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a b s t r a c t
The study was undertaken on the River Gelså, Denmark, where a 1.8 km meandering course was established in 1989 to replace a channelized river reach. This restoration project was the ﬁrst of its kind in
Denmark and has the longest time-series of post-intervention data of any restoration project conducted
world-wide. Additionally, a 0.5 km upstream (control) reach that remained channelized has been sampled
since 1989. In this paper, we examined macroinvertebrate assemblages in distinct habitats in 2008, 19
years after the restoration, and community persistence between two years, 1997 and 2008, to investigate
the longer-term effects of restoration on the biota. We found that habitat type inﬂuenced macroinvertebrate community composition to some degree, while there were no clear effects on ␣- and ␤-diversity of
habitat or reach type. Stony substrate habitats introduced as part of the restoration could, however, still
be separated from other habitat types and were much more frequent in the restored reach. Furthermore,
very little change had occurred over the 11-year period from 1997 to 2008, suggesting a high degree of
community persistence. Our results suggest that the local species pool was already close to saturation
in 1997 and that only limited immigration of new species occurred in the intervening period until 2008.
The lack of long term beneﬁts could be attributed to the simultaneous cessation of weed cutting (which
had almost as big a positive impact as restoration), other types of stress on the river (eutrophication)
and dispersal limitations. However, it might also reﬂect that River Gelså is still functionally channelized
and is far from exhibiting a dynamic river morphology governed by natural processes that create a range
of habitats for the biota and this might explain why there has not been a more pronounced increase in
macroinvertebrate diversity in River Gelså.
© 2013 Published by Elsevier B.V.

1. Introduction
During the last three decades many attempts have been made
to improve in-stream habitat conditions through river restoration across Europe and North America (Roni et al., 2008; Palmer
et al., 2010; Feld et al., 2011). The dominant paradigm in river
restoration has been rehabilitation of physical conditions with
primary focus on habitat structure and water ﬂow to enhance
habitat heterogeneity and biodiversity. At the intermediate scale
restoration schemes aim at restoring degraded river sections to
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their natural condition through re-meandering of entire sections
of the river (e.g. Palmer et al., 2007; Bernhardt and Palmer, 2011;
Feld et al., 2011).
A key question in river restoration ecology is if, and how,
re-created spatial and temporal physical heterogeneity interacts with the biota to improve ecosystem health compared with
pre-intervention levels (Pedersen et al., 2007; Vaughan et al.,
2009; Beechie et al., 2010). River morphology is highly dynamic
and dependent on catchment-scale controls (hydrology, geology),
channel patterns at reach scale and micro-scale variations in,
for instance, ﬂow and turbulence structure (Frissell et al., 1986).
Very rarely has this ﬂuvial dynamism been taken into consideration in the design of restoration projects and temporal data
documenting restoration effects on ﬂuvial processes are missing. Even though the number of river restorations has increased
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over the last several decades in both Europe and North America (Bernhardt et al., 2005; Feld et al., 2011; Lorenz et al.,
2012), studies providing conclusive empirical evidence of its
effects are lacking (Bernhardt and Palmer, 2011). Several published reviews provide almost no evidence of a long-term (+5
years) positive effect of river restoration on biotic communities (Roni et al., 2008; Miller et al., 2010; Feld et al., 2011),
albeit Lorenz et al. (2012) in a recent study found a longer
term positive response of macrophytes to restoration measures.
The lack of evidence can be attributed primarily to limited spatial and temporal resolution of data on physical habitats and
biota. The very limited evidence of links between restoration
activities and improvement in ecological status constitutes a
substantial problem for water managers when having to select
appropriate measures in that the costs involved can be very
high (Kristensen et al., 2012).
In Denmark, cultivation of farmland during the last century
has resulted in extensive straightening and culverting of watercourses, and more than 90% of Denmark’s 35,000 km of natural
streams have been physically modiﬁed (Iversen et al., 1993). One
way to counteract this degradation is to rehabilitate riparian and
in-stream habitats. Numerous stream restoration projects have
consequently been undertaken in Denmark over the past decades
to improve stream physical conditions and thereby increase the
rate of ecosystem recovery (e.g. Hansen, 1996; Pedersen et al.,
2007; Pedersen, unpublished material). The ﬁrst stream to be
re-meandered in 1989 was the Gelså and a number of studies
have documented the effect of this restoration on habitat conditions and biota (Friberg et al., 1994, 1998, 2000; Kronvang et al.,
1998). Macroinvertebrate communities recovered rapidly after the
restoration intervention and stone dwelling taxa became more
frequent in the restored reach compared to an up-stream channelized reach (Friberg et al., 1994). Within the ﬁrst decade of
the post-restoration period the two reaches became more similar both in terms of habitat distribution and biota (Friberg et al.,
1998, 2000), although a distinct mid-stream, high energy habitat with coarse substrate could still only be found in the restored
reach (Kronvang et al., 2000). Likewise, the frequency of stones in
the bed material, which was introduced to create rip-rap structures along the banks, was still substantially higher in the restored
reach in 1997 compared to the channelized reach (Kronvang et al.,
2000).
The link between macroinvertebrates and habitats in Gelså,
and its potential succession, has not been investigated since
1997 (Friberg et al., 2000). In this study, we examine the
inter-generational, temporal effects of a reach restoration on
macroinvertebrate community composition using the Gelså project
as a case study. We investigate the link between habitats
and macroinvertebrates in the restored and channelized (control) reach in 2008, 19 years after the restoration. In order to
investigate community persistence, we compare species turnover between samples taken in all habitats in 1997 and 2008.
In 1997, eight years post-restoration, any impact of mechanical perturbations from restoration activities would have ceased
and early colonization been stabilized (Friberg et al., 1998). We
hypothesize that species immigration/emigration and biotic interactions in concert with environmental ﬁltering have changed
macroinvertebrate communities in the period from 1997 to 2008
so that (1) macroinvertebrate assemblages are distinct among
prominent habitat types with regard to measures of diversity
(␣- and ␤-diversity) and community composition; (2) this difference at habitat scale will also be reﬂected at reach scale
(restored vs. control); and (3) community persistence between
1997 and 2008 will be low, reﬂecting a substantial turn-over of
species.

2. Methods
2.1. Study site
In this investigation we used the oldest re-meandering project
site in Denmark, River Gelså in Southern Jutland, as our study site,
which is furthermore unique as it has the longest monitoring time
series of any restoration project of its kind in the world. River Gelså
has a catchment area of 113 km2 upstream from the restoration and
an average annual discharge of 1.5 m3 s−1 . The catchment geology
is primarily coarse to ﬁne sandy alluvial deposits overlaid by peat
horizons and land-use is dominated by arable farmland. Nitrogen
concentrations are high as a result of farming activities while other
water quality parameters measured routinely by local water managers show little sign of impact (Table S1; extract from the National
Monitoring Database). The restoration project was carried out in
1989 to rehabilitate a 1.3 km straightened and channelized course
of the River Gelså at the town of Bevtoft to a 1.8 km meandering
course. Creation of 16 new meanders changed the stream channel morphology, decreasing the channel width by 3–4 m and the
discharge capacity by almost 50% (from 6.6 to 3.5 m3 s−1 ). Prior
to restoration of the Bevtoft reach, a 0.5 km upstream reach with
very similar physical, chemical and biological characteristics was
selected for comparison with the restored reach.
2.2. Sampling methods
The macroinvertebrate community was sampled in mid-May
1997 and at the end of June 2008 using a Surber sampling approach,
while habitat measurements and stones samples were taken in
mid-May 2008. Sampling was undertaken in the restored reach
(hereafter denoted “restored”) and in an upstream reach that has
remained channelized (hereafter denoted “control”). The restoration project is described in more detail in (Friberg et al., 1994, 1998).
The macroinvertebrate community response to habitat composition from the 1997-sampling has been reported in Friberg et al.
(2000), whereas the 2008 data has not been published previously.
We therefore use the 1997 data in the persistence analysis only,
while we also analyze the 2008 data with regard to habitat preference.
In years 1997 and 2008, ﬁve sub-reaches of the restored reach
and two sub-reaches of the control reach were assessed with
regard to habitat coverage and three physical attributes: stream
width, depth and water velocity. A grid-net of measuring points
was established at each sub-reach as described in Kronvang et al.
(2000). Water depth, ﬂow velocity at 0.4 times water depth (using
a Nautilus 2000 ﬂowmeter), dominant substrate and macrophyte
coverage were measured in 300 grid points in both 1997 and 2008.
The dominant substrates were visually assessed in four categories:
ﬁne organic material (mud; grain size <100 m); sand (grain size up
to 2 mm); gravel (grain size 2–64 mm) and stones (>64 mm) using
a standard viewing tube. Substrate coverage was estimated to the
nearest 5% at each grid point and aquatic macrophyte coverage
was divided into four classes (0: no plants; 1: 1–10% coverage; 2:
10–25% coverage; and 3: >25% coverage). In the following, each
substrate type and macrophyte coverage class are considered as
“habitats” for the macroinvertebrate community.
In both 1997 and 2008, ﬁve to seven Surber samples (0.02 m2 ,
mesh size 0.2 mm) were randomly taken in both reaches within the
ﬁve predeﬁned habitat types to determine macroinvertebrate composition and abundance. Samples were preserved in 70% ethanol
in the ﬁeld and processed later in laboratory. The majority of the
macroinvertebrates were identiﬁed to species or genus level with
the exception of Chironomidae midges, which were only identiﬁed
to sub-family level, blackﬂies (Simuliidae) which were identiﬁed
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to family level, and worms, other than Eiseniella tetaedra, which
were identiﬁed to the Oligochaeta sub-class level. All macroinvertebrates were enumerated.
In addition to Surber samples, ten ﬁst-sized stones were collected randomly at the same water depth (approx. 0.5 m) in the
restored and control reaches. The stones were lifted into a small
submerged hand-net (0.2 mm mesh) into which loosened material
and macroinvertebrates were swept. These samples were treated
similarly to the Surber samples (see above). The projected surface
area of the stones was measured in the laboratory and the average
density of macroinvertebrates was calculated. The methodology
was similar to that used in previous samplings of stones in 1993
and 1995 (Friberg et al., 1994, 1998).
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2.3. Statistical analyses
Fishers-˛ and Sørensen’s similarity index (as a measure of ␤diversity) were calculated for the habitat-speciﬁc Surber samples
from 2008 according to the following equations: Fishers-˛ (Fisher
et al., 1943) is implicitly deﬁned by the equation



S = ˛ · log 1 +

N
˛



,

where S is the number of species, N is the number of individuals,
˛ is Fishers-˛ and Sørensen’s similarity index SSI (Sørensen, 1948)
by
SSI = 2 ·

c
,
S2 + S2

where Si is the number of species for sample i and C is the number
of common species for samples 1 and 2. This analysis was undertaken for each habitat type combined with pair-wise comparisons
of all habitat type combinations. The calculations were done using
the S-Plus software (Tibco Inc., 2010). Differences in Fishers-˛ were
tested by applying two-way ANOVA and differences in Sørensen’s
similarity index were tested with a Student’s t-test (Snedecor and
Cochran, 1989). With regard to the Sørensen’s similarity index only
differences in similarity between the same substrate type in the
restored and control reach could be tested statistically, as all other
index values are dependent of each other because they are calculated as repeated pair-wise comparisons of all combinations of
individual samples. However, pair-wise comparisons of substrate
types were analyzed using simple regression analysis (Zar, 1984).
Habitat-speciﬁc Surber samples from 2008 were furthermore
analyzed using PCA ordination with the program PC-ORD (McCune
and Mefford, 2011). Differences between macroinvertebrate taxa
on stones were analyzed by a Welch modiﬁed two-sample ttest on square-root transformed data (Snedecor and Cochran,
1989). Macroinvertebrate community persistence between 1997
and 2008 was analyzed using two methods and each habitatspeciﬁc Surber sample was kept separate in both types of analyses.
The ﬁrst type of analysis is described in Woodward et al. (2002)
and is based on the detrended canonical correspondence analysis
approach (DCCA). Firstly, a DCCA was undertaken using sampling
year as an explanatory variable, secondly, a DCCA with sampling year and with treatment (control/restored) as a covariate was
performed. Details are given in Woodward et al. (2002) and the
analyses were performed using the software Canoco (Ter Braak and
Smilauer, 2003).
In the second type of analysis, which was carried out in the
R environment (R Development Core Team, 2011), differences
in benthic macroinvertebrate community composition between
1997 and 2008 were tested among binary groups using the adonis
routine in the vegan package (Oksanen et al., 2011) by calculating a multivariate analysis of variance using distance matrices

0
Mud

Sand

Gravel

Stone

Macrophyte

Fig. 1. Fishers-␣ calculated from individual Surber samples collected in ﬁve different habitats in 2008 (n = 5–7) in the restored reach of River Gelså and the up-stream
control reach.

(Anderson, 2001; in this case using the Bray–Curtis distance
matrix). With adonis we compared if community composition of
benthic macroinvertebrates differed between the two years.
Finally, the betadisper routine in vegan (Oksanen et al., 2011)
was used to perform the PERMDISP2 routine (Anderson, 2006)
where analysis of multivariate homogeneity of group dispersions
(variances) is calculated (here using Bray–Curtis distance matrix).
Betadisper is a multivariate analog of Levene’s test for homogeneity
of variances. The betadisper routine was used to compare variability
in benthic macroinvertebrate community composition (potentially
a measure of ␤ diversity) between years.
3. Results
3.1. Habitat coverage
Sand and gravel were the two dominant habitat types at both
reaches in both years (Table 1). Gravel covered 50% of the stream
bed in the control reach in 2008, but only 25% in the restored reach.
In both years, coverage of stones was approximately four times
greater in the restored reach than in the control reach. In 1997
macrophyte coverage clearly differed between the two reaches,
whereas in 2008 it was similar. In both years the two reaches
were very similar with regard to width, depth and water velocity (Table 2). The variation in width increased in both reaches from
1997 to 2008, most markedly in the control reach.
3.2. Habitat preferences
Species diversity expressed by Fishers-˛ at both habitat and
reach scale showed no consistent pattern (Fig. 1). Consequently,
there were no signiﬁcant differences among habitats or between
reaches with regard to Fishers-˛ (p > 0.05; F-test).
In both reaches the coarse substrate habitats, gravel and stone,
had higher mean Sørensen similarity index values than did the
other habitat types (Fig. 2). This suggests that these stable habitats are more similar in macroinvertebrate composition between
individual samples than the less stable, ﬁne grained habitats and
that macrophytes encompass a range of different morphologies.
The Sørensen similarity index value was signiﬁcantly higher for
stones (p < 0.001; t-test), gravel (p = 0.032; t-test) and macrophytes
(p < 0.01, t-test) in the control reach than in the restored reach,
while there were no signiﬁcant differences between reaches with
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Table 1
Coverage of habitats in the restored and control reach of Gelså in years 1997 and 2008 based on substrate types visually assessed as described in Section 2.
Reach and year

Mud (%)

Sand (%)

Gravel (%)

Stone (%)

Macrophyte (%)

Restored 1997
Control 1997
Restored 2008
Control 2008

16
20
10
12

41
41
52
30

24
39
25
55

19
<5
13
3

10
35
21
21

Table 2
Mean values and coefﬁcients of variance (in parentheses) of width, depth and water velocity measured in the restored and control reach of Gelså in 1997 and 2008.
Reach and year

Width (m)

Depth (m)

Water velocity (m s−1 )

Restored 1997
Control 1997
Restored 2008
Control 2008

5.48 (0.07)
6.36 (0.09)
5.68 (0.14)
6.43 (0.22)

0.51 (0.35)
0.55 (0.28)
0.63 (0.39)
0.50 (0.39)

0.35 (0.51)
0.25 (0.68)
0.30 (0.65)
0.31 (0.60)

regard to sand and mud. This implies that coarse substrate habitats
(including plants) in the restored reach have a higher species turnover than in the control reach. The pair-wise comparison of habitat
types showed a linear relationship between Sørensen’s similarity
index and differences in substrate size and macrophyte presence
(Fig. 3). The highest species turn-over was found when comparing
mud and stone habitats in both the restored and the control reach.

1.0

N= 2

0
N=2

0
N= 2

N=2

0.6

N=2

N=2
0

0
N=2
0

0
N=2
0

N=2

0.75

Restored
0.70

0.4

0.65
0.2

0

Mud

Gravel
Habitat

Sand

Stone

Macrophyte

1.0

N=2
5
N=3
5

2
5
N=4
N=2

0
N=2
5
N=3

5

5

N=3

N=2

N=2

5

N =4
2

N=4

2

5
N=2

2
N=2

0.6

5
N=3
6

N=2
5
N=4

Mean Sørensens Similarity Index

0.8

N=2
5
N=4
9

N=2
5
N=3
0

Restored
Control

Mean Sørensens Similarity Index

Mean Sørensens Similarity Index

0.8

N=2

0

0

0

Restored
Control

Conversely, the highest similarity between habitats in both reaches
was found in the comparison between gravel and stone. Both linear
relationships were signiﬁcant (restored, r2 = 0.72, p < 0.001; control,
r2 = 0.69, p < 0.001); however, the slope was higher in the restored
reach indicating a higher species turn-over between habitats.
The ordination analysis revealed three distinct clusters, two of
which reﬂected habitat types dominated by either ﬁne substrate or
coarse substrate and plants. The last cluster was speciﬁc for a subset of coarse substrates in the restored reach (Fig. 4). The analysis
indicates that in most samples habitat type is the primary determinant of macroinvertebrate composition and that the reach from
which the samples are taken is less important. In contrast, all stone
habitat samples from the restored reach were found in the last

0.60
0.55
0.50
0.45
0.40

Control
0.75
0.70
0.65

0.4

0.60
0.2

0.55
0.50

0

GvS

GvM

GvSt

GvMa

SvM

SvSt

SvMa

MvSt

MvMa StvMa

Pair-wise habitat comparisons

Fig. 2. Mean Sørensen similarity index calculated from individual Surber samples
collected in ﬁve different habitats in 2008 (n = 5–7) in the restored reach of River
Gelså and the up-stream control reach.

MvSt SvSt GvM MvMa SvM GvS SvMa GvMa StvMa GvST

Pair-wise habitat comparisons
Fig. 3. Relationship between mean Sørensen similarity index and pair-wise combinations of habitat types in 2008 from the restored reach (upper panel) and the
control reach (lower panel).
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Fine depositional
habitats
c08s 1

c08m4

c08s6

r08s2 r08s 4

r08m1
r08m2

r08m5

c08s5
r08m4

c08s 3

c08s4

c08s 7

c08m1
c08s 2
r08g2
r08s 1
r08s 3

Axis 2

c08m3
r08g1
c08g4

c08g1
c08st3
c08g2
c08st5
c08st2

c08g5

c08g3
c08v2

c08g6 c08m5 r08m3
c08v3
c08v5

c08v6

c08m2
r08s5

c08v1

r08v4
r08v1
c08m6

c08v7

c08v4

r08v2

c08st4

r08g3
r08v5
r08v3

r08st5 r08g5
r08st2

Coarse erosive
habitats and plants

c08st1

r08st4
r08g4
r08st3

Restored reach
only – primarily stones

r08st1

Axis 1
Fig. 4. PCA ordination of the macroinvertebrate community sampled in 2008 in both reaches (restored and control).

cluster together with three gravel samples and a macrophyte sample, all exclusively belonging to the restored reach. This suggests
that the restored reach contains a distinct set of habitat conditions.
The freshwater limpet Ancylus ﬂuvialitis, the mayﬂy Heptagenia
sulphurea, the stoneﬂy Leuctra fusca, the rifﬂe beetle Elmis aenea
and the caddis Rhycaophila nublia were more abundant on coarse
substrates compared with ﬁner grained substrates. Furthermore,
H. sulphurea and L. fusca were more abundant in the restored reach
than in the control reach. Fine grained substrate habitats were dominated by Oligochaeta indet. and sediment dwelling taxa belonging

to the diptera family Chironomidae. Blackﬂies Simuliidae indet.
were almost exclusively found on macrophytes.
The individual stone samples showed a similar overall picture as
the Surber samples (Fig. 5). However, different species dominated
the two reaches. A. ﬂuvialitis and the mayﬂy Baetis rhodani were signiﬁcantly more abundant on stones sampled in the restored reach
(p = 0.01 and p < 0.001, respectively; t-test), while the freshwater
shrimp Gammarus pulex (p = 0.006), the dysticid beetle Oredytes
sanmarkii (p = 0.023) and R. nubila (p = 0.010) were signiﬁcantly
more abundant on stones in the control reach.

2500

Restored
Control

Abundance (m-2)

2000

1500

1000

500

0
A. fluviatilis G. pulex

L. fusca B. rhodani H. sulphurea O. sanmarkii E. aenea R. nubila Hydropsyche spp

Fig. 5. Comparison of the abundance of selected macroinvertebrate taxa collected from stones in 2008 in the restored reach and the upstream control reach. *p < 0.05;
**p < 0.01; ***p < 0.001.
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was relatively abundant in 2008 (11th most encountered taxa) but
absent in the 1997 samples. Among the ten most abundant taxa
in both years, eight were the same, with three taxa belonging to
Chironomidae, Oligochaeta indet., G. pulex, B. rhodani and Seratella
ignita. The ten most abundant taxa constituted 86% and 95% of total
abundance in 1997 and 2008, respectively.

0.4

PCoA 2

0.2

0

4. Discussion

-0.2

-0.4
-0.6

-0.4

-0.2

0.2

0.4

0.6

PCoA 1
Fig. 6. Macroinvertebrate community composition groups (based on PCA ordination) divided by year: 1997 (open triangles) and 2008 (open circles). Surber samples
from both reaches (restored and control) are included in the analysis.

3.3. Community persistence 1997 to 2008
The DCCA gradient length was 0.922 for axis 1 and the cumulative percentage variance of species data was 6.8%, indicating a
high degree of community persistence. After removing the effect
of reach type (restored and control) the percentage variance of
species data between years was only slightly increased to 7.4%. This
indicates that community persistence was not inﬂuenced by reach
history, i.e. if it had been restored or not. The overlap in species composition between years was also evident in the ordination of the
Bray–Curtis distance matrix, with no signiﬁcant difference occurring between groups (p > 0.5; Fig. 6). However, the groups are not
completely overlapping, indicating that some species turn-over has
occurred, which agrees with the DCCA analysis. The distance to
centroid between years did not differ signiﬁcantly between years
(p > 0.05; Fig. 7), reﬂecting that samples were equally dispersed in
both 1997 and 2008. Hence, there is no indication that differences
between samples, and consequently habitats, have changed with
regard to macroinvertebrate composition between 1997 and 2008.
In total, 42 taxa (65%) were found in both 1997 and 2008. Only
seven taxa were found in 1997, while 16 taxa were found in 2008
but not in 1997. However, the majority of these taxa were found
in low numbers (1–5 individuals) and in both years constituted
less than 1.5% of total abundance. An exception was L. fusca that

Distance to centroid

0.7

0.5

0.3

1997

2008

Fig. 7. Boxplot of average distance to centroid shown in Fig. 6. The year groups
(1997 and 2008) were not signiﬁcantly different (p > 0.05).

We found surprisingly little change in macroinvertebrate community composition during our study period. It is evident from
our results, however, that habitat type had a certain inﬂuence on
macroinvertebrate composition and that the coarse substrate habitats introduced as part of the restoration still after 19 years can
be separated from other habitat types. It is furthermore clear that
very little change has occurred over the 11-year period from 1997
to 2008, suggesting a high degree of community persistence. The
initial post-restoration period was characterized by considerable
change and an overall improvement in macroinvertebrate diversity compared to the pre-restoration level, which may to some
extent be attributed to an increase in macrophyte cover (Friberg
et al., 1994, 1998). In this context, our results suggest that the local
species pool was already close to saturation in 1997 and that only
limited immigration of new species has occurred in the intervening period until 2008. In fact, the differences in species composition
between 1997 and 2008 might reﬂect the slight difference in the
timing of sampling between years (mid-May and late-June, respectively). This contention may be true for L. fusca occurring in samples
from 2008 but not in 1997. L. fusca is an autumn ﬂying stoneﬂy with
highest nymphal growth during summer and therefore potentially
too small to be sampled in early May, although the mesh size of the
Surber sampler enabled retention of at least some small nymphs.
However, the species is suggested to be a long-distance disperser
(Wiberg-Larsen and Nørum, 2009), and examination of routine
monitoring data from the entire Gelså (unpublished species lists
from the national database, WinBio) suggests that L. fusca might
have been almost absent in 1997, permitting the alternative explanation that the presence of L. nigra in 2008 is, in fact, an example
of immigration from nearby catchments.
In summary, two of our three hypotheses can be partly
accepted, while the hypothesis concerning species turn-over must
be rejected. The ﬁndings in 2008 with a distinctive coarse substrate
habitat in the restored reach are remarkably similar to our observations in 1997 (Friberg et al., 2000; Kronvang et al., 2000). This
implies that the stony substrate introduced as part of the restoration has not changed, probably because the river does not have
sufﬁcient power to move larger stones. The lack of geomorphic
development is possibly linked to ﬁxation of the new channel and
thereby a limited space for evolvement of reach morphological features such as point bars, mid-channel bars, actively eroding banks,
etc. (Kronvang et al., 1998). It is evident from the control reach that
the extent of gravel has changed quite considerably, which indicates that the river has active sediment transport up to this grain
size. Consequently, the longitudinal ﬂuvial processes appear to be
functioning, allowing sediment transport processes to redistribute
sediment in accordance with changes in local reach hydraulics.
The transverse processes allowing sideways migration of meanders are, however, still prevented from interacting naturally with
the stream banks; the input of new coarse material from the banks
is therefore limited and longitudinal sediment transport dominant,
as demonstrated by the fact that the control reach still had less
stony substrate in 2008 than did the restored reach.
Individual stone samples also conﬁrm previous ﬁndings albeit
with some distinct difference in macroinvertebrate composition
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between the two reaches (Friberg et al., 1994, 1998). Since 1993, the
scraper Ancylus ﬂuviatilis has been more abundant on stones from
the restored reach, whereas most other species over the years have
been more or less equally distributed between the two reaches.
In 1993, H. sulphurea were only found on stones in the restored
reach, but in 2008 we found no signiﬁcant difference between the
two reaches, implying that habitat is more important than reach
type in determining species composition. However, the total density of grazing macroinvertebrates such as Ancylus will be much
greater at the restored reach due to the larger spatial extent of
coarse substrates. Extensive use of coarse materials (gravel and
stones), as in the restoration of River Gelså, is a common restoration practice in Danish lowland streams (Kristensen et al., 2011;
Pedersen et al., submitted for publication) and may therefore have
functional implications for these stream ecosystems. Thus, there
is an urgent need to investigate the functional implications of this
river restoration practice, not least because large- scale physical
restoration projects are expected to be undertaken in the near
future in order to fulﬁll the objectives of the Water Framework
Directive (European Commission, 2000).
Our ﬁnding that there was almost no long-term effect of river
restoration is novel in the sense that no other studies have investigated similarly long time-series. In their study of published
literature Feld et al. (2011) found no evidence of longer term (+5
years) positive effects of restoration, which supports our ﬁndings.
The reasons behind the lack of positive effects of the re-meandering
of the River Gelså could be multiple. Firstly, the restored section is
small compared to the entire river network and the channel is still
conﬁned by the original rip-rap structures that were constructed
to avoid ﬂooding and unwanted displacement of the stream itself
(this study; Friberg et al., 1998, 2000). Hence, River Gelså is still
functionally channelized and is far from exhibiting a dynamic river
morphology governed by natural processes (Frissell et al., 1986).
It is these natural processes that create a range of habitats for the
biota and this might explain why there has not been a more pronounced increase in macroinvertebrate diversity in River Gelså.
Pedersen et al. (2005) found signiﬁcantly more red-list macroinvertebrate species in morphologically intact river reaches than in
both restored and channelized reaches.
A second reason for our inability to detect positive effects could
be that the control reach having improved considerably during the
19-year period. Ideally, the upstream control reach should have
remained as degraded as prior to the restoration of the downstream reach to single out the beneﬁts of the restoration itself. Our
results suggest, however, a very limited added value of the active
restoration compared with the recovery that can be related to cessation of weed cutting. As reported previously in Kronvang et al.
(2000) and Friberg et al. (1998, 2000), the physical and morphological diversity of the control reach has improved after the cessation
of weed cutting in 1990 along a stretch of River Gelså including
both reaches. Macrophytes are very effective bio-engineers in lowland systems (e.g. Sand-Jensen, 1998) and although the channel
planform remained channelized in the control reach, the in-stream
habitats became more diverse. This process is still ongoing as
shown by our ﬁndings that gravel coverage increased substantially
between 1997 and 2008 and that the variation in width more than
doubled, indicating that the channel is getting more sinuous. In
fact, we can only speculate on how great the differences between
the reaches would have been if the control reach had remained
in its pre-1989 state, but it is likely that the restored reach would
have been in a relatively better state in terms of macroinvertebrate
community composition and diversity.
The third reason for not ﬁnding a more positive effect of the
River Gelså restoration is the issue of multiple stressors. Clearly,
habitat degradation and channelization are major issues in most
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lowland systems in an agricultural landscape, but so is eutrophication which also has a negative impact on the biota (e.g. Johnson and
Hering, 2009; Friberg, 2010). River Gelså is no exception with its relatively high water concentrations of nitrogen possibly limiting the
extent of macroinvertebrate recovery. The fourth and last explanation could be barriers to dispersal from loci in the catchment
(Bernhardt and Palmer, 2011) or simply that the regional species
pool has been depleted by past human activities (Harding et al.,
1998). An extensive survey of species diversity both within the
River Gelså catchment as well as in neighboring catchments is
required to investigate and test this hypothesis.
The outcome of the restoration in River Gelså has a number
of implications beyond the localized effects, or lack of effects, on
the macroinvertebrate community. The lessons to be learnt are
that careful consideration is needed when planning a restoration/a
restoration project, and ecological beneﬁts are by no means guaranteed. Long-term datasets are essential to obtain an understanding
of the effects of river restoration at an ecologically meaningful temporal scale (Kronvang et al., 2008). Streams and rivers in Europe are
to reach good ecological status according to the Water Framework
Directive (European Commission, 2000) and river restoration could
be a key mitigation measure to achieve this. However, good ecological status is to be obtained within a time-frame shorter than
that spent on studying the River Gelså restoration, which raises
the question of whether water managers are in possession of the
necessary tools to make decisions on how to restore rivers successfully.
Acknowledgements
The preparation of this manuscript was partly supported by the
EU FP7 project REFORM (contract no. 282656).
Appendix A. Supplementary data
Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/j.ecoleng.
2013.09.069.
References
Anderson, M.J., 2001. A new method for non-parametric multivariate analysis of
variance. Austral Ecol. 26, 32–46.
Anderson, M.J., 2006. Distance-based tests for homogeneity of multivariate dispersions. Biometrics 62, 245–253.
Beechie, T.J., Sear, D.A., Olden, J.D., Pess, G.R., Bufﬁngton, J.M., Moir, H., Roni, P.,
Pollock, M.M., 2010. Process-based principles for restoring river ecosystems.
Bioscience 60, 209–222.
Bernhardt, E.S., Palmer, M.A., 2011. River restoration: the fuzzy logic of repairing
reaches to reverse catchment scale degradation. Ecol. Appl. 21, 1926–1931.
Bernhardt, E.S., Palmer, M.A., Allan, J.D., Alexander, G., Barnas, K., Brooks, S., Carr,
J., Clayton, S., Dahm, C.N., Follstad-Shah, J., Galat, D.L., Closs, S., Goodwin, P.,
Hart, D.D., Hassett, B., Jenkinson, R., Katz, S., Kondolf, G.M., Lake, P.S., Lave, R.,
Meyer, J.L., O’Donnell, T.K., Pagano, L., Powell, B., Sudduth, E., 2005. Ecology –
synthesizing US river restoration efforts. Science 308, 636–637.
European Commission, 2000. Directive 2000/60/EC of the European Parliament and
of the Council of 23 October 2000, Establishing a Framework for Community
Action in the ﬁeld of Water Policy. Ofﬁcial Journal of the European Communities
L327, 1–72.
Feld, C.K., Birk, S., Bradley, D.C., Hering, D., Kail, J., Marzin, A., Melcher, A., Nemitz, D.,
Pedersen, M.L., Pletterbauer, F., Pont, D., Verdonschot, P.F.M., Friberg, N., 2011.
From natural to degraded rivers and back again: a test of restoration ecology
theory and practice. Adv. Ecol. Res. 44, 199–209.
Fisher, R.A., Corbet, A.S., Williams, C.B., 1943. The relation between the number of
species and the number of individuals in a random sample of animal population.
J. Anim. Ecol. 12, 42–58.
Friberg, N., 2010. Pressure–response relationships in stream ecology: introduction
and synthesis. Freshwater Biol. 55, 1367–1381.
Friberg, N., Hansen, H.O., Kronvang, B., 2000. Habitat surveys as a tool to assess the
beneﬁts of stream rehabilitation II: macroinvertebrate communities. Verh. Int.
Vereinigung Limnol. 27, 1510–1514.

Please cite this article in press as: Friberg, N., et al., The River Gelså restoration revisited: Habitat speciﬁc assemblages and persistence of the
macroinvertebrate community over an 11-year period. Ecol. Eng. (2013), http://dx.doi.org/10.1016/j.ecoleng.2013.09.069

G Model
ECOENG-2762; No. of Pages 8
8

ARTICLE IN PRESS
N. Friberg et al. / Ecological Engineering xxx (2013) xxx–xxx

Friberg, N., Kronvang, B., Hansen, H.O., Svendsen, L.M., 1998. Long-term, habitatspeciﬁc response of a macroinvertebrate community to river restoration. Aquat.
Conserv. Mar. Freshwater Ecosyst. 8, 87–99.
Friberg, N., Kronvang, B., Svendsen, L.M., Hansen, H.O., 1994. Restoration of a channelized reach of the River Gelså Denmark: effects on the macroinvertebrate
community. Aquat. Conserv. Mar. Freshwater Ecosyst. 4, 289–296.
Frissell, C.A., Liss, W.J., Warren, C.E., Hurley, M.D., 1986. A hierarchical framework for
stream habitat classiﬁcation: viewing streams in a watershed context. Environ.
Manage. 12, 199–214.
Hansen, H.O., 1996. River Restoration – Danish Experiences and Examples. Ministry of Environment and Energy – National Environmental Research Institute,
Silkeborg, Denmark.
Harding, J.S., Benﬁeld, E.F., Bostad, P.V., Helfman, G.S., Jones III, E.B.D., 1998. Stream
biodiversity: the ghost of land use past. Proc. Natl. Acad. Sci. U. S. A. 95,
14843–14847.
Iversen, T.M., Kronvang, B., Madsen, B.L., Markmann, P., Nielsen, M.B., 1993. Reestablishment of Danish streams: restoration and maintenance measures.
Aquat. Conserv. Mar. Freshwater Ecosyst. 3, 73–92.
Johnson, R.K., Hering, D., 2009. Response of river inhabiting organism groups to
gradients in nutrient enrichment and habitat physiography. J. Appl. Ecol. 46,
175–186.
Kristensen, E.A., Baattrup-Pedersen, A., Jensen, P.N., Wiberg-Larsen, P., Friberg, N.,
2012. Selection, implementation and cost of restorations in lowland streams: a
basis for identifying restoration priorities. Environ. Sci. Policy 23, 1–11.
Kristensen, E.A., Baattrup-Pedersen, A., Thodsen, H., 2011. An evaluation of restoration practises in lowland streams: has the physical integrity been re-created?
Ecol. Eng. 37, 1654–1660.
Kronvang, B., Hansen, H.O., Friberg, N., Larsen, S.E., Fjorback, C., 2000. Habitat surveys
as a tool to assess the beneﬁts of stream rehabilitation I: the physical dimension.
Verh. Int. Vereinigung Limnol. 27, 1503–1509.
Kronvang, B., Svendsen, L.M., Brookes, A., Fisher, K., Møller, B., Ottosen, O., Newson, M., Sear, D., 1998. Restoration of the rivers Brede, Cole and Skerne: a joint
Danish and British EU-LIFE demonstration project, III – channel morphology,
hydrodynamics and transport of sediment and nutrients. Aquat. Conserv. Mar.
Freshwater Ecosyst. 8, 209–222.
Kronvang, B., Thodsen, H., Kristensen, E.A., Skriver, J., Wiberg-Larsen, P.,
Baattrup-Pedersen, A., Pedersen, M.L., Friberg, N., 2008. Ecological effects of
re-meandering lowland streams and use of restoration in river basin management plans: experiences from Danish case studies. In: Gumiero, B., Rinaldi,
M., Fokkens, B. (Eds.), Proceedings from the Fourth ECRR conference on River
Restoration. Venice – Italy, San Servolo Island, 16–21 June 2008, p. 1053.
Lorenz, A.W., Korte, T., Sundermann, A., Januschke, K., Haase, P., 2012. Macrophytes
respond to reach-scale river restorations. J. Appl. Ecol. 49, 202–212.
McCune, B., Mefford, M.J., 2011. PC-ORD. Multivariate Analysis of Ecological Data,
Version 6. 05 MJM Software, Gleneden Beach, Oregon, USA.
Miller, S.W., Budy, P., Schmidt, J.C., 2010. Quantifying macroinvertebrate responses
to in-stream habitat restoration: applications of meta-analysis to river restoration. Restorat. Ecol. 18, 8–19.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.R., O’Hara, R.B., Simpson,
G.L., Solymos, P., Stevens, M.H.H., Wagner, H., 2011. Vegan: Community Ecology
Package. R package version 2.0–2, http://CRAN.R-project.org/package=vegan
Palmer, M.A., Allan, J.D., Meyer, J., Bernhardt, E.S., 2007. River restoration in the
twenty-ﬁrst century: data and experiential knowledge to inform future efforts.
Restorat. Ecol. 15, 472–481.
Palmer, M.A., Menninger, H.L., Bernhardt, E.S., 2010. River restoration, habitat heterogeneity and biodiversity: a failure of theory or practice? Freshwater Biol. 55,
205–222.
Pedersen, M.L., Baattrup-Pedersen, A., Wiberg-Larsen, P., 2005. Ecological Monitoring of Streams and Riparian Areas During NOVANA (in Danish). Technical
Guideline from NERI no. 21., pp. 140.
Pedersen, M.L., Friberg, N., Skriver, J., Baattrup-Pedersen, A., 2007. Restoration of
Skjern River and its valley – short-term effects on river habitats, macrophytes
and macroinvertebrates. Ecol. Eng. 30, 145–156.
Pedersen, M.L., Kristensen, K.K., Friberg, N., 2013. Re-meandering of lowland
streams: will disobeying the laws of physics have ecological consequences? Ecol.
Appl. (submitted for publication).
R Development Core Team, 2011. A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna, Austria.
Roni, P., Hanson, K., Beechie, T., 2008. Global review of the physical and biological effectiveness of stream habitat rehabilitation techniques. North Am. J. Fish.
Manage. 28, 856–890.
Sand-Jensen, K., 1998. Inﬂuence of submerged macrophytes on sediment composition and near-bed ﬂow in lowland streams. Freshwater Biol. 39,
663–679.
Snedecor, G.W., Cochran, W.G., 1989. Statistical Methods. Iowa State University
Press, Ames.
Sørensen, T., 1948. A method of establishing groups of equal amplitude in plant sociology based on similarity of species content, Kongelige Danske Videnskabernes
Selskab. Biol. Skrifter. Bd. V. 4, 1–34.
Ter Braak, C.J.F., Smilauer, P., 2003. Canoco for Windows Version 4.52. Plant Research
International, Wageningen, The Netherlands.
Tibco Inc., 2010. Tibco Spotﬁre S+ Software. Tibco Software Inc., Rotterdam, The
Netherlands.
Vaughan, I.P., Diamond, M., Gurnell, A.M., Hall, K.A., Jenkins, A., Milner, N.J., Naylor, L.A., Sear, D.A., Woodward, G., Ormerod, S.J., 2009. Integrating ecology with
hydromorphology: a priority for river science and management. Aquat. Conserv.
Mar. Freshwater Ecosyst. 19, 113–125.
Wiberg-Larsen, P., Nørum, U., 2009. Effects of the Pyrethroid Lambda-Cyhalothrin
on the Biological Structure, Function and Recolonization in Streams (in
Danish). Pesticide Research from the Danish Environmental Agency, No.
126.
Woodward, G., Jones, J.I., Hildrew, A.G., 2002. Community persistence in Broadstone
Stream (U.K.) over three decades. Freshwater Biol. 47, 1419–1435.
Zar, J.H., 1984. Biostastistical Analysis. Prentice-Hall, Inc., Englewood Cliffs, New
Jersey.

Please cite this article in press as: Friberg, N., et al., The River Gelså restoration revisited: Habitat speciﬁc assemblages and persistence of the
macroinvertebrate community over an 11-year period. Ecol. Eng. (2013), http://dx.doi.org/10.1016/j.ecoleng.2013.09.069

