had roughly identical habitat patches, therefore the
dominant and subdominant generalist and forest species were relatively uniformly distributed
leading to lower heterogeneity. The fact that many species of different origin (forest species,
generalist species, open-habitat species) find suitable conditions in the urban area causes a
relatively high a-diversity, while the considerable variety of habitat patches (e.g. natural and
anthropogenically influenced and/or modified patches) and their associated species

assemblages leads to high B-diversity.

Environmental factors and carabids

Regression analyses showed that a significant proportion of the variation in abundance and
species richness was associated with a particular kind of environmental heterogeneity, as
reflected by the ground temperature, surface temperature, humidity, cover of leaf litter,
decaying wood material, herbs, shrubs, canopy layer, and by the amount of potential prey.

The positive relationship between the ground temperature and the overall species richness can
be attributed to the high number of generalist and open-habitat species in habitats with higher
temperature. Open-habitat species prefer habitats with open or less closed canopy, where the
sunlight can warm up the soil and they aggregate in these patches (Thiele 1977).
Relationships between humidity and the abundance of both overall carabids and the forest
species were positive. Forest carabids generally favour habitats of higher humidity (Thiele
1977). The mainly nocturnal forest carabids also may prefer microsites with higher humidity

during day-time. Certain generalist species also favour habitats with higher humidity. As



more than half of the collected individuals were forest carabids, it is plausible that the positive
relationship between humidity and overall carabid abundance was caused by the positive
relationship between humidity and the abundance of forest species. Leaf litter cover was not a
significant predictor for either the abundance or the species richness of carabids, even though
several studies emphasised the importance of leaf litter in the spatial pattern of occurrence in
carabid beetles (Koivula et al. 1999; Magura et al. 2000; Antvogel and Bonn 2001). In the
broad-leaved forests abiotic factors (temperature and humidity) altered by the leaf litter might
play a more important role in carabid occurrence than leaf litter cover alone. In this study,
humidity increased, while ground and surface temperature decreased with increasing leaf litter
coverage. Both the abundance and species richness of open-habitat carabids decreased, while
the number of forest carabid species increased as the amount of decaying wood material
increased. Open-habitat carabids are not adapted to environment with dense decaying wood
material. For forest carabids, decaying wood provides favourable microsites, shelter against
predators, and sites for aestivation, hibernation, egg and larval development (Thiele 1977).
Except for the number of open-habitat species, both the abundance and species richness of
carabids increased as herb cover increased. These can be explained by the structure of habitats
and by the increasing the amount of potential prey for carabids which can provide a more
uniform resource distribution in time as it was discussed above. Canopy cover was a negative
predictor for the overall carabid abundance, for the abundance of forest carabids and for the
number of openhabitat species. Open-habitat species are adapted to an environment with
limited or moderate canopy closure (Thiele 1977), so a negative correlation between their
occurrence and the amount of canopy cover is not surprising. A more open canopy can
produce a more heterogeneous habitat where both the generalist, the forest and the open-
habitat carabids could find favourable microsites, resulting in a rich carabid assemblages. The
negative correlation between the canopy cover and the abundance of forest carabids is
unexpected because forest carabids generally prefer a closed canopy layer (Thiele 1977).
There may also be a threshold level of canopy cover that forest species require, and above
which the actual value of the canopy cover does not really matter. When the canopy cover is
high enough to guarantee the typical microclimatic conditions inside the forest, other factors
are becoming dominant in controlling the species richness of forest carabids. There was a
significant positive relationship between the amount of potential prey items and both the
overall carabid species richness and the number of forest carabid species. Several studies
(Thiele 1977; den Boer 1985) emphasise the importance of abiotic environmental factors in

carabid ecology but neglect the influence of biotic factors, such as the amount of carabid prey.



My result draws attention to the relevance of prey density in determining carabid species
richness. Bryan and Wratten (1984) also reported that carabids may aggregate in microsites
with plentiful prey. Verschoor and Krebs (1995), Guillemain et al. (1997) and Fournier and
Loreau (1999) also emphasised that prey density plays a crucial role in carabid distribution.
Through smaller resource-overlap (Parmenter and MacMahon 1984) and decreased intra- and
interspecific competition (Miiller 1987; Loreau 1989, 1990) the abundant prey can explain the

high species richness observed in habitats with abundant prey.

CONCLUSION

Management and conservation of forest edges

My research pointed out that forest edges may have a crucial role in the maintenance and
preservation of diversity of carabids, therefore their conservation is essential. Many carabid
species characteristic of grassland and forest interior can disperse into the forest edge. Thus,
forest edges have viable populations of carabids of the adjacent habitats. Therefore, they may
also serve as "source" habitat (sensu Pulliam 1988) or "stepping-stones" (sensu den Boer
1970) for dispersal processes, contributing to the recolonization of carabid species in the
adjacent habitats after local extinction (den Boer 1981) or destruction of suitable habitats (e.g.
burning, ploughing, grazing, timbering etc.). These data indicate a considerable potential of
the forest edges for succession and regeneration of adjacent disturbed sites. This feature of the
forest edge may also be applied for conservation purposes. Landscape management schemes
attempt to create more diverse vegetation in the poorly developed edges by sowing or planting
shrubs and by cutting adjacent forest trees to reduce shading. Anderson and Carter (1987) also
reported that diversity of plants and butterflies can be maintained and encouraged by
management practice that widening or shaping the edges. The edges could have also negative
effects, when in consequence of forest fragmentation they are becoming proportionately
greater relative to interiors (Saunders et al. 1991). Edge habitats were found unsuitable for
species requiring interior habitat (Demaynadier and Hunter 1998; von Sacker 1998), and
consequently such species may be lost if fragments become to small (Haila 1999). Forest
managers should minimize adverse edge effects by, for example, leaving fragments large
enough to maintain specialists of the forest interior (Spence et al. 1996; von Sacker 1998).

With help of well-designed studies that are able to determine which patterns are universal to



the edges in general, and the factors that potentially modulate edge effects in each particular

case, we will able to design general management plans for conservation purposes.

Preservation biodiversity in the urban landscape

My results showed that urbanisation had an effect on carabid assemblages. Species richness as
well as the composition were changed along the urban-suburban-rural gradient. Forested
urban areas were still relatively species-rich, but the majority of the observed species invaded
from the surrounding habitats (generalists and open-habitat species). In contrast the number of
native forest carabid species significantly decreased along the disturbance gradient. Urban
green areas, including the studied forested areas, contribute to the quality of urban life and
thus should be conserved. Apart from the recreational importance of the urban green areas,
they provide suitable habitats for many carabid species living in undisturbed or moderately
disturbed areas (e.g. meadows, grasslands, pastures, agricultural areas) surrounding the city.
Moreover, urban green areas could support rare species. In the present study I collected
Pterostichus melas from the urban area. In Hungary, this species occurs mainly in the hills
and mountains and only few lowland occurrences were known. However, as my results also
demonstrated, urbanisation could be one of the leading causes of decline in indigenous
arthropod diversity and abundance (Davis 1978; Pyle et al. 1981). How can the biodiversity
preservation function of urban parks be enhanced? I suggest that extensive alteration of
habitat structure (e.g. by strong thinning and removing decaying wood material) and creating
too many asphalt-covered paths should be avoided. Change in habitat structure causes
changes in the microclimatic, abiotic and biotic conditions of the area. All these changes
affect forest carabids directly. Creating too many paths with asphalt surface also influences
carabid beetles indirectly by fragmentation. The division of the original forests into smaller,
isolated patches results in a loss of forest species through a reduction in the habitat area, an
increase in remnant isolation and a decrease in habitat connectivity (Didham et al. 1996).
Forest patches divided by asphalt-covered paths are isolated from each other, as carabids
usually do not cross such roads (Mader 1984; Mader et al. 1990). The population size of
forest carabid species in isolated patches could decrease because the patches are too small to
maintain viable populations and because there is too little dispersal between patches. Small
populations of forest carabids in isolated patches are at greater risk of local extinction through

stochastic population fluctuations than are the larger populations (den Boer 1985; Niemel4 et



al. 1994). Judicious habitat management can both serve the demand of city-dwellers for

recreation and the maintenance of biodiversity.

Overall, my results suggest that carabids are useful as an indicator group to asses the
environmental variation, as they show different habitat choices. My studies imply that
distribution of carabids is determined not only by abiotic environmental factors, like soil types
and soil properties (Luff et al. 1989, 1992; Niemeli et al. 1992b; Eyre and Luff 1994; Sustek
1994), microclimatic conditions (Niemel4 et al. 1986; Miiller-Motzfeld 1989; Spence et al.
1996), heterogeneity of vegetation (Niemeld 1990; Blake et al. 1996), cover of decaying
woods and leaf litter (Niemel4 et al. 1992a; Eyre and Luff 1994) but also by biotic factors,
like distribution of other ground-dwelling animals (e.g. ants; Niemeld et al. 1992a),
abundance of carabids' preys (Niemeld et al. 1986; Halme and Niemeld 1993; Guillemain et
al. 1997), intraspecific competition (Miiller 1986; Loreau 1990) and interspecific competition
(Lenski 1982, 1984; Loreau 1989). Thiele (1977) and den Boer (1981, 1985) emphasize the
priority of abiotic factors in the determination of carabid distribution and in the organisation.
My result stresses that a synthesis is needed, which integrates competition with other abiotic
and biotic ecological factors. This synthesis would help a lot in understanding community

organisation of carabids, but in this respect, we are still at the beginning (Niemeld 1993).



SUMMARY

Study of habitat fragmentation at meso spatial scale

One consequence of fragmentation and isolated habitat loss is decreasing fragment size,
which leads to a decreasing proportion of interior habitat and increasing proportion of edge.
Therefore forest edges are a focus of conservation research, important to wildlife management
and there is an increasing need for their appropriate management. Classical edge effect
hypothesis states that diversity is higher in ecotones than in adjacent habitats. The goal of the
studies was to test this hypothesis for carabids and to analyse of ground-beetle distribution
along forest-grass transects. My objectives were to assess the extent of variation in
distribution for carabids, and to relate this to habitat characteristics and to spatial distribution
of co-occurring carabid species. I also examined the environmental variables that may be
important to control the distribution of ground-dwelling carabids, and thus can influence edge
effect on carabid beetles. Sampling area was located at the North Hungarian Mountain in the
Aggtelek National Park, near the Mogyords Peak (Haragistya). There are three habitat types
on the research area: (1) Grass, (2) Forest edge, (3) Forest interior. Parallel transects of pitfall
traps were set across the three studied habitats. The transects were perpendicular to the forest
edge.

My results show that there is a significant edge effect on the carabid assemblages at the
research area. The Shannon diversity was significantly higher in the forest edge and the grass
than in the forest interior. Edge effect on carabids is due in part to the presence of species
characteristic of each of the adjacent habitats plus species inhabiting the edge. These edge
species find habitats at the edge that are not present in either habitat alone, or they require two
structurally different habitats in close proximity to one another. The high diversity of the
forest edge may be caused by small scale dispersal processes. On the studied scale the habitats
are not isolated from each other and there appears to be dispersal between the adjacent
habitats. The changes of the monthly distribution pattern of carabids in the habitats suggesting
that there must be seasonal movement between the adjacent habitats as it was proved in case
of Pterostichus oblongopunctatus and Pterostichus burmeisteri.

The carabid assemblages change gradually from the forest interior towards the grass along the
transects. In spite of the almost continuous variation of the composition of the assemblages,

carabid samples of the grass, the forest edge and the forest interior are separated from each



other. All studied habitat types have characteristic assemblages of carabid species associated
with them.

According their habitat preference the collected carabid species can be divided into five
groups: (1) habitat generalists; (2) grassland-associated species; (3) forest generalists; (4)
forest specialists; and (5) edge-associated species. The collected carabid species have a clear
habitat and microsites preferences with specific environmental conditions. Sometimes,
variation in carabid catches among the traps in the same habitat was greater than the variation
among habitats indicating the importance of strong microhabitat variations controlling carabid
distribution. At the studied spatial scale, the occurrence of other carabids was a significant
predictor for the abundance of a particular dominant and subdominant species. Most of the
correlations were positive, suggesting similar respond to habitat properties. However
interspecific competition may be suspected to contribute to the negative relationship between
Molops piceus and Pterostichus burmeisteri which are of similar size and showed similar
habitat preference and similar patterns of seasonal activity. The plant (leaf litter, herb or
canopy) cover and prey abundance, the relative air moisture, the ground temperature were the
most important factors determining the diversity of carabids along the studied transects. I
examined whether any of the environmental measurements could be used to predict
distribution of a particular carabid species The relative cover of the leaf litter was a significant
negative predictor for Abax parallelepipedus and Aptinus bombarda. Cover of the herbs was a
significant positive predictor for Carabus coriaceus. Relationship between the cover of shrubs
and the carabids' catch was significant for Abax parallelepipedus and Molops piceus. Canopy
cover was a significant positive predictor for Abax parallelepipedus. Abundance of carabids'
preys was a significant positive predictor for Carabus convexus, Harpalus rufipes and

Synuchus vivalis.



Study of habitat fragmentation at macro spatial scale

One of the leading causes of habitat fragmentation is urbanisation. Urban ecosystems contain
spatially heterogeneous and temporally dynamic areas that differ from their surroundings and
from the natural, intact habitats. Despite their global ubiquity, relatively little is known about
how arthropods respond to urbanisation, even though urbanisation is regarded as one of the
leading causes of decline in arthropod diversity and abundance. Three kinds of forested
habitats (urban parks, suburban forested area, and rural forest), representing different levels of
human disturbance and habitat fragmentation were selected to study the patterns and
responses of carabid assemblages along this urbanisation and habitat fragmentation gradient.
The study areas were in Debrecen (Eastern-Hungary), the second largest city of the country.
The following predictions were tested for carabids in urban environments: (1) diversity should
decrease from a high in the rural area to a low in urban area (increasing disturbance
hypothesis), (2) diversity should be the highest in the suburban area according to the
intermediate disturbance hypothesis (IDH); (3) the abundance and species richness of the
forestspecialist species should increase from the more disturbed urban area to the less
disturbed rural one (habitat specialist hypothesis); (4) opportunistic species should gain
dominance in the urban area (opportunistic species hypothesis); (5) the mean body size of the
species should decrease with increasing disturbance level, in our case from the rural to the
urban area (mean body size hypothesis); (6) carabid assemblages should change along the
urbanisation gradient and therefore there should be characteristic and/or key species of the
stages of the studied gradient; and (7) certain environmental variables should predict the
observed pattern of carabid abundance and species richness.

My results did not confirm the increased disturbance hypotheses. The number of collected
carabid species was significantly higher in the rural and the urban areas than in the suburban
one. The increased disturbance hypothesis regarding forest specialists was confirmed: the
number of forest species significantly increased from the urban to the rural area. My results
contradict the Intermediate Disturbance Hypothesis (IDH). Species richness was not the
highest in the moderately disturbed suburban areas as IDH predicts. The opportunistic species
hypothesis was supported, as the ratio of the individuals of the opportunistic carabid species
to the total number of individuals was significantly higher in the urban area than in the other
ones. That means the generalist (opportunistic) species gained dominance with increasing

disturbance within the assemblage. My results were also coherent with the mean body size



hypothesis: the mean carabid body size was significantly higher in the less disturbed rural and
suburban areas than in the more disturbed urban area.

Changes caused by urbanisation altered the original habitats. Human impacts caused a
pronounced change in the carabid assemblages. These disturbances damage the species most
closely adapted to the original environment, here the forest species. The degree of disturbance
is higher in the urban area, than in the suburban, and lowest in the rural area. The carabid
assemblages changed gradually from the rural area towards the urban area. The heterogeneity
of the carabid composition of the sites along the urban-rural gradient increased from the rural
to the urban area. The high B-diversity in the urban area was caused by the patchy
environment. This patchiness facilitated the survival and persistence of forest species,
generalist species as well as open-habitat species in the urban area. However, the species
composition changed from site to site, causing high heterogeneity. The rural area had roughly
identical habitat patches, therefore the dominant and subdominant generalist and forest
species were relatively uniformly distributed leading to lower heterogeneity. The number of
differential species was very uneven; the urban area had 22 differential species, while the
number of differential species was very low (5 resp. 4) for the suburban-rural areas. This is
explained by the patterns of occurrence of carabid species along the urban-rural gradient.
Forest species preferred the moderately disturbed or undisturbed areas (suburban and rural),
while open-habitat species occurred mainly in the urban area. Five groups of species could be
distinguished according their habitat preference: (1) habitat generalists; (2) species preferring
the rural area; (3) species characteristic of suburban-rural areas; (4) species preferring the
suburban area; and (5) species characteristic of the urban area.

A significant proportion of the variation in abundance and species richness was associated
with a particular kind of environmental heterogeneity. There was positive relationship
between the ground temperature and the overall species richness. The humidity was
significant negative predictor for the abundance of both overall carabids and the forest
species. Both the abundance and species richness of open-habitat carabids decreased, while
the number of forest carabid species increased as the amount of decaying wood material
increased. Except for the number of open-habitat species, both the abundance and species
richness of carabids increased as herb cover increased. Canopy cover was a negative predictor
for the overall carabid abundance, for the abundance of forest carabids and for the number of
openhabitat species. There was a significant positive relationship between the amount of
potential prey items and both the overall carabid species richness and the number of forest

carabid species.






OSSZEFOGLALAS

Az élohelyek feldarabolddasanak a futdbogarakra gyakorolt hatasat tanulmanyoztam négy
vizsgalatban (7-1V) mezo és makro térbeli 1éptékben.

Az élohelyek fragmentalédasanak mezo skalan torténd vizsgélata (I-111) sorén a klasszikus
szegélyhatas hipotézist teszteltem futobogarkozosségeken €s elemeztem a futobogarak térbeli
eloszlasat erdo-gyep transzektek mentén, tovabba vizsgaltam, a térbeli eloszlasban mutatkozo
eltéréseket és megprobaltam mindezt megmagyarazni az éldhely jellemzdiben mutatkozo
kiilonbségekkel, illetve a fajok kozotti interakciokkal. Vizsgaltam azon kornyezeti tényezoket,
melyek fontosak lehetnek a talajfelszinén mozgod futdbogarak szempontjabol és igy
befolyasolhatjak a szegélyhatast.

Az éldhelyek fragmentaldoddsanak makro skdlan torténd vizsgalata (IV) sordn a
fragmentacionak egyik fo el6idézé okéanak, az urbanizacionak a futobogarakra gyakorolt
hatésait vizsgaltam. Harom erdei él6helyet valasztottam ki (egy varosi parkot, egy kiilvarosi
erdds teriiletet, és egy varoson kiviili erddt), melyek az ember altal okozott zavards és a
fragmentécio kiillonbozo fokat képviselik. A kovetkezd predikcidkat teszteltem futdbogarakon
a varosi €lohelyeken: (1) a novekvd zavaras hipotézisének megfeleléen a diverzitdsnak
csokkennie kell varoson kiviili él16hely magas értéktol a varosi park alacsony értéke felé; (2) a
diverzitasnak a kiilvarosi teriileten kell a legnagyobbnak lennie a kdzepes zavaras
hipotézisének megfelelden; (3) az erdei specialista fajok egyed- és fajszdmanak novekednie
kell a leginkabb zavart varosi élohelytdl a legkevésbé zavart varoson kiviili felé (habitat
specialista hipotézis); (4) az opportunista, generalista fajok lesznek dominénsak a varos park
¢ldhelyein (generalista fajok ardanydanak hipotézise); (5) az atlagos testméretnek csokkennie
kell a novekvd zavards kovetkeztében, esetiinkben a varoson kiviili fel6l a varosi park felé
(atlagos testméret hipoteézis), (6) a futdbogar egyiittesek Osszetétele valtozni fog az
urbanizacids gradiens mentén ennek kovetkeztében a vizsgalt gradiens kiilonbozd fokain
karakterisztikus €s/vagy kulcs fajoknak kell lennitik; és (7) kapcsolat lesz bizonyos kornyezeti

tényezOk és a futobogarak egyed- és fajszama kozott.



ANYAG ES MODSZER

Vizsgdlati teriilet és gyiijtési modszer

A vizsgalataim sordn a futdbogarak gytijtésére csalogatdoanyag nélkiili talajcsapdakat
alkalmaztam, melyek 75%-os etilén-glikolt tartalmaztak 610- és tartositofolyadék gyanant. A
csapdakat fakéreggel fedtem le, hogy megodvjam Oket az esd okozta felhiguldstol és a
belehulld lombavartdl és egyéb novényi részektdl. A csapdakat a homentes idoszak alatt

(marciustdl novemberig) miikodtettem.

I-111. vizsgalat

A kutatasi teriilet az Aggteleki-karszton helyezkedett el, az Aggteleki Nemzeti Parkban a

Mogyords-bércen. Ezen a teriileten a legkiterjedtebb tarsulds a gyertyanos-tolgyes (Querco-

Carpinetum) és a mérsékelten szaraz gyep (Polygalo majori-Brachypodietum pinnati). Ennek

megfelelden a kijelolt kutatasi teriileten harom éléhelyet vizsgaltam:

(1)  Gyeptarsulds (Polygalo majori-Brachypodietum pinnati), mely az alabbi gyakori
novényekkel jellemezhetd: Polygala major, Brachypodietum pinnatum, Filipendula
vulgaris, Salvia pratensis, Inula hirta, Geranium sanguineum. A lombavar réteg, a
csejek és a fak hidnyoztak e teriiletrdl.

(2) Erddszegély, ahol a szomszédos gyepbdl szdrmazd lagyszaruak magas boritasat
figyelhettilk meg, ugyanakkor a cserjék boritdsa is magas volt (a cserjeszint domindns
tagjai: Carpinus betulus, Corylus avellana és Prunus spinosa). A lombavarréteg
viszonylag vastag, 6sszefiiggd volt, mig a fak zarddasa kisebb volt, mint az erdéfolt
belsejében.

(3) Erdé belseje. A tanulmanyozott erddrész egy gyertyanos-tdlgyes volt, dus
avarréteggel, mérséklet lagyszaru és cserje boritassal. A lombkoronaszint zarodasa 85-
95 % volt.

A [ vizsgalatban (1997-ben) 2 parhuzamos transzektet jeldltem ki, ezek mentén helyeztem el

a talajcsapddkat, mindegyik éloéhelyen 8-8 csapda volt az egyes transzektekben, (azaz

Osszesen 2x3x8=48 talajcsapda).

A Il vizsgalat soran (1997-1998) harom transzekt mentén 5-5 csapda volt az egyes

¢éléhelyeken, (6sszesen 45 csapda)

A 1Il. vizsgdlatban (1999) a csapdakat harom transzekt mentén helyeztem el. Mindegyik

tanulmanyozott él6helyen tizennégy darabot. gy 6sszesen 3x3x14=126 csapda iizemelt.

Ahhoz, hogy a futdébogarak térbeli eloszlasa és a kornyezeti valtozok kozotti kapcsolatot

tanulmanyozhassam, becsiiltem a lombavarréteg, a lagyszaruak és a cserjék széazalékos



boritasat, tovabba a lombkoronaszint zarodasat is mindegyik csapda kornyezetében. Tovabba
megszamlaltam a talajcsapdaba esett valamennyi élélényt, mely a futdbogarak szempontjabol
potencialis taplalékként szolgalhat. Ilyen él6lénynek szamitanak az alabbi taxonok egyedei:
Lumbricidae, Mollusca, Isopoda, Chilopoda, Aranea és Coleoptera larvak. Azért ezeket a
csoportokat tekintettem zsdkmanyallatoknak, ugyanis ezek is a talajfelszinen mozognak,
ugyanakkor szeroldgiai modszerekkel igazoltdk, hogy a futdbogarak valdjaban fogyasztjak
ezeket a gerinctelen allatokat. A /1. vizsgadlatban ezeken kiviil még mindegyik csapda mentén

mértem a talajhdmérsékletet illetve a talajfelszinen a levegd hdmérsékletét €s paratartalmat.

1V. vizsgadlat

A kutatasi teriilet Debrecenben volt. Hairom erdei éldhelyet valasztottam ki egy urbanizacids
gradiens mentén (egy varosi parkot, egy kiilvarosi erdds teriiletet, és egy varoson kiviili
erdot), melyek az ember altal okozott zavaras €s a fragmentécio kiilonb6z6 fokat képviselik.
A varosi parkban szdmos aszfaltozott sétany volt €s a cserjéket is erdsen meggyéritették, hogy
park jelleget adjanak a teriiletnek, a kiilvarosi teriiletr6l pedig a kidolt fakat tavolitottak el.
Mindegyik mintavételi teriilet az eredeti kocsanyos tolgyes erdovel kapcsolodd erddrészben
helyezkedett el és legalabb 6 hektaros volt. Ezek mindegyikében négy mintavételi helyet
valasztottam ki, amelyeken beliil 10-10 csapdat helyeztem el véletlenszertien. Kilenc
kornyezeti valtozot vizsgéaltam melyek hatdssal lehetnek a futdbogarak térbeli eloszlasara.
Azaz mértem a talaj homérsékletét, a levegd homérsékletét és paratartalmat a talajfelszinen,
becsiiltem a lehullott, illetve korhadé fak mennyiségét, a lombavarréteg, a lagyszaruak ¢és a
cserjék szdzalékos boritasat, tovabba a lombkoronaszint zarddasat is mindegyik csapda
kornyezetében, tanulmanyoztam a futdébogarak lehetséges taplalékforrasanak csapdankénti

mennyis€gét is.

Adatelemzések

Mindegyik vizsgéalatban a karakterfaj-elemzést (IndVal) hasznaltam, hogy az adott
¢lohelyekre jellemzd karakterfajokat és faj-egyiitteseket azonositsam. A karakterfaj-
elemzések soran fokoordindta analizist (Bray-Curtis tdvolsagfiiggvény) hasznaltam a gytijtési

cres

csoportositasara, melyekre karakterfaj(oka)t kerestem.

I-11 vizsgalat



Ahhoz, hogy a szegélyhatast futobogar kozosségek esetén vizsgalhassam, a transzektek
mentén a harom éldhely Shannon-diverzitasat hasonlitottam 0ssze egymassal. Tukey-probat
(1, 1I) hasznaltam annak meghatarozasdhoz, hogy vannak-e kiilonbségek a transzektek mentén
az egyes habitatokban a talajcsapdankénti futdbogéar diverzitasban és a vizsgalt kornyezeti
valtozdkban. Spearman rangkorrelacidt (1) illetve tobbszords lineéaris regresszid-analizist
hasznaltam annak kimutatdsara, hogy van-e valamilyen 0sszefiiggés a kornyezeti valtozok &s
a futdbogarak diverzitdsa kozott. Nem metrikus sokdimenzids skélazast (MDS) (Rogers
Tanimoto hasonlosagfiiggvénnyel) alkalmaztam a fajosszetétel vizsgdlatara (71).
Fdkoordinata-analizist (PCoA) végeztem a Bray-Curtis (I, [II) illetve Matusita (11)
tavolsagfiiggvény felhasznaldsaval a csapdankénti futobogar egyedszamok felhasznélasaval,

hogy kimutassam az egyes csapdak hasonldsagat.

1I1. vizsgalat
A csapdak futdbogar anyaganak Osszehasonlitdsat fokoordinata analizis (PCoA) segitségével,
a Bray-Curtis tavolsagfiiggvény alkalmazasaval végeztem. A futdbogarak térbeli eloszlasanak

jellemzésére a diszperzids indexet hasznaltam, amely a variancia és az atlag hanyadosaként

definialt: 7, =s*/ x, ahols” a variancia, mig)_c az egyedszamok atlaga, amely a variancia és
az 4tlag hanyadosaként definidlt: 7, =s*/ x, ahols® a variancia, migx az egyedszamok

atlaga. I5 egyhez kozeli értéke random eloszlasra utal. I:>1 aggregalt, mig ;<] szabélyos

eloszlast jelez. A teljes randomitédstdl vald eltérés a kovetkezd statisztika felhasznalasaval

tesztelhetd: ID = (n—1)s>/ x. Bz a statisztika megkozelitben y* eloszlast mutat (n-1)

szabadsagi fokkal. Az emlitett statisztika csak akkor ad valds eredményeket, ha n>6 és x>1.

Annak tesztelésére, hogy az egyes futdbogarfajok térbeli eloszldsat meghatarozhatjdk-e a
vizsgalt kornyezeti tényezok illetve mas futdbogarfajok eléforduldsai tobbszords regresszio-
analizis hasznaltam. A tomeges futobogar fajok habitatonkénti egyedszamait a Kruskal-Wallis
nem-paraméteres ANOVA ¢&s a Tukey-teszt segitségével hasonlitottam Ossze. A gyakori
futébogar fajok csapdazott egyedszama és aggregaltsaganak foka kozotti kapcsolatot a
Pearson-féle korrelacioval vizsgaltam. A futébogar fajok egyedszama és a csapdak szama
(melybdl az adott faj elokeriilt) kozotti korrelaciot a Spearman-féle rang korrelacidval

vizsgéltam.

1V. vizsgalat

Beagyazott (nested) ismétléses (repeated) ANOVA-t hasznaltam annak tesztelésére:



- hogy vannak-e¢ kiilonbségek a futobogarak egyed- ¢s fajszamaban a mintavételi teriiletek
kozott;

- hogy mutatkoznak-e kiilonbségek az egyed- €s a fajszamokban a harom 6koldgiai csoportban
(azaz erdei fajok, generalista fajok és nyilt teriiletek fajai), amelyekbe a futobogarakat az
¢l8helypreferenciajuk alapjan soroltam;

- hogyan valtozik a futobogarak testmérete az urbanizacids gradiens mentén;

- hogy vannak-e eltérések a dominancia struktiraban a mintavételi teriiletek és helyek kozott;

- milyen az opportunista (generalista) fajok egyedszama az 6sszegyedszamhoz viszonyitva.

Az ANOVA modellben hasznalt adatok eloszlasa normalis volt (Kolmogorov-Smirnov probat
alkalmaztam a teszteléshez). Amikor az ANOVA eredményei azt mutattak, hogy szignifikans
kiilonbségek vannak az atlagok kozott, akkor LSD tesztet (least significant difference)
hasznéltam az egyes mintavételi teriiletek kozotti kiilonbség kimutatasdra. A futdbogar
egylittesek Osszetételét a mintavételi helyek kozott a vizsgalt urbanizécids gradiens mentén
clusteranalizissel hasonlitottam 0Gssze a prezencia-abszencia adatok alapjan Serensen
tavolsagfiiggvény és csoport atlag fuziés moddszer (group average fusion algorithm)
segitségével. MDS-t alkalmaztam Bray-Curtis tavolsagfiiggvény felhasznalasaval a
futdbogarak egyedszamainak a mintavételi helyek kozotti 6sszehasonlitasara. A kornyezeti
valtozok és a fajok egyed- és fajszama kozotti kapcesolatok feltardsara tobbszords linearis

regresszio-analizist alkalmaztam.

EREDMENYEK

Az erdo fragmentdlodds hatdsai mezo skdlan (I-111 vizsgdlat)

Eredményeim igazoljak, hogy a kutatdsi teriileten szignifikdns szegélyhatas figyelhetd meg a
futobogar egyiittesek esetén. A Shannon diverzitas szignifikdnsan nagyobb volt az
erdoszegélyben és a gyepben, mint az erdd belsejében. Az erddszegély és a gyep diverzitasa
kozotti kiillonbségek nem voltak szignifikdnsak, amely szintén alatdmasztja a futobogaraknal
talalt szegélyhatdst, mivel az erdei ¢l6helyek rendszerint joval kevésbé diverzek, mint a nyilt
teriiletek (7, 7). A megfigyelt szegélyhatds egyrészt a szomszédos élohelyek (gyep, és erdd
belseje) fajainak jelenlétébdl adddik, de ehhez nagymértékben hozzajarulnak a szegélyhez
kotodd fajok is. Ezek a szegélyfajok olyan élohelyet taldlnak a szegélyben, amely a
szomszédos élohely egyikében sincs meg, illetve ezek a fajok igénylik a két, strukturalisan
kiilonb6z6 habitat egymashoz vald kozelségét. Az erdészegélyben tapasztalt magas diverzitasi

értékek a kis térbeli 1éptékll diszperzidos mozgéasoknak is koszonhetdk. A tanulméanyozott



térbeli skalan a kiillonb6zoé élohelyek (gyep, erddszegély, erdd belseje) természetesen nem
fliggetlenek egymadstdl, azaz a szomszédos habitatok kozott megfigyelhetd a futobogarak
mozgasa, diszperzidja. A futobogarak térbeli eloszlasi mintdzataiban mutatkozo havonkénti
valtozasok azt mutatjdk, hogy szezondlis mozgédsok vannak a szomszédos él6helyek kozott,
amint azt a /1. vizsgdlat soran a Pterostichus oblongopunctatus és Pterostichus burmeisteri
esetében kimutattam.

A csapdadk futdbogér egylittese fokozatosan valtozik az erdd belsejétél a gyep felé a
transzektek mentén. Az egylittesek Osszetételében megfigyelhetd szinte fokozatos valtozas
ellenére a gyep, a gyep, az erddszegély és az erdd belseje csapdainak futdbogar mintai
szeparadlodnak egymadstdl. Azonban az erddszegély futdobogar mintai hasonlobbak az erdd
mintdihoz, mint a gyep mintdihoz. Az ordinacios, valamint a karakterfaj-elemzések azt
mutatjadk, hogy a tanulmanyozott ¢lohelytipusok jellegzetes futobogar kozosségekkel
jellemezhetdk, amelyek az adott él6helyhez kotddnek. A gytijtott futdbogar fajokat a habitat
preferencidjuk alapjan 6t csoportba sorolhatjuk: (1) habitat generalistak; (2) gyepre jellemz6
fajok; (3) erdei generalistdk; (4) erdei specialistak; és (5) szegélyhez kotodd fajok. A
karakterfaj elemzés eredményei és a talajcsapdak és habitatok k6zotti egyedszambeli eltérések
1s azt mutatjdk, hogy a gyujtott futdbogar fajok jellegzetes habitat-, illetve mikrohabitat
preferencidval rendelkeznek, tehat olyan habitatokban, mikrohabitatokban csoportosulnak,
ahol a kornyezeti valtozok bizonyos kombindcidja fordul el és a valtozok bizonyos
megkivant értékkel jellemezhetok. Néha az ugyanazon az éléhelyen 1€v0 tizennégy-tizennégy
csapdat Osszehasonlitva, a futobogarak egyedszamdban nagyobb volt az eltérés, mint a
kiilonboz6 éldhelyeken 1évo 14-14 csapda kozott, jelezve a mikrohabitatok fontossagat a
futdobogarak térbeli eloszlasaban (11I). A IIl. vizsgalatban a dominans és szubdominans
futébogar fajok esetén aggregalt volt a tipikus térbeli eloszlas (19 esetbdl 18 térbeli mintazat
szignifikansan aggregalt volt). Tovabba szignifikans pozitiv 6sszefiiggés volt egy adott faj
minél tomegesebb egy faj annal aggregaltabb az eloszlasa.

A vizsgalt térbeli 1éptékben bizonyos futdbogar fajok jelenléte szintén befolyassal birt a
dominédns és szubdominans futébogar fajok egyedszdmara és térbeli eloszlasara (711). A
legtobbje ezeknek a korrelacidoknak pozitiv volt, utalva arra, hogy ezek a fajparok hasonléan
reagaltak a habitat tulajdonsagaira, a kornyezeti valtozok heterogenitdsara. Viszont
interspecifikus kompeticidt feltételezhetiink a Molops piceus és a Pterostichus burmeisteri
térbeli eloszlasa esetén kimutatott negativ kapcsolat hatterében. Ugyanis az emlitett két faj

hasonlé testméretli, hasonld a habitat preferencidjuk és szezonadlis aktivitasuk (77). Mas



adathalmaz azonban azt mutatja, hogy a negativ kapcsolat nem egy altalanos térvényszeriiség
a két fajra nézve.

Az [. vizsgdlatban a lombavarrétegnek €s a lagyszartiaknak a boritasa, a lombkorona zarodéasa
¢s a potencidlis zsdkmanyallatok mennyisége, mig a II. vizsgalafban a levegd relativ
paratartalma, a talaj homérséklete és a lagyszaruak boritasa voltak a vizsgalt transzektek
mentén a futdbogarak diverzitdsat meghatarozo legfontosabb faktorok. A [II. vizsgalatban
tanulmanyoztam, hogy a kornyezeti tényezok hatdssal vannak-e az egyes futdobogar fajok
térbeli eloszlasara. A tobbszords linedris regresszid-analizis szignifikdns negativ viszonyt
mutatott ki a lombavar szadzalékos boritdsa és az Abax parallelepipedus és az Aptinus
bombarda esetén. A lagyszaruak boritasa pozitivan (szignifikansan) befolyasolta a Carabus
coriaceus egyedszamat. A cserjék ¢és a futdbogarak egyedszdma kozott szignifikans pozitiv
kapcsolat volt két faj esetén (Abax parallelepipedus és Molops piceus). A lombkorona
zarodasa szignifikans pozitiv tényezd volt az Abax parallelepipedus esetén. Szignifikdns
pozitiv kapcsolat volt a zsdkmanyallatok szdma és harom futdbogar faj egyedszdma kozott

(Carabus convexus, Harpalus rufipes és Synuchus vivalis) (I1]).

Az erdd fragmentdlodds hatdsai makro skalan (IV. vizsgdlat)

Eredményeim nem tamasztjak ala a novekvd zavaras hipotézist. A gytjtott futdobogarak szama
szignifikdnsan nagyobb volt a vérosi és varoson kiviili, mint a kiilvarosi mintavételi teriileten. A
varosi mintavételi teriilet futdbogarainak Osszfajszdma majdnem olyan magas volt, mint a
varoson kiviilieké. A futdbogarak Osszegyedszdma szintén szignifikdnsan nagyobb volt a
varoson kiviili mintavételi teriileten, mint a varosi és kiilvarosiakon. Azonban a ndévekvo zavaras
hipotézise igazolodik az erdei specialista fajok tekintetében: az erdei specialista fajok szama
szignifikdnsan emelkedik a varosi mintavételi teriilettdl a varoson kiviiliek felé. A nyilt
teriiletekre jellemzd fajok szdma szignifikansan magasabb volt a varosi, mint a kiilvarosi és
varoson kiviili mintavételi teriileten. Az erdei fajok egyedszdma szintén a varoson kiviili
teriileten volt a legnagyobb, mig a nyilt teriiletekre jellemzd fajokat tekintve szignifikdnsan tobb
egyedet gylijtottem ezekbdl a varosi mintavételi helyekrol, mint a tobbi teriiletrél. Eredményeim
nem igazoljak a kozepes zavards hipotézisét. A fajgazdagsdg nem a kozepesen zavart kiilvarosi
mintavételi helyeken volt a legnagyobb, ahogyan ezt a hipotézis alapjan varnank. Azonban a
kapott eredmények megerdsitik a generalista fajok aranyanak hipotézisét, azaz a generalista fajok
egyedszama az Osszegyedszamhoz viszonyitva szignifikdnsan nagyobb volt a varosi, mint a
tobbi mintavételi helyeken. Ami azt jelzi, hogy a generalista (opportunista fajok) az egytitteseken

beliil dominansakka valtak a névekvd zavaras kovetkeztében. Az atlagos testméret hipotézise is



igazolast nyert: a futdbogarak atlagos testmérete szignifikdnsan nagyobb volt a kevésbé zavart
varoson kiviili és kiilvarosi mintavételi teriileten, mint a zavartabb varosiban. Feltételezheto,
hogy a testméret-eloszlasban az urbanizécios gradiens mentén bekovetkezd

valtozdsok a forrdsok rendelkezésre allasaban, stabilitdsdban vagy az élohelyek eltarto
képességében meglévo kiilonbségeket tiikrozik. A varosi teriileten megfigyelhetd kisebb atlagos
testméret a ropképességgel is magyarazhatd, mivel a ropképes fajok altaldban kisméretiiek. A
varosi mintavételi teriileten fogott, nyilt teriiletekre jellemzd fajok nagy tobbsége ropképes,
ezaltal gyors diszperziora képesek.

Kimutattam, hogy az urbanizacié az eredeti él0helyeket megvaltoztatta. Az emberi tevékenység
hatasai kifejezett valtozasokat idéztek el6 a futdbogar egyiittesekben. Ezek a zavardsok negativan
érintik az eredeti élohelyhez legjobban alkalmazkodott fajokat, esetiinkben az erdei fajokat. A
zavaras mértéke legnagyobb a varosi élohelyeken, kisebb a kiilvarosiakban, és a varoson
kiviiliek esetében a legkisebb. Az eredeti ¢l6hely jelentds mértékli megvaltozasat mutatja a
varosi mintavételi teriileten a nyilt teriiletek fajainak nagy egyedszama is. Jelentds elkiiloniilés
figyelheté meg a mintavételi helyek kozott az urbanizacios gradiens mentén. A négy varosi
mintavételi hely egy elkiiloniilt csoportot (clustert) képez a fajosszetétel alapjan, mig a
kiilvarosi és varoson kiviili mintavételi helyek alkotjdk a masik csoportot (clustert), azt
jelezve, hogy az urbanizacid kifejezett valtozast idézett eld a futdbogar egyiittesek
Osszetételében. A kozos fajok szdma nagy €s azonos volt az Osszes vizsgalt teriileten. A
differencidlis fajok szdma egyenlétlen volt: a varosi teriileten sok (22) olyan fajt talaltunk,
melyek nem fordultak elé sem a véroson kiviili, sem a kiilvarosi mintavételi helyeken, ezzel
szemben alacsony (5 ill. 4) volt a szdmuk a kiilvarosi-varoson kiviili teriileteken. Ez az
urbanizacids gradiens mentén a futdbogarak megjelenésének mintdzatdval magyarazhatd. Az
erdei fajoknak a kevésbé zavart vagy nem zavart élohelyek (kiilvarosi, varoson kiviili)
felelnek meg, mig a nyilt teriiletekre jellemzod fajok féleg a varosi teriileten fordultak eld. A
gyljtott fajokat éldhely preferencidjuk alapjan 6t csoportba osztottam: (1) habitat
generalistdk; (2) véaroson kiviili teriileteket kedveld fajok; (3) a kiilvarosi — véaroson kiviili
tertiletek karakterisztikus fajai; (4) a kiilvarosi éldhelyeket kedveld fajok; (5) a varosi teriiletre
jellemzd fajok. A nem metrikus skaldzas eredménye egy linedris gradiens jelenlétérdl
tanuskodik: a futdébogar egyiittesek fokozatosan valtoztak a varoson kiviili teriilet feldl a
varosi felé. Azt is kimutattam, hogy az egyes mintavételi helyeken a futobogar egyiittesek
Osszetételének heterogenitdsa novekedett az urbanizacids gradiens mentén a varoson kiviili
terilet fel6l a varosi felé. A varosi teriilet magas B-diverzitidsit az él0hely foltossdga

magyarazza. Ez a foltossag teszi lehetdvé tigy az erdei fajok, mint ahogy a generalista s nyilt



tertiletekre jellemz6 fajok jelenlétét és tulélését, ugyanakkor a fajosszetétel mintavételi
helyrél-helyre valtozik, ami a magas heterogenitast idézi eld. A varoson kiviili teriilet
nagyjabol azonos éldhelyfoltokkal jellemezhetd, ezért a dominans és szubdominans
generalista ¢s erdei fajok viszonylag azonos eloszlasa alacsonyabb heterogenitdshoz vezet.

Bebizonyosodott, hogy szignifikans pozitiv Osszefliggés volt a talaj homérséklete és a
futdbogarak fajszama kozott. A levegd paratartalma pozitivan (szignifikansan) befolyésolta
mind a futdbogarak Osszegyedszdmat, mind pedig az erdei fajok egyedszamat. A nyilt
tertiletekre jellemzo fajoknak az egyed- és fajszdma is csokkenést mutatott, viszont az erdei
fajok szama novekedett a lehullott illetve korhad6 faanyag novekvd mennyiségével. A nyilt
tertiletekre jellemz6 fajok szamaénak kivételével, a futdbogaraknak mind az egyed-, mind
pedig a fajszama novekedett a novekvo lagyszaru boritassal. A lombkoronazarddas negativan
befolyéasolta a futdbogarak Osszegyedszamat, az erdei fajok abundanciajat és a nyilt
teriiletekre jellemz6 fajok szdmat. Eredményeim azt mutatjak, hogy a biotikus tényezdoknek,
ugymint a potencidlis zsdkmdnyallatok szdmanak, is fontos szerep jut a futdobogarak
fajgazdagsaganak meghatarozdsdban. Szignifikdns pozitiv Osszefiiggés volt a potencidlis

zsékmanyallatok szama ¢€s a futobogarak 6sszegyedszama és az erdei fajok fajszama kozott.
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