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a  b  s  t  r  a  c  t

Intensive  land  use  by  humans  has  led to severe  degradation  of  streams  and  rivers,  especially  in highly
industrialised  countries  and  in  lowland  agricultural  areas.  Restorations  have  been  conducted  with  the
aim  to  improve  hydromorphological  conditions  in  modified  streams.  However,  success  has  often  been
limited,  partly  because  the  restorations  have  been  conducted  without  due  regard  to  river-type-specific
characteristics.  The  aim  of this  study  was  to evaluate  restorations  of  Danish  lowland  streams  by  applying
a  type-specific  approach.  We  compared  the  physical  condition  of  restored  streams  with  that  of near-
natural  streams  (least  disturbed  condition)  and  channelized  streams.  We  stratified  the  data  according  to
different  stream  types  and  included  also  reference  sites  from  a less  impacted  country  (Lithuania)  in  the
east disturbed condition
eference condition
ater framework directive

evaluation.  Our results  revealed  that  restorations  have  created  physical  conditions  that  do  not  resemble
river-type-specific  LDCs,  primarily  due  to the  addition  of large  amounts  of  coarse  substrate.  This  may  have
implications  for the  ecological  communities  and  for biodiversity  and  consequently  for  the  implementa-
tion  of  the  Water  Framework  Directive  in  restored  lowland  streams.  We  also  found  that  observations  of
physical condition  in nearby  reference  streams  may  be  used  to  advantage  in  future  restoration  planning,
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. Introduction

Streams and rivers constitute a dense network with a large
nterface to the surrounding landscape and, consequently, these
ystems are highly susceptible to anthropogenic pressures (Allan,
995). In lowland regions the anthropogenic pressure from agri-
ultural production is high and translates into both enhanced
ontents of pollutants and hydromorphological changes (e.g. chan-
el re-sectioning and straightening), resulting in habitat loss and
educed habitat complexity of streams and rivers (e.g. Kondolf
t al., 2001; Elosegi et al., 2010). Hydromorphological constraints
n the ecological quality of stream and river ecosystems can be
ifficult to disentangle from, for instance, pollution (Allan, 2004).
owever, significant improvements in water quality have been

ecorded in many regions (Kronvang et al., 2008, 2009), implying
hat hydromorphological modifications may  play an increasingly
mportant role in determining the ecological quality of streams and
ivers. Within the European Union, the water framework directive

WFD; European Commission, 2000) has been the major legisla-
ive driver by specifying that hydromorphology should underpin
ood ecological status in streams and rivers. One way of improv-
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e  of  physical  integrity  in  restored  streams.
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ng hydromorphological conditions in modified stream and river
cosystems is restoration, which in the present context is defined
s an action scheme employed to recreate stream features that have
een lost thereby increasing the resemblance to an undisturbed
ystem (Henry and Amoros, 1995).

Restoration efforts have primarily focused on channel re-
onfiguration and in-stream habitat improvements increasing
eterogeneity, for instance by adding meanders and physical struc-
ures such as wood, boulders and artificial riffles (e.g. Larson et al.,
001; Kasahara and Hill, 2008; Miller et al., 2010). This focus reflects
n overall assumption that habitat complexity promotes biotic
ecovery and particularly biodiversity. In many projects, however,
uccess has been limited (Palmer et al., 2009; Jähnig et al., 2010
nd references herein). It has been suggested that this moderate
uccess may  reflect that the current scientific understanding is
enerally poor, especially at the quantitative levels required for
ffective restoration, and additionally that little agreement exists
n what constitutes a successful river restoration (Palmer et al.,
005). To this we may  add that river-type-specific characteristics of
ndisturbed systems are rarely considered in restoration schemes
espite the fact that this may  affect the achievements of good eco-
ogical status. Several authors have highlighted how stream and
iver restorations should be conducted in order to create healthy,
ustainable ecosystems that are in accordance with the geograph-
cal region in which they are located (e.g. Kern, 1992; Muhar et al.,

dx.doi.org/10.1016/j.ecoleng.2011.06.043
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
mailto:ek@dmu.dk
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995; Kondolf et al., 2001; Palmer et al., 2005; Kondolf, 2006; Simon
t al., 2007; Beechie et al., 2008; Hohensinner et al., 2008; Fryirs
nd Brierley, 2009). However, despite this general, and relatively
ld, acceptance of the importance of integrating river-type-specific
onsiderations into restorations, evaluations of already conducted
estoration projects from this perspective are not common.

In the present study we analyse restoration success in restored
owland stream ecosystems. We  confine our analyses to medium-
ized streams using the WFD  typology applied in Denmark
Baattrup-Pedersen et al., 2009). Previously, a comprehensive anal-
sis has clearly demonstrated that reference conditions do not
xist in Denmark (Baattrup-Pedersen et al., 2009), primarily due
o altered catchment land use and riparian forest. We  therefore
se the term ‘least disturbed conditions’ (LDCs; sensu Bailey et al.,
004; Chaves et al., 2006; Stoddard et al., 2006) in our evalua-
ion of restoration success. This approach complies with the WFD
nd is previously recommended (Middleton, 1999; Choi, 2004;
almer et al., 2005). Specifically we analyse (i) restoration success
n terms of hydromorphological resemblance between restored
owland reaches and LDC reaches in Denmark and (ii) restoration
uccess when applying a type-specific approach in the evaluation.

e include reference reaches from Lithuania to investigate simi-
arities between these and Danish LDC sites. Lithuania shares both
opographical and climatic similarities with Denmark, but stream
atchments are less impacted and have a higher proportion of ripar-
an forest.

. Methods

A total of 54 Danish stream sites were included in the present
tudy. The sites were selected from the stream database held at
he National Environmental Research Institute, Aarhus Univer-
ity, which contains data from previous research projects and the
anish stream monitoring programme. Sites belonged to three dif-
erent categories: least disturbed, channelized and restored. The
DC sites had unmodified channel morphology and the restored
treams were all re-meandered in addition to in-stream habitat
mprovements (Pedersen et al., 2006; Baattrup-Pedersen et al.,

c
c
a
D

Fig. 1. Map  showing the location of the mediu
eering 37 (2011) 1654– 1660 1655

008). In order to cover river-type-specific differences in hydro-
orphology we stratified our data according to the main geological

ifferences in Denmark. Geomorphologically, Denmark consists of
wo main areas separated by a distinct “line” in the landscape cor-
esponding to the margin of ice cover during the last glaciation (the

eichsel glaciation, Fig. 1). West of this margin (the western part
f the peninsula Jutland), areas are dominated by sandy outwash
lains with relatively few clayey areas (Smed, 1982). The areas east
f the marginal line (the eastern part of Jutland and the islands,
ig. 1) geomorphologically consist of moraines and tunnel valleys,
nd soils are predominantly clayey (Smed, 1982). Consequently,
he geological source material differs between the two  areas. LDC
treams and channelized streams were located in both of the two
ain geological areas of Denmark, i.e. western part of Jutland and

astern part of Jutland together with the islands (Fig. 1); however,
he database only contained restored stream reaches located in
estern Jutland.

We  also considered stream size in our selection of data, as size
s a fundamental factor affecting physical, chemical and biological
ariables in streams (Allan, 1995). According to the WFD  typology
e distinguish between three stream types: small streams (0–2 m
ide, catchment area <10 km2, distance to source <2 km), medium-

ized streams (2–10 m wide, catchment area 10–100 km2, distance
o source 2–40 km)  and large streams (>10 m wide, catchment area
100 km2, distance to source >40 km). In this study we  focus on
edium-sized streams as these have frequently been the subject

f restoration.
In addition to the Danish stream sites, we  also selected 10

ithuanian stream reaches (medium-sized) from the database
Baattrup-Pedersen et al., 2008). Lithuania shares several geolog-
cal features with eastern Denmark, as Lithuania was covered by
laciers during the Weichsel glaciation (Winterhalter et al., 1981).
he Lithuanian streams included in this study were located in
reas dominated by podzoluvisol soils according to the FAO soil

lassification, which implies a glacial till soil (Fig. 1). Average pre-
ipitation in Lithuania is 661 mm compared to 712 mm in Denmark
nd average temperature is 6 ◦C in Klaipeda compared to 7.7 ◦C in
enmark (Baattrup-Pedersen et al., 2009). The Lithuanian sites can

m-sized stream sites used in this study.
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e regarded as reference sites when applying GIS reference criteria
Baattrup-Pedersen et al., 2009), and it has previously been docu-

ented that macrophyte assemblages from these streams sites can
e used as reference sites for Danish stream macrophyte commu-
ities (Baattrup-Pedersen et al., 2008).

All stream sites (Danish and Lithuanian) included in the analy-
is were surveyed using identical detailed methods, enabling us to
ompare data across all 64 stream sites. All sites integrated in this
tudy were surveyed using methodology described in Pedersen and
aattrup-Pedersen (2005).  In brief, a 100-m long reach was sur-
eyed at each site. Sinuosity was calculated as the actual length
etween the upstream and downstream end of the reach divided
y the shortest distance. At each stream site substrate composi-
ion, depth and macrophyte coverage were recorded in minimum
50 plots (25 cm × 25 cm)  placed side by side in at least 10 cross-
ectional transects. Stream width was measured at each transect.
he relative frequency of the various substratum types was  cal-
ulated from these recordings. Substrate heterogeneity for each
tream reach was quantified from the spatial distribution of sub-
trate types according to Baattrup-Pedersen and Riis (1999) and
xpresses to which degree two bordering quadrates differ from
ach other with respect to dominant sediment class. All sites were
urveyed during late summer (August–September).

Channel re-configuration and in-stream habitat improvements
re common features of stream restorations and in order to eval-
ate both aspects the physical variables were grouped in two.
irstly, we calculated coefficients of variation for width and depth
nd the width/depth relationship. Together with sinuosity, these
our parameters reflect channel morphology. The second group
onsisted of in-stream parameters (substrate composition and het-
rogeneity). Macrophyte coverage was included in this group as it
as pronounced effects on the physical habitats in Danish lowland
treams (Pedersen and Friberg, 2009).
.1. Data analysis

Physical variables were compared among the six stream
roups using one-way ANOVA’s, after checking for normality and

t
T

s

able 1
ite characteristics (mean values with range) for stream sites belonging to the six groups

Variable type LDC west n = 12 LDC east n = 11 Ref. Lithuania

Channel morphology
CV width* 13.4a 14.1a 16.3a

(6.8–29.9) (4.3–21.5) (6.8–23.7) 

CV  Depth* 40.4ab 49.6ab 51.9a

(35.6–47.9) (24.7–89.1) (34.6–65.9) 

Sinuosity 1.4a 1.2a 1.3a

(1.1–1.9) (1.1–1.9) (1.1–1.6) 

Width/depth* 8.6b 14.1b 16.3a

(5.5–10.6) (4.3–21.5) (6.7–23.7) 

In-stream habitat
% Boulders (Ø >60 mm)* 2.5b 13.4a 18.6a

(0–11.2) (1.3–32.4) (0–44.1) 

%  Gravel (Ø 3–60 mm)* 9.1b 37.5a 20.4b

(0–34.1) (9.4–63.4) (0–32.2) 

%  Sand (Ø 3–0.25 mm)* 65.8a 30.2b 42.7ab

(25.8–85) (7.5–53.4) (14.9–75.5) 

%  Mud  (Ø < 0.25 mm)* 14.6a 4.5ab 2.1b

(0–45.1) (0–4.5) (0–12.4) 

%  Hard clay 1.5 0.6 0.8 

(0–7.5)  (0–4.6) (0–3.8) 

%  Peat 6.4 3.1 1.7 

(0–19.2) (0–17.2) (0.3–4.1) 

Substrate homogeneity 0.2 0.3 0.3 

(0.1–0.4) (0.1–0.4) (0.3–0.5) 

Macrophyte coverage (%) 59.1 46.7 50.4 

(16.8–100) (2–90.1) (10.6–82.2) 

* Significant differences between the groups and letters in uppercase reflect difference
eering 37 (2011) 1654– 1660

omogeneity of variance and transforming data where necessary
Quinn and Keough, 2002). Multivariate differences among the
roups were investigated through analysis of similarities (ANOSIM)
sing Bray-Curtis dissimilarities. Sequential Bonferroni procedure
Holm, 1979) was used to adjust P values in multiple comparisons.

To characterise the physical condition of non-restored streams
LDC streams, channelized streams reference streams form Lithua-
ia) data for these five groups were entered into a step-wise linear
iscriminant function analysis (DFA). The accuracy of classifica-
ion by the DFA was determined using a jack-knife procedure
hich removed each sample from the dataset and re-estimated

he discriminant function based on the remaining samples (Quinn
nd Keough, 2002), thus providing a more robust classification.
estored streams were entered into the DFA as ungrouped cases,
llowing us to classify these streams into the group containing
on-restored streams that they resembled most closely.

. Results

The proportions of boulders and gravel were significantly higher
n LDC streams from eastern Denmark (2.5% boulders and 9.9%
ravel on average; Table 1) than in LDC streams from western
enmark (13.4% boulders and 37.5% gravel on average; Table 1). In
ontrast, coverage of sand was  significantly higher in the LDC west
treams than in the LDC east streams, with sand covering 65.8% and
0.2% of the streambed, respectively (Table 1). Compared to Danish
DC streams, the Lithuanian reference streams showed more vari-
tion in channel morphology such as higher variation in depth and

 significantly higher width/depth relationship (Table 1). Coverage
y boulders in Lithuanian reference streams (18.6% on average)
as not significantly different from that in LDC east streams; how-

ver, the LDC east streams had significantly more gravel than the
eference streams (Table 1). Sand covered a relatively high propor-

ion of the streambed in the Lithuanian streams (42.7% on average,
able 1).

Channelized streams from western and eastern Denmark were
imilar and showed low variation in depth, low variation in width

.

 n = 10 Channelized west n = 13 Channelized east n = 8 Restored n = 10

8.7b 7.4b 12.5a

(2.2–25.9) (0.5–22) (3.9–22.3)
34.1b 36.3b 48.4ab

(17.8–50.5) (15–59) (34.4–61.7)
1b 1b 1.4a

(1–1) (1–1) (1.1–2.1)
7.4b 5.9b 12.5b

(2.2–12.7) (0.5–10.1) (3.9–22.3)

1.5b 4.2a 13.7a

(0–9.3) (0–31.8) (0–30.8)
9.9b 12.5b 24.6a

(0–39.2) (0–44.2) (4.7–43.3)
63.8a 53.1ab 40.3b

(40.2–88.2) (0–95.5) (23.3–86.3)
18.2a 8.7ab 7.8ab

(0–49.6) (0–49.7) (0–21.1)
3.3 11.9 3.8
(0–14.2) (0–42) (0–21.1)
3.3 1.7 9.7
(0–9.3) (0–10.1) (0–31.4)
0.3 0.3 0.3
(0.1–0.7) (0.1–0.7) (0.1–0.5)
62.4 52.3 39.8
(11.7–98.1) (4.3–97.3) (7.1–93.7)

s based on multiple comparisons.
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Table 2
Results from ANOSIM pair-wise comparisons of physical characteristics of the six
stream groups. Significant differences are marked with bold (significance level was
Bonferroni adjusted as 0.05/15 = 0.003). Global R = 0.34 (P = 0.001).

Comparison Statistic (R) p

LDC west vs. LDC east 0.359 0.001
LDC west vs. Lithuanian 0.645 0.001
LDC west vs. channelized west 0.177 0.008
LDC west vs. channelized east 0.414 0.001
LDC west vs. restored 0.245 0.003
LDC east vs. Lithuanian 0.114 0.038
LDC east vs. channelized west 0.386 0.001
LDC east vs. channelized east 0.462 0.001
LDC east vs. restored 0.097 0.071
Lithuanian vs. channelized west 0.629 0.001
Lithuanian vs. channelized east 0.690 0.002
Lithuanian vs. restored 0.412 0.002
Channelized west vs. channelized east 0.071 0.191
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included in the model. LDC east and reference streams from Lithua-
nia showed the highest success with correct classification of,
respectively, 10 (90.9%) and 8 (80%) streams (Table 4). The classifi-
cation success of LDC west and channelized streams from western

3210-1-2-3

D
FA

 2

-3

-2

-1

0

1

2

3

Restored
Channelized  West
LDC West
Channelized west vs. restored 0.306 0.002
Channelized east vs. restored 0.508 0.001

nd high coverage by sand and mud  (Table 1). Consequently, the
hannelized streams shared many characteristics with the LDC
est streams, especially as to substrate coverage, but differed

egarding sinuosity and variation in width and depth. The restored
treams were very similar to the LDC east streams as none of the 12
hysical variables differed significantly between these two  stream
roups (Table 1). In comparison, the restored streams had signifi-
antly coarser substrate (boulders and gravel) and significantly less
and (Table 1) than western LDC streams.

ANOSIM pair-wise comparisons based on all 12 physical vari-
bles identified significant differences among several of the six
tream groups. We  found that LDC west and LDC east streams were
ignificantly different (Table 2), whereas LDC east and Lithuanian
eference streams were relatively similar (Table 2). Channelized
treams from eastern Denmark differed significantly from all
tream groups, except channelized streams from western Denmark
Table 2). In addition, channelized streams from western Denmark
id not vary notably from LDC west streams (Table 2). The restored
treams were significantly different from the LDC west streams
nd from western and eastern channelized streams, but were rela-
ively similar to the Lithuanian reference streams and the LDC east
treams, indicating that restoration has created stream conditions
esembling those in LDC east rather than LDC west streams.

The stepwise discriminant function analysis generated a single
unction with a highly significant Wilk’s � (P < 0.0001). Eigenvalues

f the first three DFA axes were 2.370, 1.751 and 0.706, respec-
ively, and they explained 47.9, 35.4 and 14.3% of the variation in
he dataset. Six variables were used in the final model (Table 3). The

able 3
orrelations between discriminant scores 1, 2 and 3 derived through stepwise dis-
riminant function analysis and the six variables used in the model. Stream variables
re listed in the order that they entered the discriminant function and significant
orrelations are highlighted.

Variable DFA 1 r2 (p-value) DFA 2 r2 (p-value) DFA 3 r2 (p-value)

Width/depth 0.605 −0.278 −0.587
(<0.001) (0.043) (<0.001)

Sinuosity 0.419 0.093 0.538
(<0.001) (0.567) (<0.001)

Sand (%) −0.418 0.363 0.418
(<0.001) (0.001) (<0.001)

CV width 0.413 −0.001 0.192
(<0.001) (0.997) (0.119)

Mud  (%) −0.300 0.012 0.570
(0.002) (0.897) (<0.001)

Clay (%) −0.223 0.073 −0.226
(0.076) (0.654) (0.071)

F
f

eering 37 (2011) 1654– 1660 1657

rst DFA axis represents a strong gradient in channel morpholog-
cal variables (Width/Depth relationship, Sinuosity and CV Width,
able 3; correlations of 0.605, 0.419 and 0.413, respectively). The
rst axis also represents a gradient in substrate composition as sand
nd mud  coverage correlated negatively with this axis (Table 3;
orrelations of −0.418 and −0.300, respectively). The group of ref-
rence streams from Lithuania, the group of restored streams, the
roup of LDC east and LDC west streams were clearly separated
rom the channelized streams along the first DFA axis (Fig. 2).
he second DFA axis represents a gradient in coverage of sand
Table 3; correlation of 0.363), whereas the third DFA axis repre-
ents a gradient in both channel morphological variables (Table 3;

idth/Depth correlation: −0.587 and sinuosity correlation: 0.538)
nd substrate coverage (Table 3; sand correlation: 0.418 and mud
orrelation: 0.570). The second DFA axis primarily separated the
roup of restored and the group of LDC east streams from the rest
f the streams, primarily due to lower coverage of sand and higher
overage of coarse material in the latter (Table 3). The third DFA
xis did not show any clear separation among groups (Fig. 2).

A Jackknifed classification from the discriminant function cor-
ectly classified 72.2% of the 64 streams included in the analysis.
lassification success varied between the five stream groups
DFA 1

3210-1-2-3

D
FA

 3

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

DFA 1Channelized  Ea st
LDC ea st
Lithuani a

ig. 2. Mean scores (with S.E.) for the six groups of stream sites in a discriminant
unction analysis based on stream characteristics (see Table 1).
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Table 4
Predicted group membership from the discriminant function analysis. In total, 77.8% of original group cases were correctly classified.

Group LDC west LDC east LDC Lithuanian Channelized west Channelized east

LDC west 8 (66.7%) 0 0 4 (33.3%) 0
LDC  east 0 10 (90.9%) 0 0 1 (9.1%)
LDC  Lithuanian 2 (20%) 0 8 (80%) 0 0
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Channelized west 1 (7.7%) 0 

Channelized east 0 1 (12.5%) 

Restored (ungrouped cases) 2 (20%) 7 (70%) 

nd eastern Denmark was lower, with correct classification of 8
66.7%), 8 (61.5%) and 5 (62.5%) streams (Table 4). Seven (70%) of
he restored streams (entered into the analysis as ungrouped cases)
ere classified as LDC east streams, with the remaining restored

treams being classified as either LDC west (2 streams, 20%) or
hannelized streams located in western Denmark (1 stream, 10%;
able 4).

. Discussion

We  found that restorations have increased habitat complex-
ty, both through changes in substrate composition and in channel

orphology, compared to channelized streams. This is consistent
ith evaluations of numerous river restoration projects through-

ut the world (e.g. Friberg et al., 1994; Pedersen et al., 2007,
009; Palmer et al., 2009; Jähnig et al., 2010). However, the
estored streams had a different hydromorphology from that of
he western LDC streams, especially regarding substrate compo-
ition, and accordingly showed close resemblance to the eastern
DC streams. Compared to the western LDC streams too much
oarse material has been added to the restored streams, most likely
ecause the restorations have been conducted without a natu-
al restoration target in mind. Rather, the restorations have been
ocused on increasing biotic index scores based on macroinver-
ebrates and the abundance of salmonid fishes in order to meet
nvironmental management commitments. It is well known that
everal macroinvertebrate species and salmonid fishes respond
ositively to addition of coarse substrate (Pedersen et al., 2009;
iller et al., 2010). From a narrow management perspective, the

urrent restoration practice therefore seems valid, but results in
he creation of an artificial river type that does not resemble the
DC streams within the area. Our results confirm those of Pedersen
t al. (2006) and suggest that the current restoration practice of
owland streams should be reconsidered.

We found different physical conditions in medium-sized LDC
treams in eastern and western Denmark, primarily due to a much
oarser substrate in non-alluvial streams on the eastern moraines.

 similar result has previously been reported for small Danish
treams (Mernild and Hasholt, 2003), and a previous analysis of 149
anish streams concluded that hydromorphology is strongly influ-
nced by local geomorphology and geology (Pedersen, 2009). We
herefore find it unlikely that the lower coverage of coarse substrate
n western LDC streams is a consequence of human activity, such as
arlier rigorous stream maintenance having left the western LDC
tream devoid of coarse material. Our results therefore empha-
ise that restoration targets need to be differentiated according to
eological region.

.1. Consequences of creating none-river-type-specific physical
onditions
We find that there are several hydromorphological conse-
uences of the current restoration practise in Danish lowland
treams. Firstly, in Europe the WFD  has been the major legisla-
ive driver by specifying that hydromorphology should underpin

t
l
s
p

0 8 (61.5%) 4 (30.8%)
0 2 (25%) 5 (62.5%)
0 1 (10%) 0

ood ecological status in streams and rivers. Furthermore, the sta-
us of streams and rivers is judged on the basis of an ecological
nd hydromorphological reference condition (Baattrup-Pedersen
t al., 2004). With large deviations from the hydromorphologi-
al reference conditions restored watercourses risk not fulfilling
he environmental goals defined in the WFD. Thus, in cases where
he restoration approach is not based on river-type-specific ref-
rence conditions good ecological status determined based on
ype-specificity and deviation from reference conditions may  be
ifficult to obtain, and restoration goals may therefore not be met.
econdly, by creating streams containing a large proportion of boul-
ers in areas with a natural lack of this substrate type, there is a risk
f restricting the natural dynamics of the restored streams through
ltered sediment dynamics and limited possibilities for develop-
ent of natural channel dynamics (Kondolf, 2006). The latter is due

o the common use of large boulder to stabilize banks in restored
treams, even in areas without sensitive anthropogenic features
ike buildings and roads. The use of bank stabilizing should there-
ore be considered carefully in restoration projects as bank erosion
an have positive effects on the morphological diversity in streams
Sear et al., 1998; Pedersen, 2009) and is a natural part of stream
ynamics (Brookes, 1988; Allan, 1995).

We also suggest several biological consequences of the current
estoration practise of making streams located on sandy outwash
lains resemble those on moraines. It is a well established fact that
he in-stream habitat is an important driver of community struc-
ure and species assemblages for stream organisms (Southwood,
977; Orth, 1983; Downes et al., 1998; Wang et al., 2003; Moerke
nd Lamberti, 2006; Nakano and Nakamura, 2006). Several stud-
es have documented the importance of coarse substrates (e.g.
arge boulders and woody debris) as an important macroinverte-
rate habitat in lowland streams, and negative impacts of substrate
emoval (Johnson et al., 2003) and positive impacts of substrate
ddition (Friberg et al., 1998; Miller et al., 2010) on macroinver-
ebrates associated with coarse habitats have been demonstrated.
urthermore, it has been suggested that changes in substrate com-
osition towards a larger proportion of coarse material can induce
ignificant changes in macroinvertebrate community structure,
specially through an increase in species scraping periphyton off
urfaces (Kristensen, 2004) and other specialized species. Previ-
us evaluations of restored lowland streams have documented an
ncrease in the abundance of stone dwelling macroinvertebrates
Friberg et al., 1994, 1998; Miller et al., 2010), and a similar rise
n abundance has most likely occurred in the restored streams
ncluded in the present study.

Our study documents that the current restoration practise used
n Danish streams has significant effects on in-stream habitats,
specially through alterations in substrate composition, implying

 standardisation of in-stream habitats across a natural geological
eature (ice marginal line). Gravel and large boulders are naturally
are in Danish streams located west of the ice marginal line; thus

he abundance of species preferring coarse habitats is relatively
ower in these western streams that are dominated by sandy sub-
trates (Kristensen, 2004). Consequently, the current restoration
ractise in lowland streams may  have pronounced effects on the
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ommunity structure of stream organisms and, ultimately, on bio-
iversity at different spatial scales (local vs. regional). A likely effect

s a decrease in regional biodiversity across the marginal line as
pecies adapted to habitat conditions in western sandy streams
ecome less abundant; however, this is a research area requiring
urther investigations.

.2. Comparison with Lithuanian reference sites

Considering all hydromorphological parameters, our study
evealed no significant differences between the Lithuanian streams
nd the eastern LDC streams, whereas pronounced variations
ccurred compared to the western LDC stream. This is not sur-
rising as the geomorphology of eastern Denmark and Lithuania

s quite similar (see Fig. 1). Hydromorphological data from Lithua-
ian reference streams were included in this study to assess
he closeness of resemblance with Danish LDC streams, allowing
s to estimate the validity of using LDC streams for evaluating
estorations. Although there was no overall difference between
he two groups of streams, some individual parameters varied. The
ithuanian streams had the highest width/depth ratio, depth vari-
tion and width variation of all streams groups included in the
tudy (Table 1), which is indicative of a more complex and varied
hannel morphology. The Lithuanian streams are less anthro-
ogenically impacted than the Danish LDC streams, and especially
iparian forests are more intact in Lithuania than in Denmark
Baattrup-Pedersen et al., 2008). Riparian vegetation exerts an
mportant influence on stream channel morphology, and most
tudies performed in widely dispersed geographic locations indi-
ate that stream reaches with riparian forests are wider and have
igher width/depth ratios than those with adjacent grassy veg-
tation (e.g. Zimmerman et al., 1967; Sweney et al., 2004; Roy
t al., 2005; McBride et al., 2010). Our findings therefore sug-
est that reference reaches from Lithuanian streams represent a
igher degree of hydromorphological integrity than the Danish
DC sites. Consequently, the Lithuanian streams could be used
o form part of a hydromorphological guiding image or set-up a
ommon restoration target for eastern Danish streams, as done
reviously for macrophyte communities (Baattrup-Pedersen et al.,
008).

. Conclusions

Earlier literature has suggested a fundamental shift towards
estoring watershed and stream processes (process-based river
nd stream restorations) rather than undertaking local reach or
pecies-specific restorations (Palmer, 2009). Through this shift,
estorations will address the root causes of ecological degradation.

ith this paper, we wish to emphasise another aspect, namely that
estoration should also be river-type-specific in order to ensure
ompliance with legal documents, such as the WFD. In the elabora-
ion of a description of the river-type-specific reference condition
restoration target) variables and parameters on multiple scales
re to be included. In addition to the in-stream conditions evalu-
ted in the present study, factors that should be integrated to form

 river-type-specific description for a watercourse to be restored
re: bank morphology (slope and steepness of banks have pro-
ounced effects on habitat conditions in the interface between
ater and land (Pedersen et al., 2006)), presence or absence of

akes or wetlands within the river systems (may significantly

ffect sediment dynamics and temperature regimes (Pedersen,
009; Montgomery, 1999) as well as water quality (Thodsen et al.,
009)), connectivity of streams and land use (Levell and Chang,
008).
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