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Abstract The EU-funded research project WISER
(“Water bodies in Europe: Integrative Systems to
assess Ecological status and Recovery”) developed
new assessment methods required by the EU Water
Framework Directive (WFD) for lakes, coastal and
transitional waters. WISER also addressed the recov-
ery of biotic assemblages from degradation. The
results are summarised in five key messages, sup-
ported by papers in this special issue and by WISER
results published elsewhere: (1) Response to stress
differs between organism groups, water types and
stressors; a conceptual model is proposed summaris-
ing how the individual organism groups respond
to different types of degradation in rivers, lakes,
transitional and coastal waters. (2) The sources of
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uncertainty differ between BQEs and water types,
leading to methodological suggestions on how to
design WFD sampling programmes. (3) Results from
about 300 current assessment methods indicate geo-
graphical variations in metrics but assessments are
comparable at an aggregated level (“ecological
status”). (4) Scale and time matter; restoration
requires action at (sub)-basin levels and recovery
may require decades. (5) Long-term trends require
consideration; the effects of both degradation and
restoration at the water body or river basin scales is
increasingly superimposed by multiple stressors act-
ing at large scales, in particular by climate change.
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Introduction

Driven by European policy, in particular the Water
Framework Directive (WFD; Directive, 2000), assess-
ment and restoration of European surface waters have
become a research focus in recent years (Hering et al.,
2010; Birk et al., 2012). Simply put, the WFD targets a
“good ecological status” for all surface waters by
2015. Water bodies need to be assessed by comparison
with a reference quality target; if the quality is below
the “good status” target they need to be restored. Four
different surface water categories are addressed by the
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WED: rivers, lakes, transitional waters (e.g. estuaries,
lagoons) and coastal waters. Their status is being
assessed with “Biological Quality Elements” (BQEs),
i.e. organism groups which integrate the effects of
various stressors such as nutrient enrichment, acidifi-
cation, hypoxia or habitat degradation. The BQEs to
be investigated are phytoplankton, aquatic flora (phy-
tobenthos and macrophytes in rivers and lakes,
macroalgae and angiosperms in coastal and transi-
tional waters), benthic invertebrates and fish.

In addition to national initiatives, several EU-
funded research projects have contributed to develop-
ing and testing assessment methodologies for rivers,
lakes, transitional and coastal waters (Hering et al.,
2004; Schmutz et al., 2007; Carvalho et al., 2008),
while others have generated tools for catchment
management (Wade et al., 2002; Mysiak et al., 2005;
Tippett et al., 2005). Many of these methods have been
applied by Member States for the development of the
first River Basin Management Plans (RBMPs) sub-
mitted to the Commission in 2009. The results clearly
indicate the demand for substantial efforts in restora-
tion: According to data reported in the first River Basin
Management Plans almost 60% of European rivers,
50% of lakes and 70% of transitional waters fail to
achieve WFD good status targets.

When the first RBMPs were submitted in 2009,
almost 10 years after the ratification of the WFD, many
countries still had not completed the development of
new WFD-compliant systems for assessing ecological
status. Classification systems for several relevant
combinations of BQEs, ecosystem type and stressor
were missing. The impact of some stressors, especially
hydromorphological degradation (i.e. hydrological
and structural modifications of river courses, lakes or
coastal shorelines) on the biota was widely unknown,
in particular for lakes and transitional/coastal waters.
There was also little information on the uncertainty
associated with assessment systems (see Clarke &
Hering, 2006) and the comparability of status assess-
ments between Member States (Noges et al., 2009).
Furthermore, there was insufficient knowledge on how
biological assemblages recover from degradation and
respond to climate change, thus limiting the predict-
ability of the success of future restoration.

These obvious gaps in assessment methodology and
restoration guidance were targeted from 2009 to 2012
by the EU-funded project WISER (Water bodies in
Europe: Integrative Systems to assess Ecological
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status and Recovery). For the first time, this broad-
scale integrative project addressed all BQEs and all
ecosystem types subjected to the WFD. WISER, in
particular, addressed the following research questions:

e Which biological indicators are best suited for the
assessment of aquatic ecosystems? Which are
most reliable? Which are redundant? The WISER
research was limited to lakes (with a special focus
on hydromorphological degradation) and coastal
and transitional waters.

¢ How can assessment results obtained with differ-
ent BQEs or from different sites best be compared,
intercalibrated and combined into an integrated
appraisal of ecological status?

e How do BQEs recover from degradation in differ-
ent ecosystem types, in particular from hydromor-
phological degradation and eutrophication?

e How are ecosystem assessment and restoration
affected by climate change?

e How (un)certain are ecological status assessments
and predictions about the effect of restoration and
management measures? How can uncertainty in
assessment be quantified and consequently mini-
mised?

WISER produced a wide range of products and
results, which have been laid down in 88 reports
(available from www.wiser.eu/results) and more than
100 publications. In this contribution, we aim at pro-
viding an overview of the project, to introduce this
special issue and to summarise the WISER outcome in
“key messages”, with a focus on results relevant for
the future steps of implementing the WFD.

Overview of the WISER project

WISER was composed of five scientific modules. The
module “data and guidelines” compiled all the data
accessible to the project, closing gaps in the data
sources, storing the data generated in the project’s
field campaigns, providing tools for data queries and
data entry, evaluating and comparing existing assess-
ment methods, and developing common guidelines for
indicator development (Moe et al., 2012; Schmidt-
Kloiber et al., 2012; Birk et al., 2012).

Two modules addressed “ecological indicators for
assessment and intercalibration” in lakes and transi-
tional/coastal waters, respectively. The lake module
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dealt with all BQEs used for lake assessment: phyto-
plankton, macrophytes, benthic invertebrates and fish.
It developed and improved state-of-the-art assessment
methodologies, taking into account the remaining
needs to complete intercalibration of assessment
systems (Lyche-Solheim et al., 2013). Each BQE
was investigated in-depth, examining relationships to
environmental stressors and uncertainty due to spatio-
temporal variation and sampling methodology. The
latter was in particular achieved by joint field sampling
campaigns in 2009 and 2010 that targeted sampling at
different locations within a water body, at different
times and by different investigators. Most of the
indicator analyses, however, were based on existing
data from previous monitoring initiatives and EU-
funded research projects (overview in Lyche-Solheim
et al., 2013).

A similar approach was followed for transitional
and coastal waters. Four BQEs (phytoplankton, mac-
roalgae/angiosperms, benthic invertebrates and fish)
were addressed and analysed mainly on the basis of
pre-existing data. In addition, a field campaign was
carried out to generate the data required to develop
new assessment metrics and to estimate uncertainty
(overview in Borja et al., 2012).

The impacts of pressure reduction (i.e. management
and restoration) and climate change on the ecological
status in all water categories were addressed by a
separate module, which explored recovery processes
of the biota in rivers, lakes and coastal/transitional
waters and analysed the potential effects of different
climatic conditions on ecological status and recovery.
For lakes and marine ecosystems the focus was on
oligotrophication (e.g. Jeppesen et al., 2010, 2012;
Vaquer-Sunyer & Duarte, 2010), whereas the effects
of hydromorphological restoration were analysed for
rivers (Feld et al., 2011), and additionally considered
for lakes. Conceptual models describing the effects of
management/restoration on biota were developed. In
concert, this module provided guidance for river basin
management, on the ecological effectiveness of man-
agement and rehabilitation measures and on how
climate change affects ecological status and recovery
(see Verdonschot et al., 2012, for a summary).

Finally, a module synthesised the results on water
body assessment, restoration and climate change. This
module addressed uncertainty analysis for different
BQEs and water types in a comparative way, and
developed a new software tool to assist uncertainty

analysis in bioassessment (Clarke, 2012). Further,
the combination of different BQEs in water body
assessment (Caroni et al., 2012), stressor-response
relationships, and management/restoration-recovery
relationships (Verdonschot et al., 2012) were com-
pared across ecosystems.

Response to stress differs between organism
groups, water types and stressors, demanding
problem-specific monitoring programmes

As commented above, the WFD requires the use of
different BQEs to assess the ecological status of
surface waters. Despite some questions on the com-
bination rules of results obtained with different BQEs
(Hering et al., 2010; Caroni et al., 2012) the overall
idea is positively perceived by the majority of authors,
as organism groups may respond differently to stress
in general or to different stressors. An overview on
how different organism groups respond to stressor
types in European rivers is given by Hering et al.
(20064a, b) and refined with large-scale monitoring
data by Dahm et al. (2013) and Marzin et al. (2012),
for lakes by Lyche-Solheim et al. (2013) and for
transitional and coastal waters by Borja et al. (2012).

In a simplistic way, Fig. 1 summarises the response
of different BQEs to major stress types in rivers, lakes,
transitional and coastal waters. Irrespective of the water
type, all BQEs addressed by the WFD respond to water
quality degradation, of which elevated nutrient con-
centrations are most widespread in European surface
waters (van Buuren et al., 2002; Ferreira et al., 2011).
Response to hydromorphological pressure is mainly
relevant once water quality has been enhanced to alevel
not severely affecting the organisms. In contrast to
eutrophication, the degradation of hydrological and
morphological features affects the biota through vari-
ous and often complex pathways, such as alterations in
habitat composition, flow dynamics, shading or food
sources. The cause-effect-chains linking river hydro-
morphology and biota have recently been reviewed by
Feld et al. (2011); simple dose—response relationships
between degradation and ecological response are rare,
thus metrics addressing the effects of hydromorpho-
logical degradation are less certain.

For all water types, it is increasingly obvious that
stressors acting at larger scales overrule the effects of
local degradation. In rivers, catchment land use acts as
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Fig. 1 Response of phytoplankton, macroflora (macrophytes in
rivers and lakes; angiosperms and macroalgae in transitional and
coastal waters), benthic invertebrates and fish to different
stressors in rivers, lakes, transitional waters and coastal waters.
The size of the circles indicates effect size. Grey circles indicate
relationships strongly affected by uncertainty
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an over-arching driver (Lorenz & Feld, 2012), affect-
ing the biota at the site scale through nutrients, water
temperature, sediment input, alterations of the river’s
discharge and toxic substances. Many state-of-the-art
river assessment systems, therefore, describe “general
degradation” as a stressor, which is mainly equivalent
to the effects of intensive catchment land use (Norris
et al., 2007; Gabriels et al., 2010; Birk et al., 2012).
While agricultural and urban land uses determine
nutrient levels also in lakes and transitional waters
(Jeppesen et al., 2005; Vaquer-Sunyer & Duarte,
2008), lake biota are increasingly affected by global
warming, which can enhance eutrophication effects
(Winder & Schindler, 2005; Meerhoff et al., 2007).

In this special issue, several papers analyse the
response of BQEs to stress in lakes (Argillier et al.,
2012; Carvalho et al., 2012; Jarvinen et al., 2012;
Lyche-Solheim et al., 2013; Maileht et al., 2012;
Mjelde et al., 2012; Phillips et al., 2012; Sgndergaard
et al., 2012), coastal/transitional waters (Alvarez et al.,
2012; Basset et al., 2012; Borja et al., 2012; Dromph
et al., 2012; Garmendia et al., 2012; Marba et al.,
2012; Mascaro et al., 2012) and in rivers (Carlson
et al., 2012; Dahm et al., 2013; Marzin et al., 2012).
These studies also indicate that different metrics
within a BQE can have different sensitivities to
pressures in different lake types (e.g. Phillips et al.,
2012).

Be aware of inherent uncertainty when measuring
ecological status

The result of a complex biotic metric used for
assessing status reflects only in part ecological quality.
Metrics, and therefore status, are also affected by
natural variability, season, sampling method and
potentially by all types of errors in field and lab
procedures and in identification (Clarke & Hering,
2006; Carvalho et al., 2012; Mascaro et al., 2012). In
an ideal world the effects of natural variability would
be taken into account by a sophisticated water body
typology incorporating all the topographic and envi-
ronmental conditions significantly affecting the met-
ric. Researcher-dependent errors might be minimised
by smart sampling designs and appropriate training
programmes. However, it is impossible to completely
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eliminate uncertainly in bio-indication; scientists and
practitioners should be aware of this and take it into
account in the design of monitoring schemes and the
training of skilled staff.

Within WISER the main sources of uncertainty in
the assessment of BQEs in lakes and transitional/
coastal waters were quantified. For lakes, this led to the
following recommendations to minimise uncertainty
(Winfield et al., 2011; Dudley et al., 2012; Mischke
et al., 2012; Thackeray et al., 2012; Carvalho et al.,
2012):

e Phytoplankton assessment generally requires at
least 3 monthly samples over the summer months
for at least 3 years to minimise the effects of
seasonal and inter-annual metric variability. Stan-
dard methods and training for sampling and
analyses are needed to minimise analytical error.

e Macrophyte metrics based on helophytes were
not useful for assessing the effects of nutrient
pressure but are particularly important for
assessing hydromorphological pressures. Metrics
were also found to vary with the depth of
sampling. In summary, field methods should be
based on transects covering all depth zones and
different habitats (emergent helophytes and
submerged).

e Macroinvertebrate assessment of shoreline modi-
fications should be based on composite or habitat
specific sampling (depending on region) at various
stations representing the whole range of morpho-
logical shore modification.

e Fish assessment should be based on sampling all
depth strata with many gillnets, while hydroacou-
stic methods provide cost-effective assessment of
fish abundance.

For transitional and coastal waters, the relevant
sources of uncertainty differ between BQEs. For
marine phytoplankton, the number of stations sampled
per water body is most relevant for minimising
uncertainty, while the variability between stations is
crucial for macroinvertebrate assessment. For angio-
sperms, the spatial scale of sampling is the main
source of uncertainty (Mascaro et al., 2012), while for
fish there are several relevant sources, covering
salinity, depth, season and temporal variation between
years (overview in Borja et al., 2012).

In this special issue, the following papers provide
much more detail on uncertainty in bioassessment:

Balsby et al. (2012), Carvalho et al. (2012), Clarke
(2012), Dromph etal. (2012), Dudley et al. (2012), Karus
& Feldmann (2012) and Mascaro et al. (2012).

Intercalibration is required to compare the results
of bioindicator systems in Europe

There is a multitude of biotic assessment metrics
responding to the degradation of rivers, lakes and
transitional/coastal waters. The WISER project
reviewed 297 assessment methods (Birk et al., 2012),
based on a questionnaire survey sent to water author-
ities in all Member States and additional countries that
are implementing the WFD. Twenty-eight countries
reported on methods applied to rivers (30% of all
assessment methods), coastal waters (26%), lakes
(25%) and transitional waters (19%). More than half
of the methods are based on either macroscopic plants
(28%) or benthic invertebrates (26%); in addition,
phytoplankton (21%), fish (15%) and phytobenthos
(10%) were assessed.

The annexes of the Commission Decision on the
intercalibration results (phase 2), which is awaited for
late 2012, revealed that the assessment methods for the
following biological elements are almost fully inter-
calibrated: Phytoplankton and macrophytes in lakes,
and benthic invertebrates, phytobenthos and fish fauna
in rivers. Intercalibration has not been fully completed
for the remaining combinations of BQEs and surface
water types.

The multitude of assessment methodologies
throughout Europe has its pros and cons. The high
number of mainly regional methods suggests that the
methods used are adapted to regional conditions,
which include dominant stressors, species occur-
rences, taxonomic knowledge and history in biomon-
itoring. The negative side of this is that the results are
not explicitly comparable. A minimum level of
comparability has been achieved through intercalibra-
tion—which has shown that aggregated assessment
results (“ecological status™) of intercalibrated meth-
ods are now generally comparable for many BQEs
across Europe. This comparability has not been tested
for individual metrics due to the high number of
assessment metrics in use, with one exception being
lake phytoplankton abundance, where most assess-
ments are based on comparable chlorophyll-a mea-
surements and it is often impossible to use the original
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data collected for bioindication purposes for answer-
ing scientific questions due to differences in method-
ology and taxonomy (compare Moe et al., 2012).

Scale and time matter: restoration requires action
at (sub)-basin levels and recovery may span
decades

Within the WFD philosophy, water quality assessment
aims at identifying water bodies not meeting the
quality target “good ecological status”. Those water
bodies require ecological improvement. Given the
results of the first RBMPs, this applies to the majority
of water bodies in Europe, particularly in densely
populated regions, such as Belgium, the Netherlands
or Germany, where almost all water bodies are failing
“good status”. Restoration of degraded water bodies
will, therefore, be a challenging task for Europe’s
water management over the next decades.

There are two main questions related to restoration
and recovery of aquatic ecosystems: what is the
appropriate spatial extent (scale) of restoration mea-
sures needed and how long will it take until the quality
target will be achieved? It is well known from many
studies that broad-scale landscape factors (e.g. topog-
raphy, land use) can largely control local habitat
conditions (e.g. sediment particle size, peak dis-
charges) (Frissell et al., 1986; Paul & Meyer, 2001).
This hierarchical relationship also applies to drivers of
stress, such as catchment agriculture or urbanisation,
both of which can largely determine segment-, reach-
and habitat-scale water quantity and quality (Allan,
2004; Feld et al., 2011). Besides these spatial hierar-
chies, there is also a qualitative hierarchy of stressors,
for instance, water quality problems can superimpose
hydrological and morphological conditions implying a
prioritisation of restoration measures.

Our knowledge concerning time spans required for
recovery is incomplete, as there is a general lack of
long-term restoration monitoring. Recovery of rivers
after the establishment of riparian buffers may take
at least 30-40 years. These recovery estimates are
derived from growth rates of riparian vegetation,
though empirical data are sparse. In contrast, time
series data are available for many lake ecosystems
and in some cases date back for several decades
(e.g. Jeppesen et al., 2005). These data suggest that
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biological recovery from eutrophication varies from
10 to 20 years in the case of macroinvertebrates, 2 to
>40 years for aquatic macrophytes, and 2 to >10 years
for fish. Estuarine and coastal waters also require long
periods to recover (>10 years), although macroinver-
tebrates may potentially recover within months (Borja
et al., 2010). In general, after long and intense periods
of deterioration following decades of human pressure,
a period of 15-25 years may be needed in all surface
water ecosystems to attain a biotic composition,
diversity and ecosystem functioning comparable to
the pre-disturbed state (Verdonschot et al., 2012).

In this special issue, several papers refer to
restoration and recovery in rivers (Haase et al., 2012;
Lorenz & Feld, 2012) and coastal waters (Carstensen
et al., 2012).

Changing climate, biomonitoring and ecosystem
recovery: long-term trends require consideration

Long-term development of aquatic biota is affected by
several drivers, amongst other stress intensity, resto-
ration and recolonisation. On top of all this, there are
external drivers of ecosystem change acting at the
global scale, namely climate change, impacting envi-
ronmental conditions (e.g. temperature, precipitation),
biotic composition and functioning of aquatic ecosys-
tems through various pathways (Kernan et al., 2010).

In particular, the effects of changing climate have
been documented for biota in lakes (e.g. Winder &
Schindler, 2005; Meerhoff et al., 2007). Mainly through
food-web interactions in mesocosm studies, a warmer
climate has generally been shown to enhance eutrophi-
cation and partly reverse the successes of oligotrophi-
cation. Within WISER this was supported by long-term
trends in the fish assemblages of European lakes, which
are affected by both, water quality enhancement and
climate change, which cause opposite trends (Jeppesen
etal., 2012).

Over longer time spans, there might be the need to
reconsider both reference conditions (which may
change with a warmer climate; Logez & Pont, 2012)
and restoration targets, which might require extra
management effort as eutrophication effects are wors-
ened by climate change. In this special issue, Logez &
Pont (2012) deal with the complex interactions of
assessment/restoration and climate change.
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Conclusions

WISER was most likely the last large-scale research
project dealing with biological assessment systems for
the WFD. Despite a few weaknesses remaining (some
missing national methods; unknown sources of uncer-
tainty of some assessment schemes) the methods
available now provide a unique resource to confidently
assess most of Europe’s surface waters and identify
sites requiring restoration. Where national assessment
systems are still missing for certain combinations of
BQEs and water categories, methods applicable in a
broad geographic range (such as those provided by
WISER) could be used (e.g. lake phytoplankton
methods in Eastern Continental Europe).

The main remaining scientific challenges for sup-
porting the implementation of the WFD’s ecological
targets are associated with mitigation and restoration.
While much has been learned about the effects of
restoration on ecological status, tools to predict future
ecological status are still needed, as well as long time
series documenting the trajectory of restored water
bodies.
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