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Abstract
The relationship of carabid beetle species occurrence patterns and environmental variables characterising the hydrological regime has been studied at the River Elbe in Central Germany. Both flood
duration and groundwater depth had major influence on species assemblages as the ordination of study
plots mainly followed a gradient along these two variables. The simultaneous ordination of the plots
according to species occurrence and environmental parameters showed a highly significant joint structure with the first two axes of a co-inertia analysis, explaining >98% of the variance. A total of 27
species out of 129 caught fulfilled criteria of fidelity and specificity to the plots of the five clusters
revealed by their abiotic conditions and were sufficiently abundant to be suitable indicators for one or
a combination of clusters of plots.

1. Introduction
Natural features of European floodplains are the result of dynamic geomorphological
processes that lead to a high habitat diversity of these ecosystems (GERKEN, 1981; GERKEN,
1992a; WARD, 1998; WOLFERT et al., 2001). Due to their heterogeneity in space (habitat
mosaics) and time (habitat change), natural riverine landscapes are characterised by a highly adapted and diverse flora and fauna (ROBINSON et al., 2002). However, in recent decades
Central European floodplains were affected by a severe decline in biodiversity (GODREAU
et al., 1999), due to loss of habitats (and thus species) mainly caused by changed water
regimes and increased land use pressure on these ecosystems. Hence, floodplains are considered as landscapes with high conservation value and protection needs and have become
a focus of conservation research (FOECKLER and BOHLE 1991; GERKEN, 1992b; AMOROS and
PETTS, 1993; YOUNG, 2001; JESSEL, 2005; SCHOLZ et al., 2005).
Floodplain management and conservation requires a sound understanding of species-environment relationships and suitable bioindicators to assess and monitor ecological conditions,
since parameters characterising the hydrological regime are time consuming to measure and
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costly in terms of resources required (MCGEOCH, 1998; DZIOCK et al., 2006). In floodplains,
the hydrological regime is the key process determining patterns of occurrence in many
taxonomic groups (e.g. DZIOCK, 2006; FOECKLER et al., 2006) including carabid beetles
(SIEPE, 1989; BONN et al., 2002); however, there can be other factors playing a major role
(e.g. HILDEBRANDT et al., 2005).
Since the ecology and taxonomy of many carabid beetle species is well-known, and as
they can be surveyed easily and cost-efficiently, carabid beetles are potentially suitable
bioindicators (RAINIO and NIEMELÄ, 2003). For these reasons they are frequently used for
bioindication (in floodplains e.g. GERKEN, 1981; GERKEN et al., 1991; SIEPE, 1989; NELLES
and GERKEN, 1990; GREENWOOD et al., 1991, 1995; OBRDLIK and SCHNEIDER, 1994; ZULKA,
1994; DÖRFER et al., 1995; SPANG, 1996; HUGENSCHÜTT, 1997; WOHLGEMUTH-VON REICHE
et al., 1997; BONN et al., 2002; HANNING and DREWENSKUS, 2005).
However, present investigations on the relationships between carabid species occurrence
and environmental variables are mainly based on empirical and qualitative data and thus
limited in power of expression. Several studies focused on the effect of the habitat type and
the habitat structure on carabid beetles assemblages, but without using quantified environmental variables (e.g. INGS and HARTLEY, 1999; WELLER and GANZHORN, 2004; AVIRON
et al., 2005).
This is especially true for floodplains, as several studies showed that the hydrological
regime in floodplains is a main driver for species occurrence (e.g. DÖRFER et al., 1995; BONN
et al., 2002; GUENTHER and ASSMANN, 2005), but scarcely validated with quantified environmental data. METZNER (2004) analysed the impact of flood dynamics on carabid species
assemblages along 62 kilometres of the River Main in Germany, but could only use data
from three gauges to explain these relationships. WOHLGEMUTH-VON REICHE et al. (1997)
divided their sampling plots into sub-plots as determined by the different hydrological conditions, based on a qualitative classification (non-flooded, seasonal flooded, uncontrolled
flooding) in order to analyse the reaction of different arthropod groups to a flood event.
In consequence, there are a lot of open questions concerning occurrence patterns of species
in floodplains and environmental variables, as it is uncertain which environmental parameters are most responsible for species. It is likely the case that several environmental variables
responsible for species occurrence may be overseen in present bioindication analyses, because
they were simply not recorded or used as qualitative data with high generalisation.
The purpose of this study is to match quantified hydrological parameters with carabid
species occurrence and to define carabid indicator species for groups of plots with defined
quantified hydrological conditions.
This study assesses whether carabid beetles can be used to group plots of similar hydrological conditions and tests whether the ‘environment-plot’ dataset and ‘species-plot’ dataset
show a significant joint structure. As an innovative step, quantified environmental variables
were used to match species occurrence with the hydrological conditions of the plots.

2. Methods
2.1. Field Data
The study was integrated in the project RIVA – “Development and Testing of a Robust Indicator
System for Ecological Changes in Floodplain Systems” – carried out in floodplains of the Middle Elbe
(HENLE et al., 2006; FOECKLER et al., 2006). In this contribution results from the study area “Schöneberger Wiesen” near the village Steckby (25 km West of Dessau), Saxony-Anhalt, Central Germany,
are presented. The study area is part of the Elbe River Landscape Biosphere Reserve and can be
characterised as seasonally flooded grassland with an intermediate intensity of use. For a detailed
description of the study area and the characteristics of the Middle Elbe and its floodplains see HENLE
et al. (2006) and SCHOLZ et al. (in press).
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Within the study area 36 sampling plots have been established using a stratified randomized design.
Site morphology and obvious vegetation types were used to delineate four strata: flood-channels,
depressions and ditches, wet grassland, dry grassland close to the river, and dry grassland distant from
the river. HENLE et al. (2006) give extensive details of the study design.
On each plot carabid beetles and environmental variables were sampled. Carabid beetles were caught
using five pitfall traps per plot. The traps were filled with a 7% solution of acetic acid and a detergent
to reduce surface tension. They were serviced fortnightly in the spring of the years 1998 and 1999 (end
of April – end of June). This sampling period was chosen in order to reduce sampling effort but to maximise the number of species recorded (DUELLI et al., 1999). However, we sampled carabid beetles during a whole vegetation period (end of April – end of October) but since analyses showed no significant
seasonal differences in the correlation of species occurrence and environmental variables we present
here only the results for the spring season.
Samples were sorted out and stored in an alloy of one third acetic acid and two thirds ethyl alcohol.
All adult carabids were determined to species-level using the following references: FOLWACZNY (1959),
FREUDE (1976), HIEKE (1970), LINDROTH (1985, 1986), SCHMIDT (1994), and TRAUTNER and GEIGENMÜLLER (1987).

2.2. Environmental Data
On each study plot hydrological variables, soil variables, chemical variables, and leaf litter variables
were measured. These variables were augmented by landscape variables (distances to and area of habitats) and variables characterising the management of the area. In total, more than 300 environmental
variables have been measured or derived from the data (RINK et al., 2000; HENLE et al., 2006). In order
to reveal the variables with the highest biological importance for the presence/absence of species, the
number of environmental variables had to be reduced carefully (VAUGHAN and ORMEROD, 2005). Within the RIVA project, this was achieved by pair-wise correlation analyses, principal component analysis,
removal of invariant parameters, and by forward selection in a canonical correspondence analysis (RINK,
2003; HETTRICH and RINK, in press). Using this approach RINK (2003) identified those abiotic parameters that significantly explained the assemblages of carabid species. Since here we are interested in
parameters that quantify characteristics of the hydrological regime, those five hydrological parameters
that contributed most to the explanation of carabid species assemblages for further analyses, were selected (Table 1).

Table 1.

Environmental variables used in this study.

Code

Brief description

DurIn
DistTemp
DistPerm
MnGW

duration of inundation within the hydrological year (in days)
distance to closest temporary pool (in m)
distance to closest permanent pool (in m)
mean groundwater depth during the vegetation period (from 01.04. to 30.09.) of a
year (in cm), groundwater depth was measured fortnightly and during flood events
daily or weekly with a water level contact meter from spring 1998 to spring 2000
standard deviation of the water level of a year, i.e. difference between maximal
groundwater depth and maximal flood height

SDWatLev

2.3. Statistical Analyses
A three step analysis explores the relationships between species and their environment:
i. The ‘species-plot’ dataset was analysed with a between-plot correspondence analysis (CA) to ordinate the plots based on the occurrence of carabid beetles. In order to find groups of plots with similar environmental conditions, plots were clustered (Ward’s method, distance type: Euclidian) based
on the results of the CA. The cluster analysis was verified by a discriminance analysis followed by
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a Monte-Carlo-permutation test to validate the identified cluster groups. CA was used in favour of
the detrended version (DCA), because DCA lacks a convincing theoretical basis and does not perform desirably well in some situations (critique summarized in PALMER, 1993).
ii. The ‘environment-plot’ dataset was analysed with a principal component analysis (PCA) to ordinate
the plots based on their environmental characteristics. PCA was used, because this method is much
better suited for environmental data on a metric scale than CA.
iii. For revealing relationships between the occurrence of species and environmental parameters a coinertia-analysis was conducted which allowed the detection and evaluation of a joint structure
between these two matrices. The use of co-inertia analysis was proposed by DOLÉDEC and CHESSEL
(1994) for the simultaneous detection of faunistic and environmental relationships when many
species and several environmental variables are sampled in a number of plots. The results have been
validated by permutation tests.
All multivariate calculations were carried out with the ADE-4 software package (THIOULOUSE et al.,
1997).
The spring-data of both sampling years were pooled, as a preliminary discriminance analysis based on
a CA showed no significant differences between years but between plots (SCHANOWSKI et al., in press).

2.4. Identification of Indicator Species
The suitability of carabid species as indicators for hydrological site conditions was assessed according to their fidelity and specificity to the clusters identified in the PCA as well as to their relative abundance. The method used in this study is therefore very similar to that proposed by DUFRÊNE and
LEGENDRE (1997). We measured fidelity as the frequency of presence of a species within the plots allocated to a cluster. We measured specificity as the percentage occurrence within a cluster relative to total
occurrence. As a measure of abundance, the percentage of individuals of a sample that belonged to a
particular species was calculated. Relative abundances were grouped in six classes of “dominance activity” following the suggestion of ENGELMANN (1978).
Thresholds of >40% for specificity and >80% for fidelity were set to accept a species as a suitable
indicator for a cluster of plots with similar hydrological conditions. In addition, only sufficiently common species, i.e. comprising at least 1% of the sample of the plots within a cluster, were considered.
Although any species, whether abundant or scarce, will contribute to ordination results, abundant
species are usually mostly responsible for clustering plots with similar conditions. However, they can
play an important role in more than one cluster, due to their wide ecological valence. While they are
less relevant for a particular cluster they may still be suitable to indicate the hydrological conditions of
a group of clusters. Thresholds of >60% for both specificity and fidelity were defined to declare a
species as a suitable indicator for a group of clusters. Again, the species must comprise >1% of the individuals sampled in the group of clusters.

3. Results
3.1. Ordination of Sampling Plots Based on Carabid Beetle Occurrences
During the surveys in the sampling area “Schöneberger Wiesen” in spring of 1998 and
1999 altogether 44,986 individuals representing 129 species were caught and identified to
species level.
The correspondence analysis (CA) of the ‘species-plot’ dataset revealed a strong gradient
along the first two axes with an explained variability of 26.4% (F1: 19.1%, F2: 7.3%)
(Fig. 1). The first axis represents moisture, as the plots located in flood channels or depressions can be found on the right side of the ordination plot (cluster 1 and 2) and are clearly
separated from the more elevated and dry plots (cluster 3 and 4) on the left side of the
figure. The corresponding ordination of the species responsible for clustering the plots is
shown in Figure 2.
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Ordination of sampling plots based on occurrence of carabid species using a correspondence
analysis. The numbers correspond to the groups resulting from a cluster analysis.

Cluster 1 almost exclusively contains plots of deep flood channels (plots 1–7). Exceptions
are plots 8 and 9 in 1999, which are located at a shallow edge of a temporary depression
and plot 12, which is a flood channel as well but small and isolated. Additionally, this cluster contains two Phalaris-reed plots (30, 34). Plots within this cluster are characterised mainly by the carabid species Agonum afrum, A. versutum, A. duftschmidi, Anthracus consputus,
Bembidion biguttatum, Pterostichus gracilis, and Stenolophus mixtus (Fig. 2).
Cluster 2 mainly consists of plots located in Phalaris-reed (plots 29–36) and at banks of
shallow, isolated temporary flood channels. Furthermore, several plots are situated in a transition zone to meadows (13, 14, 16). Basically, five species are mainly responsible for this
plot grouping: Amara communis, Bembidion guttula, Clivina fossor, Epaphius secalis, and
Pterostichus strenuus.
Cluster 3 contains only a few plots in fresh and moist meadows, mainly characterised by
Amara lunicollis and Syntomus truncatellus. These plots show intermediate moisture conditions and lead to the more elevated and dry plots of cluster 4, which are basically characterised by Carabus auratus as well as Amara lunicollis and Syntomus truncatellus.
3.2. Ordination of Plots Based on Environmental Variables
The sampling plots were classified using a PCA and a cluster analysis based on the five
environmental variables given in Table 1 (Fig. 3). The first two axes of the PCA explained
67.5% of the total variance in the ‘environment-plot’ dataset (F1: 44.1%, F2: 23.4%). The
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Figure 2.

Ordination of the species responsible for clustering the plots using correspondence analysis.

first axis mainly represents the influence of flood duration and the distance to the closest
temporary pool, whereas the second axis mainly reflects the distance to the closest permanent water body (Fig. 4).
Five clearly separated clusters of plots can be distinguished (α < 0,001) that are aligned
along two gradients: the flood duration decreases among the clusters, whereas the mean
groundwater depth increases (Table 2).
3.3. Relationship between Carabid-Occurrence and Environmental Variables
In spite of the different numbers of clusters resulting from ordering the plots by species
(see 3.1) or by environmental parameters (see 3.2), a joint structure between the two datasets
is evident in a direct ordination of the plots simultaneously using occurrence of species and
environmental parameters in a co-inertia analysis. The joint structure is highly significant
(permutation tests: fixed D, fixed Table 1, fixed Table 2; α < 0.001) visualised by the rather
short distances between dots and arrowheads in Figure 5, in which the first two axes of the
co-inertia explain 98.3% of the total variance.
3.4. Indicator Species
Indicator species for clusters of plots with similar abiotic conditions had to fulfil the criteria of specificity and fidelity to the clusters defined in the methods section and in addition
had to reach a dominance of at least 1%. Table 3 lists all species that fulfilled these condi-

© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.revhydro.com

332

M. GERISCH et al.

Figure 3.

Ordination of the plots based on abiotic parameters using principle component analysis. The
numbers correspond to the groups resulting from a cluster analysis.

Figure 4.

Correlation circle of the abiotic parameters for the first two axes (F1, F2) of the principle
component analyses of the ‘environment-plot’ dataset (spring 1998).
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Table 2.

Mean values of the parameters “flood duration” and “mean groundwater depth”
for the clusters of plots.

Description of clusters

Cluster
Cluster
Cluster
Cluster
Cluster

1
2
3
4
5

–
–
–
–
–

deep, coherent flood channels with long inundation
shallow, temporary pools with relative short inundation
Phalaris reeds with short and episodic inundation
plots in transition zone (moist and fresh meadows)
typical meadows (elevated, dryer meadows)

Flood duration
[months]

Mean
groundwater
depth [cm]

6
5
1
0.4
0.2

156
200
170
296
358

tions. The abiotic conditions in cluster 1, representing deep flood channels with a long inundation period, are best indicated by Agonum duftschmidi, A. versutum, Bembidion dentellum,
and Stenolophus skrimshiranus. The species Chlaenius nigricornis and Pterostichus nigrita
also mainly occurred in plots of cluster 1.
There is no clear evidence of a suitable indicator species for cluster 2 (shallow temporary
flood channels). Only Anisodactylus binotatus is associated with these habitats, but without
fulfilling the defined criteria for indicator species.
The species Agonum afrum, A. fuliginosum, Pterostichus gracilis, and Oodes helopioides
appeared with a fidelity >60% in deep, coherent flood channels (cluster 1) as well as in
Phalaris reeds (cluster 3), and thus can be considered as indicator species for both habitat
types. Additionally, Epaphius secalis occurred only in these plots with a high dominance
activity and showed fairly high fidelity and specificity to that habitat type (>60%).

Figure 5. Ordination of plots based on environmental parameters and occurrence of species (co-inertia).
Dots describe the ordination of the plots according to their environmental characteristics, whereas arrowheads show the ordination according to species occurrence.
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Table 3. Dominance class (classes 3 to 5 based on ENGELMANN 1978) and fidelity (bold
>80%; normal >60%) of the indicator species for the clusters of plots. Clustering of plots is
based on abiotic parameters. Grey boxes: indicator species only for one cluster (specificity
>40%, fidelity >80%); white boxes: Indicator species for a group of clusters (specificity and
fidelity >60%). For the description of clusters see Table 2.
Species/ cluster

Stenolophus skrimshiranus
Bembidion dentellum
Agonum versutum
Agonum duftschmidi
Chlaenius nigricornis
Pterostichus nigrita
Anthracus consputus
Stenolophus mixtus
Anisodactylus binotatus
Epaphius secalis
Agonum fuliginosum
Agonum afrum
Oodes helopioides
Pterostichus gracilis
Poecilus cupreus
Pterostichus vernalis
Bembidion biguttatum
Clivina fossor
Acupalpus exiguus
Pterostichus anthracinus
Bembidion guttula
Pterostichus strenuus
Amara communis
Amara lunicollis
Syntomus truncatellus
Carabus nemoralis
Carabus auratus

1

2

3

4

5

3

3
3
4
3
3
3
4

3
3
3

4
5
3
3

5
4
3
3
3
3

4
3
3
4
3
3
3
3
3

4
3
3
3
3
3
3
3
4
3
3
4
4
4

3
4
4
4

3
4
5
4
5

Only a few indicator species were revealed for the intermediate meadows. The more dry
and elevated plots (cluster 5) are characterised by Carabus auratus, whereas the species
Amara communis and A. lunicollis indicate both, the conditions on fresh meadows (cluster 4)
as well as those of the dry meadows representing cluster 5.

4. Discussion
In the past carabid beetles were mainly used for the assessment of habitat quality (e.g.
MOSSAKOWSKI and PAJE, 1985; ARNDT and PELLMANN, 1996; BRÄUNICKE and TRAUTNER,
2002) or to assess the impact of habitat management/habitat change on species assemblages
(e.g. GRANDCHAMP et al., 2005; LATTY et al., 2006), mainly for deriving conservation values or conservation strategies. They have been used scarcely as test organisms for correlat-
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ing species occurrence with selected environmental parameters (e.g. IRMLER et al., 2002;
EYRE et al., 2005). This study shows that carabids are also appropriate organisms for indicating quantifiable environmental variables (compare FOLLNER and HENLE, 2006).
In most common bioindication-studies only a few easy-to-assess variables, such as temperature or pH-value, have been measured – often without testing whether the variables are
relevant for the species’ occurrence patterns. Moreover, these data are often surveyed only
once or in too coarse intervals, meaning that the temporal change of environmental variables
and its impact on species assemblages cannot be correctly assessed.
This is especially true for bioindication in dynamic ecosystems like floodplains. In fact,
GUTIÉRREZ et al. (2004) and BALLINGER et al. (2005) give detailed information about the
study-site (habitat-type, vegetation structure, soil type etc.) but do not provide sound data
on floodplain typical parameters, such as duration of inundation or groundwater depth. BONN
et al. (1997) measured both flood height and duration but finally transformed these quantified data to qualitative data. Due to the use of mainly qualitative data (e.g. ‘shortly inundated’), there is only limited power of expression to relationships between species and environmental parameters.
An assessment of the relationship between carabid species occurrences and quantified abiotic parameters has been conducted rarely, although its increasing importance during the last
years is obvious. KLEINWÄCHTER et al. (2005) correlated soil grain size with species occurrence for revealing habitat preferences of carabid species. EYRE et al. (2005) derived climate
and altitude variables from a climatology data base to detect relationships between the distribution of British carabid beetles and climatic and altitude parameters. VAN LOOY et al.
(2005) also derived several hydrological indices (e.g. width: depth-ratio of the river, number of summer peaks) from a 10-year average daily discharge and matched these quantified
(but derived) data with carabid species occurrence in order to define indicator species for
different habitat types.
Nevertheless, there are methodical problems in deriving several environmental variables
from only a few data. EYRE et al. (2005) recognise that problem as they only “… assumed
that the values for each parameter were representative of the environment …” (p. 974, italicization ours).
In this study quantified and statistical significant environmental variables were used to
reveal species-environment relationships. The results of the Co-Inertia-analysis show a
strong relationship between both the flood duration and the groundwater depth and the
occurrence of carabid beetles. These results are supported by FOECKLER et al. (2006) who
assessed a strong relationship between mollusc occurrence and flood duration. DZIOCK
(2006) revealed similar correlations, as the occurrence of syrphid species in floodplains can
be mainly explained by groundwater depth.
Indicator species for different hydrological site conditions were found and hence, for both
environmental variables (duration of inundation and groundwater depth). Plots characterised
by a long flood duration were inhabited mainly by strictly hydrophilic species with high dispersal power, such as Bembidion dentellum, Agonum duftschmidi, and Stenolophus skrimshiranus (HUGENSCHÜTT, 1997), this power being essential for settling on sites that are prone
to disturbances (e.g. flood events) and are available only for relative short periods of time
(HERING and PLACHTER, 1997). GRUBE and BEYER (1997) and BONN et al. (1997) considered
the species Bembidion dentellum and Stenolophus skrimshiranus as indicator species for wet
conditions as well. However, they also possessed a very high specificity for inundated alluvial forests. MÜLLER et al. (2002) caught B. dentellum in softwood-forests and considered
St. skrimshiranus and A. duftschmidi as typical species for alluvial forests.
Despite their medium habitat specificity and fidelity species such as Amara communis,
A. lunicollis, Pterostichus strenuus and Syntomus truncatellus are still able to indicate environmental conditions in the transition zone from wet to dry habitats (‘detector species’, sensu
MCGEOCH et al., 2002). Although Pt. strenuus appeared in four of five clusters, its strong
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fidelity (>80%) to long inundated plots and to the relatively wet Phalaris reeds is obvious.
This pattern of occurrence shows its ‘detection power’ from intermediate to wet conditions,
with a preference for lightly wet conditions. In contrast, both Amara species occurred mainly in meadow plots with intermediate moisture. A. communis is associated with the moist
plots, whereas A. lunicollis shows strong fidelity to the drier plots. Therefore, both species
are suitable to indicate the transition from dry meadows to fresh meadows. BONN et al.
(2002) recorded A. communis and A. lunicollis in several grasslands types as well, though
the specificity of A. communis was high in dry meadows, whereas A. lunicollis had high
specificity for wet meadows, which is contrary to the presented results. Additionally, and
similar to this study, Pt. strenuus showed a high preference for wet plots, though it only
appeared in alluvial forests. GÜNTHER and ASSMANN (2005) showed similar observations, as
they considered S. truncatellus as non-hygrophilic associated with dry and open grasslands
and A. lunicollis and Pt. strenuus as hydrophilic species associated with open grasslands.
The species Carabus auratus and Carabus nemoralis both show high specificity for the
driest and less disturbed plots. This pattern of occurrence is supported by several studies
(FAN et al., 1993; BASEDOW, 2002; DORING and KROMP, 2003), showing that C. auratus is
a typical species for dry meadows and fields with a relatively low disturbance regime.
Although C. nemoralis is known for its preference for woodland habitats (LATTY et al., 2006;
WELLER and GANZHORN, 2004), this species can occur in several habitats, as long as they
are at least lightly shaded and possess moist conditions. A likely reason for its specificity
for the elevated meadows in the study plot can be seen in the relatively moist conditions
prevailing in the spring.
Epaphius secalis is the only species that clearly separates the Phalaris-reed-plots from the
surrounding meadow-plots with a high specificity for those habitats, expecting a true indicator species here. But due to a fidelity <80% in the whole cluster, it cannot be considered
as an indicator species for a group of plots according to our definition. Nevertheless, this
species is well known for its preference to swampy and lush plots (e.g. HUGENSCHÜTT, 1997;
GIERS, 2003), although MÜLLER et al. (2002) found it only in woodland-habitats.
Although it depends upon the geographical region, several species can occur in different
floodplain habitats, and we have to assume that the duration of inundation and the groundwater depth are the main responsible parameters for the occurrence of these species, as wet
soil conditions in floodplains are related to inundation and groundwater depth. This likely
implies that for the studied carabids in floodplain grasslands, hydrological parameters may
be more important than habitat type.
We can assume the quality of our indication of hydrological site conditions as fairly precise, as we could assign selected species to clusters of plots with characteristic values of
flood duration and groundwater depth. Indication worked fine especially in the long inundated plots (cluster 1), as we could reveal Amara communis, A. lunicollis, Pterostichus
strenuus, and Syntomus truncatellus as species with high specificity and fidelity to plots with
low groundwater depth and a long duration of inundation.
On the other hand we assessed Carabus auratus as a species with high specificity and
fidelity to elevated meadow-plots and thus as a distinct indicator species for a high groundwater depth and relatively short duration of inundation, and thus low disturbance regime.
In contrast, intermediate hydrological conditions are more difficult to indicate by carabid
species, as we revealed several species possessing low specificity to only one cluster but
high specificity to several clusters. A likely reason for this limited indication power for one
cluster is the wide niche breadth of those species, allowing them to cover a broad range of
a gradient. Nevertheless, we showed that also several common species such as Syntomus
truncatellus or Pterostichus strenuus still show preferences for certain hydrological conditions and can thus be used for revealing gradients of environmental variables.
We showed that carabid assemblages can serve as efficient indicators of water conditions
of floodplain grassland habitats. For this reason, and because carabids are quick and cheap
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to collect, these insects can be used in environmental follow-up studies on habitat quality
and changes, and as tools for landscape and conservation planners. Moreover, carabids may
prove useful for the implementation of international environmental regulations, such as the
EU Habitat and Water Framework Directives.
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