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H I G H L I G H T S

• Creating a common fish-based assess-
ment system for European lakes has
failed so far.

• Fishes react in a holistic way to a broad
range of cumulative pressure impacts.

• We created a combined pressure index
(TAPI) that reflected fish ecological
quality.

• TAPI includes eutrophication,
hydromorphological alterations and
lake-use intensity.

• TAPI correlated well with 8 out of 10
national lake fish indices tested.
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Lakes in Europe are subject tomultiple anthropogenic pressures, such as eutrophication, habitat degradation and
introduction of alien species, which are frequently inter-related. Therefore, effective assessment methods ad-
dressing multiple pressures are needed. In addition, these systems have to be harmonised (i.e. intercalibrated)
to achieve common management objectives across Europe.
Assessments of fish communities inform environmental policies on ecological conditions integrating the impacts
of multiple pressures. However, the challenge is to ensure consistency in ecological assessments through time,
across ecosystem types and across jurisdictional boundaries. To overcome the serious comparability issues be-
tween national assessment systems in Europe, a total anthropogenic pressure intensity (TAPI) index was
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developed as a weighted combination of themost common pressures in European lakes that is validated against
10 national fish-based water quality assessment systems using data from 556 lakes.
Multi-pressure indices showed significantly higher correlations with fish indices than single-pressure indices.
The best-performing index combines eutrophication, hydromorphological alterations and human use intensity
of lakes. For specific lake types also biological pressures may constitute an important additional pressure. The
best-performing index showed a strong correlation with eight national fish-based assessment systems. This
index can be used in lakemanagement for assessing total anthropogenic pressure on lake ecosystems and creates
a benchmark for comparison of fish assessments independent of fish community composition, size structure and
fishing-gear.
We argue that fish-based multiple-pressure assessment tools should be seen as complementary to single-pres-
sure tools offering the major advantage of integrating direct and indirect effects of multiple pressures over
large scales of space and time.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

More than half of the surface waters in Europe are degraded due to
human activity, i.e., support less than “good” ecological status, and will
need mitigation and/or restoration measures to reach ‘good’ status.
The pressures reported to affect most surface waters are nutrient en-
richment, hydromorphological alterations, invasion of alien species
and chemical pollution (EEA, 2012). These pressures significantly affect
the capacity of ecosystems to provide the services onwhich humans de-
pend (MEA, 2005). In the years to come, these impacts may be exacer-
bated by climate change which can counteract attempts to restore
water bodies, and prevent them from reaching “good” status
(Jeppesen et al., 2012). Therefore, effective methods are needed to as-
sess, protect and help to restore the ecological integrity of inland and
coastal waters (Birk et al., 2012; Karr, 1991). In addition, these systems
have to be compared and harmonised (i.e. intercalibrated) to ensure
consistency in ecological assessments through time, across ecosystem
types, and across jurisdictional boundaries (Birk et al., 2013; Cao and
Hawkins, 2011; Poikane et al., 2014b).

It has been proven that fish are sensitive indicators of environmental
degradation (Fausch et al., 1990; Karr, 1981). Fish show predictable re-
actions to eutrophication (Blabolil et al., 2016; Jeppesen et al., 2000;
Lyche-Solheim et al., 2013; Mehner et al., 2005), habitat destruction
and fragmentation through hydromorphological modifications (Sutela
et al., 2011), acidification (Hesthagen et al., 2008; Tammi et al., 2003)
and climate change (Jeppesen et al., 2012).

The first fish-based ecological assessment methods were developed
for US rivers (Karr, 1981) and have later been adopted to lakes
(Whittier, 1999).

In Europe, the development of biological assessment systems has
been stimulated by the implementation of theWater Framework Direc-
tive (WFD; EC, 2000). TheWFD obliges allmember states of the Europe-
an Community to achieve a ‘good’ ecological status of their surface
waters, and stipulates that ‘good’ or ‘not good’ should be measured
with biological assessment systems. In addition, the ‘good’ status
boundaries should be harmonised via ‘intercalibration’ exercise (Birk
et al., 2013; Poikane et al., 2014b).

Therefore, several European countries including Belgium (Breine et
al., 2015), the Czech Republic and France (Blabolil et al., 2016; Launois
et al., 2011), Germany (Ritterbusch and Brämick, 2015), Lithuania
(Virbickas and Stakėnas, 2016) and Sweden (Holmgren et al., 2007)
have developed fish-based tools to assess ecological status. Several
cross-European studies have been carried out to develop common fish
metrics (Argillier et al., 2013) and intercalibrate (i.e. compare and har-
monise) fish-based assessment systems (Poikane et al., 2015).

However, there are two still unresolved issues: (1) Intercalibration
offish-based assessment systems (i.e. harmonisation of the results of bi-
ological assessment methods) among the member states; (2) Develop-
ing of pressure-response relationships which is a key for any ecological
assessment tool applied in river basin management (Birk et al., 2012;

Brucet et al., 2013b; Poikane et al., 2015). There are several reasons for
these difficulties:

- Member states use very different sampling methods and their com-
bination: multi-mesh gillnets, electrofishing, hydro-acoustics,
trawling, seine netting and fyke nets (e.g., Blabolil et al., 2016;
Breine et al., 2015). These differences hinder comparison of assess-
ment systems across boundaries (Benejam et al., 2012; Lepage et
al., 2016). Two approaches have been adopted for intercalibration:
direct comparison of classification outcomes applying each method
to a common dataset and indirect comparison where boundary
values of each assessment method is converted to common biologi-
cal metrics (Birk et al., 2013). Both these approaches have been
proven to be unsuitable for comparisons of fish assessment due to
a variety of sampling gears and protocols, as particular species and
dominant functional groups tend to be gear-specific (Chow-Fraser
et al., 2006);

- Fish communities in lakes are subjected to multiple pressures and,
being at the upper levels of the trophic cascade, integrate effects of
pressures acting at any level below. On the other hand, fish commu-
nities exert a homeostatic effect on lower trophic levels and thus can
contribute to delayed recovery in aquatic ecosystems after anthro-
pogenic pressures have been reduced (Jeppesen et al., 1991). This
means that simple relationships between single pressures and fish-
metrics may be lacking (e.g., Breine et al., 2015).

We hypothesize that because of the broad spectrum and holistic
character of fish sensitivity, the total anthropogenic pressure intensity
would show stronger and more consistent relationships with various
fish metrics throughout an ecoregion than any single pressure index.
A total anthropogenic pressure index could be used for developing pres-
sure-response relationships and for comparing and harmonising fish-
based assessment systems across an ecoregion independent offish com-
munity composition, size structure and fishing-gear. The principle of in-
tercalibration using a common pressure index is to translate the
incomparable national fish assessment results into a comparable com-
mon index. A similar approach was used to intercalibrate ecological
classification tools in transitional waters of the North East Atlantic
(Lepage et al., 2016).

Therefore, the purpose of this research is to develop amultiple pres-
sure index for lakes in the Central-Baltic ecoregion1 which can be used
to characterize the total anthropogenic pressure on lake ecosystems, de-
velop pressure-response relationships and intercalibrate fish-based
assessment tools. Firstly, the fish-based lake assessment systems in dif-
ferent member states are briefly reviewed focusing on the human pres-
sures addressed and metrics included. Next, the construction and

1 An ecological region for inland waters in Europe delineated for river basin manage-
ment purposes comprising the Baltic States, Benelux Countries, Poland, Germany, Den-
mark, Czech Republic, Slovakia, Hungary, and part of France and the UK.
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