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Abstract Rivers are among the most endangered
ecosystems of the world with dramatically decreasing
biodiversity. Rehabilitation programmes aiming at
restoration of riverine ecosystems rely on the recol-
onisation of native macroinvertebrates from refuges.
We examined whether a relatively natural remnant of
the former river Rhine (Altrhein) harbours a higher
richness of benthic macroinvertebrates than two sites
of the modified Rhine with artificial and semi-natural
embankments near Basel. All three sites were
bimonthly sampled between May 2007 and May
2008 wusing three techniques: Kick and Sweep,
drifting animals collected from pieces of stone turned
by hand, and animals collected from stone surfaces.
Taxa richness was higher in the Altrhein than in the
two sampling sites in the river Rhine, but it was
mainly a result of the large number of individuals
sampled at this site. Despite 17% of taxa recorded
were alien, the three sampling sites differed neither in
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the number of alien taxa nor in their abundances.
However, lower percentages of both alien taxa and
individuals were recorded in the Altrhein than at the
other two sites in the Rhine. Indicator value analysis
showed that the macroinvertebrate community of the
Altrhein maintains several native and specific taxa.
Multivariate analyses supported the separation of the
communities collected at different sampling sites and
also the uniqueness of the community in the Altrhein.
The observed patterns, however, strongly depended
on the sampling method applied, thereby calling the
attention to the application of standard sampling
methods and also to the restriction of result compar-
isons on projects using identical sampling methodol-
ogy. Our study shows that the remnant of the former
river Rhine serves as a refuge for macroinvertebrates
which may facilitate future restoration of the river
embankment.

Keywords Alien taxa - Richness -
Conservation value - Macroinvertebrates -
River Rhine

Introduction

Man-made alterations of the environment have
caused major changes in the global distribution of
organisms (Vitousek et al., 1997). Many species have
been eliminated from areas dominated by human
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beings as a consequence of habitat destruction or
alteration, pollution, over-harvesting, introduction of
alien species and climate change (Chapin et al,
2000). The current rates of species extinction are
estimated to be 10-100 times greater than the pre-
human rates (Pimm et al., 1995) and there is
increasing evidence of declining biodiversity both
in terrestrial (Haddad et al., 2009) and aquatic
ecosystems (Roberts & Hawkins, 1999). Freshwater
ecosystems are among the most endangered ecosys-
tems in the world (Dudgeon et al., 2006) as they
suffer from water pollution, habitat degradation, flow
modification, overexploitation and species invasion
(Giller & Malmgqvist, 1998; Dudgeon et al., 20006), all
of which affect the diversity and integrity of river
biota (Karr et al., 1985; Poff et al., 1997). Recent
studies have also shown that hydromorphological
degradation of watercourses decreased riverine diver-
sity (Malmgqvist & Rundle, 2002; Lorenz et al., 2004).
As a result of the intensive human impact, natural or
semi-natural conditions occur only in a few rivers
with species-rich floodplains (Ward et al., 1999,
2002). These species-rich sites could act as sources
for future colonisation of more degraded and thus
species-poor sites following habitat restoration.

The river Rhine is a good example on how a
combination of different factors structures benthic
communities (Baur & Schmidlin, 2007). River mod-
ification deteriorated certain habitats but also created
new habitats. Prolonged pollution changed the
original communities and caused a loss of certain
species, simultaneously creating open niches for
pollution-tolerant alien species (Tittizer et al., 1991;
Van der Brink et al., 1996). Major disturbances
enabled the invasion of alien species, and the Rhine-
Main-Danube Canal, opened in 1992-1993, provided
additional opportunities for this process (Tittizer,
1997; bij de Vaate et al., 2002). After reduction of the
pollution in the Rhine, recolonisation seemed to
favour alien, rather than native species. These alien
species suppress the development of populations of
native species. At the present day, the number of
invaders is still increasing (Baur & Schmidlin, 2007;
Leuven et al., 2009).

Despite profound alterations of river characteris-
tics, the Rhine still has natural and semi-natural
banks, and areas of floodplain, with abandoned
meanders, brooks, backwaters, sand and gravel pits;
and remnants of riparian forest still harbour a high
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richness of plants and animals, and are therefore of
high conservation value (e.g. LfU, 2000; Baur et al.,
2002). Furthermore, in the past decades, the water
quality of the Rhine has improved considerably
(Sacher et al., 2008).

Management agencies are increasingly attempting
to reverse degradations to rivers through ecosystem
restoration (Ardon & Bernhardt, 2009). In the
framework of the “Integrated Rhine Programme”
(Integriertes Rheinprogram) large areas for water
retention during floods will be created by removing
the existing dams and widening the riverine area of
the upper Rhine and other by-passed remnants of the
river between Basel and Mannheim (Umweltminis-
terium Baden-Wiirttemberg, 2007). Increasing flood
retention is being coupled with ecological restoration
of the banks in this large project and near natural
river sections are assumed to serve as species pool for
the recolonization of restored sites.

In the present study, we examined whether a
remnant of the river Rhine, which is characterised by
a natural river bed and extreme fluctuations in
discharge and water level, could serve as a source
for species colonisation of sites with degraded
communities in future river restorations. In particular,
we asked (1) whether the relatively natural remnant
of the former Rhine harbours a higher richness of
benthic macroinvertebrates than two sites of the
modified river Rhine with artificial and semi-natural
embankments and (2) whether these sites differ in
richness, abundance and biomass of native and alien
macroinvertebrate taxa. From a methodological per-
spective, we addressed these questions by comparing
the performance of three sampling methods of
benthic macroinvertebrates.

Materials and methods
The river Rhine

With a length of 1,320 km and a catchment area of
185,000 kmz, the river Rhine is one of the largest
rivers in central Europe (Friedrich & Miiller, 1984).
The deterioration of the river started in the Middle
Ages (Nienhuis & Leuven, 1998) and continued by
straightening, reduction of channel networks to a
single channel and disconnection from the floodplain
(Baur & Schmidlin, 2007). In the early 1800s, for
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instance, the Upper Rhine north of Basel showed a
natural, up to 6-km wide river system with numerous
branches, including runs and riffles and slow flowing
meanders associated with numerous sand and gravel
flats. In the Tulla-correction, carried out between
1817 and 1874, and in a subsequent canalisation
(Grand Canal d’Alsace), the Upper Rhine was
transformed into a 130-m wide, artificial fast flowing
sealed canal. Nowadays, the Rhine is a completely
man-manipulated river, more intensively used than
ever before (Tittizer & Krebs, 1996).

Study sites

The Altrhein is a remnant of the former river Rhine
running parallel to the Grand Canal d’ Alsace (Fig. 1).
The Altrhein has a close to natural river bed and is
fed with water from the Rhine with a minimum
discharge of 10-50 m>/s. However, when the water
level of the river Rhine exceeds 1,400 m3/s, the
surplus water is released through the Altrhein,
thereby causing extreme fluctuations in discharge
and water level. The first sampling site is located near
Mirkt (Germany) approximately 1 km downstream
of the weir of the hydroelectric power plant Kembs
(Rhine km 175; 47°37'32.302""N, 7°34'17.440"E).
The bank of the sampling site is covered with a dense
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Fig. 1 The map of the study area with the three sampling sites
(1: Altrhein, 2: Schwarzwaldbriicke, 3: Grenzach)

riparian vegetation of trees and shrubs. The riverbed
provides a wide variety of mesohabitats like pools,
riffles and runs. The substrata of the riverbed are
dominated by rocks, stones and gravel. The second
sampling site Schwarzwaldbriicke is situated in the
city of Basel (Rhine km 164.8; 47°33'31.280"N,
7°36'46.219"E). This sampling site is embanked and
the riverbed consists of stones and gravel. The water
current is constantly fast at the site (mean discharge
1,033 m*/s). The third sampling site Grenzach
(Rhine km 157.8; 47°32'00.162"'N, 7°41'09.247"E)
is situated close to the village Grenzach-Wyhlen
(Germany). The bank of the sampling site shows
natural characteristics with trees and shrubs. The
river contains several mesohabitat patches with fast
and slow flowing sections. The substrata of the
riverbed are dominated by coarse gravel and stones of
variable size (mean discharge approximately
1,000 m%/s). Detailed hydrological data on the river
Rhine in Basel (close to the sampling site Schwarz-
waldbriicke) are available at http://www.hydrodaten.
admin.ch/e/2289.htm.

Field survey and laboratory protocols

Each site (30-m river length) was sampled every
2 months between May 2007 and May 2008 (alto-
gether seven sampling occasions). Kick and Sweep
sampling technique was applied using a hand net
(opening: 155 x 130 mm, mesh size: 0.5 mm). At
each site, eight replicate samples were taken by
disturbing the substratum of the riverbed in an area of
approximately 0.5 m® per sample. However, the
occurrence of large pieces of stone at the sampling
sites decreased the efficiency of the Kick and Sweep
sampling technique. Therefore, we decided to apply
two additional sampling techniques. First, single
pieces of stone were turned by hand and the drifting
animals were collected by the net (hereafter Stone
drift). At each sampling site and on each sampling
occasion eight Stone drift samples were collected.
Second, at each site pieces of stone with an approx-
imate surface area of 0.02 m? were randomly chosen
and all animals were collected from the surface (five
replicates per site and sampling occasion, hereafter
Stone surface). Macroinvertebrates were preserved in
75% ethanol and later identified using the keys of
Eggers & Martens (2001), Tachet et al. (2006) and
Gloer & Meier-Brook (2003). Taxa were assigned to
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functional groups following Tachet et al. (2000).
Altogether 32,896 individuals were collected. How-
ever, 3,826 juvenile individuals could not be classi-
fied into any taxonomical group and were therefore
omitted from the analyses. Taxa were classified as
alien or native following DAISIE (2008).

The wet weight of each taxon per sample was
measured to the nearest 0.1 mg. To reduce the
influence of conservation fluid on the wet weight,
each sample was put into water for 10 min prior to
weighing and then dried on paper towelling for
1 min. External material like cases of caddisflies was
removed before weighing (shells of molluscs were
included).

Statistical analyses

Our study design included two categorical factors
(sampling site and sampling method) and several
dependent variables (taxa richness, number of indi-
viduals, biomass, alien [non-native] taxa richness,
percentage of alien taxa, number of alien individuals,
percentage of alien abundance, alien biomass and
percentage of alien biomass). Linear models were
fitted to the data using the individual and joint effects
of site and sampling method on each dependent
variable separately. The final model was selected
based on Akaike’s Information Criterion (AIC). If the
final model revealed significant differences, then
Tukey test (Zar, 1999) was used as multiple com-
parison method. The individual-based rarefaction,
originally proposed by Sanders (1968) and corrected
by Hurlbert (1971) and Simberloff (1972), was used
to compare taxa richness among sampling sites.
Individual-based rarefaction controls for differences
in abundance, thus allowing a comparison of taxa
richness among sampling sites which differed in the
number of individuals collected. For rarefaction
analyses, both seasonal and replicate abundance data
were pooled.

Indicator value analyses (Dufrene & Legendre,
1997) were performed to identify taxa characterising
sampling sites. The significance level of indicator
value was defined by randomisation with 1,000 runs.
Analysis of Similarity (ANOSIM; Clarke, 1993) with
1,000 runs was used to examine whether the three
sampling sites differed in the composition of
macroinvertebrates. ANOSIM was performed sepa-
rately for each sampling method (Kick and Sweep,
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Stone drift and Stone surface) with three different
input data sets (presence—absence of taxa, abundance
and biomass). For presence/absence data the Jaccard
similarity index was used, whereas for abundance and
biomass data the Bray—Curtis similarity index was
applied (Podani, 2000). For all analyses, we used the
R statistical computing environment (R Development
Core Team, 2006) using the vegan (Oksanen et al.,
2009), multcomp (Hothorn et al., 2008) and MASS
packages (Venables & Ripley, 2002), an exception
being a web-based software for the rarefaction curves
(Brzustowski, 2009).

Results

Altogether 52 taxa were found among the 29,069
identified individuals. Taxa richness was significantly
influenced by both individual and joint effects of
sampling site and sampling method (Table 1, Fig. 2).
Independent of the sampling method used, taxa
richness was higher in the Altrhein than in the two
sampling sites in the river Rhine. When the absolute
values were compared, a larger number of individuals
was collected at the Altrhein site than at the
Schwarzwaldbriicke and Grenzach sites (Table 1).
A higher biomass was recorded at the Altrhein site
than at the two sampling sites in the river Rhine. Nine
of the 52 taxa (17.3%) were considered to be alien.
However, the three sampling sites did not differ in the
number of alien individuals (Table 1). In contrast, the
percentage of alien taxa, the number of alien
individuals and their biomass differed among sam-
pling sites (Table 1, Fig. 2). Tukey test showed that
the Altrhein is relatively (in percentage) less affected
by invasive taxa (considering their richness, abun-
dance and biomass) than the two other sites in the
river Rhine (Table 1, Fig. 2). Rarefied taxa richness
revealed that the higher taxa richness in the Altrhein
was mainly a result of the larger number of individ-
uals sampled at this site (Fig. 3). This finding was
significant in data obtained by the Stone drift method,
and tended to be significant in data from the two other
sampling methods (Fig. 3).

Considering the three sampling methods sepa-
rately, our analyses revealed that the sampling
method used strongly influenced the results (Table 1).
In general, with the Kick and Sweep method the
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Table 1 Summary of linear models (F values and significance
levels) and multiple comparisons (Tukey test) examining the
effects of sampling site and sampling method on various

measures of taxa richness, abundance and biomass of macro-
invertebrates in the river Rhine

Response variable Sampling site (L) Sampling method (M) LxM
Taxa richness 55.04*%**% A >S>G 107.55*%** K8, SS > SD 9.60%**
Number of individuals 4423%x% A >S G 8957k SS > KS > SD 24 .04k
Biomass 8.39%** A>G,S 7.54%%%* KS > SD, KS =SS,SD =SS ns

Alien taxa richness 3.23%* A>S, A=G,S=G 77.54%** KS >SS, SD 3.48%*
Number of alien individuals ns 33.04%%* KS >SS > SD ns

Alien biomass 3.64* A>S,A=G,S=G 1251%** KS >SS, SD ns
Percentage of alien taxa 17.56*%**% S, G > A 38.76%** SD, KS >SS ns
Percentage of alien abundance  36.36*** S, G > A 61.29%::% KS, SD > SS ns
Percentage of alien biomass 13.26%%*% G, S > A 101.73***%  KS, SD > SS ns

Sampling sites were Altrhein (A), Schwarzwaldbriicke (S) and Grenzach (G). Sampling methods included Kick and Sweep (KS),
Stone drift (SD) and Stone surface (SS). Significance levels were * P = 0.05, ** P = 0.01, *** P = 0.001 and ns non significant. In

multiple comparisons, the significance level was set at P = 0.05

largest numbers of taxa (both native and alien) were
collected (Table 1). However, the Stone surface
method exceeded the Kick and Sweep method in
the number of individuals collected. This can be
explained by the fact that several thousands of
Chironomidae individuals were collected with the
Stone surface method, mainly at the Altrhein site.
Three of nine interactions between sampling sites and
sampling methods were significant (Table 1).

Indicator value analysis based on data from the
Kick and Sweep method revealed 21 indicator taxa
(Table 2). Fifteen taxa were indicators of the Altrhein
site, and two of them were alien. At the sites
Schwarzwaldbriicke and Grenzach, the numbers of
indicator taxa were 4 and 2, and out of these 2 and 1
were aliens. Indicator value analysis based on the
Stone drift method resulted in only seven indicator
taxa: five native taxa in the Altrhein and two alien
taxa at the site Grenzach. Finally, indicator analysis
based on data from the Stone surface samples
revealed nine indicator taxa for the Altrhein (all of
them being native) and one indicator taxon for the
site Grenzach (alien). Independently on the sampling
method used, the majority of the indicator taxa in the
Altrhein belonged to the functional group of the filter
feeders. In contrast, at the two other sites, none of the
indicator taxa was a filter feeder. ANOSIM revealed
differences in the composition of aquatic macroin-
vertebrates at the three sampling sites in all nine
comparisons (Table 3).

Discussion

Rivers belong to the most endangered ecosystems of
the world (Malmgqvist & Rundle, 2002; Ward et al.,
2002; Dudgeon et al., 2006). Identifying river
sections which still harbour species-rich communities
is one of the first steps in conserving riverine
biodiversity (Sutherland, 2000). Our results show
that a relatively natural remnant of the former river
Rhine (Altrhein) has both a higher richness and
abundance and a larger biomass of benthic macroin-
vertebrates and is less dominated by alien taxa than
two sites of the modified Rhine with artificial and
semi-natural embankments near Basel. These findings
suggest that the Altrhein may serve as a source-
habitat from which native macroinvertebrates may
recolonise degraded and thus species-poor sites of the
river Rhine following habitat restoration.

Our study indicates that the higher taxa richness
found in the Altrhein is associated with a larger
number of individuals and higher biomass. As high
taxa richness, abundance and biomass are special
features of natural floodplain rivers (Ward et al.,
1999, 2002), we interpret these characters as surro-
gates of conservation value. Considering individual-
based taxa richness, rarefaction analyses showed that
the Altrhein did not differ from the other sites. In this
case, however, we consider sample-based (raw)
estimates of taxa richness more informative because
habitat modifications might also influence the
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Fig. 2 Effect of sampling site (Altrhein [dark grey],
Schwarzwaldbriicke [light grey] and Grenzach [white]) and
sampling method on the taxa richness (fop) on the percentage

abundance and biomass of the taxa. It is very likely
that the separation of the Altrhein from the modified
sections of the river Rhine contributed to the
preservation of a high richness of macroinvertebrates.
Furthermore, the extreme fluctuations in water level
in the Altrhein provide a linkage between the water
and the surrounding terrestrial landscape. The tem-
poral and spatial variability in river flow is generally
recognised as a fundamental control on instream
habitat structure and riverine biodiversity (Monk
et al., 2008).
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of alien taxa (middle) and on the percentage of alien biomass
(bottom) in the river Rhine. Columns show mean values,
whiskers indicate standard errors

We found the highest taxa richness in the Altrhein,
although this river section is exposed to extreme
fluctuations in discharge and water level. It seems
that the effects of these human-induced impacts on
the richness and composition of benthic macroinver-
tebrates are weaker that at the two other sampling
sites; or the fluctuation in discharge and in water level
is not associated with other stressors at this site.

A recent review showed that alien taxa accounted
for 11.3% of the total taxa richness of benthic
macroinvertebrates in the river Rhine, with slightly
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Fig. 3 Rarefied taxa richness (solid line) of the study sites and their 95% confidence intervals (dotted lines) in relation to the number

of individuals

higher percentages in the Delta Rhine and Upper
Rhine (Leuven et al., 2009). Another detailed field
study revealed that 24.8% of the macroinverte-
brate taxa were alien in the Upper Rhine between
Karlsruhe and Mannheim (Bernauer & Jansen, 2006).
Our finding of 17.3% of alien taxa is in the range of
the previous records. However, this value may
increase because the current rate of colonisation of
alien species averages 1.27 new species per year in
the river Rhine (Baur & Schmidlin, 2007). Consid-
ering abundance or biomass, approximately 80% of
the macroinvertebrates were alien. However, the
proportions of alien abundance and biomass show
considerable variation in space (Tittizer et al., 2000;
Haas et al., 2002; Bernauer & Jansen, 2006; Miirle
et al., 2008). For instance, in a habitat restoration

project in the Rhine Delta, the percentage of alien
abundance varied considerably between habitats
within the same locality (bij de Vaate et al., 2007).
We found a similar variation on a larger spatial scale:
the percentage of alien biomass and abundance varied
between sampling sites 7 and 17.2 km apart: the
Altrhein was less impacted by alien abundance and
biomass compared to the other two sites. From a
conservation point of view, identification and protec-
tion of sites less impacted by alien taxa and rich in
native taxa are essential as these sites are the potential
sources for species colonisation of other sites with
degraded communities in future river restorations.
Unfortunately, sites with high biodiversity values are
also influenced by alien taxa, as it was observed in the
Rhine Delta (bij de Vaate et al., 2006).
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Table 2 Macroinvertebrate taxa found at the three study sites in the river Rhine with indicator values for the three sampling methods

Group

Taxon

Sampling method

Kick and Sweep

Stone drift Stone surface

Crustacea

Ephemeroptera

Trichoptera

Diptera

Coleoptera

Odonata

Plecoptera

Heteroptera
Bivalvia

Dikerogammarus villosus
Echinogammarus ischnus

Echinogammarus trichiatus

Gammarus fossarum

Gammarus roeseli

Corophium curvispinum

Baetis sp.
Ephemera sp.
Heptagenia sp.
Potamanthus luteus
Caenidae
Ephemerella sp.
Psychomyia sp.
Tinodes sp.
Hydroptila sp.
Cheumatopsyche sp.
Hydropsyche sp.
Rhyacophila sp.
Glossosoma sp.
Ceraclea sp.
Athripsodes sp.
Goera pilosa
Polycentropus sp.
Lepidostoma sp.
Simuliidae
Chironomidae
Empididae
Anthomyiidae
Psychodidae
Stratomyidae
Ceratopogonidae
Limoniidae
Elmis sp. (larvae)
Esolus sp.

Limnius sp. (larvae)

Oulimnius sp. (larvae)

Riolus sp. (larvae)

Calopteryx splendens

Amphinemura sp.

Leuctra sp.

Dreissena polymorpha

Corbicula sp.

G 46.4%*

S 9.6*%

A 22.15%*
A 36.8%%*
A 17.8%%%
S 10.4%*
S 11.1%
A 10.5%

A 19.6%%*

A 30.5%%*
A 8.1%

A 17.8%%*

A 82.4%%*

A 22.9%%%

A 18475

G 12.5%%*

G 43.5%

A 13.3%% A 33.7HF%
A 12.3%*

A 30.4%

A 11.8%%* A 23.7%
A 17.1%%

A 13.5%
A 51.5%%* A T75.8%%*
A 24.8%*

A 35470
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Table 2 continued

Group Taxon Sampling method
Kick and Sweep Stone drift Stone surface
Gastropoda Ancylus fluviatilis A 24.6%%*
Potamopyrgus antipodarum G 11.2% G 26.4*
Radix sp.
Gyraulus sp.
Polychaeta Hypania invalida S 14.5%
Oligochaeta A 70.3%%* A 15.1%%
Isopoda Jaera istri A 41.6%%*
Hirudinea
Acari A 7.8% A 2]1.5%%*

A Altrhein, S Schwarzwaldbriicke, G Grenzach, * Significant at P = 0.05, ** P = 0.01, and *** P = 0.001). Alien taxa are

highlighted by bold

Table 3 R values of Analysis of Similarity (ANOSIM), expressing the separation of the macroinvertebrate communities collected at
the three sampling sites in the river Rhine for each combination of data set and sampling method

Response variable Kick and Sweep Stone drift Stone surface
Presence—absence data 0.125%%%* 0.036%*%*%* 0.090%#%*%*
Abundance data 0.036%* 0.077%#%%* 0.196%%*%*
Biomass data 0.043%** 0.053%%*%* 0.145%%*

The Jaccard similarity index was used for presence—absence data, the Bray—Curtis index for abundance and biomass data

(* P = 0.05, #* P = 0.001)

Although the proportion of alien taxa at the
Altrhein site was significantly lower than at the other
sampling sites, there was no difference in the number
of alien individuals among the sites examined. Cargo
shipping strongly contributes to the spread of alien
species (Riccardi & Maclsaac, 2000). In the river
Rhine, the number of alien taxa decreases upstream
of Rheinfelden, where cargo shipping ends (Rey
et al., 2004). The Altrhein is not used for cargo
shipping, but it is fed by water from the river Rhine.
During floods the surplus water is released through
the Altrhein facilitating the colonisation of alien taxa,
especially those, which have only an aquatic mode of
dispersal (all of the alien taxa in this study).

Indicator value analyses were performed to identify
taxa with high site specificity and fidelity. Indicator
taxa often determine the uniqueness of a site or a
habitat. Thus, their number is frequently associated
with a high conservation value (Schmera & Kiss, 2004;
Eros, 2007). In this context, the Altrhein harbours the
highest number of specific taxa, which appear with
high fidelity in the samples. Consequently, this type of

analysis also supports the importance of the Altrhein in
maintaining macroinvertebrate richness in the river
Rhine. Moreover, in the Altrhein only a low percentage
of the indicator taxa was alien in contrast to the two
other sampling sites in the river Rhine. This indicates
that a few alien taxa are only locally distributed but
show a high fidelity in the samples. Specific taxa, their
abundance and biomass might be responsible for the
observed separation of the three communities as well
as for the separation of the community in the Altrhein
from the other sites. We assume that the combination of
special habitat features of the Altrhein (lateral separa-
tion from the altered river Rhine, natural embankment,
preservation of a high diversity of habitat, extreme
fluctuations in discharge and water level, and strong
linkage with the terrestrial ecosystem) maintain a
unique and diverse macroinvertebrate community.
However, the by-passed section of the Altrhein is fed
with water from the Rhine. This enables alien taxa to
colonise this diverse ecosystem.

Sampling is the first and most critical point in
designing and conducting both basic and applied
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ecological research (Norris et al., 1992; Vinson &
Hawkins, 1996; Friberg et al., 2006). For aquatic
invertebrates, it is well known that several factors
influence the properties of the samples, including the
diversity of the habitat (Beisel et al., 1998), the spatial
scale of the sampling (Schmera & Erds, 2008), the
experience of the investigator (Metzeling et al.,
2003) and the sampling method applied (Elliott &
Drake, 1981; Drake & Elliott, 1982; Blocksom &
Flotemersch, 2005). Our results show that differences
in response variables (for instance taxa richness)
among sampling sites strongly depended on the
sampling method applied. This fact calls the attention
to the application of standard sampling methods and
also to the restriction of result comparisons on projects
using identical sampling methodology. The high
number of interactions between sampling site and
method makes the interpretation of the results more
complex.

It should be noted that the taxonomical level of our
identification shows considerable variability: several
taxonomic groups were identified only to genus or
family level (Oligochaeta: class). Some of these
taxonomic groups (e.g. Chironomidae or Oligochae-
ta) might strongly contribute to the species richness
of the community (Marchese et al., 2005; Koperski,
2010). Our conclusions are therefore restricted to the
taxonomical resolution used.

In summary, our study shows that the Altrhein can
be considered as a biodiversity refuge of native
aquatic macroinvertebrates. The Altrhein is less
dominated by alien taxa compared to other sites on
the river Rhine near Basel. Therefore, we suggest that
aquatic conservation should consider the Altrhein as a
source for colonisation of sites with degraded com-
munities in future Rhine restoration projects (e.g.
Integrated Rhine Project; LfU, 2000; Umweltminis-
terium Baden-Wiirttemberg, 2007).
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