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Good status of aquatic environments
based on the scientific concepts
of ecological engineering

A meeting organised by Onema and the Scientific council on water and aquatic environments.

The goal of the meeting, held during the international congress titled Ecological engineering, from concepts to
application (CNRS, Paris, 2-4 December 2009) for the scientific community working in ecological engineering, was to
shed new light on the issues involved in maintaining and restoring the quality of aquatic environments. The point was
to take a new look at attaining good ecological status as defined by the European water framework directive (WFD) on
the basis of ecological-engineering concepts, without undertaking a complete review of the methods used in this field.

The water framework directive (WFD)
created anew paradigm in understanding
the ecological status of water in Europe
and produced remarkable scientific
and technical advances by setting up
integrated evaluation processes that
inform on changes in the status of
aquatic environments. The purpose of
the meeting, «Good ecological status
of water: progress report, conceptual
limits and scientific opportunities », was

The Water framework directive

The WFD has completely renovated
European water policy in view of
protecting and restoring the quality of
water and aquatic environments. The
overriding environmental goal is to
restore water to «good status» by 2015.
For surface waters, good status concerns
both the ecological and chemical aspects.
For groundwater, it concerns the chemical
and quantitative aspects. Success

will consist in not deteriorating water
resources and environments for those
water bodies already seen as having good
status and of implementing the measures
required to achieve the environmental
goals for subpar water bodies.
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to contrast this understanding of water
status with the scientific concepts
underlying ecological engineering.

The latter are based on an attempt to
reconcile our human societies with the
environment. The standard definition of
thisdisciplineis «the design of sustainable
ecosystems integrating human society
and its natural environment, to the benefit
of both». The health of ecosystems

is one of the founding principles of
ecological engineering. An ecosystem
is in good health if its organisation and
autonomy are sustained over time and
if it is resilient to any stresses to which it
is subjected. To target the good health
of an ecosystem means to «take care»
of it. That implies a shift from a curative
rationale to one of maintaining a precious
asset.
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The goal of the Water framework directive is to restore water to good status by 2015.
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Philippe Maire,

Rhine-Meuse water agency

For a Water agency, research in the fields
of diagnostics and ecological engineering
is important for three reasons. First,
monitoring of aquatic environments and
their evaluation are based on highly
integrated indicators, e.g. ecological status.
The reliability of these indicators can and
must be enhanced through ecological
engineering. That will be an essential
condition to obtaining economic and

social acceptance of the required efforts.
Secondly, knowledge on the links between
pressures and impacts is indispensable in
order to optimise restoration projects for
aquatic environments. We need to know
how the environment will «respond » if

we reduce a given pressure. And which
pressures should be reduced first and for
the least cost to restore a water body to
good ecological status. Finally, progress in
ecological engineering will produce more
and more innovative, alternative techniques
increasingly well adapted to the task of
restoring environments. All the above
progress is required to improve restoration
projects for which the Water agencies
provide installation owners with technical
and financial assistance.

A better
understanding of
the links between
pressures and
impacts

Sandra Poikane (Joint Research Centre,
European commission) highlighted the
WFD requirement that the ecological
status of water bodies be evaluated
using a series of indicators based on the
observation of aquatic fauna and flora. In
fact, four categories of quality elements
are taken into account to develop the
indicators, i.e. phytoplankton, aquatic
flora, benthic invertebrates and fish. The
definition of «good ecological status » for
water bodies is based, for each indicator,
on a reference state and thresholds
between five status conditions. Good
ecological status corresponds to a minor
divergence from the reference state,
i.e. that of an undisturbed environment
(figure 1). Changes in the ecological
status of an environment are plotted as
a function of the intensity of the pressure

02

No. 8 DECEMBER 2010

]
",
-
.
.

Stability

Ecological status

Limit between high and good status =
reference state
SN EsEEsEEEEEEESEEsEEEEEEsEEEEEEsEEEEEE
L)

L4
Fluctuations T,
Rapid deterioration

Threshold value =
limit between good and
moderate status

Pressures

Figure 1. Changes in the ecological status of an environment as a function of the intensity of the pressure gradient.
The WFD translates the changes into five status classes. Source: Sandra Poikane, 2009.

gradient, according to a non-linear
relation. A return to good status is not
a linear reaction to a reduction in the
pressures weighing on the environment.
Better knowledge of the links between
pressures and impacts on biological
aspects should make it possible to go
beyond evaluating the ecological status
and to zero in on how an environment
functions, its disturbances, and thus to
determine the possible management
and restoration measures. In particular,
it is most important to understand the
effects of the combined action of different
pressures and to distinguish between
natural variation and anthropogenic
variations.

Cultural heritage and
reference state

Jean-Marie Mouchel (University of Paris
UPMC and PIREN-Seine programme)
noted that «good ecological status»
is defined as a minor divergence from
a reference state for which we do
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not necessarily have a common data
repository. Scientists base their quality
evaluations of water bodies on taxonomic
indicators that take into account spatial
differences, but often do not incorporate
variations over extended time periods.
Jean-Marie Mouchel holds that a long-
term approach to indicators could be
a means to better define the reference
state and enable better communication
between scientists and citizens on
the issue of «good ecological status»
because it would take more into account
the services rendered to the population.

For example, in the Seine basin, the
quality of surface water is, on the whole,
better now than in the 1950s to 1970s,
thanks to treatment of wastewater. The
quality of groundwater, however, has
dropped, due notably to increased use
of nitrates and pesticides in agriculture
(figure 2).

Based on studies of farming and forestry
practices and hydraulic installations in the
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Figure 2. Changes in the water quality of the Seine river. Source: Michel Meybeck, 2009.



Middle Ages, carried out for the PIREN-
Seine programme, Jean-Marie Mouchel
notes that the nitrogen cycle at that time
was totally closed and sustainable.

He also observes that many canals and
mills were built at that time to meet
the needs of the population. Some of
those systems are still in use today.
Should they be considered a cultural
heritage or as modifications in the
reference state making it necessary
to go back even further in time?
These issues raise questions on how
to define a «reference state» and to
take historical aspects into account.
Further, even the best initial state may
be very different than the current state
and not reproducible.

Reaching a new
sustainable state

A useful explanation of the scientific
concepts underlying ecological
engineering in view of understanding
WFD implementation is based on an
analysis of the difference between
ecosystem  restoration and  the
maintenance of ecosystems in good
condition. To restore ecosystems, it is
necessary to identify an undisturbed
initial state that is set as the goal
to be reached. But how should the
initial state be defined? Should all
human modifications to ecosystems
be considered disturbances or should
we assume that humans are part
of the ecosystem and that certain
modifications that not alter ecosystem
sustainability may be accepted as
characteristics of the initial state of
the ecosystem? If we see the goal of
ecological engineering as the good
health of ecosystems (and of humans),
then we can avoid the problem of
defining a reference state by focusing
on ecosystem operation, sustainability
and the services made possible. The
goal is thus not to return to an initial
state, but to reach a new, sustainable
one. The ecosystem is capable of
adapting and finding a balance in a
changing environment, and of supplying
services to the population. But defining
indicators capable of expressing
a systemic view of environmental
operations and of measuring the
adaptive capacity of environments (the
health of an ecosystem or water body)
still requires a great deal of research.

Modified social
dynamics

Patrick Steyaert (INRA) thinks that WFD
implementation profoundly modifies the
social dynamics of a given territory, i.e.
the social relations between people,
their understanding of the effects of their
activities on the environment, changes
in behaviour. Management of these
social dynamics, interacting with the
natural dynamics linked to ecosystem
operation, will be the main challenge for
WFD implementation in the decades to
come.

To take these dynamics into account,
we must rethink how we use scientific
knowledge for the WFD, so that it can
explain  complex situations involving
change and encourage social interaction
concerning problems in environmental
management (figure 3). To date, many
experts and scientists have produced
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Figure 3. Natural and social dynamics applicable to the
quality of aquatic environments for the WFD. Source: Patrick
Steyaert.

knowledge or developed indicators
to evaluate water quality, economic
tools to assign costs to environmental
deterioration and models to define
management goals and provide the
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Martin Arnould,

WWF and member of the Scientific council

| have experienced a feeling of helplessness
concerning good ecological status. For
many decision-makers, the issue is not

to scientifically characterise a dynamic
ecological state, but to reinforce the
legitimacy of the concept for citizens so
that it can be used as a tool for action and
to modify behaviour. If we want to reach
the goals set by the WFD, we must put
more thought into how to encourage public
participation and dialogue.

means to evaluate the work done. This
knowledge is produced and used in a
manner that is primarily prescriptive
in nature and that targets a result,
with no questions raised as to how it
is used in the learning process among
the different players that is initiated by
WFD implementation. This learning
process, which raises the question of
how we perceive technical and social
change and decision-making in public
environmental policy, has not been
extensively studied and essentially
remains a «black box».

[t is thus necessary to develop a
framework to reconcile the various
approaches to mobilising and producing
scientific knowledge in support of policy
implementation. This in turn requires
an analysis of how public action is
organised and of the role granted to
systems for territorial collective action
in defining management problems and
in designing change.
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Examples of biological indicators of good status (seen using a photonic-force microscope).

Cyclotella
pseudostelligera
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Giovanni Bidoglio,

Joint Research Gentre and
member of the Scientific council

Until now, there were no methods

to draw up a status report on

the ecological quality of aquatic
environments. That is one of the major
results of the WFD, in that it obliged
scientists to sit down together and
attempt to define a consistent set of
methods. Those methods must still be
optimised to enhance monitoring of
ecosystem dynamics.

« Biomanipulation »,
a Danish example
of environmental
restoration

Above and beyond concepts, the scientific
methods of ecological engineering
applied to aquatic environments offer a
number of concrete tools to restore the
quality of environments. An interesting
case of «biomanipulative » restoration in
lakes suffering from eutrophication was
tested in Denmark. It was presented by
Erik Jeppesen (National environmental
research institute, Denmark).

Shallow lakes often suffer eutrophication
due to high inputs of nutrients, caused
by household wastewater as well as
industrial and agricultural effluents. Major
efforts are now made to return to a non-
eutrophicated state in order to improve
water quality and the ecological quality of
lakes, particularly in Europe thanks to the
WEFD. It is necessary to reduce nutrient
inputs, but that encounters difficulties
for both chemical and biological
reasons because eutrophication is not
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a mechanism that can be reversed in a
linear manner. To accelerate recovery,
several methods have been developed.
One management technique comes
from the field of ecological engineering.
It consists of influencing food webs
in lakes by reducing the biomass of
zooplankton-eating fish (small perch,
roach, catfish, etc.), which in turn
reduces algal biomass and thus returns
the lake to a non-eutrophicated state.
This technique was used in 27 lakes in
Denmark and has produced promising
results. However, depending on the lake,
highly variable response times have been
observed. In addition, this technique
produces only short-term results and
must be repeated at least every ten
years to stabilise the situation. The need
to adopt a combination of approaches,
affecting the biological (food chain),

chemical (reduction in nutrient inputs)
and physical (sediment management)
regulatory systems, was stressed as the
most effective path to success.
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Roach are a key species for biological regulation. B

Topics for research

The meeting, titled Good ecological status
of water - progress report, conceptual
limits and scientific opportunities, was
organised as part of the ongoing work of
the Scientific council on water and aquatic
environments. During the presentations,

the Council noted a few major
challenges, related to the WFD notion
of good water status, for the scientific
community working in support of water
policy. They concern the shift to more
dynamic evaluation of aquatic-ecosystem
operation to determine the capacity for
adaptation and better integration of the
social dynamics involved in reaching this
public environmental-policy goal.

At the end of the meeting, the Council
work group for the «Formulation and
implementation of public policy»
suggested gathering the existing
knowledge and positions for which a
consensus exists in order to promote
a more dynamic concept of the good
ecological status of water. Among
other aspects, the goal is to put this
knowledge to work in a certain number
of fields such as ecosystem operation
or the creation of «socio-indicators », in
view of evaluating the results and the
effectiveness of public policies.

For more information on the meeting:
http://www.biologie.ens.fr/eeca/

Meeting organisation:

Onema - Research
and development department

Marie-Perrine Durot,
policy officer for Europe

Véronique Nicolas, scientific
officer for ecological engineering
veronique.nicolas@onema.fr

Véronique Barre, Scientific-council
administrator / Publications /

veronique.barre@onema.fr

ONEMA
Meetings

Publisher:
Coordination:

Author:
Editorial secretary:

Translation:

Layout design:

Production:

Printed on paper from sustainably
managed forests by Panoply
Onema

Document available at:

Donewa GAE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 110
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 110
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 550
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Ghent PDF Workgroup - 2005 Specifications version3 \(x1a: 2001 compliant\))
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [14173.229 14173.229]
>> setpagedevice


