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SUMMARY

1. Elaborate restoration attempts are underway worldwide to return human-impacted
rivers to more natural conditions. Assessing the outcome of river restoration projects is
vital for adaptive management, evaluating project efficiency, optimising future pro-
grammes and gaining public acceptance. An important reason why assessment is often
omitted is lack of appropriate guidelines.

2. Here we present guidelines for assessing river restoration success. They are based on a
total of 49 indicators and 13 specific objectives elaborated for the restoration of low- to mid-
order rivers in Switzerland. Most of these objectives relate to ecological attributes of rivers,
but socio-economic aspects are also considered.

3. A strategy is proposed according to which a set of indicators is selected from the total of 49
indicators to ensure that indicators match restoration objectives and measures, and that the
required effort for survey and analysis of indicators is appropriate to the project budget.

4. Indicator values are determined according to methods described in detailed method
sheets. Restoration success is evaluated by comparing indicator values before and after
restoration measures have been undertaken. To this end, values are first standardised on a
dimensionless scale ranging from 0 to 1, then averaged across different indicators for a
given project objective, and finally assigned to one of five overall success categories.

5. To illustrate the application of this scheme, a case study on the Thur River, Switzerland,
is presented. Seven indicators were selected to meet a total of five project objectives. The
project was successful in achieving ‘provision of high recreational value’, ‘lateral
connectivity’ and ‘vertical connectivity” but failed to meet the objectives ‘morphological
and hydraulic variability’ and ‘near natural abundance and diversity of fauna’. Results
from this assessment allowed us to identify potential deficits and gaps in the restoration
project. To gain information on the sensitivity of the assessment scheme would require a
set of complementary indicators for each restoration objective.

Keywords: evaluation guidelines, socio-economics, indicators, floodplain, decision making,
bioassessment, sustainability, biodiversity.

Introduction

Correspondence: Armin Peter, Swiss Federal Institute of Aquatic The adverse impacts of past river developments have

Science and Technology, Seestrasse 79, 6047 Kastanienbaum, been widely recognised in recent years (MalmqViSt &
Switzerland. E-mail: armin.peter@eawag.ch Rundle, 2002; Tockner & Stanford, 2002). As a
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consequence, extensive attempts are underway to
return rivers to more natural states and to restore lost
ecosystem services (Palmer et al., 2004). River restor-
ation, which is defined as the process of returning a
river section to a near-natural state (Bradshaw, 1996;
Palmer et al., 2005; Roni, 2005), thus has become a
priority for water authorities and river managers in
many countries (Nienhuis & Leuven, 2001; Holl,
Krone & Schultz, 2003; Bernhardt ef al., 2005; Yoshim-
ura et al., 2005; Nakamura, Tockner & Amano, 2006).
Without being able to prove success, there is a great
risk that public support for restoration projects will
decline, in particular if one considers that large
amounts of money are sometimes involved. However,
current restoration projects are often based on trial
and error practices (Downs & Kondolf, 2002), whereas
systematic approaches guided by clearly defined
goals and procedures that would ensure effective

Constraints imposed
by politics and society

Stakeholder
participation

Project publicity
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use of resources and increase the probability of
restoration success are rare (but see Schiemer,
Baumgartner & Tockner, 1999; Buijse et al., 2005).
Successful river restoration requires careful consid-
eration of several key elements (Fig. 1). To evaluate
the degree to which a river approximates, or deviates
from, natural conditions, data from the river prior to
impairment or some other sort of reference point are
indispensable (e.g. Stoddard et al., 2006). In most
industrialised countries, natural reference points no
longer exist and complete restoration is not possible.
As an alternative, a ‘guiding image’ can be developed
based on historical data and theoretical models
(Jungwirth, Muhar & Schmutz, 2002; Jansson et al.,
2005; Palmer et al., 2005). Definition of such a ‘guiding
image’, which describes the restoration potential of a
river under the given circumstances and constraints,
is an important step in the restoration planning

Fig. 1 Proposed strategy to plan and
implement river restoration projects
(based on Holl & Cairns, 1996).
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process. Only once such a ‘guiding image’ has been
formulated, can clear restoration objectives be defined
and appropriate restoration measures be selected in
an efficient way.

An additional important, but generally neglected
element is systematic evaluation whether project
objectives were achieved. Such evaluation is critical
to detect flaws in project design or implementation
and to enable adaptive management or additional
restoration measures if objectives are not met. Lessons
learnt from both restoration failures and successes are
also valuable for future projects and collectively will
improve river management and restoration practices
(Bash & Ryan, 2002). However, in cases of unsuccess-
ful restoration, benefits for future projects can only be
gained if there is a willingness to admit failure
(Kondolf, 1995) and to communicate results.

Although scientific, economic and political parties
involved in river restoration generally agree that the
success of restoration projects needs to be evaluated
this is seldom performed (Downs & Kondolf, 2002).
Reasons commonly advanced include insufficient
funding, time constraints and labour shortage (Bash
& Ryan, 2002). These are not compelling reasons,
however, given that interviews with river managers in
Europe and North America revealed that as little as 5-
10% of the total project costs can be sufficient to assess
restoration success (Bratrich, 2004). Additional rea-
sons are a lack of evaluation guidelines (but see Jones,
1999; Rutherford, Jerie & Marsh, 2000; Palmer et al.,
2005) and failure to set clearly defined project objec-
tives before restoration measures are taken.

In this paper, we propose a detailed strategy to
assess river restoration success. It consists of a set of
guidelines to select among a suite of potential indica-
tors tailored to specific restoration objectives. The
proposed strategy was developed for regulatory
bodies and river managers involved in river restor-
ation in Switzerland, but they may be adapted to
rivers in other European countries and other parts of
the world. To illustrate the application of the assess-
ment strategy, we present an evaluation of a restor-
ation project on the Thur River, Switzerland.

A proposed strategy to assess river restoration success

Definition of project objectives. Various physical, chem-
ical and biological processes shape river channels and
riparian habitats and hence the distribution of riverine

biota (Gregory et al., 1991; Beechie & Bolton, 1999). The
purpose of river restoration is to re-establish these
processes (Bradshaw, 1996). To achieve this goal
within the constraints of culturally shaped landscapes,
a policy is required that considers three components of
sustainability that have been identified (Cairns,
McCormick & Niederlehner, 1993; Henry, Amoros &
Roset, 2002): social (e.g. protection of people from
floods, supply of resources such as drinking water),
environmental (e.g. ecosystem resilience, maintenance
of natural biodiversity), and economic (e.g. job
market). A broad range of factors and processes
relevant to successful river restoration are related to
these components of sustainability (Table 1). Empha-
sis in the strategy presented here is laid on environ-
mental objectives, whereas the economic component is
not addressed. However, as the number of measurable
ecosystem attributes far exceed those that can be
reasonably monitored (SER Society for Ecological
Restoration International Science & Policy Working
Group, 2002), even the list of environmental objectives
shown in Table 1 is far from exhaustive.

Over the past three decades, public awareness of
ecological issues has generally risen. However, two
additional aspects are likely to be vital for the success
of restoration projects: project acceptance by the
broader public and stakeholder participation. There-
fore, it is useful to define these two points also as
explicit project objectives (Table 1). Important factors
that determine how a restoration project is perceived
and hence accepted by the public include greater
opportunities for recreational use, improved flood
protection, and enhanced ecological conditions of
rivers. Typically, sensitivity to specific environmental
projects increases strongly when people are directly
(e.g. residents close to or landowners of the project
perimeter) or indirectly (e.g. local recreation users)
affected by the consequences of restoration projects
(Selin & Chavez, 1995; Zaugg, 2002). Contrasting
interests of stakeholders often result in conflicts
(Hostmann et al., 2005). Participation of stakeholders
in the decision-making process aims to resolve or
mitigate such conflicts. If this process is successful,
time delays can be prevented and costs of project
implementation can be reduced. Involving stakehold-
ers improves credibility of the instigators of a restor-
ation project and enables finding compromise
solutions based on stakeholder preferences and
concerns (Merkofer, Conway & Anderson, 1997).
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Stakeholder participation is thus expected to aid pro-
ject acceptance. Concepts based on the use of decision
analysis techniques exist to structure involvement of
both stakeholders and scientists in river restoration
decisions (see e.g. Reichert et al., 2007).

Indicators to assess restoration success. An indicator is ‘a
characteristic of the environment which, when meas-
ured, quantifies the magnitude of stress, habitat char-
acteristics, degree of exposure to the stressor, or degree
of ecological response to the exposure’” (Hunsaker &
Carpenter, 1990) and ‘provides information on the
system’s condition’ (Lorenz et al., 1997). Indicators
serve as tools to assess, in a quantitative way, the
condition of a river in the light of the restoration goals
listed in Table 1. When defining indicators according to
these objectives, various indicator characteristics need
to be considered. They include ecological and social
relevance, ease of measurement and interpretation, and
cost-effectiveness (Cairns et al., 1993; Angermeier &
Karr, 1994; Holl & Cairns, 1996; Lorenz et al., 1997).

A suite of 49 indicators are proposed to assess
whether the 13 project objectives considered most
relevant for many river restoration projects in indus-
trialised countries (Table 1) are achieved. Indicators
were selected based on information gleaned from the
scientific literature and hands-on experience. Both
traditional and new indicators are included, and they
relate to ecological (river channel and floodplain) and
social aspects. The ecological indicators mainly reflect
compositional and structural attributes of river eco-
systems and their biological communities. Functional
(i.e. process-based) indicators may also be included in a
comprehensive assessment of rivers (e.g. Gessner &
Chauvet, 2002), but indicators relating directly to
ecosystem processes are not considered here. How-
ever, the present selection of indicators captures
functional river ecosystem attributes in an indirect
way. Examples include ‘short-term leaf retention
capacity’ or ‘food subsidies across land-water bound-
aries’. In addition, indicators such as ‘quantity of large
wood’ and ‘barrier-free migration routes for fish’
reflect longitudinal connectivity and can therefore
serve as indirect functional indicators of dispersal
capacity. For most indicators listed in Table 1 the
nature of the parameter to be measured is self-explan-
atory. However, some require explanation (Table 2).

Many of the indicators in Table 1 can be used to
assess more than one project objective. Some are
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suitable for direct assessment whether an objective
has been achieved, others may relate to project
objectives only indirectly. For each indicator the
person days required for indicator survey and
analysis are given. For some indicators (e.g. bedload
regime), effort varies greatly with river size and river
type. Indicators are selected according to the pro-
ject’s objectives and budget. An additional important
consideration when applying these indicators is the
time elapsed after restoration measures have been
completed. Although most are relevant at all times,
some indicators may only become meaningful some
time after a river has been restored (e.g. indicators
related to vegetation development). Accordingly,
indicators were assigned to three temporal categor-
ies, depending on whether measurement is appro-
priate during the first to second, third to fifth or sixth
to 15th year after completion of restoration measures
(Table 1).

Guidelines to select indicators. The number of potential
indicators for river monitoring is infinite and selecting
the most suitable ones is not an easy task (Cairns et al.,
1993). Therefore, guidelines are proposed here to
facilitate indicator selection for river restoration pro-
jects. In the proposed scheme, it is critical that project
objectives are clearly defined from the outset (Fig. 1).
Once project objectives have been selected, a suitable,
project-specific set of indicators from Table 1 can be
selected according to the following guidelines:

1. For each project objective one or, preferably, more
indicators are selected. Indicators that pertain to more
than one objective are generally recommended to
keep the list of required measurements short and
assessment costs low.

2. Direct indicators are generally preferred over
indirect indicators, because direct indication of an
influence is likely to provide more accurate informa-
tion.

3. If financial or time constraints are important, as is
often the case (Holl & Cairns, 1996), selection can be
limited to indicators that require low effort.

4. Indicators must be surveyed at an appropriate
time in terms of both the number of years elapsed
after restoration and of the interannual patterns
defined by factors such as season or flood history.

An electronic spreadsheet-based aid was developed
for selecting indicators; it can be downloaded at
http:/ /www .rivermanagement.ch.

© 2007 Eawag Aquatic Research, Journal compilation © 2007 Blackwell Publishing Ltd, Freshwater Biology, 52, 752-769



756 S. Woolsey et al.

Table 1 Forty-nine indicators in 17 indicator categories to assess river restoration success with regard to 13 restoration objectives
considered important (O = direct indicator, ® = indirect indicator; Indicators chosen in the Thur case study are indicated by symbols
O and M, respectively). Effort levels for surveying indicators and time periods during which surveys are relevant are also given.
Indicators marked with an asterisk (*) are commented on in Table 2.

River ecosystem attributes
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Acceptance by project work group * o 1-15
Stakeholder participation Satlsfact‘lc?n of interest groups with the design of o 125 15
the participation process
Satlsfacthq of the public with participation o 125 15
opportunities
Satisfaction of interest groups with participation
. [¢) 1-2 1-5
opportunities
Recreational use Number of visitors ] 1 1-15
Variety of recreational opportunities * [} 0.5 1-15
Public site accessibility for recreation m] 0.5 1-15
Landscape Dlverilty and spatial arrangement of habitat o o e o o o o o 35.55 315
types
Aesthetic landscape value * o 1.5-3 1-15
Longitudinal connectivity =~ Barrier-free migration routes for fish (¢} 1 1-5
Hydrogeomorphology and Inundation dynamics: duration, frequency and
. . . ° 0.5 1-15
hydraulics extent of flooding
Variability of measured wetted channel width * O = O 25 1-15
Variability of visually estimated wetted channel
X . 1 1-15
width *
Variability of flow velocity o e 2.5-5 1-15
Depth variability at bankfull discharge o e o o 2.5 1-15
Bed load Bedload regime e O . . 1-18 1-15
Organic material Short-term leaf retention capacity ° ° o 1.5 1-15
Quantity of large wood . . o 1 1-15
Quantity and composition of floating organic
matter and abundance and diversity of o e e o o 15 1-5
colonizing snails
River bed Permeability of river bed ° e o o 25 3-15
Diversity of geomorphic river bed structures * o e e o o o o o 1.5 1-15
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river bed structures *
Clogging of hyporheic sediments ] | B | O 1-1.5 1-15
Grain-size distribution of substratum * o e ° . 1.5 1-15
Degree and type of anthropogenic modification o . 1 1-15

Determination of indicator values. For each of the 49  www.rivermanagement.ch). These method sheets con-
indicators in Table 1, a detailed method sheet has been  tain information on the ecological and socio-economic
developed (Woolsey et al., 2005; available at http:// relevance of the indicator, the survey method (dimen-
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Table 1 (Continued)
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Fish Age structure of fish population o o e o o 4 1-15
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groundwater organisms in the hyporheic zone
Taxono@c composition of macroinvertebrate o o o o o ° 05 115
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Presence of amphibiontic species in the o R o 4 1-15
groundwater
Vegetation Presence of typical floodplain species . ¢} 0.5 1-15
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sion of measurements, procedures, time and effort
required, required material, timing and frequency of
survey), analysis of results, connections to other indi-
cators, and application examples. The first survey must
take place before restoration work begins, because
evaluation of restoration success is based on a compar-
ison of indicator values before and after restoration. If
restoration has already started, a river section similar to

the section before restoration may be used as second
best choice. The same sorts of surveys are carried out
after the restoration measures have been completed.
Repeated surveys are recommended to take natural
temporal variability into account. As effects of restor-
ation measures may not be immediately visible, suffi-
cient time (at least 1-3 years, depending on the specific
indicator) should be allowed for project assessment
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before definite conclusions about restoration success or
failure are drawn. The longer the evaluation period, the
more valuable the data are likely to be for assessment
(Downs & Kondolf, 2002). Ideally, project evaluation
should be carried out until a state of self-regulation
(i.e. dynamic equilibrium) is attained. This is, however,
rarely feasible (Holl & Cairns, 1996). The frequency of
data collection will depend on the indicator being

measured and on the project objectives (Holl & Cairns,
1996). In early stages of project assessment, indicators
should be assessed more frequently than later, as
detailed in the indicator method sheets (Woolsey et al.,
2005).

Indicator analysis. Indicator values are determined in
various measurement dimensions and so need to be

Table 2 Background information and explanatory notes on selected indicators

Indicator

Comments

Project acceptance

Variety of recreational opportunities

Variability of visually estimated wetted

channel width

Diversity and spatial arrangement of
habitat types

Aesthetic landscape value

Availability of three types of refugia
(hyporheic refugia, shoreline habitats
and intact tributaries)

Diversity of geomorphic river bed
structures

Temporal changes in diversity of
geomorphic river bed structures

Grain-size distribution of substratum

Spatial and temporal temperature
heterogeneity

Succession and rejuvenation of plant
species on floodplains

The higher the acceptance of a restoration project by a stakeholder, the easier will be the
implementation of future projects in the region. It is recommended that project
acceptance is investigated separately for each of three distinct groups of people: (i)
stakeholders who are not part of an organised group (interest group); (ii) the broader
public; and (iii) stakeholders who are part of an organised work group that participates
in project design and/or implementation. Acceptance is assessed by means of inter-
views and questionnaires.

This indicator is a measure of the attractiveness of a local recreation zone. The range
of possible activities (e.g. running, cycling, wildlife observation, bathing, etc.) and the
presence of the necessary infrastructure (e.g. cycle paths, access to water, etc.) are
examined. Scores are assigned to 12 common recreational activities based on whether
the infrastructure required for the individual activities is available or not. Using this
evaluation key a final score for the indicator ‘recreational opportunities’ is calculated.

Individual river reaches are assigned to one of three categories based on visual
assessment in the field: high variability, low variability or no variability. Each sector
receives a variability score. An average variability value is subsequently calculated for
the examined river section.

Landscape composition and configuration (e.g. patch richness, mean shape index, mean
nearest neighbour) are used to calculate the Manhattan Index, which summarises
landscape metrics. The Manhattan Index is subsequently assigned to three different
categories of change.

A poll among the local population is made about the perceived aesthetic value of the
restored river landscape.

After disturbance events such as floods and droughts re-colonisation by
macroinvertebrates occurs from refugial habitats (e.g. hyporheic zone, shoreline
habitats, intact tributaries). The indicator scores the occurrence of such refugia (at three
different scales) and is a measure of potential resilience.

Nine types of geomorphic river bed structures are defined (e.g. backwater and shallow
water). A score is assigned to the examined river section depending on the number of
different types of structures present.

The aerial cover of nine types of geomorphic river bed structures is estimated at various
points in time. Flood events reshape and create such structures; therefore, change in
their aerial cover over time is an indicator of a river’s morphological dynamics.

The relative proportions of five grain-size categories are visually estimated.

Continuous measurement of surface water temperature over time using temperature
loggers or infra-red imaging from helicopter.

This indicator measures the composition, spatial distribution and temporal dynamics of
floodplain vegetation.
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Table 3 Proposed matrix to evaluate restoration success in five categories by comparison of standardised indicator values before and
after restoration measures are taken

Indicator value before restoration

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Indicator value after restoration 0.0 0 - - - - - - - - - -
0.1 + 0 - - - - - - - -
0.2 + + 0 - - - - - - - -
0.3 + + + 0 - - - - - - -
0.4 + + + + 0 - - - - - -
0.5 ++ ++ + + + 0 - - - - -
0.6 ++ ++ ++ + + + 0 - - - -
0.7 ++ ++ ++ ++ ++ + + 0 - - -
0.8 +++ +++ ++ ++ ++ ++ + + 0 - -
0.9 +++ +++ +++ +++ +++ ++ ++ ++ ++ 0

1.0 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 0

Symbol for success category: —, deterioration, failure; 0, no change, failure; +, slight improvement, small success; ++, medium
improvement, medium success; +++; strong improvement, large success.

Fig. 2 The Thur River near Schéffauli, Switzerland, before restoration in June 2001 (left photo) and after restoration in May 2004 (right
photo) (Photos by C. Herrmann, BHAteam, Frauenfeld, Switzerland, with permission).

standardised before calculating an overall dimension-  corresponds to the undisturbed state before large-
less evaluation score between 0 and 1. The reference  scale industrial disturbances and the beginning of
condition, which is assigned the value 1, often  intensive agriculture or forestry (for industrialised
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European countries: mid 1800s) (Nijboer et al., 2004).
In many countries (including Switzerland), such
pristine conditions no longer exist and a return to
such conditions is not realistic. Therefore, realistic,
maximally attainable, near-natural reference condi-
tions are used as a benchmark (i.e. as an ‘operational
guiding image’ sensu Jungwirth et al., 2002). Methods
currently in use to establish reference conditions are
the use of historical data, data from reference sites
elsewhere with similar characteristics, theoretical
models and expert judgement (Nijboer et al., 2004).
Measured indicator values are standardised according
to an indicator-specific equation or a semi-quantita-
tive or qualitative classification scheme. For all
indicators, recommended reference values and stand-
ardisation equations or tables are given in the method
sheets in Woolsey et al. (2005).

Assessment of overall project success. Overall project
evaluation consists of assessing to what extent indi-
vidual project objectives were met. This is achieved by
averaging all standardised indicator values relating to
a given project objective before and after restoration
and comparing the resulting values in five success
categories (Table 3).

The Thur assessment: a case study

Introduction. The Thur River is a 127-km-long tributary
of the Rhine River with a catchment size of 1750 km?.
Lakes or reservoirs, which could buffer high flows, are
absent along the Thur River, and the combination of
heavy rainfall, snowmelt and water-saturated soils can
cause a dramatic increase in river discharge within a
few hours. Extensive floods in the 19th century resulted
in the introduction of comprehensive river regulation
measures for flood protection. However, further heavy
flooding events followed in the 20th century (http://
www.rhone-thur.eawag.ch), and after a major flood in
1978, when peak discharge exceeded mean annual
discharge 30-fold, planning began for further regula-
tion measures. The main goals of the project were to
improve flood protection, to provide recreational space
for people, and to increase the ecological conditions of
the river including its floodplain. The measures were
begun in 1987 (Canton of Zurich) and 1993 (Canton of
Thurgau) and will continue until 2015. The main
ecological deficiencies identified were lack of habitat
for flora and fauna, a disturbed sediment regime, lack

of river channel dynamics, and lack of longitudinal and
vertical connectivity.

To illustrate the application of the proposed eval-
uation scheme, success of a restoration project carried
out in 2001-2002 on the Thur River near the village of
Schéffauli was assessed. Here the 50-m wide river bed
was widened to 100 m along a stretch of 1500 m
(Fig. 2).

Methods. In a first step, restoration objectives were
selected to evaluate success of the river widening near
Schaffauli. River bed widenings provide rivers with
more space to move laterally. As a result, bedload
deposition may increase, resulting in stabilisation of
the river bed and development of gravel bars and sand
banks (Formann, Schober & Habersack, 2004; Peter,
Kienast & Woolsey, 2005). Given the geomorphic
setting of the Thur River, the channel should also start
to become braided and islands should be formed
(Schweizer, 2006). Habitat conditions similar to those
existing before the first river regulation should devel-
op (see Schmid, 1879). Finally, variability of depth and
current velocity are expected to increase, creating
characteristic floodplain habitats and causing an
associated surge in species richness (Arscott, Tockner
& Ward, 2005; Rohde et al., 2006). In view of these
expectations and the general project goals, a suite of
objectives was selected from Table 1 to evaluate the
Thur River restoration (see Table 4 for details).
Indicators for evaluating these restoration objectives
were selected based on the four-point guidelines
above. We mainly chose indicators that were relevant
to more than one of the five restoration objectives that
assessed objectives directly (although this was not
always possible), required low-effort (with two excep-
tions) and were suitable for evaluation within 2 years
following completion of restoration. To economise on
time and effort the size of the indicator set was kept
small (total of seven indicators). Rationale for select-
ing objectives and indicators, information on indicator
survey and analysis, and results are summarised in
Table 4. The electronic spreadsheet-based aid for
selecting indicators was applied in this step.
Indicators were surveyed based on the instructions
in their method sheets available at http://www.
rivermanagement.ch. A prerestoration survey was
not possible because restoration had been completed
2-years previously. Instead, two river sections at
Weinfelden-Biirglen and Frauenfeld similar to that

© 2007 Eawag Aquatic Research, Journal compilation © 2007 Blackwell Publishing Ltd, Freshwater Biology, 52, 752-769



of the former un-restored Schéffauli section served as
a prerestoration substitute. Field survey methods for
the case study indicators are summarised in Table 4.
Indicators were surveyed by different teams on
different occasions during the summer and autumn
of 2004. Teams consisted of environmental scientists
and graduate students in environmental sciences.

Results. Results of the indicator survey at the un-
restored sites at Weinfelden-Biirglen and Frauenfeld
and at the restored Schaffauli site are summarised in
Table 4 and Fig. 3. The number of visitors to the
restored site was 40 times greater than the number of
visitors to the un-restored site. Recreational activities
that increased most were miscellaneous sports (inclu-
ding cycling, running, fishing, boating and hunting),
walking and picnicking (Fig. 3). As a result, the stand-
ardised assessment value jumped from 0 to 1. Greatly
improved public site accessibility for recreation at the
restored than at the un-restored site (standardised
values of 0.7 and 0.4, respectively; Table 4) were likely
to have been to some extent responsible for the
increased number of visitors. Fish species abundance,
dominance and density were slightly lower at the
restored than at the un-restored site (standardised
values of 0.4 and 0.5, respectively), while diversity of
ecological guilds of fishes was the same for both sites
(standardised values of 0.4). Variability of measured
wetted channel width and shoreline length were
substantially greater at the restored (standardised
values of 0.29 and 0.30, respectively) than at the un-
restored site (standardised values 0.04 and 0.0, respect-

160

M Bathing —
=1 Picnicking

_| ] Miscellaneous sports
Horseback riding

[[] Walking

M Other activities

-
N
o

Number of visitors
[o0]
o

N
o

ey B—

o —
Before restoration
(Weinfelden-Birglen)

After restoration
(Schaffauli)

Fig. 3 Number of visitors to the channelized (Weinfelden-
Biirglen) and restored section (Schéffauli) of the Thur River,
Switzerland, on a warm summer day.
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ively). Finally, clogging of hyporheic sediments was
lower at the restored than at the un-restored site
(standardised values of 0.6 and 0.5, respectively).

Overall success categories determined for each
project objective were based on standardised indicator
values averaged for each objective (Table 5) and
the evaluation matrix in Table 3. Results show that
the Schaffauli project was very successful in achiev-
ing the objective ‘provision of high recreational value’.
The objectives ‘lateral connectivity’ and ‘vertical
connectivity’ were also achieved, although improve-
ments were less pronounced. No change was
observed in ‘morphological and hydraulic variability’,
and ‘near-natural abundance and diversity of fauna’
even declined.

Discussion. The goal of the Thur assessment study
was primarily to test the suitability of selected
indicators for evaluating river restoration success
rather than providing a rigorous assessment of the
specific restoration project. For example, we could not
apply a before and after survey approach, which may
have constrained the evaluation of the specific project.
However, our results allow us to draw some general
conclusions on the sensitivity and suitability of the
proposed assessment scheme.

The Schéffduli survey highlighted the clear differ-
ences in effort required for the selected indicators.
Survey of the five low-effort indicators was straight-
forward, easily organised and completed within two
working days, while surveys of the indicator ‘variab-
ility of measured wetted channel width” (medium
effort) and the two fish indicators (high effort) were
more time consuming and labour intensive. However,
fish may respond rapidly to habitat rehabilitation
(Roni et al., 2005) and results from these indicators
were therefore deemed to be of particular value in
assessing success of the Schiffduli restoration. The
choice of indicators therefore not only depends on
project objectives, but also on the restoration measure
selected to achieve those objectives.

Method sheets of all surveyed indicators proved to
be user-friendly. The survey confirmed that certain
indicators can be measured by an instructed amateur.
These are the number of visitors; public site accessi-
bility for recreation; variability of measured wetted
width; and clogging of hyporheic sediments. Others,
however, must be surveyed by trained personnel.
Such indicators include fish species abundance and
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Table 5 Outcome of restoration success evaluation two years and approximately eight bed-moving discharge events after restoration

of a 1500-m stretch of the River Thur near Schiffauli, Switzerland

Standardized indicator values by project objective before and after restoration

Near-natural

Provision of Morphological abundance
high recreational ~ and hydraulic Lateral Vertical and diversity
value variability connectivity connectivity of fauna

Indicator or parameter Before After Before After Before After Before After Before After
Number of visitors 0 1
Public accessibility for recreation 04 0.7
Fish species abundance and dominance 0.5 0.4 0.5 0.4
Diversity of ecological guilds of fish 04 04 04 04
Variability of measured wetted width 0.04 0.29 0.04 0.29
Clogging of hyporheic sediments 0.5 0.6 05 0.6
Shoreline length 0 0.3
Average 0.2 0.9 0.4 0.4 0.0 0.3 0.5 0.6 0.5 0.4
Success category according to Table 2 +++ + + + -
Name of success category Large success No change Small success  Small success Deterioration

dominance; diversity of ecological guilds of fish; and
shoreline length.

Discrepancies between individual indicator values
characterising the same objective suggest that a set of
complementary indicators for each objective is
required to increase confidence in the evaluation
results. While four indicators were used to evaluate
the objective ‘morphological and hydraulic variabil-
ity’, only one or two indicators were used to evaluate
the four remaining objectives. Applying a comple-
mentary set of indicators for the individual objectives
would enable a more subtle assessment of the project
success and, in addition, help to identify potential
deficits and gaps in the design of the restoration
project. For example, fish (i.e. their composition,
density and guild structure) were the only faunal
group used to assess the objective ‘near-natural abun-
dance and diversity of fauna’. However, there is
evidence that the local fish assemblage in the Thur
River is constrained by the available species pool in the
catchment (A. Peter, unpublished data). Therefore, the
creation of suitable habitats is not sufficient to increase
fish diversity at the local scale. In this case, benthic
invertebrates and riparian arthropods would probably
have been more suitable indicators to assess the effect
of increased habitat heterogeneity, expressed by an
increase in the variability of wetted channel width and
in shoreline length (Paetzold, 2005).

According to the presented evaluation strategy the
Thur River restoration project near Schaffduli was

considered successful only with regard to the objec-
tives ‘provision of high recreational value’, ‘lateral
connectivity’ and “vertical connectivity’. Although it is
not surprising that the restoration was more success-
ful in addressing certain objectives more than others,
the differences between the categories of success for
the five evaluated objectives seem rather large. How-
ever, evaluations of the two objectives for which no
successes were registered were partly or wholly based
on the two fish indicators. As discussed above, these
indicators are influenced by factors which were not
taken into account in the present evaluation. The use
of fish was therefore insufficient for providing an
accurate assessment of project success. In contrast,
‘morphological and hydraulic variability’ may have
been sufficiently characterised by the two indicators
‘variability of measured wetted width’ and ‘clogging
of hyporheic sediments’. An evaluation based on
these two indicators would have resulted in a ‘small
success’. This example further highlights the need for
complementary sets of indicators.

The Thur assessment was based on five objectives
which were borrowed from the Thur River restoration
project management. As river widenings have effects
on many more aspects of a river system (see Methods
section), additional restoration objectives should be
included in the evaluation. These could provide
further information on overall project success or
failure, which again may help to adjust the present
restoration scheme and are likely to support the

© 2007 Eawag Aquatic Research, Journal compilation © 2007 Blackwell Publishing Ltd, Freshwater Biology, 52, 752-769



design of future widening projects along rivers with
similar characteristics as the Thur River. Evaluation of
river ecosystem attributes such as ‘near-natural bed-
load regime’, ‘near-natural temperature regime’,
‘near-natural abundance and diversity of floodplain
vegetation” and ‘cycling of organic matter’ may be
particularly useful in more comprehensive surveys.

The results of the case study underpin the need for
guidelines on how to select complementary sets of
indicators that are required to increase the likelihood
of drawing correct conclusions from restoration pro-
jects. Ideally, assessment strategy are subjected to
sensitivity analyses, This can be achieved by system-
atically testing the effect on assessment scores when
indicators are added to or removed from the set. Once
the degree of robustness of particular sets of indica-
tors has been established, the goal will be to minimise
survey effort while maximising the accuracy and
reliability of conclusions on project success.

Evaluation of the River Thur restoration near
Schéffauli focused on individual project objectives
only. A general conclusion on overall project success
obviously is also desirable. However, such a general
evaluation will only be meaningful if based on a
comprehensive list of project objectives covering all
three aspects of sustainability (Woolsey et al., 2005).
As the presented scheme focused primarily on river
ecosystem attributes and was limited in scope, no
such overall conclusion can be drawn at present. We
suggest that, as a rule of thumb, at least five of the
nine proposed river ecosystem attributes are assessed
(Woolsey et al., 2005) to draw conclusions about a
project’s overall ecological success, and additional
indicators are needed when socio-economic criteria
are to be considered as well.

Outlook

The presented strategy to assess river restoration
projects is a first step in providing river managers with
a tool to assess the success of river restoration. As
ecosystems are dynamic and subject to continuous
succession and rejuvenation, the outcomes of a restor-
ation project are likely to change over time (cf. Lake,
Bond & Reich, 2007). Continuous monitoring to
facilitate adaptive management and improve future
project designs therefore is an important issue. Lessons
learnt from failed projects may prove as valuable as
lessons from successful projects (Palmer et al., 2005). In
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both cases, however, communication of insights is
essential for progress to be made towards effectively
designing and implementing river restoration projects.
Further work is needed to develop strategy that will
assess the overall success of restoration projects and
that will enable comparison of different projects.
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