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General introduction

On the 23 of December 2000, the European Water Frameworécbire (WFD; EU, 2000)
entered into force. This can be considered as astoihe in the history of European water
policy, providing an overall framework for integedt water management based on a
catchment approach. The main objective is to aehi@vgood status for all surface and
groundwaters in the European Union by the end @626or natural surface waters, the good
status is defined as the combination of a goodogowdl and a good chemical status.
Characterisation of the ecological status is based number of biological quality elements
as well as hydromorphological, chemical and physitemical elements supporting these
biological elements (EU, 2000).

To assess the status of the biological quality elgs) member states must use a classification
method that takes into account a number of paramdepending on the quality element (EU,
2000). The biological elements to be considerecedeémpon the category of surface waters.
For the categories “rivers” and “lakes”, one ofghelements is “benthic invertebrate fauna”
(EU, 2000), generally referred to as macroinvedtds. For assessing the status of this
quality element, the parameters “taxonomic compmsitand abundance”, “ratio of
disturbance sensitive to insensitive taxa” and édsity” must be taken into account. The
guality index must be expressed as an Ecologicalitf9lRatio (EQR), which can be defined
as the ratio of the actual status to the refereooglitions. In other words, the EQR can take
any value between zero, corresponding to a baaegicall status, and one, corresponding to a
very good ecological status. This EQR range mustitided into five classes reflecting bad,
poor, moderate, good and high status, respect{itly 2000).

Application of the Belgian Biotic Index (BBI; De Ba and Vanhooren, 1983) in routinely
river monitoring schemes by the Flemish Environnfsgency (VMM) since 1989 confirmed
the reliability and robustness as a quality asseasmethod. However, some difficulties arise
with regard to the potential application of the Bf3l a macroinvertebrate assessment method
for WFD implementation in Flanders. A first diffilty in this context is that it is not a type-
specific method. All types of rivers are evalualbydmeans of one single score system. Also,
the BBI is originally intended as an assessmentesysor watercourses (De Pauw and
Vanhooren, 1983) and hence an index for stagnatersvés still missing. Furthermore, the
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abundance, one of the mentioned parameters impgnsdte WFD, is not taken into account
in the BBI calculation.

Theoverall objective of this study can be defined as follows:

“In order to establish a monitoring network for loigical quality assessment based on
macroinvertebrates in river and lakes in Flandars,assessment method is needed that
complies with all mentioned technical requiremeriftthe WFD. Moreover, this assessment
method should be practical in use and cost-efficidhis assessment method can be the
currently used BBI, an adaptation of this indexaczompletely new index, on the condition
that it meets all stated requirements. Class batexleust be established to divide the index
range into the five quality classes imposed byiHeD. Furthermore, the boundaries between
the classes “high” and “good” and between “gooddl &moderate” should be harmonised
with those of the other member states in the coofr$lee intercalibration exercises organised
by the European Commission to ensure that ecolbgfiatus is assessed in a comparable way

across all member states.”

This thesis is organised in five major chapters:

Chapter 1 presents a general review of biological assessmettiods of freshwaters based
on macroinvertebrates and the requirements of thefean Water Framework Directive on
this subject. Different technical aspects suchaaspting, identification, index calculation and

defining reference conditions are addressed.

Chapter 2 examines strengths and weaknesses of the meth@ohity used for surface water
quality evaluation in Flanders, the BBI, with redjato its potential application for
implementing the European Water Framework Directile addition, two more general
problems are discussed which are associated witlodical water quality assessment
methods. These problems are caused by possiblgehan taxonomical status of species,
and by the introduction of alien species, respebtiv The possible bias that may be
introduced by these phenomena is analysed by nufahe example of the BBI calculation
using VMM sampling data and recommendations arergito avoid such problems. The
chapter concludes with a final recommendation widlgard to the modification and

application of the BBI in the context of the WFD.
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In Chapter 3, an index is proposed for assessing the status@fs and lakes in Flanders
based on macroinvertebrates in order to comply whth WFD. This index is developed
taking into account the existing experience with BBI, scientific literature, analysis of the
macroinvertebrate database of the VMM and a coaisoitt of a panel of macroinvertebrate

experts. Furthermore, a preliminary division int@bty class boundaries is proposed.

In Chapter 4, the characteristics of the proposed method atbdu explored. The overall
index and its composing metrics are studied witbaré to their mutual relation, their
response to ecological degradation and their oglatiith the BBI. This is examined by means
of a data set of macroinvertebrate samplings througFlanders that was collected by the

VMM in the framework of the routine monitoring nedvk since 1989.

Chapter 5 describes the Flemish contribution to the Europesercalibration exercise for
river macroinvertebrates based on VMM sampling .d&kee aim of this exercise is to ensure
that standards for good and high biological statusvers based on macroinvertebrates are
comparable to those of other European member statgs intercalibration is necessary
because different member states each use a diffassessment system and as a result, the
standards are not necessarily comparable. Thecalil@ration exercise examines whether the
class boundaries moderate-good and good-high arpamable with other member states
within a region. Member states that have boundavi@sh are not comparable will be asked
to adjust these boundaries. When the intercaldmagxercise results in the acceptance of the
boundaries of a method for a particular regiortlfis study thus Flanders), the method can be
formally accepted by the European Commission aé/BD-proof’ method for assessing the

status of a water body based on macroinvertebrates.
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Chapter 1. Ecological assessment of freshwater

based on macroinvertebrates - a review

Incorporating redrafted sections of:

De Pauw, N., Gabriels, W. & Goethals, P.L.M. (200&yer monitoring and assessment
methods based on macroinvertebrates. In: ZiglipSigardi, M. & Flaim, G. (eds.).
Biological monitoring of rivers. Applications an@rspectives. John Wiley & Sons,
Chichester, West Sussex, UK. p. 113-134.

and

Gabriels, W., Goethals, P., Adriaenssens, V., Hey#e & De Pauw, N. (2003). Development
of a score or index for macroinvertebrates forRlemish rivers and lakes according to the

European Water Framework Directive and testing ©BFROND. Final Report (in Dutch).
Laboratory of Environmental Toxicology and Aqudcology, Ghent University, Belgium.

72 p. + appendices.

After sleeping through a hundred million centunes have finally opened our eyes on a
sumptuous planet, sparkling with colour, bountviith life. Within decades we must close
our eyes again. Isn’t it a noble, an enlightened/wéaspending our brief time in the sun, to
work at understanding the universe and how we lcavee to wake up in it? This is how |
answer when | am asked — as | am surprisingly cfteriny | bother to get up in the mornings.

To put it the other way round, isn’t it sad to goybur grave without ever wondering why you

were born? Who, with such a thought, would notrgpfrom bed, eager to resume
discovering the world and rejoicing to be a partit@f

Richard Dawkins (1998)
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1. Biological assessment of freshwater based on

macroinvertebrates - a review

1.1 Biological assessment

1.1.1 The necessity of ecosystem monitoring

The earth’s ecosystems are strongly affected biirapbgenic pressures (Vitousek et al.,
1997; Millennium Ecosystem Assessment, 2005). Hutylanuse of natural resources
increased from an estimated 70% of the regeneratipacity of the global biosphere in 1961
to approximately 120% in 1999 (Wackernagel et2002). These increasing pressures result
in destruction, fragmentation and degradation dtinah habitats (Baillie et al., 2004) and a
reduction of global biodiversity at unprecedentatks (Pimm et al., 1995; Balmford et al.,
2003; Loh et al., 2005; Millennium Ecosystem Asssmst, 2005). This biodiversity crisis
will dramatically affect human well-being (Chapih a&., 2000; Balmford and Bond, 2005;
Hooper et al., 2005; Diaz et al., 2006). Figure sufinmarises interactions between human
activities and ecosystem degradation (modifiedra¥fgousek, 1997). However, a global
crisis may still be averted if radical steps afleetatowards sustainability (e.g. Pimm et al.,
2001; Diamond, 2005).

To achieve sustainable development without demjeticological capital, it is essential to
periodically monitor the state of the environment grovide early-warning indicators of
dysfunction, as well as timely identification ofopable sources of stress (Rapport and Singh,
2006). The assessment of ecosystem status invtiteearticulation of the linkages between
human activity, regional and global environmentahrege, reduction in ecological services
and the consequences for human health, economiortopty and human communities
(Rapport et al., 1998).
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Human activities
Agriculture - Industry - Trade - RecreatienTraffic - Households

Land transformation [« »  Biotic introductions

Land clearing v and losses

Forestry Global Invasion

Grazing biogeochemistry Fishing
Intensification Carbon Hunting

> Nitrogen «—>
Water
Synthetic chemicals

Other elements

\ 4 \ 4

Climate change Biodiversity loss
Enhanced greenhouse | N Extinction of species and
Aerosols h " populations
Land cover Loss of ecosystems

Fig. 1.1Overview of direct and indirect human alteratiohshe global ecosystems (modified

after Vitousek et al., 1997).

1.1.2 The necessity of ecosystem monitoring in flesaters

The contribution of freshwaters in ecological degt#on is disproportionately high (Dudgeon
et al., 2006). Although freshwaters make up onlylOpercent of the total volume of the
world’s water and approximately 0.8 percent of the tetaface of the Earth, it supports at
least 100 000 species out of an estimated 1.8amjllor almost 6 percent of all described
species (Dudgeon et al.,, 2006). However, bioditxeldsisses are far greater in freshwaters

than those in the most affected terrestrial ecesyst(Sala et al., 2000; Dudgeon et al., 2006).

The European Water Framework Directive (WFD; EUQ@0Casserts that in order to achieve
its objectives, monitoring the development in watttus on a systematic and comparable

basis throughout the European Community is necgssarrder to provide a sound basis for
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member states to develop programmes of measuresl atrachieving these objectives (EU,
2000).

1.1.3 Biological versus physical-chemical monitorm of freshwaters

Monitoring the quality of a freshwater ecosystenowtl not rely on physical-chemical
analyses alone. Karr (1996) suggests that biolbgicaitoring and biological criteria provide
the most robust approach to track the status ofwaters, because waterways that cannot

support healthy biological communities are unlikilysupport human society for long.

Biological monitoring can provide more informatian the state of an ecosystem than
physical-chemical monitoring alone. The biotic cament of an aquatic ecosystem can be
considered as the “memory” of an ecosystem, integya wide range of ecological effects

over time, while chemical analyses only provideormniation on the chemical water

composition at the moment of sampling (De Pauw Biagvkes, 1993). In certain cases
biological communities already respond before aredlydetection allows for (De Pauw and

Hawkes, 1993). For these reasons, physical-cheraitdl biological monitoring should be

considered as complementary instruments for eambgnonitoring (De Pauw and Hawkes,

1993).

1.1.4 Concepts of freshwater ecosystem quality

Moog and Chovanec (2000) define ecological intggg “the maintenance of all internal and
external community processes and attributes, iatiegawith their environment in such a way
that the biotic community corresponds to the natstate of the relevant aquatic habitat.”
Ecological integrity requires the attainment of ikgsee elements: physical, chemical, and

biological integrity (Barbour et al., 2000).

Based on earlier definitions by Cairns (1977) arelyk1977), Karr and Dudley (1981) define
biological integrity as “the ability of an ecosysteto support and maintain a balanced,
integrated, adaptive community of organisms hawangpecies composition, diversity, and

functional organisation comparable to that of airedthabitat of a region.”
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The scope of river health is generally defined withan that of ecological integrity. Many
authors argue that for assessing river healthdofitian to ecological criteria, also human
values, uses and amenities should be included Neeger, 1997; Boulton, 1999; Karr, 1999;
Norris and Hawkins, 2000). Ecological criteria i sustainability, resilience to stress, and
ecological integrity (Boulton, 1999), while humaalwes include goods and services such as
water supply for industry and agriculture, drinkiwgter, recreation and production of fish for
consumption (Meyer, 1997). The analogy between deifnition of ecosystem health (in
comparison to ecological integrity) and the conogfphuman health is obvious. While the
physical integrity of a person might indicate nathimore than survival, a person that is
considered healthy is generally thought to be clapabproductive activities (e.g. being able

to work).

The objective of a healthy freshwater ecosystem tbanefore be summarised as follows
(Figure 1.2): the ecosystem should be charactebgquhysical-chemical, morphological and
biological conditions that makes it possible to m@n an aquatic community with structure
and function comparable to that of a similar systemandisturbed conditions, and resilient to
stress (i.e. a good ecological integrity) and i be able to support all necessary goods

and services to society.

ECOSYSTEM HEALTH

Ecological integrity Human goods & services

Biological integrity

Physical-chemical integrity

Hydromorphological integrity

Fig. 1.20verview of different concepts of freshwater esdegn quality.

The assessment of ecosystem health is generaltpaged by comparing the examined site
to the characteristics that would occur at a sinslge in the absence of human disturbance

(Norris and Thoms, 1999). For this purpose, theceph of reference conditions was
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introduced. Reference conditions can be describatieabest available conditions that can be
expected at similar sites, and are described basedbservations at several similar sites
(Hughes et al., 1986; Hughes, 1995; Reynoldsoh,et397; see further paragraph 1.6).

Finally, it should be stressed that assessmentalbgical integrity or ecosystem health is not
necessarily synonymous with determining consermat@alue. Conservation value is a
concept used for ranking potential conservatioget (see e.g. Angermeier and Winston,
1997; Chadd and Extence, 2004; Dunn, 2004; Linksg.e2007).

1.1.5 The use of biological quality indices

The history of biological water quality assessmgpéns almost a century. Earlier systems
were purely descriptive or qualitative and mainlgséd on the presence or absence of
indicator species, primarily related to dischargéslomestic sewage, i.e. organic pollution.
Since the early 1950s however ecologists felt thednto convey their complex biological
data in a numerical form such as indices or scf@&s Beck, 1955; Pantle and Buck, 1955).
On the other hand, many ecologists remain scepivedrds the development and use of a
biological quality index, because it reduces thenglexity of a biological community to a
single numerical value, which can easily be misuS&zkgert, 2000). However, a biological
guality index appears to be more acceptable tcypaohakers than raw biological survey data
expertly interpreted. A quality index is easy tomgyehend, reproducible and allows for
compliance checking. By allowing for an effectivemamunication of the condition of
biological systems, the use of a quality index tamsform biological monitoring from a

scientific exercise into an effective tool for emrimental decision-making (Karr, 1999).

In order to be useful as a major tool for everydegnagement of water quality, a biological

quality index should meet the following charactics (Extence et al., 1987):

1. The system should be based on established metinddi$ should be possible to calculate
results retrospectively for historical data;

2. The method should be as simple as possible tdoodie jin the field and in the laboratory;

3. Non-specialists should be able to easily appredtagemeaning of any grading or index

rating;
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4. The index should use as much information as p@btipossible from the sample, as it is
the whole community and not just “key groups” whigspond to variations in water
quality;

5. The index should be applicable to all river typebgether they be fast or slow flowing,
habitat-rich or habitat-poor;

6. It should be possible to associate index valuel water quality classes, and existing or
potential river stretch uses, and thus check farg@nce with targets;

7. The index should be cost effective.

1.2 Macroinvertebrates and biological assessment

1.2.1 Definition of macroinvertebrates

Macroinvertebrates are not a systematic unit butiverse assemblage of taxa, grouped
together based on taxonomic restrictions, sizerafuitat. Generally, macroinvertebrates are
considered as those invertebrate animals inhabtiiegaquatic environment that are large
enough to be caught with a net or retained on\esigth a mesh size of 250 to 1000 um, and
thus can be seen with the unaided eye (e.g. &&d&973b; Cummins, 1975; De Pauw and
Vanhooren, 1983; Rosenberg and Resh, 1993; Gh@¥,; Tachet et al., 2002).

Alternatively, macroinvertebrates are sometimesrretl to as benthic invertebrate fauna (e.g.
EU, 2000) or macro(zoo)benthos (e.g. Aagaard e1887; Verneaux et al., 2004; Bohmer et
al., 2004a; Martel et al., 2007), stressing themdency towards a benthic existence. The
majority of the aquatic macroinvertebrates indeadeha benthic life and inhabit the bottom

substrates (sediments, debris, logs, macrophyilesjentous algae, etc.). However, some
representatives of the macroinvertebrates, alsongeas bioindicators, are pelagic and freely
swimming in the water column, or pleustonic ancdbasded with the water surface (Tachet et

al., 2002). Hence the more general term macroiabeates is used throughout this thesis.

Macroinvertebrate communities may include a largeiety of taxa, the majority usually
being arthropods (De Pauw et al., 2006). All taxtéobging to the macroinvertebrates are

included in one of the following groups (De Pauwd &fannevel, 1991):
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Phylum Porifera (Sponges)
Phylum Cnidaria
Phylum Bryozoa (Moss animals)
Phylum Plathelminthes (Flatworms)
Phylum Annelida (Segmented worms):
Subclass Polychaeta (Bristleworms)
Subclass Oligochaeta
Subclass Hirudinea (Leeches)
Phylum Mollusca:
Class Gastropoda (Snails)
Class Bivalvia (Clams and Mussels)
Phylum Arthropoda:
Class Arachnida
Class Branchiopoda
Class Maxillopoda
Class Malacostraca
Order Amphipoda
Order Isopoda
Order Decapoda
Class Entognatha:
Order Collembola (Springtails)
Class Insecta:
Order Ephemeroptera (Mayflies)
Order Odonata (Dragonflies and Damselflies)
Order Plecoptera (Stoneflies)
Order Hemiptera (True Bugs)
Order Neuroptera (Net-winged insects)
Order Megaloptera
Order Coleoptera (Beetles)
Order Trichoptera (Caddisflies)
Order Lepidoptera (Butterflies and Moths)
Order Diptera (True flies)

Order Hymenoptera
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Many of the insects, such as Ephemeroptera andhdptera, only have a semi-aquatic life
cycle, with aquatic larvae and terrestrial aduBsoups belonging to the zooplankton, such as
copepods, cladocerans and ostracods are usuallyonsidered as macroinvertebrates. Some

authors also exclude watermites from macroinveatelst

Macroinvertebrates perform a variety of functionsfnreshwater ecosystems (Vannote et al.,
1980; Wallace and Webster, 1996; Covich et al.,91.9%hese functions include detritus

decomposition (Wallace and Webster, 1996), theasgleof bound nutrients into solution, by
feeding activities, excretion, and burrowing ingmlsnents (Covich et al., 1999), regulation of
abundance, location and size of their prey (Coeical., 1999), supplying food to aquatic and
terrestrial consumers (Covich et al., 1999; Malrsjv2002), and promoting nutrient transfer

to overlying open water of lakes or adjacent rigazones of streams (Covich et al., 1999).

1.2.2 Macroinvertebrates as biological indicators

Macroinvertebrates are the most commonly used dicdd indicator group for assessment of
freshwater quality (Woodiwiss, 1980; Hellawell, $98De Pauw and Hawkes, 1993;
Rosenberg and Resh, 1993; Metcalfe, 1989; Heriad),62004).

Macroinvertebrates are complementary to other atdicgroups for biological assessment
and evaluations based on different biological iathic groups should therefore be used in
conjunction. As to macroinvertebrates, a numbespEcific advantages and disadvantages
can be identified (Table 1.1).

The reasons for macroinvertebrates being so populaibassessment are numerous (e.g. De
Pauw et al., 2006). Macroinvertebrates are visibl¢he human eye and relatively easy to
sample (De Pauw et al., 2006). They are ubiquitousabundant throughout the whole river
system in the crenal, rhitral as well as the potga# (lllies, 1961).

Macroinvertebrates play an essential role in thetioning of the river continuum food web
(e.g. Vannote et al., 1980; Cummins, 1992, Gilled Malmqvist, 1998). Having relatively
long life cycles and being confined for most pdrtheir life to one locality on the river bed,
they act as continuous monitors, integrating watgality over a longer period of time, so

they do not have to be sampled very frequently Fdew and Hawkes, 1993). They also
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constitute a taxonomically very heterogeneous grebhpwing a broad spectrum of responses
to each form of stress, including physical-chemimallution and morphological changes of
the aquatic habitat (Rosenberg and Resh, 1993).

Table 1.1Advantages and disadvantages of macroinvertebi@t@ssessing biological water
quality (summarised after De Pauw and Hawkes, 1B®3gnberg and Resh, 1993; De Pauw
et al., 2006).

Advantages Disadvantages
Operational issues -Visible to the human eye -Sometimes difficult to identify
-Easy to collect -Quantitative sampling is difficult
-Ubiquitous
Interpretational -Ecologically relevant -Variations due to non-quality
issues -Relatively long life cycles related factors
(integrating water quality over -Seasonal variations
time) -Geographical variations

-Taxonomically diverse, integrating

a wide range of stressors

Using macroinvertebrates as monitors of river (Wageality however also has its limitations
(e.g. De Pauw et al., 2006). A first difficultytise possibility of wrong identifications of the
sampled organisms, because identification is sonestidifficult, in particular for early life
stages of insect larvae (Rosenberg and Resh, 1Q@@ntitative sampling is difficult due to
their non-random distribution in the river bed (Bauw et al., 2006).

Factors other than water quality, such as currefdcity and nature of the substratum, are
also important determinants of benthic communit&ace these factors differ along the river
in different zones, different communities becomilgigshed at different sites with the same
water quality (Giller and Malmqvist, 1998). Becaudethe seasonality of the life cycles of
some macroinvertebrates, e.g. insects, they mapaddund at some times of the year (e.g.
Linke et al., 1999; Tachet et al., 2002). An othmnitation is their restricted geographic
distribution, the incidence and frequency of ocence of some species being different in
rivers throughout the region. Furthermore, becadigbeir geographic distribution, species at
the edge of their natural distribution range aeotktically more sensitive to additional stress,

e.g. pollution, than those at the centre of thatribution. It would therefore not be possible
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to have a universal system of biological assessrhased on the response of the same
species/taxa (Sandin et al., 2000).

1.2.3 Implications of the European Water FrameworkDirective on monitoring

freshwater macroinvertebrate communities

The European Water Framework Directive (WFD; ELQ®@Q0aims at preventing deterioration

of the status of all bodies of surface water antdeattng good water status for all waters by
the end of 2015. For natural surface waters (rjviaises, transitional waters and coastal
waters), “good status” is determined by a “goodl@gical status” and a “good chemical

status”. Ecological status is determined by biaabiquality elements, supported by
hydromorphological and physico-chemical qualitynedmts. The biological quality elements

should show low levels of alteration resulting frdraman activities, in other words, their

status may only slightly deviate from that normadlgsociated with the surface water body
type under undisturbed conditions. These “undigtdilronditions are called the “reference
conditions” (EU, 2000).

These reference conditions describe a very goobb@gical status of the surface water body
type. They must be identified for all biological ajity elements (status of water flora
including phytoplankton, benthic invertebrate fauaad fish fauna), hydromorphological
quality elements supporting the biological eleméhtglrological regime, river continuity and
morphological elements) and physical-chemical comul supporting the biological elements

(general elements and specific pollutants) (EU0200

For each quality element a quality classificationsinbe developed that integrates a number
of relevant parameters according to the normatieénitions. For the element benthic
invertebrate fauna, the appropriate parameterthéocategories rivers and lakes are presented
in Table 1.2. This quality index must be in agreetmgith an ecological quality coefficient
representing relative proportion of the index comedato the reference conditions. The
ecological quality coefficient is expressed as &eadetween zero and one, where zero
corresponds to a bad ecological status and onevésyagood ecological status. The interval

between zero and one is divided into five clasefigeating bad, poor, moderate, good and
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high status, which are assigned a colour codeesfyactively, red, orange, yellow, green and
blue (Fig. 1.3) (EU, 2000).

EQRnnear 1
Very good status or No or very slight deviation of the
Observed reference status undisturbed condition
biological value
Good status Slight deviation of reference status
EQR= =) sig
Reference Moderate status _} Moderate deviation of reference
biological value status
Poor status
. Bad status
EQR near 0

Figure 1.3 Principles for classification of high, good and decate ecological status of
surface waters based on anthropogenic alteratiatis Bcological Quality Ratios (EQR)
(after Wallin et al., 2003).

Table 1.2 presents an overview of the normativéndieins prescribed by the WFD for the
quality classes “high”, “good” and “moderate” fdret biological quality element “benthic

invertebrate fauna” for the categories rivers akes$.

For the classes “poor” and “bad”, the WFD does m&scribe any normative definitions,
except for a general description that applies adllity elements at once: “Waters achieving a
status below moderate shall be classified as ppbad. Waters showing evidence of major
alterations to the values of the biological quasitgments for the surface water body type and
in which the relevant biological communities degiadubstantially from those normally
associated with the surface water body type unddrsturbed conditions, shall be classified
as poor. Waters showing evidence of severe alb&satio the values of the biological quality
elements for the surface water body type and irclwlarge portions of the relevant biological
communities normally associated with the surfacaewdody type under undisturbed

conditions are absent, shall be classified as &dJ); 2000)

The final score of the ecological status or thdiuelass assigned to a location is determined

by the lowest value of the appropriate biologicat gphysical-chemical quality elements
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(Wallin et al., 2003). This is generally referrexl ds the “one-out-all-out principle”. These

scores must be mapped per river basin districgus$ie appropriate colour codes (EU, 2000).

Figure 1.4 summarises the necessary steps forsasgdise ecological status of a given body

of natural surface water according to the Europ&ater Framework Directive.

The subsequent paragraphs of this chapter revievstdite-of-the-art of all relevant aspects
involved in the assessment of a given freshwatertgised on the present macroinvertebrates:
sampling methods (paragraph 1.3), identificatiorthef sampled organisms (paragraph 1.4),
guality indices based on the obtained data (paphgrh5), and defining of reference

conditions (paragraph 1.6), followed by some gdrmraclusions (paragraph 1.7).

Depending on the assessment method and the olejeativmacroinvertebrate groups, or only
one or more groups (e.g. oligochaetes, chironongdspmarids, mayflies) are taken into
consideration. However, only methods that takeeti&e macroinvertebrate community into
account will be discussed here. Nijboer et al. 8F0und that the use of subsets of indicator
taxa or single taxonomic groups resulted in higassification error, and concluded that
taxonomic redundancy is limited, which supports tlee of all taxa in characterising a

macroinvertebrate community, in particular in are@f high habitat diversity.

One additional aspect that should be mentionedesassessment of water bodies as a whole.
The WFD requires that the quality of an entire wdiedy is reported, while all existing
national macroinvertebrate monitoring schemes areently based on single locations. Most
likely, this will be accomplished by using one ooma samples as surrogates for the complete
water body. Macroinvertebrate sampling protocolsndices for entire lakes, rivers or river

stretches have thus far not yet been proposed.
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Table 1.2 Normative definitions for the biological qualityeenent “benthic invertebrate

fauna” for the categories rivers and lakes (EU,M00

Quality status Rivers Lakes

High status The taxonomic composition and The taxonomic coritipmsand
abundance correspond totally or nearly  abundancesqmond totally or nearly
totally to the undisturbed conditions. totally ke tundisturbed conditions.

The ratio of disturbance sensitive taxa to Therafidisturbance sensitive taxa to

insensitive taxa shows no signs of insensitive &h@wvs no signs of
alteration from undisturbed levels. alteration framdisturbed levels.
The level of diversity of invertebrate The leveldifersity of invertebrate
taxa shows no sign of alteration from taxa showsigo of alteration from
undisturbed levels. undisturbed levels.

Good status There are slight changes in the There are slighnges in the
composition and abundance of composition and ameedaf
invertebrate taxa from the type-specific invertébtaxa compared to the
communities. type-specific communities.

The ratio of disturbance-sensitive taxa to Theorafidisturbance sensitive taxa to
insensitive taxa shows slight alteration  insensitaxa shows slight signs of
from type-specific levels. alteration from typeesgic levels.

The level of diversity of invertebrate taxa Thedeeof diversity of invertebrate taxa

shows slight signs of alteration from shows sligighs of alteration from
type-specific levels. type-specific levels.

Moderate status The composition and abundance of The compositimhadundance of
invertebrate taxa differ moderately from invertdbr@xa differ moderately from
the type-specific communities. the type-specifinditons.

Major taxonomic groups of the Major taxonomic grewb the
type-specific community are absent. type-specihimmunity are absent.

The ratio of disturbance-sensitive to The ratidisfurbance sensitive to
insensitive taxa, and the level of insensitive taa the level of

diversity, are substantially lower than the divigrsare substantially lower than the
type-specific level and significantly type-specitwel and significantly

lower than for good status. lower than for gotadus.
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EQR
Assessment of a single
Prescribed assessment system biological quality element
1 :
— High
Samplingor inventory Calculation » Good
of the biota present in of EQR — Moderate
the waterbody —p | accordingto | —p
according to prescribed — Poor
prescribed method method :. > Bad
0
A
Waterbody —_— Application of assessment Global assessment
systems forrelevant quality
l elements . .
Assignment of Biological \
category (river, lake,
transitionalwater, Quality element #1 -
coastalwater) Integration of
Quality element #2 individualassessments
l (decision tree)
Assignment of type
l Physical-chemical
Assessments for each
Methods ] Hydromorphological J quality element

Fig. 1.4 Summary of necessary steps for assessing thegézallstatus of a given water body

according to the European Water Framework Directive

1.3 Sampling methods

The devices that can be used to collect macroielbeates are quite diverse. Commonly used
tools in river monitoring programmes are differéyppes of nets (e.g. handnet, surber net,
dredges), grabs (e.g. Van Veen, Ponar), core sama€ificial substrates or colonisation

samplers (e.g. standard Aufwuchs sampler, bag santpéster-Dendy), drift and emergence
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samplers. Overviews of these instruments and coenterhandling can be found in
Schwoerbel (1970), Mason (1981), Rosenberg and R&8?), Ghetti (1997) and Clesceri et
al. (1998). Important for the nets are the mesh @ietween 250 um and 1 mm) (e.g. ISO,
1985) for the grabs and cores, the volume and sadisurface sampled (e.g. 1ISO, 1988) and
for the artificial substrates, the material, voluraed colonisation (exposure) time (e.g.
Rosenberg and Resh, 1982; ISO, 1993; De Pauw, 4084).

The selected sampling method depends on the physi@racteristics of the aquatic

environment (depth, current velocity, sediment itree), the objective of the assessment
method (qualitative, (semi-)quantitative), compats of the ecosystem to be sampled (river
bed, sediment, riffles, pools, water column, bardeatic vegetation) and the taxonomic
groups considered in the assessment method (étbentire macroinvertebrate community

or only specific groups; the latter approacheshargever not discussed here).

For an overall assessment of running waters, &litdts, or specific habitats are sampled for
periods roughly proportional to their extent on #ie (e.g. Woodiwiss, 1980; De Pauw and
Vanhooren, 1983; Ghetti, 1997). Each site is indemdposed of a mosaic of biotopes (e.qg.
Fontoura and De Pauw, 1994; Tachet et al., 2002nglet al., 2004), i.e. areas where the
environmental conditions are uniform and clearlyirdl and which need to be examined.

Different sampling tools may be used for exploridifferent habitats. Samples may be

completed by hand picking of macroinvertebrateshard substrates (stones, debris, plants)
along the banks. Most sampling methods for asse¥smith macroinvertebrates are

qualitative or semi-quantitative in approach whichans that the sampling effort is linked to

examining the site during a fixed period of time.e to 5 minutes depending on the size of
the river (De Pauw and Vanhooren, 1983) and withitertain stretch, e.g. 10 to 20 meters
(De Pauw and Vanhooren, 1983).

In shallow rivers, it is common practice to apphe tkick sampling with a handnet (e.g.
Woodiwiss, 1980). For routine biological monitoringased on biotic indices or scores
handnets with a maximum mesh size of 0.5 to 0.75 amenused, 0.5 mm for surveillance
with more complete records of taxa, and 0.25 mnsfpmcial surveys requiring complete taxa
lists. The latter size will ensure capture of instiages and very small organisms, which may
prove of value in water quality assessment. Foe edssampling and the sensitivity of the

species present, riffles, i.e. shallows with a saifrrent over an eroding substratum, are often
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chosen. Kick sampling may be done zigzagwise, amsects or stretchwise or by taking
separate kick samples in different habitats (e.gitifhabitat sampling; Hering et al., 2004).
In certain assessment methods quantitative samapeecommended and taken with a surber

net in respectively the riffles and the pools (&.gffery and Verneaux, 1968).

For deeper waters that cannot be sampled with drniginartificial substrates (colonisation
samplers) or grab samplers are recommended (IS@3)1® collect macroinvertebrate
samples. Commercial (e.g. multiplate or Hester-esdmplers) as well as self-made
artificial substrates (e.g. basket, box or bag darapcan be used. Artificial substrates are
submerged at a sampling site during a certain geoiotime in order to be colonised by
macroinvertebrates and afterwards collected folyaisa These substrates can be made up of
different materials (wood, steel, stone, plastBasket, box or bag samplers consist of a
container (e.g. polypropylene bag; steel box, baredasket) and a filling material, that may
consist of crushed rock, pieces of brick, marblegwen natural stones (pebbles) from the
river bed. Cheap and universally present brick maltprovides good results (e.g. De Pauw et
al., 1986). Important is the placement of the salbss$, not in static areas but in the main flow
of the river. To prevent drifting, substrates maed to be weighted. One should however
prevent samplers to sink in the sediment, leadiog at disturbed colonisation by
macroinvertebrates. An exposure time of three tow feeeks is the recommendable practice
for obtaining a satisfactory assessment (e.g. evRa al., 1994; Ghetti, 1997; Clesceri et
al., 1998). Samples of the bottom and sedimentdeadhirectly collected by means of grabs.
Grab samplers are selected in function of the sterscy of the sediment. Some are useful for
soft beds (e.g. Eckman dredge), others for morelysan hard beds (e.g. Van Veen grab,
Ponar grab). Depending on the method, a fixed arealume, which means a certain number
of grabs, must be sampled. For example, 20 litfesediment randomly taken with a Van
Veen grab are used for sediment quality assesswitnthe Biotic Sediment Index (BSI; De
Pauw and Heylen, 2001).

In large and deep rivers, a combination of diffeisampling methods may have to be applied
to obtain a complete picture of the macroinvertebcammunities present (e.g. handnet along
the shallow river banks, examination of stones glitve banks, dredging net and/or grabs or

artificial substrates in the deeper parts of therji
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In conclusion, it is clear that many useful samplimethods exist but the use of a
standardised sampling protocol for the applicatbran assessment method is an absolute

requirement for obtaining comparable results.

1.4 Identification level

In order to calculate a quality index or score, g@mmpled macroinvertebrates must be
identified up to a predefined taxonomic level. Tleigel can vary from order, family or genus

up to species level.

Various authors recommend identification to spelgesl to ascertain a detailed insight in the
community composition, avoiding information lossedio lumping of taxa, and showing a
strong assemblage-environment relationship (e.ghRexd McElravy, 1993; Stubauer and
Moog, 2000; Verdonschot, 2000; Lenat and Resh, 200dfg and Richardson, 2002;

Adriaenssens et al., 2004).

On the other hand, species identification is timesuming and expensive. On top of that,
information loss when identifying to genus or evamily level is often small, and according
to several authors it is therefore not necessadeszend to the species level (e.g. Warwick,
1988a, 1988b; Bowman and Bailey, 1997; Ghetti, 1998gard et al., 1998; Dolédec et al.,
2000; Gayraud et al., 2003). Another problem assediwith species level identifications is
the increasing uncertainty that arises with an d@asing level of detail. Ellis (1985)
acknowledged this when defining taxonomic sufficielas the level to which the organisms
should be identified in order to balance the neethdicate the biological community versus
accuracy of the identifications. Species identtfmarequires more taxonomic skill and is not
always possible due to a lack of suited identifaratkeys or unavailability of keys for

immature stages.

When deciding upon the taxonomic level, all aspewtntioned above should be taken into
consideration. The identification level chosen ftem the result of a practical trade-off
between taxonomic precision and time constraintd famancial resources (e.g. Guérold,
2000; Adriaenssens et al., 2004) (see further @napt
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According to Guérold (2000) and Roach et al. (20@b)ily level is sufficient for detecting
perturbations on the macroinvertebrate community,aomore detailed level of identification
is necessary for ecological interpretation. Willsand Gaston (1994) proposed the use of
higher-taxon categories as surrogates for speciegpid biodiversity surveys. Karr and Chu
(1999) consider genus level to be sufficient fovedeping a multimetric index and also
family level to be acceptable in case of limiteddiand/or financial resources.

Equally important for the successful application afsessment methods based on
macroinvertebrates is the availability of suitedntification keys up to the required level (e.g.
De Pauw and Vannevel, 1991; Schmedtje and Kohnifd8®; Tachet et al., 2002).

Whatever taxonomic level is used for a biotic wajeality index, the level should be fixed
with the method description because (1) many meticad only be calculated when using the
predefined level, e.g. when taxon-specific toleeanalues are defined and (2) taxonomic

level can affect index calculation (e.g. Guérold0@; Schmidt-Kloiber and Nijboer, 2004).

The problem of invasive species is also importaith wegard to taxonomic identification
level for biological assessment. Due to the inyvagiban exotic species, an endemic species
of the same genus or family might disappear, yet #ill remain unnoticed if taxa are
identified to the genus or family level, respediyv@ his is an important problem with regard
to the increasing invasion of macroinvertebratecigsein Europe, mainly from the Ponto-
Caspian region, but also from other regions (ean Wen Brink et al., 1991; Bij de Vaate et
al., 2002; Nguyen and De Pauw, 2002). This wilekplored further in Chapter 2.

Besides considerations with regard to biomonitgriaigo bioconservation issues should be
taken into account. Monitoring aquatic invertebsaite not only important for water quality
assessment, but also for the study of biodiverarnyg conservation. If no information is
collected at species level, no information will éeailable concerning species distributions.
The Flemish Nature Report 2003 (Dumortier et al03 emphasises that of all species
occurring in Flanders, only an estimated ten pdrsedocumented in Red Lists. For an early
identification of biodiversity loss the developmemtd regular revision of more Red Lists is
required (Dumortier et al., 2003). The developmefita Red List should therefore be

considered for all macroinvertebrate groups.
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1.5 Indices based on macroinvertebrates

A large and still increasing number of quality ioes has been developed based on
macroinvertebrate communities. Overviews can be&don e.g. Metcalfe (1989)De Pauw
and Hawkes (1993), Rosenberg and Resh (1993), Wectot and Dohet (2000), Sandin et
al. (2000) and De Pauw et al. (2006). Here, onlsessment methods taking the entire
macroinvertebrate community into account will beadissed. Indices based on single groups
of macroinvertebrates, e.g. chironomids or oligetbs, will not be discussed here, unless
they are components of an overall macroinvertebagtessment system. Also assessment
methods based on organism-level indicators (bioatemphysiological, morphological
deformities, behavioural responses, and life-hystesponses) are not considered here.

The majority of freshwater assessment systems basadacroinvertebrates was developed
for rivers, while a far smaller number of systemaswdeveloped for lakes, reservoirs,

wetlands, sediment, or for general use.

Indices that are used for assessing biological ityuabf freshwater based on
macroinvertebrates can be classified into the Wahg categories (modified from Resh and
Jackson, 1993; Thorne and Williams, 1997; Verdoas@000; De Pauw et al., 2006):
1. Single metric indices:
Non-taxonomic metrics;
Sensitivity/tolerance metrics;
Functional metrics;
Similarity metrics.
2. Combined indices:
Biotic indices (table-based);
Biotic indices (formula-based);
Multimetric indices.

3. Stressor-specific indices.

The cited categories of assessment methods wilidmeissed in the following paragraphs. An
overview of existing freshwater assessment methaodat can be applied with

macroinvertebrates, organised in the cited categprs provided in Table 1.3. Although the
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sequential order of the three categories does eftéct the historical development of
assessment approaches, it was found useful fopuhgose of this review, since combined
approaches make use of two or more single progeréiad stressor-specific indices can

usually be regarded as modifications of systemm fitee two previous categories.

Throughout this overview, a distinction will be neabdetween metrics and indices. A metric
may be any community descriptor that can be diyemlculated based on the available data,
while an index is considered to be a variable th&br has been) used for assessment, based
on an assumed relation of the variable with ecollgilegradation. Consequently, an index
may integrate one or more metrics, whereas a simglic is not necessarily used for the

purpose of assessment.

1.5.1 Single metric indices

The category of single metric indices includes aHriables that represent single
characteristics of a community that can be direcdlgulated using its basic features. Some of
these metrics have also been incorporated into cwdbndices. However, only those metrics
that have reportedly been used as a separate mesgsadex for macroinvertebrates will be

discussed here.

Non-taxonomic metrics

Non-taxonomic metrics, usually referred to as diitgrindices, include all variables that are
based on measured properties of a community witbddfe@rentiating among taxon-specific

characteristics. In contrast to all other typesnadtrics that will be discussed here, these
metrics may therefore be applied to any type of momty because they do not require

autecological knowledge.

Diversity indices use one or more of three comptseh community structure: richness,
evenness and abundance (Washington, 1984). Hur{kéitl) emphasises that although
richness and diversity are often positively cotesda an increase in species diversity can be

accompanied with a decrease in species richness.
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Diversity indices are based on the principle thstudbance of the water ecosystem leads to a
reduction in diversity (Hellawell, 1986; De Pauwadt, 2006). Typical examples that have
frequently been applied using macroinvertebrateraanities are the Shannon-Wiener index
(Shannon and Weaver, 1949), the Simpson index &m@dL949), Brillouin’s diversity index
(Brillouin, 1951), the Margalef index (Margalef, 3® and the Evenness index (Hill, 1973).
A comprehensive review of evenness indices camuned in Beisel et al. (2003).

The Sequential Comparison Index (SCI; Cairns et 2068) can also be regarded as a
diversity index. This index is based on the nunddeuns (subsequent series of organisms of
the same taxon when all individuals are observed random order) in relation to the total

number of organisms.

The advantages of diversity indices lie in the fheit they are easy to use and calculate, are
applicable to all kinds of watercourses and haveg@ographical limitations. They are best
used for comparative purposes. Having no clear @ndpr reference level is however the
main problem; the diversity in natural undisturlveaters can indeed vary considerably, and
moreover, all species have an equal weight. Thsabably the reason why not one country
in Europe has been adopting a diversity index amteoonal standard for biological water
quality assessment (see Ghetti and Ravera, 1994nNR003). Because diversity indices are
not sensitive to changes in species compositioomatgo (1992b) argues that diversity
indices cannot replace biotic indices (see furtrer)l both index types should be used

complementarily in ecological studies.

Sensitivity/tolerance metrics

Sensitivity/tolerance metrics are based on the reksgeprinciple that macroinvertebrate taxa
will disappear with increasing levels of disturban@®e Pauw et al., 2006). MacKenthun
(1969) observed the following stepwise disappearamé macroinvertebrate groups
subsequent to increasing pollution: stoneflies dBi¢era), mayflies (Ephemeroptera),
caddisflies (Trichoptera), scuds (Amphipoda), aguabwbugs (Isopoda), midges (Diptera)

and bristle worms (Oligochaeta).
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The first index of this type was described by Cau(i972) for watercourses in South Africa.
Chuttets Biotic Index is calculated as an abundance-wedymean of the scores of all
present taxa. For this index, the taxon scores f@rgome taxa with the presence of other
taxa (Chutter, 1972). Many indices of this type kbuer are derivatives of a biotic score
system such as the BMWP (see further). The AveBgee Per Taxon (ASPT; Armitage et
al., 1983) for instance is calculated as the mdathe tolerance scores of all present taxa
(Armitage et al., 1983). Similarly, an IASPT (lkemi ASPT; Alba-Tercedor and Sanchez-
Ortega, 1988) can be derived from the IBMWP (IlbeBMWP; Alba-Tercedor and Sanchez-
Ortega, 1988). Cook (1976) introduced the Avera@dwndler Score, an ASPT for the
Chandler Score. Average score systems applied w Realand are the Macroinvertebrate
Community Index (MCI; Stark, 1985), the abundaneeghted Quantitative MCI or QMCI
(Stark, 1993), and the Semi-Quantitative MCI (SQM@&hich uses abundance classes being
transformed into actual abundances (Stark, 1998¢. North Carolina Biotic Index (NCBI,
Lenat, 1993) is similar to Chutterindex. The Potamon Typie Index (PTI; Schéll and
Haybach, 2000) is calculated as the mean of tharegquwf the indicator values of all taxa.
These indicator values range from 1 to 5, and apresgtly the PTI ranges from 1 to 25.
Rossaro et al. (2007) developed an index for halékes called the Benthic Quality Index
Modified (BQIM).

Sensitivity metrics have the advantage that theyeasy to use and interpret. Because it is an
average value, it does not depend on the numbtaxaf For this reason, the ASPT is less
sensitive to sampling effort (Armitage et al., 1P&8d it is also less prone to be affected by
seasonal variation than the BMWP (Armitage etl#l83; Hawkes, 1998).

Functional metric indices

Functional metrics are based on ecological trdith@ present community, such as functional
feeding mechanism or food type or moving behaviéumctional metrics have rarely been
used as single indicators for biological qualitgéa on macroinvertebrates, although they are
frequently used as composing metrics in multimdtrdices (see further). Two indices have
been described that are entirely based on fundtiah@aracteristics: the Rhithron-
Ernahrungstypen-Index (RETI; Schweder, 1990) arel Itikdex of Trophic Completeness
(ITC; Pavluk et al., 2000; Bij de Vaate and Pavi2&04).
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The ITC was developed for assessment of river etesy status based on analysis of the
trophic structure of benthic macroinvertebrate camities. Approximately 300 species of
macroinvertebrates were characterised by trophiera plant-animal ratio in the diet,
feeding mechanism, food size, food acquisition beha, energy- and mass transfers. Based
on this characterisation the species were dividealtwelve trophic groups. Assuming that in
an undisturbed benthic macroinvertebrate commueaigh trophic group should be present,

each missing group represents a deteriorationeifoémthic community (Pavluk et al., 2000).

Similarity metrics

In this approach the assessment is based on theeded similarity of the community
composition to a pre-defined target community. Ttaiget, usually called the reference, can
be based on actual samplings, expert knowledg&yriual data or predictive models, or a
combination of these. Methods for deriving refeeermonditions are further discussed in
paragraph 1.7; the present section provides arvieverof existing methods for quantifying

the similarity between the observed and the tazgetmunity.

The most straightforward method of comparing areoled to a reference community is to
calculate the proportion of the assessment valteradd with any index system between both
communities. This is called the Ecological QualRatio (EQR) according to the Water
Framework Directive (EU, 2000; Wallin et al., 2003his ratio is expressed as a numerical
value between zero and one, where zero represeety dad ecological status and one a very

good ecological status (Wallin et al., 2003):

index value of observed community

EQR =
index value of reference community

An example of an EQR is the Environmental Qualigldx (EQI) based on the “River
Invertebrate Prediction And Classification SystdRIVPACS) developed in the UK (Wright
et al., 1993; Wright, 2000). This system producessii@-specific prediction of the
macroinvertebrate taxa that should be present unddisturbed conditions based on a
number of physical-chemical features of the exanhisgte. These predicted reference
conditions can then be compared with the observedramvertebrate communities by
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calculating the EQI, which is in accordance witk WWFD. In fact, the RIVPACS philosophy
was an important influence in the drafting procesthe WFD (Logan and Furse, 2002). The
RIVPACS-EQI can be calculated with different metrar indices, for example the BMWP,
the ASPT or the number of taxa (Wright, 2000). Biasa the RIVPACS approach, similar

systems have been developed in other countriepésegraph 1.6.2).

Many index systems however implicitly incorporate camparison with the reference
conditions because the upper bound of the assetso®a is assumed to reflect the reference
community. When calculating a multimetric indexggarther) the comparison with reference
conditions is usually performed for each individobaimposing metric separately.

Other methods for quantifying the similarity betwe®o sites are Jaccard’s similarity index
(Jaccard, 1908), the Sgrensen index (Sgrensen), 1Bd8Bray-Curtis similarity index (Bray

and Curtis, 1957) and the Coefficient of Communitygs (Courtemanch and Davies, 1987).
These indices are based on the number of commorumiodie taxa that are found at the

compared sites.

1.5.2 Combined indices

Combined indices integrate characteristics of twmore single metric types into one overall
measure. In this way, the assessment incorporates @cological information in comparison

to the single metric indices. A large number of bamed indices has been proposed thus far.

Among the combined indices, the biotic approacigrdtes features of the sensitivity and the
diversity approach. Two different types can beingtished within the biotic approach: the

table-based biotic indices and the formula-basedidindices, often referred to as biotic

scores. More recently, other combined indices hbgen developed, called multimetric

indices. The difference with the biotic approactihiat all metrics are calculated separately
and subsequently integrated into an overall ingéhereas the biotic index systems provide
an overall evaluation without explicitly assessatigseparate components.
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Biotic indices (table-based)

In the biotic index approach the index is deduaednfa table that takes into account the
number of taxa and the sensitivity of the most gieestaxon encountered. The first index of
this type was the Trent Biotic Index (Woodiwiss64} later extended to an Extended Biotic
Index (EBI; Woodiwiss, 1978).

Some examples of biotic indices, all based direatlindirectly on the Trent Biotic Index, are
the French Indice Biotique (Tuffery and Verneau®68), the Indice Biologique Global
Normalisé (IBGN; AFNOR, 1992), and its modificaticior large rivers, the Indice
Biologique Global Adapté (IBGA; AERMC, 1997). In Baum, the Belgian Biotic Index
(BBI; De Pauw and Vanhooren, 1983; BIN, 1984; sather Chapter 2) was developed. In
Italy, an Italian modification of the EBI was prcgeal called the Indice Biotico Esteso (IBE;
Ghetti and Bonazzi, 1980), and in Denmark an indewn as the Viborg Index (Andersen et
al., 1984) has been used, which was later modifidgecome the Danish Fauna Index (DFI)
and ultimately the Danish Stream Fauna Index (DSkhver et al.,, 2001). An extensive

overview of biotic indices that have been descritoedate can be found in Table 1.3.

The Macroindex (Perret, 1977) is based on a sinulale but where most biotic indices use
number of taxa, the Macroindex uses the ratio ihses-insect taxa. It is therefore the only
table-based index that is not based on sensitaitgl richness but on sensitivity and a
composition metric, although it can be assumed that ratio insect/non-insect taxa is

correlated with diversity.

The advantages of the table-based biotic indicegtaeir simplicity and straightforwardness
in use and interpretation. Unlike most formula-loaseotic indices, the results of a table-
based biotic index are restricted to a predefimgdrval range (often 0-10 or 0-20), which

facilitates communication of results.

A disadvantage of this type of indices is the rigidracter of a table, which complicates the
possibility to make regional or typological adapas. This problem may be overcome by
using an ecological quality ratio by setting a tgpecific reference value, but this possibility
is practically restricted to indices using a suéitly differentiated scale (e.g. the 0-20 scale
of the IBGN).
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Biotic indices (formula-based)

In the biotic score system a predefined score lecalled to each taxon. These individual
taxon-scores depend on their sensitivity to palutiFor calculating the score of a site, all
individual taxon scores of the encountered taxasaramed. The best-known example of a
biotic score is the BMWP (Biological Monitoring Wang Party) score (Chesters, 1980) and
its revised version (National Water Council, 1984)modified version of the BMWP, the
IBMWP (formerly known as BMWP’), was developed ftre Iberian Peninsula (Alba-
Tercedor and Sanchez-Ortega, 1988; Alba-Tercedak.,e2002). An Australian score of this
type is the Stream Invertebrate Grade Number-Awelagyvel score (SIGNAL; Chessman,
1995) and its revised version SIGNAL 2 (Chessm@932. A method similar to the BMWP,
but with scores for each taxon being different ofiree abundance classes, was already
published in 1970 by Chandler. Adaptations of tihVBP were also formulated for Thailand
(BMWP™A: Mustow, 2002), Hungary (MMCP; Csanyi, 1998) anolaRd (BMWP-PL;
Kownacki et al., 2004).

Cao et al. (1997) proposed a new index by multigyihe Averaged Chandler Score by the
logarithm of the number of species. This modifieceraged Chandler Score can therefore be
regarded as a score system where species richmeksvnweighted relative to sensitivity

when compared to the original Chandler Score.

Like the table-based biotic indices, the formuladsh indices are transparent and easy to
apply. However, the main disadvantage of most féarbased biotic indices is that they lack
a clear target because the more taxa-rich the sampthe higher the index value; which

hampers a straightforward interpretation.

A special case of the formula-based biotic indeihis Lake Biotic Index (Verneaux et al.,
2004), which is based on a calculation formula thebrporates measures based on tolerance
as well as measures based on richness, but inasbritr the BMWP-type indices, the LBI

values are constrained to an interval of 0-20 (¥aux et al., 2004).
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Multimetric indices

In multimetric systems, several metrics represe@ntutifferent characteristics of the
community are combined into one index value or esawhnich is an expression of the overall
guality. It is assumed that incorporating more desars, will result in an index being more
diagnostic of ecosystem health. The individual mstincluded can be any kind of the single
metrics discussed earlier, but also combined irsdgzeeh as the BMWP are sometimes used
in a multimetric system. Also, metrics representorgy a part of the macroinvertebrate
community, e.g. chironomids or Trichoptera can seduin combination with other metrics in
order to represent the whole community. The metas be combined in several ways, e.g.
by (weighted) averaging or by assigning scoreshindividual metrics and subsequently

calculating the sum or the (weighted) average e$é¢hscores.

The first index that was explicitly labelled “muitetric” was developed for fish communities
by Karr (1981). Later, multimetric indices were aldeveloped for other indicator groups,
such as diatoms (e.g. Fore and Grafe, 2002) ot9p(arg. DeKeyser et al., 2003), but also for
macroinvertebrate communities. Examples of multiioet indices based on
macroinvertebrates for rivers are described by &arlet al. (1992, 1999), Kerans and Karr
(1994), Fore et al. (1996), Thorne and Williams9@p Paller and Specht (1997), Stribling et
al. (1998), Karr and Chu (1999), Major et al. (200¥%ebane (2001), Royer et al. (2001),
Blocksom (2003), Butcher et al. (2003a) and Klentnale(2003). Examples of multimetric
indices based on macroinvertebrates for lakes arat&n et al. (2000b), Lewis et al. (2001)
and Blocksom et al. (2002). Within the context bé timplementation of the WFD, the
European project AQEM developed a strategy and odetbgy for the establishment of
multimetric assessment systems for different steeanrEurope based on macroinvertebrates
(Hering et al., 2004).

A number of macroinvertebrate indices that wereettgped in the past demonstrate all
properties of a multimetric index although they &vapt described as such. These indices are
therefore also included in this section in Tabld. For example, the Hellenic Evaluation
Score Interpretation Index (HESII; Artemiadou arakéridou, 2005) is an index that equals
the average of the quality class (1-5) of the HHS8lIgnic Evaluation Score) on the one hand
and that of the AHES (Average Hellenic Evaluatiotoi®) on the other hand. HES and
AHES are indices of the BMWP and the ASPT-typepeetively. The HESII should
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therefore also be seen as a multimetric index stingi of two metrics that are combined
using a score system. Similarly, the Lincoln Qudiitdex (LQI) is the average of a 1-7 rating
based on the ASPT and a 1-7 rating based on the BMAlVst described by Extence et al. in
1987, the LQI is therefore actually the earliesaraple of a multimetric index for
macroinvertebrates, together with the Invertebfadenmunity Index (ICI), published in the
same year by Ohio EPA.

Metric types that can be incorporated in a multimehdex include (see Resh and Jackson,
1993; Thorne and Williams, 1997; Verdonschot anté02000): any of the four previously
discussed single metric indices (diversity, sewisyti functional or similarity metrics), but
also combined indices as well as single metricd tr@ based on specific groups of
macroinvertebrates (e.g. numbers or percentagetsx@af belonging to certain groups or

relative abundances).

An important advantage of multimetric indices isittflexibility. They can be easily adapted
to a regional situation, by taking into account thest appropriate metrics and by evaluating
each metric to an appropriate target. The flexiypif this type of index is probably the reason
why the majority of the indices that were developerkcent years were multimetric indices.

1.5.3 Stressor-specific indices

The index systems discussed in the previous secti@ne all developed to provide a general
indication of ecological degradation caused by king of stressor. However, several indices
have been developed for identifying specific kinflslegradation. Considering the calculation
system, these indices can generally be assignexhdoof the previously discussed index
types, except that they were developed for the quepof identifying the presence of a
specific source of stress. For instance, the Nutrigotic Index for Nitrate (Smith et al.,

2007) is computationally identical to an abundawetghted ASPT-type system (e.g.
Chutter's Biotic Index), but the tolerance scores assumed to reflect tolerance to nitrate

enrichment.

Some authors argue that the potential of multimetrilex systems for identifying causes of

degradation is limited, although they are ableistimuish disturbed from undisturbed sites
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(e.g. Winger et al., 2005). According to Chessmaah lsIcEvoy (1998), the development of
stressor-specific indices is a realistic possiilét least for certain types of disturbance,
although for some specific stressors it may reqaineore detailed level of identification (e.g.

genus or species level).

Types of stressors for the detection of which a roiagertebrate-based system has been

developed, include saprobity, nutrient enrichmeat acidification.

Saprobic indices are based on the sensitivity efgresent indicator organisms to organic
pollution. Historically, the saprobic approach veasually the first biological river assessment
system ever developed. The saprobic system waslinted by Kolkwitz and Marsson (1909)
and later adapted by several authors (e.g. LiebmB®62; Sladeek, 1973a). Each species
has a specific dependency of organic substanceshaisdof the dissolved oxygen content.
This tolerance is expressed as a saprobic indicare. The advantage is that a quick
classification of the investigated community canrbade on a universal scale. A major
problem is the identification of the organisms up dpecies level. The saprobic index
calculation also requires the assessment of abeedahe indicator system furthermore
implies more knowledge than actually exists: p@dttolerances are subjective and based on
ecological observations and are rarely confirme@xyperimental studies (e.g. De Pauw et al.,
2006).

Although many of the assessment indices that waeex beveloped are considered to assess
general degradation, many of these systems, ee.bibtic indices, were considerably

influenced by the saprobic approach, either digemtlindirectly.

Other examples of stressor-specific indices basednacroinvertebrate include indices for
detecting the impact of acidification (e.g. Saneliral., 2004), for indicating organic pollution
(e.g. Dahl and Johnson, 2004; Dahl et al., 2004)oonutrient enrichment (e.g. Smith et al.,
2007).

In conclusion, stressor-specific indices can beirdaresting complementary tool for the
indices for general degradation, because they @arhdipful for cause allocation under

conditions of deterioration. Nonetheless, they canmmplace the applicable methods for
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identifying the stressor in question (e.g. hydromorphological surveys or physical-chemical

measurements).
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Table 1.3.0Overview of freshwater assessment methods basethoroinvertebrates

Method Evaluated systems Region Reference
1. Single metrics
1.1 Non-taxonomic metrics
Shannon-Wiener Index (H’) General Any Shannon and Weaver, 1949
Simpson’s dominance Index (D) General Any Simpson, 1949
Brillouin index General Any Brillouin, 1951
Margalef Index General Any Margalef, 1958
Menhinick Index General Any Menhinick, 1964
Pielou’s evenness index General Any Pielou, 1966
Sequential Comparison Index (SCI) General Any Cairns et al., 1968
Probability of Interspecific Encounter (PIE) Gerlera Any Hurlbert, 1971
Hill's evenness index General Any Hill, 1973
Camargo’s Diversity Index General Any Camargo, 1992a
1.2 Sensitivity/Tolerance metrics
Chutter’s Biotic Index Running waters South Africa Chutter, 1972

Averaged Chandler Score

Average Score Per Taxon (ASPT)

Macroinvertebrate Community Index (MCI)

Iberian ASPT (IASPT) (formerly known as ASPT’)

Average Biological Monitoring Water Quality (a-BWNMQ
North Carolina Biotic Index (NCBI)

Quantitative Macroinvertebrate Community Index (QIMC
Stream Invertebrate Grade Number Average Level \&IQ
Nepalese Biotic Score (NEPBIOS)

Semi-Quantitative Macroinvertebrate Community In@@QMCI)
Potamon Typie Index (PTI)

Swan Wetlands Aquatic Macroinvertebrate Pollutiocor§ (SWAMPS)
ASPTHA!

SIGNAL 2

Average Hellenic Evaluation Score (AHES)

Running waters
Running waters

Running erat

Ruma waters
Running waters
Running waters
Running waters
Running waters
Running waters

Running waters

Large running waters

Wetlands
Running waters
Running waters

Runninders

Lothian Area, Scotland, UK
UK
New Zealand

Iberian peninsula

Iberian peninsula

North Carolina, USA

New Zealand

Eastern Australia

Nepal

New Zealand

Germany

Swan Coastal Plain, Australi
Thailand

Australia

Central and Northern Hellas

Cook7a.9
Armitage et al., 1983
Stark, 1985

Alba-Tercedor andc8éz-Ortega, 1988

Camargo, 1993
Lenat, 1993
Stark, 1993
Chessmaa5s1
Sharma and Moog, 1998
Stark, 1998
Scholl and Hayb2et0
Chessman et al., 2002
Mustow, 2002
Chessman, 2003
Artemiadou arzhtidou, 2005
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Table 1.3 (continued)

Invertebrate Species Index (ISI)
Benthic Quality Index Modified (BQIM)

Running waters
Lakes

Southeast Queensland, Australia

Italy

sdHaad Nolte, 2007

Rossaro et al., 2007

1.3 Functional metrics

Index of Trophic Completeness (ITC)

Running waters

Europe and Russia

Pavluk et 200 20

Rhithron-Ernéhrungstypen-index (RETI) Running water Germany Schweder, 1990

1.4 Similarity metrics
Jaccard’s similarity index General Any Jaccard, 1908
Sgrensen index General Any Sgrensen, 1948
Bray-Curtis similarity index General Any Bray and Curtis, 1957
Species Deficit Index General Any Kothé, 1962
Pinkham-Pearson similarity index General Any Pinkham and Pearson, 1976
Coefficient of Community Loss General Any Courtemanch and Davies, 1987
Camargo’s Ecotoxicological Index General Any Camargo, 1990
AUSRIVAS EQI Running waters Australia Davies, 2000
RIVPACS EQI (ASPT) Running waters UK Wright, 2000
RIVPACS EQI (BMWP) Running waters UK Wright, 2000
RIVPACS EQI (NFAM) Running waters UK Wright, 2000
BEAST EQI Lake sediment Great Lakes, North America Reynaoldgal., 2000
SWEPACS EQI Running waters Sweden Sandin, 2001
PERLA EQI Running waters Czech Republic Kokes et al., 2006
Mondego Model Running waters Mondego river basin (Portugal) feeial., 2007
2. Combined indices

2.1 Biotic indices (table-based)
Trent Biotic Index (TBI) Running waters Trent River Catchment, UK Woodiwig64
Graham'’s Index Running waters Lothian Area, Scotland, UK Graha@g5

Indice Biotique (IB)
Macroindex

Extended Biotic Index (EBI)
Indice Biotico Esteso (IBE)
Belgian Biotic Index (BBI)

Running waters
Running waters
Running waters
Running waters

Running waters

France

Switzerland

Trent River Catchment, UK
Italy

Belgium

Tuffery and Verneaux , 1968
Perret, 1977
Woodiwis378
Ghetti and Bonazzi, 1980
De Pauw and Vanhooren31B8\, 1984
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Table 1.3 (continued)

BILL

Viborg Index

Indice Biologique Global (IBG)

Indice Biologique Global Normalisé (IBGN)

Indice Biologique Global Adapté (IBGA)

FBILL

Danish Fauna Index (DFI)

Biotic Sediment Index (BSI)

Biotic Index for PAMPean rivers and streams (IBPAMP

Running waters
Running waters
Running waters

Runningters

Large rungiwaters

Running waters
Running waters
River sediment

Running waters

Spain

Denmark

France

France

France

Spain

Denmark
Flanders, Belgium

Pampean plains, Argentina

Prat et al., 1983
Andersen et al., 1984
AFNOR, 1985
AFNOR, 1992
AERMC, 1997
Prat et al., 1999
Kirkegaard et al., 1992
De Pauw and Hheyl601
Roérdtapitulo et al., 2001

Danish Stream Fauna Index (DSFI) Running waters Denmark Skriver et al., 2001
2.2. Biotic indices (formula-based)
Beck’s Biotic Index Freshwater Florida, USA Beck, 1955
Chandler Score Running waters Lothian Area, Scotland, UK Chandléi70
Biological Monitoring Working Party Score (BMWP) Ruoing waters UK Chesters, 1980
Revised BMWP Running waters UK National Water Council, 1981

Iberian BMWP (IBMWP) (formerly known as BMWP’)
Total Biological Monitoring Water Quality (t-BMWQ)
Modified Averaged Chandler Score

Magyar Makrozoobenton Csalad Pontrendszer (MMCP)
BMWPTHAI

BMWP-PL

Lake Biotic Index (LBI)

Hellenic Evaluation Score (HES)

Ruimy waters
Running waters
Running waters

nnitg waters
Running waters
Running waters
Lakes

Running waters

Iberian peninsula

Iberian peninsula

Trent River Catchment, UK
Hungary

Thailand

Poland

France

Central and Northern Hellas

Alba-Tercedor andc8éz-Ortega, 1988
Camargo, 1993
Cao et1897

Csényi , 1998

Mustow, 2002

Kownacki et al., 2004

Verneaux et al., 2004
Artetoiaand Lazaridou, 2005

2.3 Multimetric indices

Lincoln Quality Index (LQI)
Invertebrate Community Index (ICI)
RIVAUD

Mean Point Score (MPS)

Rapid Bioassessment Protocol (RBP)
Benthic Index of Biotic Integrity (B-IBI)

Running waters
Running waters
Running waters
Running waters
Running waters

Running aters

East of England, UK
Ohio, USA

Western Switzerland
Texas, USA

USA

Tennessee Valley, USA

Extence etlaB7

Ohio EPA, 1987
Lang et aB919

Twidwell and Davis, 998

US EPA, 1989; Barbour etl®192, 1999
Kerans and Karr, 1994
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Table 1.3 (continued)

RIVAUD 95

Florida Stream Condition Index (FSCI)

Benthic Index of Biotic Integrity (B-IBI)

Invertebrate Community Index - St Lawrence (ICI-SL)
Hester-Dendy Multimetric Index (HDMI)

Multimetric system of bioassessment

Benthic Index of Biotic Integrity (Benthic IBI)

BalkaN Biotic Index (BNBI)

West Virginia Stream Condition Index (WV-SCI)
Florida Lake Condition Index (LCI)

Lake Bioassessment Integrity Index (LBII)

Alaska Stream Condition Index (ASCI)
Macroinvertebrate Biotic Index (MBI)

River Macroinvertebrate Index (RMI)

Lake Macroinvertebrate Integrity Index (LMII)

Stream Macroinvertebrate Index (SMI)

Invertebrate Index of Biological Integrity (Invebiete IBI)

Macroinvertebrate-based index of biotic integril)

Virginia Stream Condition Index for Non-Coastaleatms (VA-SCI)

Benthic Community Index
Macroinvertebrate Biotic Integrity Index (MBII)
Mississippi Benthic Index of Stream Quality (M-BIFQ

Kentucky Macroinvertebrate Bioassessment Index {iey MBI)

Invertebrate Community Index

Multimetric Index (MMI)

IM9

AQEM

Hellenic Evaluation Score Interpretation Index (HES
Potomac Basin-wide Index of Benthic Integrity (BHIB
Serra dos Orgdos Multimetric Index (SOMI)
Intercalibration Common Metric Index (ICMi)

Running waters
Running water
Running aters
Lakes
Running waser
Running waters
Ruing waters
Running waters
Rungiwaters
Lakes
Lakes
Running waters
Running waters
Running waters
Lakesd reservoirs
Running waters
Wetlands
Running waters
Running waters
Running waters
Romg waters
Running waters
Running waters
Running waters
Running waters
Running waters
Running waters
Running waters
Running waters
Runniratevs

Runnirmgters

Western Switzerland
Florida, USA
Oregon
St Lawrence River ecoregion, Canada
South Carolina, USA
Thailand, Ghana, Brazil
Maryland, USA
Serbia
West Virginia, USA
Florida, USA
wWNEngland, USA
Alaska, USA
Idaho, USA
Idaho,USA
New Jersey, USA
Idaho,USA
Minnesota, USA
West-central Mexico
Virginia, USA
Northern Lakes and Forests Ecorddi®i
Mid-Atlantics Highlands, USA
Mississippi, USA
Kentucky, USA
Alabama, USA
Germany
Southern siliceous basins in Portuga
Europe
Central and Northern Hellas
Potamac River Basin (USA)
Serra dos Orgéos, Brazil

Europe

Lang and Reymd®95
Barbour et al., 1996
Fore et al., 1996
Piflelsket al., 1996
Paller and Specht, 1997
Thorne \&fillams, 1997
Stribling et al., 1998
Siérand Sim¢, 1999
Gerritsen et al., @80
Gerritsen et al., 2000b
Lewis et al., 2001
Major et al., 2001
Mebane, 2001
Royer et al., 2001
Blocksom et 8022

Jessup and Gerritsen, 2002

US EPA, 2002
Weigebé&t 2002
Burtand Gerritsen, 2003

Butcher et al., 2003a, 2003b

Klemmagt, 2003

MDEQ, 2003

Pond kf 2003

Bennett et al., 2004

Bohmer et al., 2004a
Pinto et al., 2004

Hering et al., 2004

efmtadou and Lazaridou, 2005

As?iDQ7
Baptista et a7 20
Buffagni et al., 2007
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Table 1.3 (continued)

Multimetric Macroinvertebrate Index Flanders (MMIF)
Vermont Lake Condition Biolndex

Maatlatten riveren en meren voor de Kaderrichthjater (WFDi)

Rivers and lakes
Lakes

Rivers and lakes

Flanders, Belgium
Vermont, USA
The Netherlands

Gabriels.eeabd7
Kamman, 2007

denMolen and Pot, 2007a, 2007b

3. Stressor-specific indices

3.1 Organic pollution

Biologically Effective Organic Loading (BEOL)

Saprobic index

K135 (saprobic)

K12345 (Saprobic)

Hilsenhoff Biotic Index (HBI) (organic pollution)

Hilsenhoff Biotic Index (HBI) (1982 version) (orgarpollution)
Improved Hilsenhoff Biotic Index (HBI) (organic potion)
Hilsenhoff Family-level Biotic Index (HFBI) (orgampollution)
Modified Hilsenhoff Biotic Index (HBI) (organic ploition)
Organic pollution index

Rumg waters
Running waters
Running waters
Running waters

Rning waters
Running waters
Running waters
Running waters
Running waters

Running waters

Germany
Germany

The Netherlands
The Netherlands
Wisconsin, USA
Wisconsin, USA
Wisconsin, USA
Wisconsin, USA
Wisconsin, USA
Southern Sweden

Knopp, 1954

Pantle and Buck, 1955
Gardeniers ankgirgh, 1976
Gardeniers arkhigh, 1976

Hilsenhoff, 1977
Hitbmff, 1982
Hilsenhdf87
Hilkeff, 1988
Hilsenhdf§98

Dahl and Joha&6d,

3.2 Nutrient enrichment

Nutrient Biotic Index for Nitrate (NBI-N)
Nutrient Biotic Index for total Phosphorus (NBI-P)

Runningaters
Running waters

New York State, USA
New York State, USA

Smith et al., 2007
Smith et 002

3.2 Acidification

Acidification index

Running waters

Germany

Braukmann and Biss, 2004
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1.6 Defining reference conditions for macroinvertelates

An essential and critical point in biological assasnt is the establishment of reference
conditions, which constitutes the conceptual baian assessment method (e.g. Hughes et
al., 1986; Hughes 1995; Reynoldson et al., 199finded et al., 2006; see also subheading

“similarity metrics” of paragraph 1.5.1).

The reference conditions for a given site can anel@ as the best available conditions that
can be expected at a similar site, and are derfnogd observations at several similar sites
(Hughes et al., 1986; Hughes, 1995; Reynoldsoh,et307). However, in several regions, in
particular in Europe, reference conditions do nasteanymore and must be derived using
alternative methods (De Pauw et al., 2006). Sevaltalnative methods for defining the
reference state have been proposed, includinggbethistorical data, paleoecological data,

predictive models, and expert judgment (Hughes519@allin et al., 2003).

The WFD explicitly requires that biological assessinmethods take reference conditions
into account by using an EQR. Reference conditavesdefined by the WFD as the values of
the biological quality elements that are charasegtiby a very good ecological status. These
values should correspond to those normally assatiaith that type of water body under
undisturbed conditions and show no or only veryaonievidence of distortion. Furthermore,
they must be described separately for each typeatdér body (EU, 2000; see also paragraph
1.2.3). This implies that the WFD considers thdenmence conditions are not necessarily
totally undisturbed, pristine conditions. They miaglude very minor disturbance, which
means that human pressure is allowed as long &s déine no or only very minor ecological
effects (Wallin et al., 2003).

Specifically for macroinvertebrates, the WFD dedirtbe very good ecological status using
the following criteria (see Table 1.2):
e the taxonomic composition and abundance correspatatly or nearly totally to the
undisturbed conditions;
« the ratio of disturbance sensitive taxa to inseresitaxa shows no signs of alteration

from undisturbed levels;
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» the level of diversity of invertebrate taxa showssign of alteration from undisturbed

levels.

Wallin et al. (2003) identified the following optie for establishing reference conditions
according to the WFD:
« spatially based reference conditions using data frnitoring sites;
» reference conditions based on predictive modelling;
* temporally based reference conditions using eithleistorical data or
paleoreconstruction or a combination of both;
e acombination of the above approaches;
* where it is not possible to use these methodstenede conditions can be established
by expert judgment.

1.6.1 Spatially based reference conditions

Spatially based reference conditions are derivedhffield samplings at locations that are
considered to be in reference state. An advantadgieisomethod is that it is region-specific
(Wallin et al., 2003). On the other hand, it is expive and time-consuming if it can not be
based on existing sampling data (Wallin et al.,300oreover, it is not possible to find

reference locations in some regions, such as Ftande

An additional difficulty is the establishment ofiteria to choose reference locations. Wallin
et al. (2003) proposed a set of “pressure screéwnitgria to decide whether a water body is

a suitable reference site (see also CB-GIG, 2006).

1.6.2 Reference conditions based on predictive mdtileg

Using modelling techniques, site-specific predimsiocan be made regarding community
composition under reference conditions. The adggnta the use of models for predicting
reference conditions is that they generate siteiSp@redictions. The main difficulty is that
it requires field data for calibrating the modalgg(lin et al., 2003). Because the data used for
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calibrating the models are collected at refereniss,sthis technique is not an alternative to
spatially based reference conditions for regionsr@heference locations are lacking.

The earliest model for predicting reference cood#i was developed in the UK, called
RIVPACS (River Invertebrate Prediction and Classifion System; Wright, 2000)his
system predicts which macroinvertebrate taxa véllpbesent at a watercourse in the absence
of disturbances, based on a number of abiotic blsasuch as geographical coordinates,
stream width and depth, slope, discharge, and bst composition. This model was
developed based on a large database of a broagtwaii sites that are all considered as
reference (Wright, 2000; Clarke et al., 2003).

Later, similar systems were developed for Austral@JSRIVAS: Australian River
Assessment Scheme; Davies, 2000), the Great Laké®ith America (BEAST: Benthic
Assessment of Sediment; Reynoldson et al., 2000¢d&n (SWEPACS; Sandin, 2001), the
Czech Republic (PERLA; Kokes et al., 2006) and iryat (Feio et al., 2007).

1.6.3 Temporally based reference conditions

Temporally based reference conditions may be deriusing either historical data or
paleoreconstruction or a combination of both (Wakit al., 2003). The use of historical
records can be interesting because it does notireedield work and is therefore less
expensive, but data are usually unavailable ornmiete and the quality and confidence of

the available data is often unknown (Wallin et 2003).

The use of paleoreconstruction can be an integestiernative as well. The advantage of this
method is that it is site-specific and can incogpemboth physicochemical and biological data.
On the other hand this is practically restrictedakes only and requires high investment
costs. It is also restricted to certain biologigatlicators (Wallin et al.,, 2003). For
macroinvertebrate communities, it has to date epenltpossible to define reference conditions
based on historical data or paleoreconstructiod,iteseems unlikely that it will be possible in

future.
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1.6.4 Reference conditions based on expert judgment

In cases where none of the previously discussetiadstis suitable for establishing reference
conditions, expert knowledge will be required ted&e reference conditions (Wallin et al.,
2003).

The advantage of using expert judgment is thatwedlilable sources of information can be
incorporated into the final description of referenmcluding spatial, temporal, and model-
based knowledge (Wallin et al.,, 2003). The main kmeas of this method is its arbitrary
character, and hence the description of refererayeba biased (Wallin et al., 2003).

A list with possibly occurring macroinvertebratesdifferent types of Flemish watercourses
and stagnant waters with high ecological qualitys wablished by De Loose et al. (1995).
However, the authors did not describe how thiswias produced or how it should be used to
estimate community composition at a single site enngéference conditions (e.g. using
probability of occurrence per taxon). It is therefmot feasible to use this list as such in the

description of reference state for Flanders.

1.7 Conclusions

The overview presented in this chapter clearly destrates that even after a century of
endeavour, the interest in the development of biok freshwater assessment methods
worldwide is still expanding and in full evoluti¢gkarr and Chu, 2000; De Pauw et al., 2006).
Whereas in many developing countries a serious istawow being given to introducing and

developing biological methods for freshwater assesd, in humerous developed countries
on the other hand, the existing methods appliedesinany years are now in the process of
being optimised and internationally standardiseeigkbnen et al., 2004; De Pauw et al.,
2006), while additional research is being carried wards the development of stressor-
specific assessment systems (e.g. Sandin et &84)28 significant evolution seems to be a
common shift towards the application and develogrémultimetric indices based on score

systems related to reference conditions (EQRs)ifigest al., 2004). In addition to expert
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knowledge, also multivariate data analysis and modelling techniques have begun to play a

more crucial role in the development, evaluation and optimisation of these indices.
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Chapter 2. Strengths and weaknesses of the Belgian
Biotic Index method for implementing the European

Water Framework Directive in Flanders, Belgium

Incorporating redrafted sections of:

Gabriels, W., Goethals, P.L.M. & De Pauw, N. (2008)plications of taxonomic
modifications and alien species on biological wajeality assessment as exemplified by the
Belgian Biotic Index method. Hydrobiologia 542(137-150.

...we perceive that, relative to the animal kingdara should chiefly devote our attention to
the invertebrate animals, because their enormousiphicity in nature, the singular diversity
of their systems of organization, and of their neahmultiplication, ..., show us, much better
than the higher animals, the true course of natarej the means which she has used and
which she still unceasingly employs to give exts#dn all the living bodies of which we have
knowledge.

Jean-Baptiste de Lamarck (1803)
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2. Strengths and weaknesses of the Belgian Biotic
Index method for implementing the European Water

Framework Directive in Flanders, Belgium

2.1 Introduction

Macroinvertebrates have a long history of applarain water quality assessment, resulting in
a large variety of indices, many of them being ¢ouror region-specific (see Chapter 1). Its
application in routinely river monitoring schemeg the Flemish Environment Agency

(VMM) for more than a decade confirmed the relidpiand robustness of the Belgian Biotic

Index (BBI; De Pauw and Vanhooren, 1983) as a wgiality assessment method.

When the WFD was introduced in 2000, the questioarged whether the BBI can be used in
this context. The WFD imposes a number of critéra the used assessment systems should
comply with (see Chapter 1). It should thereforeekamined to what extent the BBI meets
these requirements, in order to decide whetheantlee applied within the WFD monitoring
schemes, or that a revision of the BBI or a diffiémethod should be used. In the latter case,
the results of the examination of the BBI can pdewaluable information on how to decide

on the new or revised method.

This chapter initiates with a detailed overviewthé calculation of the BBI. Then it is
examined whether the BBI fulfils the necessary meguents. Subsequently, some more
general problems related to taxonomic resolutionvater quality assessment by means of
macroinvertebrates are identified using the exaraptbe BBI calculation with data from the
VMM sampling dataset. The chapter concludes witinal recommendation with regard to
the application of the BBI in the context of the IF
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2.2 The BelgianBiotic Index

2.2.1 Background

The Belgian Biotic Index (BBI) is a standardisedtinoel to assess biological quality of
watercourses based on the macroinvertebrate conyndiie BBI combines characteristics
of the indices proposed by Woodiwiss in the UK @:96rent Biotic Index) and Tuffery and
Verneaux in France (1968; Indice Biotique). The hodt is based on aquatic
macroinvertebrates sampled with a standard handset) the method of Woodiwiss (1964)
and the calculation of the biotic index using thbl¢ as proposed by Tuffery and Verneaux
(1968). Some adaptations were made concerning amplsig method and the taxonomic

level of identification.

Based on ample field testing during the precedeary, the method was first described by De
Pauw and Vanhooren (1983) and has been adoptedsten@ard method by the Belgian

Institute for Normalisation (BIN, 1984). Since itisst publication, the method has been

extensively used to assess water quality in Belguinalso abroad (De Pauw and Hawkes,
1993). Since 1989, the Flemish Environment Agen¢ii) annually assesses around

thousand sites throughout Flanders (Belgium) bynaeé the BBI.

Bervoets et al. (1989) proposed, along with somelifications in sample processing, to
include taxa represented by only one individuaBBi calculation, but this modification was
never incorporated into routinely monitoring scheroéthe VMM.

2.2.2 Calculation method

Table 2.1 summarises the taxonomic levels of ifieation for the BBl as proposed by De
Pauw and Vanhooren (1983). Only taxa of which astléwo individuals are found in the
sample, are taken into account. The calculatiothefBBI is based on Table 2.2. When all
macroinvertebrates from a sample are identifidbt@as made of all taxa of which at least two
individuals were encountered. For all these talxa,tblerance class can be found in the left

column of Table 2.2, next to the appropriate ingicagroup, except for taxa that lack a
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tolerance class (those taxa are counted only f@ tehness). For the lowest tolerance class
encountered, the class frequency is determinedthes number of taxa within this lowest
tolerance class. Subsequently, the taxa richnass @ determined by counting the number of
taxa of which at least two individuals are foundtive sample. The taxa richness class
assigned can be 0-1, 2-5, 6-10, 11-15, or 16 agldehi Then, the BBI value can be found in
the cross-table, in the row with the lowest tolemglass and its associated class frequency,

and in the column with the correct taxa richneasc(Table 2.2).

The column with indicator groups in Table 2.2 camasome modifications in comparison to
the original table of De Pauw and Vanhooren (1988ilich will be discussed further in this
paper. BBI values correspond to water quality @assith their associated formal valuation,
which are summarised in Table 2.3 (De Pauw and dargm, 1983).

Table 2.1.Identification levels of macroinvertebrate taxa éalculating the BBl (De Pauw
and Vanhooren, 1983).

Taxonomic group Determination level of systematic nits
Plathelminthes Genus

Oligochaeta Family

Hirudinea Genus

Mollusca Genus

Crustacea Family

Plecoptera Genus

Ephemeroptera Genus

Trichoptera Family

Odonata Genus

Megaloptera Genus

Hemiptera Genus

Coleoptera Family

Diptera family, excl. Chironomidae:

Hydracarina

Chironomidae, groughummi-plumosus
Chironomidae, groupon thummi-plumosus

presence
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2.2.3 Example

Consider a macroinvertebrate sample that consiktsiree different taxa, each being
represented by at least two individuals, and twthete have a tolerance class of three, and
no taxa have a tolerance class of one or two. Bybioing the column corresponding with 6-
10 taxa and the row with a tolerance class of tlre a class frequency of 1-2, the sample

would be assigned a BBI of 5. This can be seeralnel2.2.

Table 2.2.Calculation of the BBI (De Pauw and Vanhooren,3)98 he first column gives
the tolerance class for taxa belonging to the spweding indicator groups of the second
column. The third column is the class frequencyther number of taxa within one tolerance
class. Columns 4-8 give the BBI value based ortdted number of taxa, the lowest tolerance
class, and, the class frequency within the lowelgrance class. Proposed modifications of
indicator groups discussed in this chapter arecatdd in bold.

Tolerance class Class frequencyNumber of taxa
# Indicator groups 0-1 25 6-10 11-1216
1. Plecoptera; Heptageniidae >2 - 7 8 9 10
1 5 6 7 8 9
2. Cased Trichoptera >2 - 6 7 8 9
1 5 5 6 7 8
3. Ancylidae;Acroloxus; >2 - 5 6 7 8
Ephemeroptera (excl. Heptageniidae) -2 3 4 5 7
4. AphelocheirusOdonata; Gammaridae> 1 3 4 5 6 7

Mollusca (exclAncylidae; Acroloxus;

SphaeriidaeCorbicula)

5. Asellidae; Hirudinea; Sphaeriidae; >1 2 3 4 5 -
Hemiptera (excAphelocheiru}
6. Tubificidae; >1 1 2 3 - -

Chironomidae, grouppummi-plumosus

7. Syrphidae-Eristalinae >1 0 1 1 - -
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Table 2.3.Water quality classes corresponding to the BBueal(De Pauw and Vanhooren,
1983).

Quality class  BBI Colour code Valuation

I 9-10 Blue Lightly polluted or unpolluted
Il 7-8 Green Slightly polluted

Il 5-6 Yellow Moderately polluted

\Y 3-4 Orange Heavily polluted

\% 0-2 Red Very heavily polluted

2.3 Evaluation of the applicability of the BBI in the context of the
WFD

For the implementation of the WFD in Flanders, aseasment method for rivers and lakes
based on macroinvertebrates is needed. Table 2semis an inventory of the requirements
that the projected method should comply with analeates the compliance of the BBI with

these criteria. Ten WFD-related and two additiquralctical criteria based on an audit of the

BBl method (Heylen et al., 1999) are evaluated.

Out of the ten WFD-related criteria, six are conglle fulfilled by the BBI. The index
provides an indication of general degradation stabased on the macroinvertebrate
community, taking into account taxonomic compositisensitivity and diversity, the results
can be assigned to five quality classes and itp@i@able to rivers. Although it can be
discussed what is exactly meant in the WFD by theupeter “taxonomic composition”, it
can be assumed that the combined use of indicabaipg and class frequencies is sufficient

to comply with this parameter.

The two practical criteria are also fulfilled. TB8&I is very practical and cost-efficient in use
for routine monitoring as well as for individualudtes, as long as the necessary equipment
and trained staff is available. Admittedly, the kgaiion of the index has its cost, but in

comparison to other macroinvertebrate assessmetitodse the BBI is among the cheaper
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methods, because the equipment is not more thawasth and the identification level is

limited (which saves on manpower).

Table 2.4.Inventory of WFD-related and practical requirensefar a biological assessment
method based on macroinvertebrates for rivers akes|l and appraisal of BBl compliance.
++: perfectly compliant; +: sufficiently compliant: not compliant or compliance is

debatable; --: problematic.

Requirements BBI compliance

WFD-based requirements

Indicates status of general degradation based cromaertebrates  ++
Takes into account taxonomic composition ++
Takes into account abundance -
Takes into account species sensitivity ++
Takes into account diversity ++
Is expressed as an EQR based on reference -
Can be classified into quality classes ++
Type-specific --
Applicable to rivers ++

Applicable to lakes -

Other requirements

Practical in use ++

Cost-effective +

Four criteria are negatively evaluated in Table, 2l of them among the WFD-related
requirements. Among the parameters that shouldakentinto account, abundance is not
incorporated in BBI calculation. A minimum abundanaf two individuals is required for
inclusion of a taxon in the index calculation, thg abundance as such is not incorporated in
the index calculation. A second problem concerres EQR approach. The index does not
explicitly take a description of reference condiganto account, although one might argue
that a BBI value of ten is implicitly considered ragerence conditions. In that case, the EQR
could be obtained by simply dividing the BBI valuag ten. Furthermore, it is not a type-
specific method. All watertypes are evaluated byamseof the same criteria. It is known
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however that the composition of the macroinverteb@mmunities changes progressively
from headwater stream to river (Vannote et al.,0)98&Iso, the BBl was intended as an
assessment system for watercourses (De Pauw arftbdiam, 1983) and hence an index for

stagnant waters is still missing.

Overall, it can be concluded that significant pewb$ arise with regard to the application of
the BBI as an assessment method in the contekiediMFD. On the other hand, the practical
experience that was developed by the VMM through ékploitation of a large monitoring

network based on the BBI is highly valuable andusthdoe preserved. Also, the general
reliability, robustness and cost-efficiency of thneethod are important qualities for a
biological assessment index, also with regard tdVtonitoring. In conclusion, it should be

considered to develop an index that incorporatesethqualities into a WFD-compliant

system.

2.4 Inconsistencies in biological assessment metisoatccurring

over time

The BBI is based on a taxonomic level that is actcal trade-off between taxonomic
precision on the one hand and time constraints fexahcial resources on the other hand.
However, a difficulty that arises with identificati levels other than species, is caused by
possible changes in taxonomy over time, giving tiseconsistencies in index calculation. A
given genus may be split up into two or more germra species can be assigned to a
different genus. These changes may alter the \@flulee biotic indices calculated based on
the given taxa, respectively because the numbéaaf (of a level higher than species) has
changed or a taxon is replaced by another oner{havdifferent tolerance class). This will be

demonstrated by a simple example of Belgian Biliitex calculation of a virtual sample.

Similar problems can occur due to the invasionxaitie species. Newly-occurring taxa raise
discussions whether or not to include them in tkisteag index, which may imply defining a
tolerance class for the new taxon, as used in miosic index methods. This problem has

risen for at least one exotic genus in Belgiumy#isbe discussed later.
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2.4.1 Inconsistencies due to taxonomic modificatien

De Pauw and Vannevel (1991) published keys in Dutwh identification of aquatic
macroinvertebrates, for each group up to the apjai@oBBI level. Since the publication of
these identification keys, taxonomy of some groopsnacroinvertebrates was changed,
resulting in genera splitting up into more than geaus. Examples are the gastropod genera
Lymnaea Stagnicola Radix and Galba, formerly all considered akymnaeaspecies; the
gastropodPhysella formerly belonging to the genu®hysa and Aquarius najas(De Geer,
1773), formerly belonging to the genGerris. As a result, two samples containing the same
species and the same number of individuals for spekies could result in a different index
depending on whether the current state-of-theraraxonomy is followed for identifying the

organisms or the taxonomic levelsnsuDe Pauw and Vannevel (1991) are used.

This is demonstrated with a simple example of a B8lculation for two virtual samples
(Table 2.5). The two approaches produce differeBt Balues in both examples. Table 2.5
(panels A and B) gives a list of species with thegpective abundances and tolerance classes.
Subsequently, the BBI is calculated following bagbproaches. In the first example (Table
2.5, panel A), identification of the sample followgi the keys of De Pauw and Vannevel
(1991) will result in a decrease of taxa richnegh two units, and a decrease of the BBI with
one unit, because the gendékquariusandRadix are assigned to other genee(ris and
Lymnaea respectively). In the second example (Table ganel B) the actual taxa richness
decreases with one unit, but for BBI calculationiritreases with a unit because two
individuals are only counted when representing shme taxon since two is the minimal
abundance for inclusion in BBI calculation. As aui¢, the BBI increases with two units in

this case.

Both approaches can be justified since the origmadlication of the BBl (De Pauw and
Vanhooren, 1983) only indicates the levels of ide@ition (Table 2.1). Application of the
BBI sensu strictotoday would therefore imply using the current lsvef identification,
although only using the same taxonomic identifaatkeys at all time would lead to stable

results, i.e. a time-independent calculation of B&lues.
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Table 2.5.Calculation of the BBI of two virtual samples.

Panel A. Example resulting in a decreased BBI duexonomic changes

Species Abundance Tolerance Taxa according to the current state- Taxa according to the taxonomy as

class of-the-art taxonomy (each at the applied in De Pauw and Vannevel
applicable level) (1991) (each at the applicable level)

Tubifex tubifex 100 6 Tubificidae Tubificidae

Chironomus riparius 45 - Chironomida@on thummi-plumosus Chironomidaeon thummi-plumosus

Erpobdella octoculata 4 - Erpobdella Erpobdella

Lymnaea stagnalis 5 4 Lymnaea Lymnaea

Radix peregra 2 4 Radix

Gerris lacustris 4 5 Gerris Gerris

Aquarius najas 2 5 Aquarius

Total number of taxa 7 5

Lowest tolerance class 4 4

Tolerance class frequency 2

BBI 5 4

Water quality class 11l (yellow) IV (orange)

Panel B. Example resulting in an increased BBl tuaxonomic changes

Species Abundance  Tolerance Taxa according to the current state- Taxa according to the taxonomy as

class of-the-art taxonomy (each at the applied in De Pauw and Vannevel
applicable level) (1991) (each at the applicable level)

Tubifex tubifex 100 6 Tubificidae Tubificidae

Chironomus riparius 45 - Chironomida@on thummi-plumosus Chironomidaaon thummi-plumosus

Erpobdella octoculata 4 - Erpobdella Erpobdella

Lymnaea stagnalis 1 4 (Lymnaea) Lymnaea

Radix peregra 4 (Radix)

Gerris lacustris 5 Gerris Gerris

Sialis lutaria 10 - Sialis Sialis

Total number of taxa 5 6

Lowest tolerance class 5 4

Tolerance class frequency 1 2

BBI 3 5

Water quality class IV (orange) 11l (yellow)

The first and second column of both panels a atist the species and their respective abundaniceshird one the tolerance classes, the
fourth one the taxa according to the current stétise-art taxonomy (each at the applicable lewaty the fifth one the taxa according to the
taxonomy as applied in De Pauw and Vannevel (198d49h at the applicable level). At the bottom @ tburth and fifth column the BBI
and the respective water quality class is indic&edoth approaches.

An estimation of the percentage of actual sampteswhich both approaches provide
different results was not possible since the idieations of the VMM are only recorded at
the lumped levels (e.dLymnaeancluding Stagnicola RadixandGalba). In order to obtain a

rough indication, both approaches were comparedraus a genus that was split before the

publication of the identification keys of De Paundavannevel (1991) and hence all actual
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taxa are recorded in the VMM data set. The record@xh are Anisus Armiger,
BathyomphalusGyraulus Hippeutis PlanorbisandSegmentina284 samples from the VMM
data set contained at least two individuals of estst two of the seven taxa. BBI was
calculated for these samples when distinguishimgsteven taxa and calculated again after
summing the abundances of the seven taxa intoaxom tAnisus For 34 samples (12,0 %),
summing the taxa resulted in a BBI decrease ofumiite The other samples were not affected.

Since there is no reason to assume that taxonomifications will not proceed in future,

this problem can only be overcome by using a fikk&dof taxa at all time (or, more correctly,
a semi-fixed list; see further). The establishmehta common list of taxa was already
recommended by Woodiwiss in 1980. For the Germamoséc index, a fixed taxon list is

already in use (DIN, 1990).

2.4.2 Inconsistencies due to the introduction of exic species

Adverse effects of invasive species on ecosysteswe been discussed by several authors
(e.g. Lodge, 1993; Cairns and Bidwell, 1996; Macdkak, 2000; Torchin et al., 2003).
Invasion of exotic macroinvertebrate genera in Barns increasing (e.g. Van den Brink et al.,
1991, Bij de Vaate et al., 2002). These invasicgse controversy on the subject of index-
based biological assessment, strongly relatedetgjtiestion whether or not a fixed taxa list is
used. An important aspect of this controversy eshigher potential number of taxa present in
monitoring samples due to these introductions, i@y cause an increase in index number
when using an index dependent on taxa richnessudgfh@lpha diversity, expressed as
number of taxa, may have risen, this will only leélected in index calculation provided the
new taxon is included in the list for index caldida. On the other hand, introduction of
exotic species might as well cause a decreasepbhaiversity, which is masked due to a
higher taxonomic identification level. For examptae invaderDikerogammarus villosus
(Sowinsky, 1894) (Crustacea, Gammaridae) mightaupete a number of native gammarid
species (e.g. Bij de Vaate et al., 2002), but ik not influence the results of the index

calculation at family level of a given sample sifig@mmaridae are still present.

Nguyen and De Pauw (2002) reported the invasioth@fAsian clamsCorbicula fluminea
(Muller, 1774) andCorbicula fluminalis (Muller, 1774) (Mollusca, Corbiculidae) in the
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Belgian section of the river Meuse, and some ofcihrienected canals in the early 1990s and
the continuing colonisation dforbicula species in Belgian watercourses. They could not
establish a correlation between the clam densifyr@portion and the quality of the sediment.
Since no tolerance class is defined €@orbicula this may cause inconsistencies in BBI
calculations due to a lack of consensus on howetd dith this phenomenon. The VMM
encounters this genus more and more frequenthtsirbiological samples. The question
emerged whether or not this exotic genus shoulthdeded in BBI calculation, and if so,
which tolerance class to use. A strict interpretatdf the tolerance class as described by De
Pauw and Vanhooren (1983) would lead to the inclusif Corbiculain the standard list with

a tolerance class of 4, being a non-sphaeriid reolland thus being quite tolerant. By means
of two calculation examples it is demonstrated tthas may cause differences in index

calculation (Table 2.6).

Table 2.6 (panels A and B) gives a list of taxéhwiiteir respective abundances. Then the BBI
is calculated according to three different appreachn the first approactCorbicula is
neglected, in the second it is included withouetahce class (“-”) and in the third it is
included with a tolerance class of 4. Note theedéhce between a tolerance class “-” and the
absence of a tolerance class. With a “-” toleratheetaxon is only taken into account for
taxon richness, while in the absence of a toleratass the taxon is not included at all. The
first example (Table 2.6, panel A) is a sample altyuaken by the VMM on 6 May 1998 at a
sampling site in the Albert Canal at Genk. In #ase, the inclusion &orbiculaleads to an
increase of the BBI from 6 to 7. The VMM reportée tBBI of this sampling site as 7, and
consequently this site met the basic water quabtyditions (BBI=7) thanks t@orbicula In

the second example (Table 2.6, panel B), a virsaahple, it is demonstrated that the three

approaches can as well lead to three different\Biles.

Eighteen samples from the data set of the VMM doetiCorbiculaindividuals. In twelve of
these samples, at least two individuals were cauatel henc€orbiculawas included in the
BBI calculation of these samples. For one sampébl@ 2.6, panel A), the BBI was affected
whenCorbiculawas discarded. The number of samples was howeatgstgally insufficient
and therefore conclusions on the probability oketihg the BBI could not yet be drawn.
Nguyen and De Pauw (2002) found that includ@aybicula species in the Biotic Sediment
Index (BSI; De Pauw and Heylen, 2001), altereddgimal sediment quality classification in

52 % of the cases.
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Table 2.6.Calculation of the BBI of a real (panel A) andidual (panel B) sample.
Panel A. sample taken by the VMM on 6 May 1998atsling site nr. VMM-820000 in the Albert Canal@nk:

Taxa Abundance Tolerance classTolerance class if Tolerance class
without inclusion of Corbicula is included according to De Pauw

Corbicula without tolerance class and Vanhooren (1983)
sensu stricto

Naididae 2 - - -
Tubificidae 11 6 6 6
Chironomidaenon thummi-plumosus 11 - - -
Helobdella 1
Erpobdella 11 5 5 5
Gammaridae 11 4 4 4
Atyidae 11 - - -
Asellidae 1
Cambaridae 2 - - -
Bithynia 11 4 4 4
Ancylus 2 3 3 3
Dreissena 11 4 4 4
Sphaerium 11 5 5 5
Corbicula 2 - 4
Valvata 2 4 4 4
Physa 2 4 4
Pisidium 2 5 5
Ecnomidae 11 - - -
Total number of taxa 15 16 16
Lowest tolerance class 3 3 3
Tolerance class frequency 1 1
BBI 6 7 7
Water quality class 111 (yellow) Il (green) Il (gr een)
Panel B. virtual sample:
Taxa Abundance Tolerance classTolerance class if Tolerance class

without inclusion of Corbicula is included according to De Pauw

Corbicula without tolerance class and Vanhooren (1983)

sensu stricto
Tubificidae 100 6 6 6
Chironomidaghummi-plumosus 45 6 6 6
Asellidae 20 5 5 5
Erpobdella 4 5 5 5
Gerris 5 5 5
Corbicula 50 - 4
Total number of taxa 5 6 6
Lowest tolerance class 5 5 4
Tolerance class frequency 3
BBI 3 4 5
Water quality class IV (orange) IV (orange) Il (yellow)

The first column lists the taxa, the second oneathendances, the third one the tolerance clas€aslificulais not included, the fourth one
the tolerance classesGorbiculais included without tolerance class (“-"), and fifth one the tolerance classes according to DearPand

Vanhooren (19833ensu stricto

Wim Gabriels



Multimetric assessment of freshwater macroinvegtbcommunities in Flanders, Belgium 74

In order to obtain a more reliable indication oé tlhiequency of BBI alteration if an alien
taxon would be discarded, the same calculation pearmed forDreissena another alien
bivalve that was already included in the taxa dfDe Pauw and Vannevel (1991), with a
tolerance class of Dreissenais already present in Belgian waters for a longae and
consequently more data were available for compacalgulations. 421 samples from the
VMM data set contained at least tMweissenaindividuals. The BBI was calculated for all
samples and recalculated after exclusioDissena For 100 samples (23,8 %), BBI values
decreased whebDreissenawas excluded. 98 of these (23,3 %) decreased am¢hBBI unit

and two (0,5 %) with two units.

Biodiversity loss that is not evident at the taxmnolevel of the biotic index used, is a matter
of bioconservation and not of biological assessmémtater quality. Therefore the new genus
should be included in the taxa list since it hasobge part of local biodiversity. A biotic
index,in casuthe BBI, is partly based on a rapid biodiversiiywvey (expressed as number of
taxa) as an indicator of the water quality, nothef ecosystem stability. Furthermore, species
that invaded our regions at earlier times wereaalyeincluded in water quality assessment
and are nowadays commonly accepted. Therefore récommended to includ&orbiculain

the standard taxa list, despite its potential halraffects. To obtain insight in the adverse

effects of the invasion of this genus, more detiadieidies - at species level - are necessary.

The VMM has already added the gefisrbiculato its standard list for calculating the BBI,
however without assigning a specific tolerancehasit (“-”). In this way,Corbicula only
affects the BBI through the number of taxa andthatugh its tolerance class, which is also

the case for e.g. the taxa of Plathelminthes anst Diptera.

A number of exotic species of Ponto-Caspian oraganinvading European watercourses (e.g.
Bij de Vaate et al., 2002). Many of these specigh sasDikerogammarus villosyselong to

a taxon ih casuGammaridae) that is already in the list, whileepghwill have to be included

in the list as new taxa, for the same reasorGasbicula Some of these are very likely to be
encountered in Flemish watercourses in the neardufAnticipating this, two Ponto-Caspian
taxa should already be added to the list: Amphdaet(Polychaeta) and Janiridae (Crustacea).

The presence aoflypania invalida(Grube, 1860) (Polychaeta, Ampharetidae) was tgcen

reported in the river Meuse (Vanden Bossche e@D]1). Although not yet encountered in
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VMM samples, this may be expected in the near &jtaspecially in the Flemish stretch of
the river Meuse. Therefore, Polychaeta should lbe@as a new group, including one taxon,
Ampharetidae, with tolerance class “-”, the idanéfion level being set at family (as for

Oligochaeta). Another Ponto-Caspian invadeera istriVeuille, 1979 (Crustacea, Janiridae)
has also recently been encountered in the riverskl€Usseglio-Polatera and Beisel, 2003),
although not collected in VMM samples so far. Capstly, the list of Crustacea should be

extended with the family Janiridae, with toleractass “-”".

2.4.3 List of taxa taken into consideration

There is indeed a growing need to ensure that BlevBlues remain comparable in future,
which implies not altering the method itself, bathrer clarifying the problems that emerge, to
ensure its future application without being incetesnt with the past and current practice.
Altering the method itself would imply making oleshéh new applications incomparable; in
other words, it would be a different index. The aifrthis paper with regard to the BBI was to

identify the problems that arose since 1991 anggse solutions to these problems.

Initially, a checklist by Vanhooren et al. (1982asvcommonly used as a reference base for
taxonomy of the systematic levels used in the Baltulation. Some additional taxa were
added later, e.g. due to the separation of theusmlgenusAnisusinto Anisus Armiger,
BathyomphalusGyraulus Hippeutis PlanorbisandSegmentina

Although the original description of the BBI methddtes from 1983, the situation in 1991
was chosen as point of reference. At that moméet,aforementioned modifications were
already established and commonly accepted. Thatsituin 1991 was chosen as point of
reference for two reasons. The first reason is #iathat time a large-scale monitoring
network in Flanders was being initiated by the VMMth the already cited modifications.

The second reason is that the keys of the Pauvwandevel (1991) are nowadays widely
used and accepted as standard reference for taxordentification levels with regard to the

BBI.

In the previous paragraphs it has been shown #eednbmic modifications and alien

invasions may both lead to biased BBI calculatigkghough a change of one or two units in
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BBI (on a 0-10 scale) may seem insignificant, ih@t. A small change in BBI may also lead
to a change in the quality class (cf. Table 2.3)isTmay become (legally) crucial when this
quality class boundary is also a quality standatd, the boundary between the ecological
quality classes “good” and “moderate”, the targetposed by the WFD (EU, 2000).

Moreover, a standardised assessment method shauldnbmbiguously applicable and

produce unbiased results at all times. This underhie need for establishing a fixed taxa list.
Because more exotic taxa can be expected to inBattgan watercourses in the future, a
fixed taxa list may need to be extended later Withse taxa. Therefore a proposal for a fixed
taxa list should be more likely called a semi-fixistl, leaving the possibility to add new taxa

at a later time.

Table 2.7 is a proposal for a semi-fixed list toused to calculate the Belgian Biotic Index in
order to eliminate the discussed calculation in=tescies. This list contains 221 taxa and
can be considered as a semi-fixed list, in theeséimst the taxa already in the list cannot be
altered (e.g. split up or lumped), but that the tisay be extended with possible future
invaders when necessary. The list is based onatke ientificationsensuDe Pauw and
Vannevel (1991) with the addition of the Polycha&eily Ampharetidae, the Mollusca
genusCorbicula and the Crustacea family Janiridae. The notati®h”“(sensu latp was
added to those taxa that comprise one or moreitaaddition to the one actually mentioned.
In the case of Hydracarina the notation s.|. alyesgpeared on the original list of De Pauw
and Vannevel (1991) because Hydracarina s.|. ca®pridydrozetesin addition to
Hydracarina s.s.sensu stricth Because the Belgian Institute for Normalisath@as adopted
the BBI as a standard method (BIN, 1984), it isoremended that its method description
(NBN T92-402) be extended by including this new sBxred taxa list.

Taxa belonging to groups such as Bryozoa, Hydrokiemertea, Nematoda, Ostracoda and
Porifera are not included in the new taxa list. &dsom these groups are not frequently
encountered in macroinvertebrate samples. Thesepgralready did not appear on the
original list in De Pauw and Vannevel (1991), arwkit addition would cause new

inconsistencies between BBI calculations, sincg thay have been present in older samples.
This problem does not arise with new, exotic taraesthey were not yet encountered in the

older samples. For this reason, the mentioned grotifaxa were not added to the list.

Wim Gabriels



Multimetric assessment of freshwater macroinvegtbcommunities in Flanders, Belgium 77

Comparison of the tolerance classes of Table 2t thie indicator groups from Table 2.2
reveals some inconsistencies as waticoloxus having a tolerance class 3, is not included in
the appropriate column in Table 2.2. This is duthtofact that according to Vanhooren et al.
(1982), Acroloxusbelonged to the family Ancylidae, which is incladim Table 2.2 among
tolerance class 3. Sinckcroloxusis now considered as belonging to a separate yamil
(Acroloxidae), it should be included there as wellrthermore, not only Sphaeriidae should
be excluded from the Mollusca mentioned in toleeadlass 4, but alsGorbicula Ancylidae
and Acroloxus All mentioned inconsistencies were corrected imdicated in bold in Table
2.2.
The proposal for future application of the BBIletefore as follows:

(1) application of the taxa list from Table 2.7 witletassociated tolerance classes;

(2) calculation of the index value based on all taxa/bich more than one individual was

found, using Table 2.2;
(3) determination of water quality class by means dilé2.3.

Table 2.7. Proposed semi-fixed taxa list of aquatic macraiteleates for calculating the
Belgian Biotic Index in order to avoid inconsistezsc The first column lists the taxa, the
second one the associated tolerance clakgemaeas.l. =Lymnaeaor Stagnicolaor Radix
or Galba Physas.l. =Physaor Physella Pseudamnicola.l. =Pseudamnicolar Mercuria;
Hydracarina s.I. = Hydracarina dfydrozetes Gerris s.I. = Gerris or Aquarius TC =

Tolerance Class.

Taxon TC Enchytraeidae - Hemiclepsis 5
Plathelmintes Haplotaxidae - Hirudo 5
Bdellocephala - Lumbricidae - Piscicola 5
Crenobia - Lumbriculidae - Theromyzon 5
Dendrocoelum - Naididae - Trocheta 5
Dugesia - Tubificidae 6 Mollusca

Phagocata - Hirudinea Acroloxus 3
Planaria - Cystobranchus 5 Ancylus 3
Polycelis - Dina 5 Anisus 4
Polychaeta Erpobdella 5 Anodonta 4
Ampharetidae - Glossiphonia 5 Aplexa 4
Oligochaeta Haementeria 5 Armiger 4
Aelosomatidae - Haemopis 5 Bathyomphalus 4
Branchiobdellidae - Helobdella 5 Bithynia 4
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Bythinella
Corbicula
Dreissena
Ferrissia
Gyraulus
Hippeutis
Lithoglyphus
Lymnaeas.|.
Margaritifera
Marstoniopsis
Myxas
Physas.l.
Pisidium
Planorbarius
Planorbis

Potamopyrgus

Pseudamnicols.l.

Pseudanodonta
Segmentina
Sphaerium
Theodoxus
Unio

Valvata

Viviparus

A W b~

N
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Mysidae
Palaemonidae
Talitridae

Triopsidae

Acari

Hydracarina s.1.

Crustacea
Argulidae
Asellidae
Astacidae
Atyidae
Cambaridae
Chirocephalidae
Corophiidae
Crangonyctidae
Gammaridae
Grapsidae
Janiridae
Leptestheriidae

Limnadiidae

Ephemeroptera
Baetis
Brachycercus
Caenis
Centroptilum
Cloeon
Ecdyonurus
Epeorus
Ephemera
Ephemerella
Ephoron
Habroleptoides
Habrophlebia
Heptagenia
Isonychia
Leptophlebia
Metreletus
Oligoneuriella
Paraleptophlebia
Potamanthus
Procloeon
Rhitrogena

Siphlonurus

W P W W W Ww w wwkrkr WwWwwwwwekE,PWwwwwow

Erythromma
Gomphus
Ischnura
Lestes
Leucorrhinia
Libellula
Nehalennia
Onychogomphus
Ophiogomphus
Orthetrum
Oxygastra
Platycnemis
Pyrrhosoma
Somatochlora
Sympecma

Sympetrum

B T . T . T - T S T O N - N N N N S

Odonata
Aeshna
Anax
Brachytron
Calopteryx
Cercion
Ceriagrion
Coenagrion
Cordulegaster
Cordulia
Crocothemis
Enallagma

Epitheca

R T T T T N N S S

Plecoptera
Amphinemura
Brachyptera
Capnia
Chloroperla
Dinocras
Isogenus
Isoperla
Leuctra
Marthamea
Nemoura
Nemurella
Perla
Perlodes
Protonemura
Rhabdiopteryx

Taeniopteryx

e e e T e T e T o T T = = S S S

Hemiptera
Aphelocheirus
Arctocorisa
Callicorixa
Corixa
Cymatia

Gerriss.l.

o o1 o1 o o~
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Glaenocorisa

Hebrus

Hesperocorixa

Hydrometra
llyocoris
Mesovelia
Micronecta
Microvelia
Naucoris
Nepa
Notonecta
Paracorixa
Plea
Ranatra
Sigara

Velia

(@2 BN & 2 [N @ 2 IR & 2 NS 2 NN @ 2 NN & 2 NN & 2 I @ NN & 2 IR @ 2 @ 2 BN & 2 BN @ 2 BN @ 2 RN &) |

Hygrobiidae
Noteridae
Psephenidae

Scirtidae

Megaloptera
Sialis
Coleoptera
Dryopidae
Dytiscidae
Elminthidae
Gyrinidae
Haliplidae
Hydraenidae

Hydrophilidae

Trichoptera
Beraeidae
Brachycentridae
Ecnomidae
Glossosomatidae
Goeridae
Hydropsychidae
Hydroptilidae
Lepidostomatidae
Leptoceridae
Limnephilidae
Molannidae
Odontoceridae
Philopotamidae
Phryganeidae
Polycentropodidae
Psychomyidae
Rhyacophilidae

Sericostomatidae

Diptera
Athericidae

Blephariceridae

Ceratopogonidae
Chaoboridae
Chironomidae non
thummi-plumosus
Chironomidae  thummi-
plumosus

Culicidae
Cylindrotomidae
Dixidae
Dolichopodidae
Empididae
Ephydridae
Limoniidae

Muscidae
Psychodidae
Ptychopteridae
Rhagionidae
Scatophagidae
Sciomyzidae
Simuliidae
Stratiomyidae
Syrphidae-Eristalinae
Tabanidae
Thaumaleidae

Tipulidae

Sampling macroinvertebrates and calculating the BBBR rigorous task and should be
performed with the highest possible care and patiAlong with the calculation method,
many other sources of variability exist, such assenality (e.g. Hughes, 1978; Furse et al.,
1984, Rosillon, 1989; Linke et al., 1999; Humpheg\al., 2000; Reece et al., 2001), operator
(e.g. Humphrey et al., 2000) and sampling varia{eg. Clarke, 2000; Clarke et al., 2002).
Due to all these sources of variability, it is diffit to attain a high precision for the BBI.

Nevertheless, these other sources of errors aegl@ditional incentive for using a calculation

method that is as rigorous as possible.
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2.5 Conclusions

Lack of consensus on how to deal with taxonomic iffeadions and invasions of exotic
species may lead to inconsistencies in biotic indaiculation. This problem could be
overcome by using a semi-fixed taxa list. A semefi list of macroinvertebrate taxa
including a tolerance class for each taxon is pseddn order to avoid inconsistencies in the
calculation procedure of the Belgian Biotic Ind&kis list is based on the taxa identification
sensu De Pauw and Vannevel (1991) with the addition b& tPolychaeta family
Ampharetidae, the Mollusca genGerbiculaand the Crustacea family Janiridae. It is hoped
for that this list may lead to a harmonisation loé BBl (and derived indices) calculation

practice so that the BBI values can still be cormagamambiguously in the future.

With regard to the implementation of the WFD, ic@ncluded that the Belgian Biotic Index
does not comply with a number of WFD-requiremehts, the valuable practical experience
with this method at the VMM, and the general religh robustness and cost-efficiency of
the BBI are interesting qualities that are alsohhigimportant for WFD monitoring. In
conclusion, it should be considered to developndex that incorporates these qualities into a
WFD-compliant system. In case a new index is deeatlpthe recommendations with regard

to the use of semi-fixed taxa lists raised in tapter evidently still hold.
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Chapter 3. Development of an index for assessing
biological water gquality in different types of rivers

and lakes in Flanders (Belgium)

Incorporating redrafted sections of:

Gabriels, W., Goethals, P.L.M. & De Pauw, N. (200#)e Multimetric Macroinvertebrate
Index Flanders (MMIF) for assessing biological wafeality in different types of rivers and

lakes in Flanders (Belgium). Limnologica: submitted
and

Gabriels, W., Goethals, P.L.M. & De Pauw, N. (20@@velopment of a multimetric
assessment system based on macroinvertebrategeiarin Flanders (Belgium) according to
the European Water Framework Directive. Verhandiumnder Internationale Vereinigung fur

Theoretische und Angewandte Limnologie 29(5): 22282.

Rivers cannot continue to meet society’s needheneeds of living things, if humans
continue to regard river management as a purelytioal or engineering challenge. The flow
of rivers is part of a greater flow, the planet'ater cycle, which sustains not only the flow of
water but the entire web of life. Ultimately, thendition, or health, of the aquatic biota is the

best means of understanding and controlling humamnpact on the Earth’s watercourses
and on the whole water cycle.

James Karr and Ellen Chu (2000)
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3. Development of an index for assessing biological
water quality in different types of rivers and lakes in

Flanders (Belgium)

3.1 Introduction

According to the European Water Framework DirectfW=D; EU, 2000), a good status
should be achieved for all natural surface watethée European Union by the end of 2015. A
good surface water status is more specifically ndefi as the attainment of both a good
ecological and chemical status. Assessment of ¢bhkogical status is based on a number of
biological quality elements as well as hydromorplgatal, chemical and physico-chemical
elements supporting these biological elements. SBess the status of the biological quality
elements, member states must choose or devel@ssifdation method, taking into account

a set of parameters depending on the quality ele(&th 2000).

The biological elements that must be taken inteastdepend upon the category of surface
waters. For the categories “rivers” and “lakes’g @f the relevant elements is the “benthic
invertebrate fauna” (EU, 2000), commonly referreca$ macroinvertebrates. For this quality
element, the parameters “taxonomic composition ahdndance”, “ratio of disturbance
sensitive to insensitive taxa” and “diversity” skebbe taken into account. The quality index
must be in agreement with an Ecological QualityiReEQR) showing relative proportion of
the index compared to the reference conditionss HQR has a value between zero and one,
where 1 corresponds to a (maximal) very good aad(fdinimal) bad ecological status. The
interval between 0 and 1 is divided into 5 clagsdlecting high, good, moderate, poor and
bad status, respectively (EU, 2000).

To overcome the technical shortcomings of the BBhwegard to the WFD implementation
(see Chapter 2), the development of a new, typeHspenultimetric index was envisaged. A
multimetric index describes the state of an ecesydity means of several individual variables

(metrics). These metrics each represent a diffezentponent of ecosystem quality and are
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combined into one index value. Multimetric indicgsre first developed for fish communities
(e.g. Karr, 1981; Fausch et al., 1984) and lateo &br other indicator groups, including
macroinvertebrates (e.g. Kerans and Karr, 1994rridhand Williams, 1997; Béhmer et al.,
2004b). An important advantage of multimetric iredids that they are flexible and can easily
be adjusted by adding or removing metrics or funairtig the metric scoring system. In several
European member states, multimetric indices haea loeveloped or are under development
for application within the WFD. For example, withine AQEM project (the development
and testing of an integrated Assessment systenthéorecological Quality of streams and
rivers throughout Europe using benthic Macroinvandées), multimetric indices were
developed for 28 types of streams throughout Eu(bleeing et al., 2004).

In this chapter, a multimetric, type-specific indéor assessment of rivers and lakes in
Flanders based on macroinvertebrates is proposhkis ifdex, called the Multimetric

Macroinvertebrate Index Flanders (MMIF), combings tobustness of the BBI with the
versatility of multimetric indices, allowing for aadaptation of scoring criteria for each river
or lake type to reflect the relative distance tiemence conditions. A preliminary concept of
this index was described by Gabriels et al. (2006)s chapter provides an overview of the
final version of the MMIF and its development presdor all types of rivers and lakes in
Flanders, using the existing experience with thd, BBientific literature, analysis of the

macroinvertebrate database of the VMM and a coaisoitt of a panel of macroinvertebrate

experts.

3.2 Multimetric macroinvertebrate index method devéopment

3.2.1 Typology

The MMIF is a type-specific index, which means timatex calculation depends on the type
of river or lake a sampling site belongs to. A tiggy for all categories of water bodies
(rivers, lakes, transitional and coastal watersfl@nders was developed by Jochems et al.
(2002) according to the WFD requirements as a fraone for the development of assessment
methods based on the relevant biological qualigmeints. For the river category, one

adaptation was applied to the typology of Jochetad.€2002): the river order according to
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Strahler (1952) is presently not used as a criteridhe reason for this was that on the one
hand determining Strahler order in a consistentnmaamproved to be unfeasible due to its
dependence on map resolution, and on the other katzhment area was considered
sufficiently representative for the size of the evaburse. For lakes, no adaptations were
introduced to the typology, but for the purposehed MMIF, the ten lake types defined by

Jochems et al. (2002) were clustered into four nyereeral types.

An overview of the Flemish types of rivers and kkes used within the MMIF, including
their abbreviations and determining propertiespesented in Table 3.1. The abbreviations
are those used by the VMM and are based on thehDhaimes of the types. An overview of
the hydro-ecoregions in Flanders according to Joshet al. (2002) is presented in Figure
3.1.

Table 3.1.Main characteristics of different types of rivarsd lakes in Flanders (Belgium), as
defined for application of the MMIF (based on Jaukeet al., 2002).

River types Abbreviation Hydro-ecoregion Catchmentarea
Small stream Bk Sand/sandy loam/loam < 50 kmz?
Small stream Kempen BkK Kempen < 50 km?2
Large stream Bg Sand/sandy loam/loam 50-300 km?2
Large stream Kempen BgK Kempen region 50-300 km?2
Small river Rk Any 300-600 km?
Large river Rg Any 600-10000 kmz
Very large river Rzg Any > 10000 km?2
Polder watercourse P Polder Not applicable
Lake types Abbreviation Properties

Alkaline A pH>7.5

Circumneutral C 7.5 > pH > 6.5; no clay

Acidic Z pH < 6.0; only sand/sandy loam/loam
Very slightly brackish Bzl Na > 250 mg/L; no sasaliidy loam/loam
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3.2.2 Sampling

It is recommended to carry out macroinvertebrabepdiamgs either during spring or autumn in
order to avoid the more extreme conditions, bothyafrological regime and of temperature,

to ensure a sufficiently reliable classificatiorvadter quality at a sampling site.

B Polder
B Kempen

— 7

[ sand/sandy loam/1oam

Brussels-Capital Region

Figure 3.1. Map of Flanders (Belgium) with indication of theydno-ecoregions (after

Jochems et al., 2002) cited in Table 3.1 for digtiahing river and lake types.

Macroinvertebrates are sampled using a standardniefnas described by De Pauw and
Vanhooren (1983) and BIN (1984). This handnet &iagf a metal frame of approximately
0.2 m by 0.3 m to which a conical net is attachetth & mesh size of minimum 300 and
maximum 500 um. The frame is attached to a 2 m &aft with two handles enabling it to
be handled in a similar way as a scythe. With thednet, a stretch of approximately 10-20
meters is sampled during 3 minutes for watercouesssthan 2 m wide or up to 5 minutes for
larger rivers. Sampling effort is proportionallysttibuted over all accessible aquatic habitats.
This includes the bed substrate (stones, sand of),nmuacrophytes (floating, submerging,
emerging), immersed roots of overhanging trees,alndther natural or artificial substrates,
floating or submerged in the water. Each aquathlithtis explored, either with the handnet
or manually, in order to collect the highest polkesitiversity of macroinvertebrates. For this
purpose, kicksampling is performed by verticallyspioning the handnet on the bed, and
turning over bottom material located immediatelgtogam by foot or hand. In addition to the
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handnet sampling, animals are manually picked fstones, leafs or branches (De Pauw and
Vanhooren, 1983). For lakes, macroinvertebrates sampled using the same method,

distributing the sampling effort among the repréatve parts of the water body.

If a site is too deep to be sampled with the hahdnethod, macroinvertebrates can
alternatively be sampled using the so-called Balgidificial substrates as described by De
Pauw et al. (1986; 1994). These substrates are asmdpof a plastic netting filled with
medium-sized (4-8 cm) pieces of brick, with a tot@lume of approximately 5 L. Per
sampling site, three substrates are placed in #terywanchored with a rope to a fixed point
located on the bank. The substrates should noldoegin open water but along the banks, in
protected sites among the vegetation near thecgyriia unprotected sites exposed to surface
turbulence, in deeper water. After an exposure tohat least 3 weeks, the substrates are

lifted from the water and transferred into a closedtainer (De Pauw et al., 1986).

3.2.3 Sorting, identification and counting

All collected material is thoroughly examined fomrepence of macroinvertebrates.
Identification is carried out according to the tagmic levels defined by De Pauw and
Vanhooren (1983). This means family, genus or srmmediate level for all taxa (except for
watermites, which are considered as a single taxidmg identification levels are summarised
in Table 3.2.

A list of all taxa taken into consideration for tNBVIIF is presented in Appendix 1. This list,
consisting of 223 taxa, is based on the list thas$ wresented in Chapter 2 for calculation of

the BBI in Flemish watercourses.

After identification, the total number of individiseof each taxon is recorded. If more than ten

individuals of the same taxon are encounteredidtad abundance can be estimated instead.
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Table 3.2. Taxonomic identification levels of macroinvertetiea(De Pauw and Vanhooren,

1983; Gabriels et al., 2005).

Taxon

Identification level

Plathelminthes
Polychaeta
Oligochaeta
Hirudinea
Mollusca
Crustacea
Plecoptera
Ephemeroptera
Trichoptera
Odonata
Megaloptera
Hemiptera
Coleoptera
Diptera, Chironomidae
Diptera, other
Hydracarina s.l.

genus
family
family
genus
genus
family
genus
genus
family
genus
genus
genus
family
grough(mmi-plumosusr nonthummi-plumosys
family

presence (i.e. counted as ormjax

3.2.4 Metric selection

A preliminary index system was developed, basedmndentical set of metrics with type-

specific scoring criteria. To this end, a preliminaet of metrics was proposed based on

existing experience with the BBI, a literature ewvj analysis of the VMM data, and expert

judgement. This draft list of metrics, togetheriwd set of proposed reference values per

metric for each type of river and lake, and a $éblerance scores ranging from 1-10 for each

taxon, was submitted to a panel of macroinvertebetperts. These experts are listed in

Appendix 2. After receiving their remarks, a newt Iof metrics, reference values, and

tolerance scores was established in order to iategall assembled expert knowledge. The

new values were submitted to the same panel agaomder to further refine the developed
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index (see Gabriels et al., 2004 for details). Te®ilted in a final list of five metrics, a set of
type-specific reference values for each metric, atidt of tolerance scores. In this way, the
final set of metrics, the reference values andraolee scores reflected all available
knowledge, including existing experience with thBlBliterature review, expert knowledge,

and data analysis.

The tolerance scores, ranging from 10 for veryytimh sensitive to 1 for very pollution
tolerant taxa, are included Appendix 1. The metgcsnprised in the MMIF are Taxa
Richness (TAX), Number of Ephemeroptera, Plecoptard/or Trichoptera Taxa (EPT),
Number of other (i.e. non-EPT) Sensitive Taxa (NSh¢ Shannon-Wiener Diversity index
(SWD), and the Mean Tolerance Score (MTS). The io®tabbreviations used, and their

calculation methods are summarised in Table 3.3.

Table 3.3.0verview of metrics taken into account in the MMIF

# Abbreviation Name Calculation
1. TAX Taxa Richness Total number of present taxa
2. EPT Number of EPT Taxa Number of present Epheptera, Plecoptera and/or

Trichoptera taxa
3. NST Number of Sensitive Taxa Number of presaxd with tolerance score > 5,

not including Ephemeroptera, Plecoptera andhoptera

s
4. SWD Shannon-Wiener Diversity —Z p; In P; (Shannon and Weaver, 1949)
i=1

with S = taxa richness
p = relative abundance of taxon

5. MTS Mean Tolerance Score The mean of the toteracores of all present taxa

3.2.5 Description of reference state

For each type of river and lake, a set of referarataes for all five metrics was determined
using the previously discussed procedure. An oeanof the reference values for all metrics
for all types of rivers and lakes is presentedabl€ 3.4.
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Table 3.4.0verview of the expert-based reference valuesviiea¢ used to calculate the type-
specific criteria (cf. Table 3.1 for abbreviations)

Rivers Lakes

Bk BkK Bg BgK Rk Rg Rzg P A c z Bzl
TAX 34 34 38 38 40 42 44 37 33 35 28 30
EPT 7 8 8 9 9 9 10 8 6 8 5 5
NST 9 9 10 10 12 12 12 10 10 10 8 9
SWD 35 3.5 3.5 35 3.5 35 35 3.5 3.5 35 3 3.2
MTS 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6 6 6

3.2.6 Index calculation

Based on the references, a scoring system was ap@eklfor each metric consisting of
threshold values needed for assigning a scorengrfgpm zero to four (four being assigned
to the metric values that were nearest to the eafwr value). These criteria were developed
by equally dividing the interval between an exgmsed target reference value and a value
corresponding to a bad ecological quality into femaller intervals. The resulting scoring
criteria are summarised in Appendix 3. These fivetria scores are summed and
subsequently divided by 20 to obtain the final mdeanging from zero for a very poor

ecological quality to one for a high biological tjitya

When displaying index results for MMIF, the typerfer or lake should always be specified
because the calculation method is type-specific.

3.2.7 Ecological Quality Ratio and quality class bhandaries

As described above, the MMIF is calculated as tina ®f the 5 scores divided by 20,
resulting in a final index ranging from 0 to 1. $means that the maximum MMIF value of 1
can only be obtained when all metric values are theatype-specific reference value for that
metric. For this reason, the range of the MMIF idan be considered as an EQR scale.

The normative definitions of the different qualdiasses as prescribed by the WFD (see Table

1.2) do not unambiguously lead to EQR values ferdlass boundaries. The descriptions are

Wim Gabriels



Multimetric assessment of freshwater macroinvegtbcommunities in Flanders, Belgium 90

rather vague, including qualifications such asgtglichanges”, “substantially lower”, etc. It is
however assumed here that each quality class stheulssigned a similar bandwidth on the
EQR scale. Preliminary quality class boundary valwere therefore constructed by equally

dividing the total range of MMIF values into fivéasses, as summarised in Table 3.5.

Table 3.5.Preliminary WFD quality class intervals proposedthe MMIF interval range.

MMIF Evaluation of quality Colour code
0.80-1.00 high quality blue
0.60-0.75 good quality green
0.40-0.55 moderate quality yellow
0.20-0.35 poor quality orange
0.00-10.15 bad quality red

3.3 Example of index calculation

An example of MMIF calculation is presented in T@aBL6. A random sample was extracted
from the VMM dataset. The sample was taken at tijle biver, a watercourse belonging to

the type “small river” (RK).

The upper part of Table 3.6 lists all taxa foundha sample along with the abundance and
the tolerance score. In the subsequent columns @BBTNST), taxa belonging to one of these
groups are marked “1”. The lower part of Table I&& the calculation of the metrics, scores

and the overall index. In this sample, 14 taxa vieuad, including 1 EPT taxon and no NST

taxa at all. The SWD equals 2.06 and the MTS 35c¢@res are assigned to the metric values
according to the criteria for the type Rk. Subsedjyethese scores are summed, resulting in
8 and hence the MMIF equals 0.40, which correspomdise lower limit of the quality class

“moderate”, or a yellow colour code according te WFD quality classes.
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Table 3.6.Example of MMIF calculation for a sample takerthe Dijle river by the VMM.

Taxon Abundance TS EPT NST
Lumbriculidae 11 2 - -
Naididae 2 5 - -
Tubificidae 11 1 - -
Erpobdella 40 3 - -
Glossiphonia 10 4 - -
Helobdella 4 - -
Lymnaeas.|. 5 - -
Hydracarinas.l. 2 5 - -
Asellidae 42 4 - -
Chironomidae gr nothummi-plumosus 6 3 - -
Culicidae 1 3 - -
Psychodidae 1 3 - -
Simuliidae 1 5 - -
Baetis 5 6 1 -
Total 148 1 0
Index calculation Value Score (Rk)

TAX 14 2

EPT 1 1

NST 0 0

SWD 2.06 3

MTS 3.79 2

Sum of scores 8

MMIF (RK) 0.40

Quality class moderate

3.4 Discussion

3.4.1 Period of sampling

Seasonal variations are important in macroinveatebcommunity composition (e.g. Furse et
al., 1984; Rosillon, 1989; Linke et al., 1999; Bédt al., 2006). Consequently, the period of
sampling might affect the evaluation of a sampkitg. However, not all metrics necessarily

differ significantly between seasons. For exam$lagrka et al. (2006) found that EPT metric
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values did not markedly differ between seasons uscan any single month a reasonably
representative selection of the three EPT groupsal@ays present.

Still, seasonality should not be neglected whereliging a monitoring and/or assessment
system. Often this is addressed by constrainingtithe frame of sampling (Linke et al.,
1999). Although this strategy may result in missimigrmation on the overall community at a
site (Linke et al., 1999), it can be assumed tosbificient for water quality assessment
purposes. On the other hand, for the purpose dargeiscale monitoring network, it is
advisable to choose a timeframe that is sufficietattge to visit all sampling sites in time.
Sampling in summer is less reliable due to straagsnal influences on many metrics, while
sampling in winter is inappropriate for logisticaéasons (e.g. Sporka et al., 2006).
Constraining the sampling period to spring and rmuis therefore a pragmatic and

reasonable option.

3.4.2 Taxa list

The MMIF taxa list was based on the list of 22lat@xoposed in Chapter 2 for the BBI, but it
contains two additional taxa. The crustacean fa@phaeromatidag&vas added because they
can be encountered in slightly brackish stagnanemsa Furthermore, the mollusc genus
Physas.l. was split intdPhysas.s. andPhysella resulting in a list of 223 taxa for MMIF
calculation. An additional adaptation was the stlgsdtn of the taxon name Grapsidae with
Varunidae. The only species within the taxon Vadlagithat is likely to be found in Flemish
freshwaters is an Asian invasive species, the Gbingtten cralicriocheir sinensid. Milne
Edwards, 1853. This species belongs to the Varenidéich was formerly considered as a
subfamily of Grapsidae. In view of the currentlycapted status of this subfamily as a
separate family (see e.g. Schubart et al., 2000titZMand Davis, 2001), the family name for
Eriocheir sinenisshould be Varunidae instead of Grapsidae (Cladk6® This taxonomic

adaptation however does not affect the index cafimri.

In Chapter 2 it was pointed out that, in order hswe comparable calculations over time,
taxonomic modifications should not be adopted iisteng taxa lists. But since the MMIF is a
new index, adaptations to the cited taxa list canmade as long as they are sustained in

future. BothPhysas.s. andPhysellacan therefore be included in the proposed taxaQither
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genera that were actually split up into two or mgeaera (e.g.ymnaed were maintained as
a single genus because their separation was netdewad to improve the sensitivity of the

index system. Such genera are indicated with *'s.l.”

As argued in Chapter 2, the list of taxa used ler BBl calculation should be “semi-fixed”,
i.e. all included taxa can not be altered at arlatage, but the list should be revised on a
regular basis to allow for the inclusion of newlygceuntered (exotic) taxa. This principle
should be applied for the MMIF as well, with an agiate tolerance score assigned to the

newly included taxa.

3.4.3 Metrics used

The final selection of metrics was based on a nurabeonsiderations: they should be useful
for all Flemish water body types, they should repré a variety of metric categories, they
should all have been successfully used throughoubde to assess water quality, and they

should reflect a number of criteria imposed by\WieD.

An identical set of metrics was used for all typasile the scoring thresholds were type-
specific. This resulted in a straightforward anansparent index calculation method while
typological differences were still accounted forsinilar approach can be found in Butcher
et al. (2003a), who differentiated the Benthic Camity Index by varying the threshold

values of a number of metrics linearly with theunat logarithm of watercourse width.

Multimetric indices combine several metrics intosiagle evaluation. In this way, it is
assumed that several aspects of ecosystem funmgioar different measures of ecological
integrity, are combined into a more holistic evalwa Also, combining several metrics is
generally assumed to enhance reliability and rotasst of an index, because accidental
outliers of one metric can be smoothed by the attetrics. Buffagni et al. (2005) argue that
multimetric systems are more suitable than singhérios to assess ecological quality and to
describe biological communities. Metrics can bessifged into several categories, each based
on different principles of ecological quality asseent (after Resh and Jackson, 1993; Thorne
and Williams, 1997; Verdonschot, 2000; De Pauwlet2806; see also Chapter 1): richness

or diversity metrics; sensitivity metrics; similgrimetrics; metrics based on functions, such
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as feeding groups; and metrics that combine twmarre of these categories, such as biotic

indices.

Considering the metrics included in the MMIF, TAXaka Richness) and SWD (Shannon-
Wiener Diversity index) can be classified among tlelness or diversity metrics, MTS
(Mean tolerance Score) among the sensitivity metand EPT (EPT Richness) and NST
(Number of Sensitive Taxa) among both of these gmates. Similarity metrics are not
explicitly included, although each individual metGould alternatively be seen as the extent
to which it resembles to the reference status,esgmd as the expert-based reference value
from Table 3.4. Functional feeding group metricsravenot used (see further). This
examination of metric types illustrates the sinifijabetween the MMIF and the BBI, the
index on which the MMIF development was largelydzhsWhile the BBl may be seen as a
hybrid method using taxa richness on the one haddsansitivity of the encountered taxa on
the other hand, the MMIF uses both propertiesnnraber of metrics.

Metrics of richness or diversity are widely usedraicators of ecological integrity. Diversity
metrics are based on the assumption that distuebahthe water ecosystem or communities
under stress leads to a reduction in diversity Paaw et al., 2006). Richness is widely used
in water quality assessments based on macroinvatésbbecause it integrates a wide range
of environmental effects. For example, Carlisle adkgéments (1999) demonstrated the
superiority of taxa richness measures in termseosisivity, variability, and statistical power
when it came to detecting metal-pollution effedtke majority of macroinvertebrate indices
that are used for indicating general degradatioaqufatic ecosystems include some measure
of taxa richness. In the MMIF, included metrics dmhson richness and diversity are
respectively TAX and SWD. The metric SWD is a dsrgrindex that combines diversity and

evenness of the encountered community.

Sensitivity metrics are also widely used in watevalgy assessments based on
macroinvertebrates. In comparison to richness aoerdity metrics, metrics based on
sensitivity offer the advantage that taxon-spedcifformation can be included. These metrics
are based on the principle that different taxa aadpin various ways to disturbance. This
principle has been included in most assessmenermgsbased on macroinvertebrates. The
MTS is similar to the British ASPT (Average Scorer Haxon; Armitage et al., 1983), but
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with the identification levels and tolerance scodedined in Table 3.2 and Appendix 1,

respectively.

The metrics EPT and NST can be both assigned tocdlbegory metrics of richness or
diversity as well as to the category sensitivitytmes. They are a measure of taxonomic
richness within the overall macroinvertebrate riets1 Both groups are composed of taxa that

are sensitive to various sources of disturbance.

Functional feeding group metrics were not used,abgse the identification level was
considered insufficient to reliably assign eaclotato a functional feeding group. Moreover,
Karr (1999) questions the use of functional feedgngup metrics for macroinvertebrates.
Assigning invertebrates into functional feeding ug®e is, according to this author, often
guesswork. Relative abundance of predators is theracroinvertebrate functional feeding
group that seems moderately reliable (Karr, 19P8)mer et al. (1996) could not demonstrate
a pattern in functional feeding group distributemd water quality in a South African River,
although individual species had a strong relatignshth water quality variables. Also, Fore
et al. (1996) concluded that feeding ecology metfaled to distinguish the most and least

disturbed sites.

3.4.4 Reference values

The WFD requires that biological assessment methoelbased on the establishment of type-
specific reference conditions (EU, 2000). Referecmeditions allow for an evaluation of a
site by comparing its characteristics with thosat ire assumed to occur in the absence of
anthropogenic pressures (e.g. Bailey et al., 19@&jin et al., 2003; Rawer-Jost et al., 2004,
Chaves et al., 2006).

Due to a high population density, associated wghi§cant anthropogenic pressures such as
intense agricultural land use, industrial actigtiand urban wastewater discharges (see e.g.
VMM, 2006), surface waters in reference statusexteemely scarce in Flanders and most
likely not present at all. As a result, a descoiptbf reference status in Flanders cannot be

based on sampling data with a sufficient level offdence. Consequently, an alternative
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method was needed for developing reference valles type-specific reference values used
for MMIF are based on expert judgement.

When it is not possible to develop type-specifference conditions, based on models or data
of other similar systems, or on a combination afsth methods, the WFD allows member
states to use expert judgement to establish suwtitamns (EU, 2000; Wallin et al., 2003).

3.4.5 Compliance with the WFD

The WFD requires that ecological status assessnimE#sd on benthic invertebrate fauna
should consider “taxonomic composition and abundgntatio of disturbance sensitive to
insensitive taxa” and “diversity”. The parametesXdnomic composition and abundance” is
related to TAX, EPT, NST and SWD. Among these, alamce is used for calculation of the
metric SWD. The parameter “ratio of disturbancesgere to insensitive taxa” is related to
EPT, NST and MTS. The parameter “diversity” is tetato TAX, EPT, NST and SWD. It
can therefore be concluded that the MMIF complieh whese requirements. Other
requirements include the type-specific approach, d@ktablishment of reference conditions,
and the setting of quality class boundaries. These also included in the index system, as

was previously discussed in the sections above.

The monitoring strategy for macroinvertebrates lanBers has until now been focussed on
the BBI calculation. Because sampling method arehtification levels are identical for
MMIF and BBI, the present monitoring approach deesneed important modifications, with
the exception of the distinction that now must badm between the genePhysas.s. and
Physella An other adaptation that must be implementedlltwaMMIF calculation is that
abundance counts need to be recorded, while phesmrly abundance classes are recorded.
For BBI calculation, abundances were not necegsagijuired, except for the distinction

between taxa represented by only one, or moredhanndividual, respectively.

The assessment required by the WFD is a gener@dgcal assessment. Like the BBI, the
MMIF index provides a general indication of ecolmji degradation, based on the overall
community, integrating the effects of a wide ramfecological pressures. However, it may

also be useful to develop pollution specific indgstems (Chessman and McEvoy, 1998).
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Example are macroinvertebrate indices that wereeldped to detect the impact of
acidification (e.g. Sandin et al., 2004) or orgapatlution (e.g. Dahl and Johnson, 2004).

This was however beyond the scope of this study.

3.4.6 Future developments

This new MMIF method is nowadays accepted by theWas a standard to report ecological
status of rivers and lakes based on macroinvettebran a WFD context. Future

developments include further adjustment of the wetlo incorporate new experience in
sampling, identifying and calculation of the indéxdtso, the taxa list should be revised on a
regular basis as previously discussed. Furthermameintercalibration with other national

macroinvertebrate assessment methods in ordemrtoongse quality class boundaries is also
required by the WFD (EU, 2000). Another questioat thet needs to be tackled, is how to

assess artificial and heavily modified water bodies

Finally, it should also be stressed that the mawvertebrates are only one of the biological
quality elements that are prescribed by the WFD.rddeer, the assessment of several
biological quality elements, should also be comtinevith the evaluation of

hydromorphological and physico-chemical properti@s, order to attain an integrated

ecological assessment (Goethals and De Pauw, 2001).

3.5 Conclusions

A new index for biological assessment based on omaggrtebrates has been developed for
different types of rivers and lakes in Flanderslgien) and complying as such with the
European Water Framework Directive. This index, Mhdtimetric Macroinvertebrate Index
Flanders (MMIF), is a type-specific, multimetriadex. It combines the robustness of the BBI
and the long-term experience in Flanders with tegilfility of multimetric indices, while
taking into account the technical requirementshef WFD. According to ecological experts
and comparison with BBI data, the MMIF providedable results when applied on existing

datasets. Consequently, one can state that the M&Hpplicable for reporting about the
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status of surface waters in Flanders as required by the WFD. Experience in using this new
index will probably lead to adjustments in the future, within a local as well as international

perspective.
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Chapter 4. Comparison of different metrics and
Indices for ecological assessment of freshwater in

Flanders, Belgium

Few will doubt that humankind has created a plasizéd problem for itself. No one wished it
so, but we are the first species to become a geigdiyforce, altering Earth's climate, a role
previously reserved for tectonics, sun flares, glattial cycles. We are also the greatest
destroyer of life since the ten-kilometer-wide moete that landed near Yucatan and ended
the Age of Reptiles sixty-five million years agmoligh overpopulation we have put
ourselves in danger of running out of food and web® a very Faustian choice is upon us:
whether to accept our corrosive and risky behaa®the unavoidable price of population
and economic growth, or to take stock of oursehressearch for a new environmental ethic.

Edward Osborne Wilson (1998)
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4. Comparison of different metrics and indices for
ecological assessment of freshwater in Flanders,

Belgium

4.1 Introduction

In Chapter 3, a new index is proposed to asseskviiter macroinvertebrate communities in
Flanders, Belgium, according to the European Watamework Directive. This type-specific
multimetric index consists of five metrics, incladi taxa richness (TAX), number of
Ephemeroptera, Plecoptera and/or Trichoptera t&R), number of other sensitive taxa
(NST), the Shannon-Wiener diversity index (SWD) ahd mean tolerance score of all
encountered taxa (MTS). This set of metrics incoapes the taxonomic composition and
abundance of the macroinvertebrate community a$ agelsensitivity and diversity. It is
generally assumed that a more reliable biologivaluation is obtained when using multiple
criteria (metrics) and type-specific criteria (eerans and Karr, 1994; Verdonschot and
Moog, 2006). This chapter explores the robustnésisenoverall MMIF index in comparison
to each individual metric. For this, the varialyiland comparability of the single metrics and
the overall index are examined. To this end, tlegritdh Environment Agency (VMM) dataset
is used, comprising a large number of macroinveatebsamplings throughout Flanders

representing a wide range of ecological pressures.

4.2 Data set

4.2.1 Data source

The Flemish Environment Agency (VMM) has been adifeg macroinvertebrate samples
within a monitoring network covering the region ainders since 1989. This network was
established to monitor the biological water quabgy means of the BBI. All samples were
collected and identified according to the BBI prbazee. An extract of this dataset was

obtained from the Flemish Environment Agency in 8af006, including all samples that
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were already processed and recorded at that mo@egatall, this dataset comprised 11 417
samples.

4.2.2 Data pre-processing

In order to improve data consistency, each samms examined for compliance with a
number of criteria. These criteria include compiets of available properties for each
sample, restrictions with regard to category (dnbshwater samples), sampling season and
year (the samples taken in 1989 were excluded Becsampling and processing were still in
the optimisation process). Removal of hon-complsarples resulted in a reduced subset of
the data for further analysis. Table 4.1 provides averview of this sample selection
procedureFor the majority of sampling locations, the typewaiter body (sensu Table 3.1)
was recorded. Samples for which this informatiors wat available, were also removed from
the dataset, as can be seen in Table 4.1. Theingsdhataset consisted of 7 132 samples.
Among the remaining samples, the most recent saat@ach location was selected in order
to avoid time-dependency of samples. This resutteal final dataset of 2 238 samples taken
at different locations in freshwaters in Flanderghe period between 1990 and 2005, for all

of which a minimal set of characteristics is docuted.

Table 4.1 Overview of the subsequent steps of sample sefe@pplied to enhance data
consistency in the VMM dataset.

Criterion Rationale Number of samples:

Compliant Remaining

None Initial number of samples 11417
All key properties should be documented (sampling nalite all data processing 11 411 11411
date, location and taxa abundances)

Sample should be taken in rivers or lakes Remaeteivant data 10 951 10 945
Sample should be taken in 1990 or later Homogedtata 11 137 10 682
Sample should be taken in period May-September Eedeasonal variation 8 499 7975
River or lake type documented Enable MMIF caldalat 9 824 7132
Most recent sample from each location only Avoidymoreplication 2238
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For most samples, the dataset included the absatutedance count of the encountered taxa,
but in some cases the abundance class accordilmg tBauw and Vannevel (1991) was
recorded instead. To enable the necessary calmsgatio be made, the classes were
transformed into numeric values as follows:

class A (1): 1;

class B (2-10): 2;

class C (11-50): 11,

class D (51-100): 51,

class E (101-1000): 101;

class F (1001-10000): 1001;

class G (10001 and more): 10001.

A transformation of semi-quantitative into numewvialues may introduce a bias into data
analysis. However, these numeric values are ordg @isr semi-quantitative purposes in this
chapter: the abundance values are used for calmilte Shannon-Wiener diversity index,

which is based on a logarithmic transformationtmiredance values.

Table 4.2 provides a summary of all propertiesudet in the final dataset.

Table 4.2. Overview of basic characteristics included in th&MM dataset of

macroinvertebrate samples.

Geographical attributes

Unique sampling site identification code (VMM-code)
Date of sampling

Name of watercourse/lake

Lambert-X-coefficient

Lambert-Y-coefficient

Type of water body

Biological attributes

Abundance counts of 223 macroinvertebrate taxai{geantitative or qualitative)
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4.3 Materials and methods

4.3.1 Index calculation

Based on the recorded macroinvertebrate abundancethe water types, the five composing
metrics and the MMIF were calculated accordingh® guidelines in Chapter 3. In addition,

the BBI was calculated for all samples as well.

4.3.2 Distribution of the MMIF and its composing mérics

Subsequently, the distribution of the values of MdIF index and its composing metrics are
examined. Correlation coefficients are calculated aompared between each pair of two
individual metrics and between each individual meeand the overall index.

4.3.3 Comparison of the MMIF and the Belgian Biotidndex

Furthermore, a regression is calculated betweemiidd~ index and the BBI. Based on this

regression, the class boundaries of both indicescampared. In addition, the frequency

distribution of both indices into the five qualitiasses are compared.

4.4 Results

4.4.1 Distribution of the MMIF and its composing mérics

Table 4.3 presents the minima, maxima and mairepéte values of the metrics.

Table 4.4 summarises all correlation coefficiergsaseen each pair of the individual metrics
and between each metric and the overall index.sldn@ficance of the observed correlations
Is also indicated in the table. All indicated ctatmns are significant at the p<0.001 level. It
can therefore be concluded that these correlaoasall very meaningful. The correlation
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coefficients for each combination of individual met vary from 0.251 to 0.699, while the
five correlation coefficients between each indiatimetric and the overall index vary from
0.533 to 0.875. For each individual metric, therelation coefficient with the overall index is
higher than the correlation coefficient with anyhat individual metric, with only one
exception: NST is more strongly correlated to TAX € 0.699) than to MMIF (R2 = 0.674).

Table 4.3. Distribution of the values of the MMIF and its cpasing metrics in the VMM

dataset. pN = N-th percentile value.

Min p05 p25 p50 p75 p95 Max
TAX 1 3 7 12 17 27 45
EPT 0 0 0 0 1 4 9
NST 0 0 0 1 2 6 14
SWD 0.00 0.41 1.12 1.67 2.14 2.68 3.46
MTS 1.00 2.00 3.25 3.90 4.43 5.03 6.00
MMIF 0.00 0.05 0.20 0.35 0.50 0.70 1.00

Table 4.4. Correlation coefficients (R?) between the diffdar@@omposing metrics of the
MMIF index and the overall index. The asterisks atenthe significance of the observed

correlations: *: p<0.05; **: p<0.01; ***:p<0.001.

R2 TAX EPT NST SWD MTS MMIF
TAX - - - - - -
EPT 0.403*** - - - - -

NST 0.699*** 0.251*** _ ) ] ]
SWD 0.603*** 0.288*** 0.355*** - - ;
MTS 0.631** 0.380** 0.446*** 0.512*** - i

MMIF 0.875*** 0.533** 0.674** 0.708** 0.790***
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4.4.2 Comparison of the MMIF and the Belgian Biotidndex

Figure 4.1 shows the regression of the MMIF velthesBBI applied to the VMM dataset.

Because both indices are characterised by a limibesber of possible values (11 for BBI, 21
for MMIF) and the total number of samples is high=(2238), the data points in Fig. 4.1 are
represented by means of a bubbleplot, in whichsthe of the data points is proportional to
the number of times this BBI-MMIF combination ocsuwithin the dataset. It can be

observed from the graph that the majority of thm@as is characterised by a combination of
index values near the regression line. The obtaRfedf 0.79 indicates that both indices are

fairly well correlated.

10

9 . * . o ®
y =8,658x + 1,947
R2=0,793
8 ® & Y

BBI
o1

0 Ol,l 0I,2 (IJ,3 I0,4 I0,5 I0,6 I0,7 | 0,8 | 0,9 1
MMIF
Figure 4.1.Bubbleplot with regression line of the MMIF verghe BBI applied to the VMM

dataset.

Using the obtained regression equation, the prapb®dIF class boundaries are transformed
into BBI values to provide an indication of the qmamability of both sets of class boundaries
(Table 4.5). The frequency distributions of botHiges into the five quality classes were also

compared. For this comparison, all samples wergraed to the quality class based on both
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calculated indices. For the BBI, the quality clagss assigned according to De Pauw and
Vanhooren (1983; see Chapter 2), for the MMIF, pineliminary quality class boundaries
were applied as proposed in Table 3.5. The reguttiass frequency distribution is presented
in Fig. 4.2.

Table 4.5.Conversion of preliminary MMIF class boundary \edunto values on the BBI

scale according to the regression based on the \ddfdset.

Class boundary MMIF Converted MMIF (on BBI-scale)
High-good 0.80 8.87
Good-moderate 0.60 7.14
Moderate-poor 0.40 541
Poor-bad 0.20 3.67
50
@BBI
40
u mMMIF
o
Q.
S
8 30
S
(]
()]
8
g 20
o
@
[a
10
0 | | | mE .
Red Orange Yellow Green Blue
Quality class

Figure 4.2. Frequency distribution of the five quality classeghin the BBI and the MMIF
index based on the VMM dataset.
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4.5 Discussion

It can be concluded from Table 4.4 that betweeh @ag of two individual metrics a weak to
moderate relationship exists, but the differences sufficiently important to justify the
combined use of all metrics. A moderate to goodetation exists between the overall index

and each individual metric.

The observation that the overall index is genenalbyre strongly correlated to the individual
metrics than metrics are correlated to other ngthaghlights the robustness, and hence the
practicability, of the overall index as a resultaambining several individual metrics. This
supports the general assumption that the combisedofl several criteria leads to a more
robust biological evaluation in comparison to tise of single criteria (e.g. Kerans and Katrr,
1994; Verdonschot and Moog, 2006).

The conversion of preliminary MMIF class boundarglues into BBI values enables a
comparison of the proposed lower boundary for gpaality (the WFD target for 2015) with
the existing Flemish legislation. Based on the esgjion obtained in Fig. 4.1, an MMIF of
0.60 corresponds to a BBI of approximately 7.14b(&a4.5). The current Flemish BBI
standard as defined in VLAREM legislation (Flem{Sbvernment, 1995) is 7, or the lower
bound of the green quality class for BBI. It candoacluded that both standards are fairly
well comparable, the MMIF being slightly more seeHowever, the conversion of class
boundaries based on a linear regression shoulchteepreted with care, considering the
distribution of points around the regression treve(Fig 4.1).

Although both indices exhibit a roughly similar €tafrequency distribution (Fig. 4.2), the
distribution of the MMIF values can be charactatises slightly smoother, while the BBI
shows a relatively strong peak in the yellow claskjch contains more than twice the
percentage of any other BBI class. The total pgeggnof samples that are assigned to one of
the two highest classes (green and blue) is 15.brAIMIF and 22.7 % for BBI. This
confirms the previous observation that both stahslaare relatively well comparable,
although MMIF is somewhat more severe. This caa htsobserved when the modes of the
frequency distributions are compared: for MMIF tlighe orange class, while for BBI it is

one class higher, the yellow class.
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Both the comparison of the BBI standard with thepmsed MMIF standard using the
regression from Fig. 4.1 as the comparison of tlescfrequency distributions lead to a
similar conclusion. The BBI and MMIF boundaries emaghly comparable, but the MMIF is
slightly more severe. However, it should be strégbat the BBI quality class boundaries (De
Pauw and Vanhooren, 1983) were not developed irerotd reflect WFD normative
definitions (EU, 2000), preceding the publicatidriree latter by almost two decades.

It should be emphasised that a quality standarddbas a biological quality index, in the case
of the WFD the good-moderate class boundary foivangbiological quality element, is an
arbitrarily chosen value. However, if different migen states would use class boundaries that
are not harmonized, there would be a risk that sorember states would be disadvantaged
and others privileged, which would potentially le@ada severe disequilibrium in economic
resources allocation (Buffagni et al., 2007). Itherefore necessary that class boundaries are

harmonised across member states (Buffagni et@G0.7)2

4.6 Conclusion

The data set explored in this chapter clearly sstgginat the MMIF is an useful and robust
method to evaluate biological quality based on wiagertebrate communities. The different
composing metrics offer complementary, but not @ictory, evaluation schemes which are
all integrated in the overall assessment index.ddeer, the MMIF seems to be sufficiently
comparable to the BBI. In other words, the quadgessment provided by the MMIF is at the
same time compliant with the WFD (see Chapter 8) @mpatible with the BBl assessment

approach.

Concerning the range of qualities covered, the B&lluation seems to be less severe when
the distribution of obtained index values over ititerval range is compared for both indices.
Although the whole range of quality classes is ceglethe highest MMIF values seem to be
less frequently attained. This is in agreement \thh EQR approach, which should provide
an evaluation where the highest possible indexevaéduconsidered to reflect near-pristine
conditions (Wallin et al., 2003). When the qualitiass boundaries are compared, the
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proposed lower bound for MMIF seems to be quite similar to the currently applicable Flemish
standard for the BBI, although slightly more severe.
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Chapter 5. Harmonisation of MMIF quality class
boundaries based on the European intercalibration

exercise for river macroinvertebrates

Incorporating redrafted sections of:

CB-GIG (2006). Central-Baltic GIG. In: Van den ByMl. (ed.). WFD intercalibration
Technical report Intercalibration technical repoRart 1 Rivers, Section 2 Benthic

Macroinvertebrates. JRC, Ispra, Italy.
and

Gabriels, W. (2007). Proposal for adjusting thenkitdh class boundaries according to the
intercalibration exercise for river macroinvertdbga Flemish Environment Agency, Aalst,

Belgium. 20 p. + appendices.

Because we are the cause of our environmental pnodl we are the ones in control of them,
and we can choose or not choose to stop causimg émel start solving them. The future is up
for grabs. We don't need new technologies to smivgroblems; while new technologies can

make some contribution, for the most part we jesitnthe political will to apply solutions
already available. Of course, that's a big "judBut many societies did find the necessary
political will in the past. Our modern societiesveaalready found the will to solve some of
our problems, and to achieve partial solutions tioers.

Jared Diamond (2005)
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5. Harmonisation of MMIF quality class boundaries
within the European intercalibration exercise for

river macroinvertebrates

5.1 Introduction

The European Water Framework Directive (EU, 20@@uires that member states develop an
assessment system for all types of rivers, lakassitional and coastal waters, based on a
number of biological elements, including macroingbrates (see paragraph 1.2.3). For
assessing macroinvertebrate communities in rivadslakes in accordance with the WFD,

Flanders has developed and proposed a multimattexicalled the MMIF (see Chapter 3).

In order to establish boundary values for the wqtelity classes that are comparable along
member states, an intercalibration exercise wassaged by the WFD for each quality
element and for each category of water body. Tlasecalibration exercises were further
split up into a number of geographical regions. imber of these regional intercalibration
exercises is currently completed. For river macreitebrates, the relevant regional
intercalibration exercise for Flanders was coorgidaby the so-called Central-Baltic
Geographical Intercalibration Group (CB-GIG, 2006).

This chapter describes the Flemish contributiorthis intercalibration exercise with the
MMIF, using sampling data from the VMM. The purpasfethis contribution is to compare
the Flemish boundary values to those of the otheligipating countries and regions and, if
necessary, to adjust them in order to be includedhe intercalibration decision of the
European Commission (EU, 2007). Inclusion in tmgeicalibration decision implies the
approval of the MMIF method as the Flemish methm@dsess macroinvertebrates in rivers
and lakes in the context of the WFD. A similar for lake macroinvertebrates has not
yet been initiated at present (EU, 2007).

The exercises aim to harmonise the boundaries ketviee classes high and good and

between the classes good and moderate. For theiniemeclass boundaries, between
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moderate and poor and between poor and bad, the téED not require an intercalibration
exercise and for this reason they are not dedlt eiiting these exercises.

Because environmental policy is a regional issuBdlgium, the implementation of the WFD
and hence the development of biological assessmetftods is tackled separately by each
region (Gérard et al., 2006). For this reason, Belgegions contribute individually to these
intercalibration exercises, in contrast to all otheember states, who participate as a whole
(CB-GIG, 2006). For brevity, this distinction bewvecountries and regions will not be made
in this chapter. The use of “countries”, “membeates”, and related terminology should
therefore be interpreted as “countries and/or regjichroughout this chapter. Similarly,

“national” should be interpreted as “national amaégional”.

5.2 Materials and methods

5.2.1 General approach

The CB-GIG intercalibration exercise for river maiavertebrates essentially consists of a
regression of each participating member states’hatetagainst a common, generally
applicable index. This regression is carried oytasately by each member state using a
national dataset. Based on the obtained regressjgation, each country converts its national
boundary values into values on the scale of thencomindex for subsequent comparison.
The mean value of the converted national boundasieslculated and national boundaries
that are within a certain range of this mean vareconsidered to be comparable (CB-GIG,
2006).

Figure 5.1 presents the different steps involvedhm intercalibration procedure (CB-GIG,
2006). First, the participating member states t®linational set of river macroinvertebrate
samples, all collected at locations that can bégaed to a type from a predefined set of
common intercalibration river types, described g European Working Group “Ecological
Status” (ECOSTAT, 2004). In order to be includdtkse datasets have to meet the WFD
(EU, 2000) requirements as well as a number ofiguedquirements set by the CB-GIG

(2006). From these data, reference sites are famhtand screened against the pressure
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criteria agreed by the CB-GIG (2006). From the clamp reference sites, metric reference
values are derived, which are used to calculatelritexcalibration Common Metric index

(ICMi; Buffagni et al., 2005, 2007; CB-GIG, 200@)) index that is generally applicable to all
national datasets. A regression between the nati6@& and the ICMi for each country

enables the conversion of national class boundaressalues on the common ICMi scale, in
order to be compared (CB-GIG, 2006).

5.2.2 Data included

Each participating member state provides a natidatd set of macroinvertebrate samples. In
order to be included in the calculation of the hammeation band (see further), these datasets
have to meet the following acceptance criteria GI&, 2006):
-for each sample, abundance values of all macrdielveate families relevant for
ICMi must be available, as well as the result & tational index, and allocation
of the samples to one of the common types (sekdn)rt
-the national assessment protocol must be WFD-dantp(including sampling
method, EQR calculation, and the method that wasl us set quality class
boundaries);
-a minimum of 2 different reference sites mustriguded:;
-a minimum of 6 reference samples must be included;
-a minimum number of samples per quality class @tog to national
classification must be included:
-high: minimum 4 samples (including reference saspl
-good: minimum 4 samples (including reference sasjpl
-moderate: minimum 4 samples;

-poor and bad: no required minimum number.
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Figure 5.1. Graphical representation of the different stepslved in the intercalibration

exercise for river macroinvertebrates conductethbyCB-GIG.
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5.2.3 European river types

Each sampling location must be assigned to ondefsix European river types that were
defined by ECOSTAT (2004) for the purpose of thisreise (Table 5.1).

Table 5.1. Overview of common river types defined for the €aRBaltic intercalibration
exercise (ECOSTAT, 2004).

Type River characterisation Catchment Altitude andgeomorphology Alkalinity
area (of stretch) (meq/L)

R-C1 Small lowland siliceous sand 10-100 km2 Lowllasiominated by sandy substrate (small >0,4
particle size), 3-8 m width (bankfull size)

R-C2 Small lowland siliceous - rock 10-100 km? Landl, rock material, 3-8 m width (bankfull size) 40

R-C3 Small mid-altitude siliceous 10-100 km2 midtatle, rock (granite) - gravel substrate, <04
2-10 m width (bankfull size)

R-C4 Medium lowland mixed 100-1000 km2  Lowlandhdgto gravel substrate, 8-25 m width > 0,4

(bankfull size)

R-C5* Large lowland mixed 1000-10000 km? Lowlandrltel zone*, variation in velocity, max. > 0,4
altitude in catchment: 800 m, >25 m width
(bankfull size)

R-C6 Small, lowland, calcareous 10-300 km? Lowlagrdyel substrate (limestone), 3-10 m >2
width (bankfull size)

*mixed cyprinids, with some salmonids

5.2.4 Reference conditions

Reference sites are initially selected by the menskees using the “REFCOND” guidance
(“Guidance on establishing reference conditions aodlogical status class boundaries for
inland surface waters”; Wallin et al., 200B)owever, these reference sites must also comply
with a number of additional criteria agreed by CB5@2006). These criteria are listed in
Appendix 4. Member states were asked to screerctedl@eference sites against agreed
catchment landuse limits, and when proposed referesites were over agreed limits, a
validation with physico-chemical parameter thredbBoht the site scale was necessary or
strongly recommended. Member states were also askedmplete a check list to indicate
which of the CB-GIG defined reference criteria wased for the screening exercise and the
sources of information that were available to tresmher state for this process. Fig. 5.2 shows

the subsequent steps in the screening procedupsfential reference sites (CB-GIG, 2006).
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Figure 5.2. Flow chart of the screening procedure for poténgference sites within the
intercalibration exercise conducted by the CB-GG river macroinvertebrates (reproduced
from CB-GIG, 2006).

5.2.5 Calculation of the Intercalibration Common Méric index (ICMi)

First, the taxonomic identification level of thetioaal datasets is transformed to family level,
where necessary, in order to enable the calculatidhe ICMi (Buffagni et al., 2005, 2007).
Based on these data, the six metrics of the ICMicalculated. An overview of the metrics
used in the ICMi is presented in Table 5.2, alotit) &n overview of calculation methods and
relative weights (Buffagni et al., 2005, 2007; CB3;2006).

The ICMi metrics are normalised to a 0-1 scale byidthg them by the type-specific
reference conditions. The ICMi equals the weighsedh of the normalised metrics. The
weights were assigned to the metric according & mtetric type to which they belong in
order to give an equal total weighting to eachhef three conceptual groups (Table 5.2; CB-
GIG, 2006).
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Table 5.2.Metrics included in the ICMi with their calculationethod and respective weights
(Buffagni et al., 2005, 2007; CB-GIG, 2006).

Metric type  Metric Calculation Reference Weight

Tolerance ASPT Mean of tolerance scores of all Armitage et al., 1983  0.333
encountered taxa

Abundance/ Log Sel EPTD Logy (1 + sum of Heptageniidae, Buffagni et al., 2005  0.266
habitat Ephemeridae, Leptophlebiidae,

Brachycentridae, Goeridae,

Polycentropodidae, Limnephilidae,

Odontoceridae, Dolichopodidae,

Stratyomidae, Dixidae, Empididae,

Athericidae and Nemouridae)

1-GOLD 1 - (relative abundance of GastropodaPinto et al., 2004 0.067
Oligochaeta and Diptera)
Richness Number of taxa  Total number of encountered familiese.g. Ofenbéck et 0.167
and al., 2004
diversity
EPT taxa Total number of encountered familiese.g. Ofenbdck et 0.083
belonging to Ephemeroptera, al., 2004; Bohmer et
Plecoptera and/or Trichoptera al., 2004a
Shannon- S Shannon and Weaver,0.083
Wiener diversity — z pInp 1949
index i=1

with S = taxa richness
p = relative abundance of taxon

5.2.6 Harmonisation of class boundaries

In order to be included in the harmonisation bdhd,procedure adopted by a member state to
derive national boundary values must be WFD-complieor each member state, the EQRs
from the national assessment method are correlaittdthe corresponding EQRs from the
ICMi. A regression is performed and the regressiquation and R2 value are calculated. By
means of the regression equation, national bounddnes are transformed into ICMi values.
This comparison is carried out only for the classiridlary between “high” and “good”, and
for the class boundary between “good” and “modérdtee R? of the correlation between the
national EQR and the ICMi should be 0.5 or higl&B{GIG, 2006).

A GIG mean boundary value on the ICMi scale is waled from those national boundary
values that meet all of the acceptance criterias Tean boundary value is used to establish
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the so-called 5% harmonisation band, which is ablgethe CB-GIG as the acceptable range
for national boundaries. This harmonisation bandeisned as the mean boundary value plus

or minus 0.05 on the ICMi scale.

For each member state, the converted class boungsne can be compared to the
harmonisation band. The following outcomes are iptes$CB-GIG, 2006):
* The member state ICMi boundary lies within the hamreation band: in this case, no
action is required; the boundary is considered calge.
* The member state ICMIi-EQR boundary does not lidniwithe harmonisation band.
Here, there are two possibilities:

* If the member state agrees to harmonise, for ICMlindlary values that occur
below the harmonisation band, the national bounddwguld be adjusted in
such a way that the equivalent ICMi boundary fallthin the harmonisation
band. For ICMi boundary values that occur abovehwenonisation band, the
member state is not obliged to adjust its natitwoaindaries.

e If the member state does not agree to harmoniskotild justify why it does
not accept the GIG mean boundary. In this case,nbmber state has to
provide a scientific explanation that the boundaliffers from the GIG

boundary and the harmonisation band.

5.3 Results

5.3.1 Harmonisation band

Reference sites

Table 5.3 lists the number of reference sites ifledtfor each member state per common

intercalibration river type.
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Table 5.3.Number of reference “sites” (data points) seledtgdnember states according to
the CB-GIG defined criteria for each common intébeation river type (CB-GIG, 2006).

R-C1 R-C2 R-C3 R-C4 R-C5 R-C6 Total

Austria 25 25
Flanders 0 0 0
Wallonia 20 20
Czech Republic 7 7
Germany 20 6 32
Denmark 9 7 21
Estonia 5 5 16
Spain 16 35 10 10 6 77
France 23 50 107 21 42 243
Ireland 116 13 9 66 204
Italy 32 32
Lithuania 6 10 16
Luxembourg 39 18 26 83
The Netherlands 0 0 0
Poland 8 8
Sweden 14 14
United Kingdom 25 16 30 19 90
Total 99 212 253 119 24 181 888

Countriesincluded in harmonisation band calculation

Data from nine countries were included in the dalton of the high-good and good-

moderate boundaries (Austria, Wallonia, GermanyirgpFrance, UK, Italy, Luxembourg,

Ireland). These member states occur to the lethefred line in Figures 5.3 and 5.4. Data
from eight countries (Lithuania, the NetherlandslaRd, Sweden, Flanders, the Czech
Republic, Denmark, Estonia) were not included ia ttalculation of the GIG boundaries
(member states to the right of red line in Figlsesand 5.3) for reasons including (CB-GIG,
2006):
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» the national boundaries were not agreed yet;

« no fully developed national assessment method waitadle yet;

« reference values were chosen using an approachdiffets to that outlined by the
CB-GIG (described in paragraph 5.2.4). Flanders el Netherlands have used
alternative approaches for calculating referendees

« data quality issues (insufficient number of sitesreference sites; poor regression

between the national system and the ICMi).

High-good boundary

The results of the “all-types combined” comparigonthe high-good boundary (Figure 5.3)
indicate that (CB-GIG, 2006):

* twelve countries fall within the harmonisation bamklstria, Wallonia, Germany,
Spain, UK, Iltaly, Luxembourg, Ireland, Lithuanighet Netherlands, the Czech
Republic and Estonia;

» four countries lie below the high-good harmonisatand: France, Poland, Sweden
and Flanders;

* one country lies above the high-good harmonisdienmd: Denmark.

Good-moderate boundary

The results of the “all types combined” compari$onthe good-moderate boundary (Figure
5.4) indicate that (CB-GIG, 2006):
* nine countries fall within the harmonisation bamdistria, Wallonia, France, UK,
Italy, Luxembourg, the Netherlands, Denmark, Paland
« five countries lie above the good-moderate harnaiis band: Germany, Spain,
Ireland, Lithuania and the Czech Repubilic;
e three countries lie below the good-moderate harsatimn band: Sweden, Flanders,

Estonia.
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Figure 5.3.Results of the “all types combined” comparisonhwitie ICMi values of member

states for the high-good boundary. “Band” represeheé GIG high-good boundary value.

Only the values of the member states to the lefthefred line contributed to the calculation of

the GIG boundary. The yellow “harmonisation bangfinresents a plus or minus 0.05 interval
on the ICMi scale around the GIG boundary value-@&B, 2006).
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Figure 5.4.Results of the “all types combined” comparisonhwvitie ICMi values of member

states for the good-moderate boundary. “Band” sepres the GIG good-moderate boundary

value. Only the values of the member states tolafteof the red line contributed to the

calculation of the GIG boundary. The yellow “harrsation band” represents a plus or minus
0.05 interval on the ICMi scale around the GIG kaany value (CB-GIG, 2006).
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5.3.2 Flemish results within the CB-GIG intercalibation exercise

The initial contribution of Flanders to the CB-Gl&xercise for river macroinvertebrates
(Gabriels, 2006) is included in the results diseds® paragraph 5.3.1. Two major problems
emerged with regard to this contribution. Firsg tierivation of reference values for the ICMi
metrics was not possible using field data becawuseeference sites are present in Flanders.
An alternative method was used to derive refereabges, based on regressions between the
reference values for MMIF metrics (based on expefgment) and ICMi values (Gabriels,
2006). However, the CB-GIG steering group askednalinber states lacking actual reference
sites to demonstrate that their reference valuescamparable to those obtained using the
CB-GIG method. This was a compulsory requiremerteiancluded as a member state in the
EU intercalibration decision. A second problem @ned the boundary values. When
converted into ICMi values, both the high-good ahd good-moderate boundary of the
Flemish method were clearly below the harmonisabiand. As explained in Figure 5.1, all
member states that have boundaries below the hasatimm band were asked to either adjust
their boundary values or provide a scientificatysd justification why their boundary values

are below the band.

For this reason, an alternative and more transparay of deriving reference conditions was
used in order to have reference values comparablihdse of the other member states
(Gabriels, 2007). This method was loosely basedhenone used by the Netherlands (Van
Riel, 2006). For the boundary values, it was exaachiwhat boundary values could be used

that comply with the harmonisation band (Gabri2G97).

5.3.3 Alternative proposal for the Flemish contribuion

This paragraph deals with the aforementioned updiatee Flemish contribution (Gabriels,
2007). Not only the differences with the initialndobution (Gabriels, 2006; paragraphs 5.3.1-
5.3.2) but a complete overview including all relevanformation on the final contribution
will be presented here.
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River types

The common types included in the intercalibratiaereise relevant for Flanders were R-C1
and R-C4.

Within R-C1, two Flemish types are included:
e Bk: “Small Stream” (see Chapter 3)
* BKK: “Small Stream in the Kempen region” (see Clea3)

Within R-C4, three Flemish types are included:
* Bg: “Large Stream” (see Chapter 3)
* BgK: “Large Stream in the Kempen region” (see Chaf)
* Rk: “Small River” (see Chapter 3)

The remaining three Flemish river types, Rg (“Laryer”), Rzg (“Very large river”) and P
(“Polder watercourse”) can not be assigned to drtkeocommon types and are therefore not

considered in this exercise.

Data set

All data were obtained from the Flemish Environmagency (VMM) monitoring database.
Initially, a representative number of samples wesaeted at random from the database for
both R-C1 and R-CA4.

To the initial R-C4 dataset, 19 sampling sites wadeled, more specifically data for the
regional river type BgK (“large stream in the Kempegion”), because this type was slightly
under-represented in the R-C4 dataset. Furthern2éresjtes from the R-C4 dataset and 15
sites from the R-C1 dataset were characterisechbdSPT score below 2. This would result
in negative values when subtracting 2 prior to radisation (see further, paragraph 5.3.3). In
order to comply with all data requirements, it wheided to exclude these sites from the

dataset.
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The dataset submitted for R-C1 comprised 193 sanpheluding 90 samples from the
regional type Bk (“Small Stream”) and 103 from tlegional type BkK (“Small Stream in the
Kempen Region”). For R-C4, the dataset compriségdsEnples, including 130 samples from
the regional type Bg (“Large Stream”), 24 from tlegional type BgK (“Large Stream in the
Kempen Region”) and 31 from the regional type R®nfall River”). Table 5.4 summarises
the numbers of samples within each quality clageming to the MMIF for both European

river types.

As can be seen in Table 5.4, both datasets compiythe criterion of comprising at least

four samples within the quality classes high, gand moderate.

Table 5.4. Number of samples within each quality class adogrdto the regional
classification method, for the dataset submitted~landers for the intercalibration exercise

for common river types R-C1 and R-CA4.

National classification R-C1 R-C4 Total
High 11 4 15
Good 27 14 41
Moderate 56 39 95
Poor 84 104 188
Bad 15 24 39
Total 193 185 378

Taxonomic adjustments

For MMIF calculation, no further adjustments weexressary. For calculation of the ICMi,
some adjustments were made. Data were all availd#MIF identification levels. In order
to enable ICMi calculation, taxa were merged toifarievel where necessary. Watermites

were removed from the dataset because these amechated in ICMi calculation.
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Reference conditions

In order to enable a regression between MMIF ardi]®oth indices must be expressed as

an EQR scale as previously explained.

The MMIF is considered as an EQR scale, and comselyy the maximum value (1.00) can
be used as a “surrogate” for the reference valab(i€ls, 2006). Note that the metric target
reference values (and hence the scoring systeradype-specific, so the reference value of
1.00 can be considered as type-specific althoughahge of MMIF values is identical for all

national types.

Because actual reference sites do not exist indelan(Gabriels, 2006), reference data could
not be extracted from field data. However, sincethe actual biological data (taxa lists) of
reference sites are required for calculation of lD®li, but only the corresponding metric

values, this problem can be overcome by definifgreace values for each ICMi metric.

In earlier contributions to the CB-GIG intercalibom exercise, Flanders has tested a variety
of methods for deriving these reference values Gaariels, 2006). At present, none of these
methods were approved yet by the CB-GIG steerimgimrAn alternative method that was
proposed by the Netherlands, using th& @é&rcentile of high class sites (van Riel, 2006)sw
recently approved by the steering group. It wasetioee investigated whether this method
could also be applied for the Flemish data.

Due to the limited number of sites in the datakat are in high status class according to the
MMIF, the 78" percentile values were taken of the sites in sigtus class for the types R-C1
and R-C4 combined (15 in total; see Table 3). Tittaioed values are presented in Table 5.5.

When evaluating these resulting values for ICMinmst a number of considerations should
be taken into account:

» First, actual reference sites are absent in FlandArctual data on taxonomic
composition are therefore not available. This aliive method however takes into
account the 75 percentile of the metric values of sites thatiar@ighest class, and
this for each individual metric separately. Theut@sg values therefore represent

values that are the best available for each metnite avoiding possible outliers;
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* The predefined reference values for similar MMIFtmes can be compared to the
proposed ICMi reference values. This is howevefiadift due to differences in
identification levels between MMIF and ICM;;

* The proposed ICMi reference values can be comparétke reference values of other
member states. However, differences of biologieGaghcamong member states due to
biogeographical particularities and dissimilaritiessampling methods and laboratory
processing, may lead to erroneous conclusions om somparisons. In particular, the
typical lowland conditions in Flanders, predomimamcharacterised by relatively low
current velocities, should be kept in mind. Thisits the geographical comparison,
suggesting the Netherlands as member state withnéis¢ similar natural conditions to

Flanders.

Table 5.5.Proposed reference values for ICMi metrics for Flemish river types, based on
the 78" percentile of high status samples calculated &chenetric separately.

ICMi metric Proposed reference value for Flanders
ASPT 4.798

Shannon-Wiener Index 2.886

EPT families 6.000

Total family richness 27.000

Portuguese GOLD-index 0.703

Sel EPTD 0.943

Table 5.6 shows the 75th percentile values of @ilmetrics in high class samples in the
data from the Netherlands for R-C1 and R-C4 (frtva €IRCA website for CB-GIG river
macroinvertebrate intercalibration - July 2006)e3& were used as reference values by the

Netherlands (and reportedly accepted by the CB-§&&@ring group).

In Figure 5.5, the proposed reference values fandérs are graphically compared to the
reference values reported by those neighbouringntces that contributed to the
intercalibration for R-C1 and/or R-C4. These cowstiare the Netherlands, Germany, France
and the UK. For the UK, these values are not thesarctually used for ICMi calculation
because type-specific reference values were ustebich.
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Table 5.6.75th percentile values of ICMi metrics in highsdasamples in the data from the
Netherlands within R-C1 and R-CA4.

European type R-C1 R-C4
ASPT 5.357 5.227
Shannon-Wiener Index 1.488 2.144
EPT families 5 5
Total family richness 19 26
Portuguese GOLD-index 0.986 0.887
Sel EPTD 1.699 1.342
40,0
5.0
20,0
OFropos ed values Flanders
O Hetherlands R-C4
25'[] @ Hetherlands R-C<
O Germany B-CH
ED,D B Germarny B-Cd
BEFrance R-CA1
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@ U R-Cd
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M iener Indesx fichnes s G OLD-ind e

Figure 5.5. Graphical comparison of metric reference valueklahders (combined) and all
neighbouring countries that contributed to the Re€R-C4 intercalibration.

It can be observed in Figure 5.5 that, althougfe#hces exist between metric values for all
countries, the Flemish values are not systemagidatiher or lower in comparison to the

other countries. The metric values that are retatilow for Flanders are ASPT, EPT families
and Sel EPTD. These metrics are known to be highgociated with EPT taxa richness. In
the Netherlands, EPT taxa are naturally rare (Vieh R006). Among the cited countries, the

Netherlands are most similar to Flanders from aslogcal and a biogeographical point of
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view. The Flemish and Dutch lowland conditions feso predominantly low current
velocities. It is therefore reasonable to assuraettie situation in Flanders is very similar to
the Netherlands for these three metrics. Amongalintries compared in Figure 5.5, the
Dutch data are most similar to the Flemish datatese metrics. For the other three metrics,
no dramatic differences exist between Flanders #wed other countries, except for the
Shannon-Wiener index, which is somewhat higher foathe other countries. Furthermore,
differences among metric reference values (in saames higher, in some cases lower)
between countries become less important when allicaeare combined into a single index.
With all these considerations in mind, the proposades can be considered as representative
for reference status for the included national $ype

Comparison of Flemish results with the harmonisation band

The ASPT values were subtracted by 2 prior to nbsai#on. Normalisation was carried out
by dividing the metric values by the reference edlor this metric. Subsequently, the ICMi
(Buffagni et al., 2005, 2007; CB-GIG, 2006) wasco#ted and compared to the MMIF, for
R-C1 and R-C4 separately and also for both typesbared.

Regression lines between MMIF and ICMi were calmdaRegressions were calculated for
R-C1 (Figure 5.6), R-C4 (Figure 5.7) and for altadaombined (Figure 5.8). The R2 values
were in all three cases above 0.60: 0.685 for R{&29 for R-C4 and 0.738 for the

combined regression.
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Figure 5.6. Scatterplot with regression line for ICMi versusvifF applied to Flemish data
for R-C1.
Flanders R-C4
1,20 1
*
v =1,0752%-0,0753 .
£ R* = 10,8287
= ' L]
_ 080 * /
=5 /
o . .
o 060 s +
&
0,40
0,20 :
*
D,DD T T T T T 1
0,00 0,20 0,40 0,60 0,80 1,00 1,20
EQR MMIF

Figure 5.7. Scatterplot with regression line for ICMi versusvifF applied to Flemish data

for R-C4.
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Figure 5.8. Scatterplot with regression line for ICMi versusF applied to Flemish data
for R-C1 and R-C4 combined.

Transformation of boundary values

The MMIF boundary values were transformed into ICMalues for the overall
intercalibration (R-C1 and R-C4 combined) using tii#ained regression equation. The

results of these transformations are presentea@lels.7.

Table 5.7. Transformation of MMIF class boundary values id@Mi values for the

combined intercalibration (including R-C1 and R-@¥)ng the Flemish reference values for

ICMi metrics.

Boundary MMIF EQR ICMi
high-good 0.80 0.829
good-moderate 0.60 0.607
moderate-poor 0.40 0.384
poor-bad 0.20 0.162
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Compliance with harmonisation band

The national boundaries, when transformed into IGMiues, should be included in the
harmonisation band in order to be considered coamparto those of the other member states.
For the high-good boundary, this interval is [0-8898] and for the good-moderate boundary
the interval is [0.71 - 0.81] (see paragraph 5.3[hg originally proposed class boundaries for
the MMIF index are 0.60 for good-moderate and @d3thigh-good. These class boundaries,
when transformed into ICMi values (Table 5.7), betow the harmonisation band for both

high-good and good-moderate.

Distribution of MMIF values

Due to its calculation method using metric scoths, range of values of the MMIF is not
continuous but takes a number of discrete valudls an interval step of 0.05. For instance,
the MMIF can be equal to 0.75 or 0.80 but not OTMis consideration should be taken into
account when establishing the boundary values.

Proposal to adjust MMIF class boundaries

In order to obtain MMIF boundary values that areghw the harmonisation bands, an
alternative proposal is calculated. When the MM#fues of 0.70 and 0.90 are transformed
according to the previously obtained regressiocutation, the obtained values were 0.718

and 0.940, respectively. Both values fall withie tiespective harmonisation bands (Fig. 5.9).

In conclusion, if the Flemish boundary values fothbthe high-good boundary and the good-
moderate boundary are raised with 0.10, these blassdaries result in ICMi values that are
included in the CB-GIG harmonisation band. It igréfore proposed to set the boundary
values for MMIF to 0.70 for the good-moderate baanydand to 0.90 for the high-good
boundary.
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Figure 5.9. Comparison of old and new MMIF boundary valueansformed into ICMi

values, with the CB-GIG harmonisation band for gfo®@d-moderate boundary and the high-
good boundary.

5.3.4 Decision of the CB-GIG steering group on thalternative proposal for Flanders

The alternative proposal was later communicatethéoCB-GIG steering group (Gabriels,
2007). This proposed adjustment of the MMIF classriolaries for rivers was accepted by the
steering group of the CB-GIG for river macroinvertges on 5 April 2007 (CB-GIG, 2007).
A document summarising the alternative approach @ogosal for adjusting the Flemish
boundaries (Gabriels, 2007) was subsequently addethe technical report (previously
referred to as CB-GIG, 2006) as an appendix. Adiscussion in the ECOSTAT working
group, the adjusted values were adopted in the deasion of intercalibration decision of the
European Commission (EU, 2007), of which the ddfiggublication is foreseen for the end of
2007.
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5.4 Discussion

5.4.1 CB-GIG river macroinvertebrates intercalibration approach

Several aspects of the procedure adopted by th&I@Bto compare class boundaries can be
criticised. The geographical range is rather braadl includes countries as remote as Estonia,
Sweden, Ireland and (Northern) Spain. Also, the mmom types described are not entirely
compatible with national types. The screening ddtdor reference sites can give rise to
various interpretations and the collection of pbgkchemical and geographical data for this
purpose is not standardised. The macroinvertebsataples are collected according to
national standards and sampling effort may theeefig quite different. The ICMi index is
based on family-level identifications, which is nbe case for several countries (including
Flanders). Many national indices do not correlaeywvell with all ICMi metrics, and some
national indices have a poor correlation with theerall ICMi index as well. The
harmonisation band spans 10 percent of the tot&® EXpge. Each step in the intercalibration
process therefore adds to the uncertainty of tkalte although the precise uncertainty of
each step is difficult to quantify. The reliabiliof the outcome of the exercise is therefore
doubtful. However, most of these uncertainties waiffecult, if not impossible to avoid in
view of the available data and timeframe. Given skhepe and range of the exercise, the
outcome of the exercise was therefore nearly trst¢ pessibly achievable (see also Biggs,
2006).

Differences in sampling methods are not necesspriplematic because it is assumed that
reference site screening criteria are applied bynamber states in the same way. From this
philosophy, because the metrics are standardissetian metric values observed at reference

sites, differences in sampling effort do not affinet standardised metrics.

The choice of the identification level of family sa pragmatic one. The intercalibration
exercise is based on existing data sets and coastguthe identification level needed to be
applicable with all data sets. Family level was thmimum level applied by all member

states.
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To motivate the choice of the 5% harmonisation b&®B-GIG (2006) cite the report of the
Alpine GIG (2006), who provide a review of factdiat add variation to the results when
boundary values on the ICMi scale are obtainedragsforming national boundary values
using the regression formula. These factors inctiata limitations, natural variability and the
simplification principles of the ICMi (Alpine GIG2006). Due to these sources of variation,
the status assessment is more significant in thadlmiof a status class compared to the
transitional zone of the neighbouring status ckas3éis “insecure” zone of assessment is
assumed to be a quarter of the status class wAdging GIG, 2006). When all five quality
classes are assumed to take an equal part of tine EQR scale, a quarter of a quality class
equals 5 % of the EQR scale or 0.05 units of tHdiHEQR scale. A more detailed estimation

of accuracy and precision is still lacking in mostintries (CB-GIG, 2006).

5.4.2 Flemish contribution to the CB-GIG river macmwinvertebrates intercalibration

The MMIF correlates well with the ICMi. The diffities were the lack of reference values

and the initial boundary values being below therfanisation band.

The problem of the reference conditions was oveecdy using for each metric the 75
percentile of values from sites that are in higisslaccording to the MMIF and subsequent
evaluation and comparison to reference values leéranember states. It is concluded that
these values are an acceptable alternative to bé fm calculating ICMi metrics. The
proposed reference values can therefore be coesdidas suitable for comparing and
harmonising class boundaries. After calculatiorihef regression between MMIF and ICMi,
the originally proposed boundary values were belwvharmonisation band. When adjusting
the MMIF boundary values to 0.70 for good-moderatel to 0.90 for high-good, the
regression results in ICMi values that are includgtiin the CB-GIG harmonisation band. In
other words, these proposed boundary values sheutthnsidered as comparable to the other

member states’ boundary values according to theSGB-<criteria (Fig. 5.1).
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5.4.3 Class boundaries not covered by the interchliation exercise

The intercalibration exercise coordinated by th€ Jly covers the boundaries high-good
and good-moderate. This complies with the WFD, Whspecifies that the intercalibration
exercises should be carried out for those bounsiéel, 2000).

An increase in the boundaries for high-good anddgmoderate, while the moderate-poor and
the poor-bad boundary remain unchanged, results relatively wide moderate class. It is
therefore proposed to adjust the moderate-poortlamgoor-bad boundary in parallel to the
high-good and the good-moderate boundary, i.enemrease of 0.10 MMIF units. In this way,
an equal bandwidth is maintained for the three tie¢hclasses, i.e. good, moderate and poor.
The resulting set of quality classes and their @ased colour codes are presented in Table
5.8. The differences between the original boundaa@d the adjusted boundaries are
visualised in Fig. 5.10.

Table 5.8.Relation between MMIF index values and qualityssks.

MMIF Evaluation of quality Colour code
0.90-1.00 high quality blue
0.70-0.85 good quality green
0.50 - 0.65 moderate quality yellow
0.30-0.45 poor quality orange
0.00-0.25 bad quality red
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EQR MMIF EQR MMIF EQR MMIF
1.00 1.00 1.00
0.90 0.90 0.90
0.80 0.80
0.70 0.70
0.60 0.60 |
050 | 050 | 0.50
0.40 | 0.40 | 0.40 |
030 | 030 | 0.30
0.20 0.20 0.20
0.10 0.10 0.10
0.00 0.00 0.00
A. Initially proposed class B. Adjusted boundaries C.Additionally adjusted
boundaries accordingto the European boundariesin parallel to the
intercalibration exercise otheradjustments

Figure 5.1Q Visual representation of the initial MMIF boungaralues (A), the boundaries
following the adjustments according to the Europedarcalibration exercise (B), and the

boundaries following additional adjustments in fat&o the other adjustments (C).

5.4.4 Scope of the intercalibration exercise and fure perspectives

As already mentioned, the adjusted MMIF class batied will be included in a Commission
Decision on the intercalibration exercise by the eh 2007. However, the intercalibration
exercises were not yet completely carried out assaged by the WFD. For many quality
elements and many categories, no or only a paxiaicise was carried out (e.g. EU, 2007).
Because these results are incomplete, a new rotimtescalibration exercises should be
initiated in order to achieve more exhaustive tssWith regard to the scope of the MMIF,
an intercalibration exercise was merely carriedfoutiver macroinvertebrates, and only for

five out of the eight different Flemish rivers type
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The reasons for this incompleteness of the inténedion results are various. The timeframe
to carry out the intercalibration scheme was ratimeited. Also, many member states have
not yet developed a set of national biological sssent methods, or have not yet collected a
sufficiently large amount of monitoring data. Toeosome this, many member states that
participated in the exercise used an existing dah Biggs (2006) argues that these
incomplete results are the responsibility of thenher states, and that more resources should
be made available to ensure that a full intercatibn exercise can be carried out including all

water body categories and all quality elements.
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General discussion and recommendations

Introduction

The overall aims of this study can be summarisefdlbsvys:

* examine whether the currently used biological asseat method for watercourses
based on macroinvertebrates, the Belgian Bioti@Xnds compatible with the WFD
requirements;

e if necessary, develop a modified or new assessmmathod that meets all WFD
requirements and at the same time meets all pghcmstraints;

» demonstrate that the quality standard based oaxiséing or new assessment method
is comparable to those of the other member statesyodify this standard in such a

way to achieve this goal.

Results of the individual parts of this study weowered in detail in the previous chapters. In
the following paragraphs, these objectives willdscussed from a more general perspective.

To conclude, a number of recommendations are peavidr further research in this field.

Using biological methods for water quality assessme

A biological quality assessment index provides aegal indication of the status of a quality
element in the water system. As a basic componénthe ecosystem and closely
interconnected with all other components, a biaabicommunity can serve as a
representative part of the entire system (Karr &idi, 2000). However, it should be
emphasised that it can not be the purpose of adic@l quality assessment index to provide a
single and definitive judgment of the overall statf a water system. A single value cannot
replace obtained insight in ecological functioniegg. Hynes, 1994). It should therefore be
avoided to use them as the only source for conservalanning, because a quality index
value does not deliver information on specific egital questions such as invasive species,

population fragmentation or conservational stafuspecies.
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When comparing macroinvertebrates with other bicllgndicator groups, such as diatoms,
macrophytes or fish, it has generally been obsetivatithey respond differently to different
types of ecological stress (e.g. Triest et al.,12002001b; Hering et al., 2006) and are
therefore complementary in their use for assessni@mtthis reason, a quality index should
always be interpreted in complement with other méshof evaluation, not only physical-
chemical and hydromorphological assessment, batadtser biological indicator groups. This

holistic view of ecological assessment was righittorporated in the WFD.

Regional adaptations are necessary to improve samases systems (e.g. Thorne and Williams,
1997; Seegert, 2000; De Pauw et al., 2006), becaaser systems show important natural
differences (Verdonschot and Nijboer, 2002). A®asequence, the importance (and related
value) of the water system conditions can diffgngicantly among regions (leading to
different scores due to its uses and values). Ttrerenost regions opt for a local assessment
system, leading to the use of particular monitoang assessment methods, as is presently for

instance the case in most European member stageB40w et al., 2006).

Provided that all limitations and uncertaintiesbadlogical assessment indices (e.g. Seegert,
2000) are recognized, they constitute a very usedol for evaluating the effects of

management measures, for decision making and éonqing environmental awareness.

Compliance of the new Flemish biological assessméantiex with

the WFD requirements

It has been argued in Chapter 3 that the new ass@ssndex for macroinvertebrates in rivers
and lakes in Flanders complies with all techniegjuirements of the WFD. Furthermore, the
results of the first round of the intercalibratierercise (CB-GIG, 2006; Gabriels, 2007),
more specifically the harmonised class boundaryeslwill be published by the end of 2007
as a Commission Decision (EU, 2007; see Chaptaigh this publication, the methods can
be considered as formally endorsed by the EU. Heweas pointed out in Chapter 5, three
Flemish river types and all Flemish lake types haweyet been subject to an intercalibration
exercise, because the relevant types and categeass not yet covered during the first
intercalibration round. These gaps will hopefullg blled during the next intercalibration

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 141

round(s). Meanwhile, it can be concluded that edisible tasks have thus far been carried out
successfully for meeting the WFD requirements ianBers with regard to freshwater

macroinvertebrates.

Practicability of implementing the new Flemish biobgical

assessment index in the existing monitoring netwosk

It should be clear that practical and financial stomints were an important consideration
when developing this index. At the same time, thdek needed to comply with the
requirements of the WFD, to be scientifically soumadd to be cost-effective for
implementation in a routine monitoring scheme. lbwd however be unacceptable to
sacrifice either one of these objectives, becauseolgectives need to be fulfilled

simultaneously.

An interesting aspect with regard to the relatietween the BBl and MMIF index is that they
are both based on the same sampling and idenidficarotocols. In this way, both indices
can be calculated based on a single sample. Thamsnidat historical data can be evaluated
by means of the MMIF as well, on the condition thhtindance data are available and the
generaPhysas.s. andPhysellaare distinguished. Consequently, it will in futdre possible to
make use of the same data to communicate qualdigon by means of an already widely
known and accepted index on the one hand and twtregsults to the European Commission
in the context of the WFD on the other hand.

Furthermore, the extensive know-how on logisticamgling, sample processing and
identification of macroinvertebrates that has besmuired by the VMM through the

exploitation of the BBI monitoring network since88 can be perfectly incorporated into the
monitoring efforts for the MMIF. The only differeacconcerns the counting of the animals

and the calculation and interpretation of the index
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Comparing biological quality class boundaries acros European

member states

As discussed in Chapter 3, the normative defingion the different quality classes (EU,
2000) leave much room for interpretation and conseatly do not allow to unambiguously
identify the “correct” boundary value on a given E®cale. If this would have been possible,
there would not have been a need for an interealdmwr exercise. In this sense, the
descriptions provided by the WFD should rather éensas a rough guidance for setting the
standard, whereas the intercalibration is necegsagpsure that the member states’ standards

are actually comparable.

Still, many uncertainties remain with regard to thitcome of the intercalibration decision, as
discussed in Chapter 5. Despite all these practiedltechnical constraints, the outcome can
be characterised as the currently best possiblyiewable result. Furthermore, the
intercalibration exercise should be seen as a gigmocess that should be repeated in future
when more field data will have been collected. Hesve more financial and technical
resources should be made available to be abldite e currently obtained results (Biggs,
2006).

In addition, many water systems are also charaet@rby multiple anthropogenic uses and
related stresses (Verdonschot and Nijboer, 200&icwlimit the development of the present
biological community. For this reason, the WFD adiced the concept of Maximal
Ecological Potential (MEP) and Good Ecological ot (GEP) to be used instead of the
reference conditions to assess the ecological stadewater body (Borja and Elliott, 2007).
This MEP can be regarded as the best availableogical conditions under certain
hydromorphological pressures that can not be ntégjavithout severe environmental or
socio-economical consequences (EU, 2000). The MERnI alternative target to be used
instead of the reference conditions and should &ned for each artificial or heavily
modified water body separately (EU, 2000). Thesavitye modified and artificial water
bodies constitute the majority of the Flemish wdttedies. However, a definitive register of
water bodies to which this regime applies is natilable yet. Also, the GEP must be defined
for each heavily modified and/or artificial wateody separately. An intercalibration of the
ecological targets for these water bodies is nmseen by the WFD. It is therefore doubtful
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whether monitoring results for artificial and hdgvimodified water bodies will be

comparable among member states.

Estimation of the overall ecological status of watebodies in

Flanders based on the WFD standards

The Flemish BBI standard of 7 as defined in VLARHE#®gislation (Flemish Government,
1995) is presently only met in approximately 30cpat of sampling locations (Peeters et al.,
2006). Considering the relative equivalence betwdés BBI standard and the originally
proposed MMIF class boundary for good quality (asndnstrated in Chapter 4), it can be
concluded that the number of sampling locations mgimg with the adjusted MMIF
standard, incorporating the results of the Europ@aercalibration exercise, will be
considerably less. In addition, due to the fact thaone-out-all-out approach is used for
evaluating the overall ecological quality of a wdiedy, it is clear that currently only a small
minority of the natural water bodies can be expktbeneet the good ecological status.

However, these intercalibrated standards applyatoral water bodies only. As previously

mentioned, for artificial and heavily modified wateodies an alternative target must be set,
which has at present not yet been finalised. thé&sefore currently not possible to estimate
the total number of water bodies in Flanders foricWwhthe European standard based on

macroinvertebrates will be met.

Recommendations for further research

A biological assessment index is never intendeddoused for infinity. An index should

reflect the continuously evolving scientific instghfinancial constraints, societal needs, and
legislation. It is therefore appropriate that swehindex will be re-evaluated when it has
served as a routine monitoring tool for a longaiqueof time. Furthermore, pressures acting
on water systems, such as morphological degradagioth species invasions become
increasingly important and will affect assessmestitts using existing methods/systems in an

inconsistent manner (Friberg et al., 2006; see @lsapter 2). As a result of climate change,
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even reference conditions may change, which shaidd be taken into account in the
assessment schemes (NGges et al., 2007). In ardefléct these developments, the revision
and improvement of methods should be an ongoingesso (Friberg et al., 2006). These
future adjustments of the method can incorporate exerience in sampling, identifying and
calculation of the index. Also, the taxa list sttbbk revised on a regular basis as proposed in
Chapter 2.

On the other hand, as argued in Chapter 2, catddsbe taken not to present results based on
different methods as comparable values, becausetison of an index implies that results
of the original method should be seen as beingdoasea different method. In the present
study, this has been systematically acknowledgedi¢tinguishing between BBl and MMIF,

although both indices are closely correlated, as deamonstrated in Chapter 4.

The whole information chain from data collectiomcfuding sampling) towards the final
assessment should be standardised and subjeage@lity assurance and quality control. An
integrated uncertainty analysis of this informatichain, from the perspective of the
information needs of decision makers is necessaryadsure that data collection and
assessment is based on methods with the requissdisipn and accuracy (Karr and Chu,
1999). Decision makers should thus also be awartheoflevel of uncertainty of the used
methods and the impact of this uncertainty on #li@ility of their planning and restoration

actions.

The use of reference conditions has been one ofmger innovations in biological water
quality assessment of the last decade (Hering .et28D4). Systems using site-specific
reference conditions such as RIVPACS (Wright, 208 usually capable of comparing
observed and reference values for a number of cseife.g. BMWP or ASPT), but,
surprisingly, no multimetric index has thus far hg®oposed or tested using several metrics
based on site-specific reference conditions. Thesldpment of such an index might be an
interesting innovation in biological water qual@&gsessment because it would combine the
advantages of site-specific reference conditionsttenone hand and the use of multiple
assessment criteria on the other hand.

As required by the WFD, the MMIF provides, like tB8l, an overall evaluation of general
ecological degradation, without distinguishing dwirce of stress. However, it may also be
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useful to develop pollution specific index systefegy. Chessman and McEvoy, 1998; Dahl
and Johnson, 2004). To achieve this, it will howelbe necessary to collect a large and
comprehensive set of data on macroinvertebratesvadls as on all possible sources of

degradation.

Further research should make maximal use of theewtly available data analysis and
modelling techniques. These techniques are becomangasingly useful in the study of the
biogeographic distribution of macroinvertebratesd atieir ecological preferences and
interactions (e.g. Goethals, 2005; Recknagel, 20065 would not only be very useful for
ecological quality assessment, but also for fatilg water management decisions (Goethals,
2005).

For instance, assessment methods could be developeadnore reliable way by gathering
information on ecological preferences of taxa aodsequently on their vulnerability, habitat
specificity and synecology. These insights wouldoabeliver valuable information for
decision support in river restoration managemeimtef@als and De Pauw, 2001), and also on

cause detection of river deterioration (cf. theiattlevelopment of stressor specific metrics).

Such techniques can also be applied to developatatiitability models (e.g. Goethals,
2005; Goethals et al., 2007; Mouton et al., 2007psimulate migration patterns of possible
recolonisation after habitat restoration measureg. (Dedecker et al., 2007). An other
application is to predict reference communitieseldasn abiotic properties of a site, which can

be used in an assessment scheme (e.g. Wright,.2000)

Because the operation of a monitoring network ggesra valuable amount of data on the
one hand and ecological research generates usefuvl&dge to optimise monitoring
strategies on the other hand, both disciplines masitively benefit from a more intense
integration (Heylen et al., 1999; Goethals, 200&)reover, a wider availability of ecological
data would greatly benefit ecological researchr(F2007). To facilitate the development of
international databases on river ecology, the exghaof data collection and handling
methods of, for instance, macroinvertebrates bwto abf physical, chemical and

hydromorphological river characteristics will bero&jor importance (Goethals, 2005).

Wim Gabriels



Multimetric assessment of freshwater macroinvertebrate communities in Flanders, Belgium 146

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 147

References

Aagaard, K., Solem, J.O., Ngst, T. & Hanssen, O.997). The macrobenthos of the pristine
stream, Skiftesda, Hgylandet, Norway. Hydrobiol&#&8(1-3): 81-94.

Adriaenssens, V., Simons, F., Nguyen, L.T.H., Goddss, B., Goethals, P.L.M. & De
Pauw, N. (2004).Potential of bio-indication of Chironomid commueg for assessment of

running water quality in Flanders (Belgium). Belgidournal of Zoology 134(1): 31-40.

AERMC (1997). Indice Biologique Global Adapté aux grands couksad et aux rivieres
profondes (IBGA). Protocole expérimental. Agence Id&au Rhdne-Méditerranée-Corse,
Cabinet Gay Environnement, Grenoble, France. 45 p.

AFNOR (1985). Essai des eaux: Détermination de l'indice biologigglobal (IBG).
Normalisation Francaise T90-350. Association Fresscde Normalisation, Paris, France. 8 p.

AFNOR (1992). Essai des eaux: Détermination de l'indice biolagiogglobal normalisé
(IBGN). Normalisation Francaise NF T90-350. Asstiora Francaise de Normalisation,

Paris, France. 9 p.

Alba-Tercedor, J. & Sanchez-Ortega, A. (1988)Un método rapido y simple para evaluar la
calidad bioldgica de las aguas corrientes basadsl da Hellawell (1978). Limnética 4: 51-
56.

Alpine GIG (2006). Alpine GIG. In: van de Bund, W. (ed.). WFD intdrbeation technical

report. Part 1 - Rivers. Section 2 - Benthic mavorertebrates. JRC, Ispra, Italy.

Andersen, M.M., Rigét, F.F. & Sparholt, H. (1984) A maodification of the Trent Index for
use in Denmark. Water Research 18(2): 145-151.

Angermeier, P. & Winston, M. (1997). Assessing conservation value of stream
communities: a comparison of approaches based mineseof density and species richness.
Freshwater Biology 37(3): 699-710.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 148

Armitage, P.D., Moss, D., Wright, J.F. & Furse, M.T (1983).The performance of a new
biological water quality score system based on macertebrates over a wide range of

unpolluted running-water sites. Water Research)13@&3-347.

Artemiadou, V. & Lazaridou, M. (2005). Evaluation score and interpretation index for the
ecological quality of running waters in Central ambrthern Hellas. Environmental
Monitoring and Assessment 110(1-3): 1-40.

Astin, L.E. (2007). Developing biological indicators from diverse dathe Potomac Basin-
wide Index of Benthic Integrity (B-IBI). Ecologicétdicators 7(4): 895-908.

Bailey, R.C., Kennedy, M.G., Dervish, M.Z. & Taylor, R.M. (1998).Biological assessment

of freshwater ecosystems using a reference cond#jgproach: comparing predicted and
actual benthic invertebrate communities in Yukaeans. Freshwater Biology 39(4): 765-
774.

Baillie, J.E.M., Hilton-Taylor, C. & Stuart, S.N. (eds.) (2004).2004 IUCN Red List of
Threatened Species. A global species assessme@f\,|&Gland, Switzerland. 152 p. +

appendices.

Balmford, A. & Bond, W. (2005). Trends in the state of nature and their implicegidor
human well-being. Ecology Letters 8(11): 1218-1234.

Balmford, A., Green, R.E. & Jenkins, M. (2003).Measuring the changing state of nature.
Trends in Ecology & Evolution 18(7): 326-330.

Baptista, D.F., Buss, D.F., Egler, M., GiovanelliA., Silveira, M.P. & Nessimian, J.L.
(2007). A multimetric index based on benthic macroinveratds for evaluation of Atlantic
Forest streams at Rio de Janeiro State, Brazilrébjdlogia 575(1): 83-94.

Barbour, M.T., Gerritsen, J., Griffith, G.E., Fryde nborg, R., McCarron, E., White, J.S.

& Bastian, M.L. (1996). A framework for biological criteria for Florida rems using
benthic macroinvertebrates. Journal of the NortheAoan Benthological Society 15(2): 185-
211.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 149

Barbour, M.T., Gerritsen, J., Snyder, B.D. & Stribling, J.B. (1999).Rapid Bioassessment
Protocols for use in streams and wadeable rivemsplpyton, benthic macroinvertebrates and
fish. Second Edition. EPA 841-B-99-002. U.S. Enniment Protection Agency, Office of
Water, Washington, DC, USA.

Barbour, M.T., Plafkin, J.L., Bradley, B.P., Graves C.G. & Wisseman, R.W. (1992).
Evaluation of EPA’s Rapid Bioassessment benthiaiosetmetric redundancy and variability

among reference stream sites. Environmental Toxggoand Chemistry 11(4): 437-449.

Barbour, M.T., Swietlik, W.F., Jackson, S.K., Couremanch, D.L., Davies, S.P. & Yoder,
C.0. (2000).Measuring the attainment of biological integritythe USA: a critical element
of ecological integrity. Hydrobiologia 422/423: 4884.

Béche, L.A., McElravy, E.P. & Resh, V.H. (2006)Long-term seasonal variation in the
biological traits of benthic-macroinvertebrates tino Mediterranean-climate streams in
California, U.S.A. Freshwater Biology 51(1): 56-75.

Beck, W.M. (1955). Suggested method for reporting biotic data. Sewage Industrial
Wastes 27(10): 1193-1197.

Beisel, J.N., Usseglio-Polatera, P., Bachmann, V. oreteau, J.C. (2003)A comparative

analysis of evenness index sensitivity. Internatidteview for Hydrobiology 88(1): 3-15.

Bennett, H.H., Mullen, M.W., Stewart, P.M., Sawyer,J.A. & Webber, E.C. (2004).
Development of an Invertebrate Community IndexdonrAlabama Coastal Plain Watershed.

Journal of the American Water Resources Associatif): 43-51.

Bervoets, L., Bruylants, B., Marquet, P., Vandelanoote, A. & Verheyen, R. (1989)A
proposal for modification of the Belgian Biotic kexi method. Hydrobiologia 179(3): 223-
228.

Biggs, J. (2006).European environmental NGO technical review of wWater framework

directive intercalibration process. European Envinental Bureau, Brussels, Belgium. 49 p.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 150

Bij de Vaate, A., Jazdzewski, K., Ketelaars, H.A.M.Gollasch, S. & Van der Velde, G.
(2002).Geographical patterns in range extension of PQatgpian macroinvertebrate species
in Europe. Canadian Journal of Fisheries and Aqu&tiences 59(7): 1159-1174.

Bij de Vaate, A. & Pavluk, T.l. (2004).Practicability of the Index of Trophic Completeses
for running waters. Hydrobiologia 519(1-3): 49-60.

BIN (1984). Biologische kwaliteit van de waterlopen. Bepalimgn de Biotische Index
steunende op aquatische macro-invertebraten. BiEisiorm NBN T92-402. Belgian
Institute for Normalisation, Brussels, Belgium.[d.1

Blocksom, K.A. (2003). A performance comparison of metric scoring methdols a
multimetric index for mid-atlantic highlands streanEnvironmental Management 31(5): 670-
682.

Blocksom, K.A., Kurtenbach, J.P., Klemm, D.J., Fulk F.A. & Cormier, S.M. (2002).
Development and evaluation of the lake macroinbeste integrity index (LMII) for New
Jersey lakes and reservoirs. Environmental Momigpand Assessment 77(3): 311-333.

Bohmer, J., Rawer-Jost, C. & Zenker, A. (2004aMultimetric assessment of data provided
by water managers from Germany: assessment of adediierent types of stressors with
macrozoobenthos communities. Hydrobiologia 516¢123)-228.

Bohmer, J., Rawer-Jost, C., Zenker, A., Meier, C.Feld, C.K., Biss, R. & Hering, D.
(2004b). Assessing streams in Germany with benthic inveates: Development of a

multimetric invertebrate based assessment systenmdlogica 34(4): 416-432.

Borja, A. & Elliott, M. (2007). What does ‘good ecological potential’ mean, witlire
European Water Framework Directive? Marine PolluBulletin 54(10): 1559-1564.

Boulton, A.J. (1999). An overview of river health assessment. philosephipractice,
problems and prognosis. Freshwater Biology 41(@9-479.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 151

Bowman, M.F. & Bailey, R.C. (1997).Does taxonomic resolution affect the multivariate
description of the structure of freshwater benthi@croinvertebrate communities? Canadian
Journal of Fisheries and Aquatic Sciences 54(8)21B307.

Braukmann, U. & Biss, R. (2004).Conceptual study - An improved method to assess
acidification in German streams by using benthiccro@vertebrates. Limnologica 34(4):
433-450.

Bray, J.R. & Curtis, J.T. (1957). An ordination of the upland forest communities of
southern Wisconsin. Ecological Monographs 27(4%-329.

Brillouin, L. (1951). Maxwell's demon cannot operate: information anttogry. Journal of
Applied Physics 22(3): 334-337.

Buffagni, A., Erba, S., Birk, S., Cazzola, M., FeldC., Ofenboéck, T., Murray-Bligh, J.,
Furse, M.T., Clarke, R., Hering, D., Soszka, H. & &n de Bund, W. (2005).Towards
European intercalibration for the water frameworkedive: procedures and examples for
different river types from the E.C. project STARSA, Rome, Italy. 468 p.

Buffagni, A., Erba, S. & Furse, M.T. (2007).A simple procedure to harmonize class
boundaries of assessment systems at the pan-Eorgmede. Environmental Science &

Policy: in press.

Burton, J. & Gerritsen, J. (2003). A Stream Condition index for Virginia noncoastal

streams. Virginia Department of Environmental QualRichmond, Virginia, USA.

Butcher, J.T., Stewart, P.M. & Simon, T.P. (2003a)A Benthic Community Index for
streams in the Northern Lakes and Forests EcoreBiomlogical Indicators 3(3): 181-193.

Butcher, J.T., Stewart, P.M. & Simon, T.P. (2003b)Effects of two classification strategies
on a Benthic Community Index for streams in the tNem Lakes and Forests Ecoregion.
Ecological Indicators 3(3): 195-202.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 152

Cairns, J.Jr. (1977).Quantification of biological integrity. In: Balléine, R.K. & Guarraia,
L.J. (eds.). The Integrity of Water. Proceedings aofSymposium. U.S. Environmental
Protection Agency, Washington, D.C., USA. p. 17%-18

Cairns, J.Jr., Albaugh, D.W., Busey, F. & Chanay, MD. (1968). The sequential
comparison index - a simplified method for non-bgkts to estimate relative differences in
biological diversity in stream pollution studiesoudnal of the Water Pollution Control
Federation 40(9): 1607-1613.

Cairns, J.Jr. & Bidwell, J.R. (1996). Discontinuities in technological and natural syste

caused by exotic species. Biodiversity and Consienv&(9): 1085-1094.

Camargo, J.A. (1990) Performance of a new ecotoxicological index teeassnvironmental
impacts on freshwater communities. Bulletin of HEommental Contamination and
Toxicology 44(4): 529-534.

Camargo, J.A. (1992a).New diversity index for assessing structural aliens in aquatic
communities. Bulletin of Environmental Contaminati@nd Toxicology 48(3): 428-434.

Camargo, J.A. (1992b).Temporal and spatial variations in dominance, ity and biotic
indices along a limestone stream receiving a tfaunh effluent. Water, Air, & Soil Pollution
63(3-4): 343-359.

Camargo, J.A. (1993).Macrobenthic surveys as a valuable tool for assgdseshwater

quality in the Iberian Peninsula. Environmental Mornng and Assessment 24(1): 71-90.

Cao, Y., Bark, A.W. & Williams, W.P. (1997). Analysing benthic macroinvertebrate
community changes along a pollution gradient: angrevork for the development of biotic
indices. Water Research 31(4): 884-892.

Carlisle, D.M. & Clements, W.H. (1999). Sensitivity and variability of metrics used in
biological assessments of running waters. Envirariaieloxicology and Chemistry 18(2):
285-291.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 153

CB-GIG (2006). Central-Baltic GIG. In: van de Bund, W. (ed.). WHBtercalibration
technical report. Part 1 - Rivers. Section 2 - Beniacroinvertebrates. JRC, Ispra, Italy.

CB-GIG (2007). CB rivers GIG macro-invertebrate working group./@807. Note to
ECOSTAT. JRC, Ispra, Italy. 2 p.

Chadd, R. & Extence, C. (2004).The conservation of freshwater macroinvertebrate
populations: a community-based classification sahefquatic Conservation: Marine and
Freshwater Ecosystems 14(6): 597-624.

Chandler, J.R. (1970).A biological approach to water quality managem#&viter Pollution
Control 69: 415-422.

Chapin, F.S., Zavaleta, E.S., Eviner, V.T., NaylorR.L., Vitousek, P.M., Reynolds, H.L.,
Hooper, D.U., Lavorel, S., Sala, O.E., Hobbie, S.EMack, M.C. & Diaz, S. (2000).

Consequences of changing biodiversity. Nature 268:242.

Chaves, M.L., Costa, J.L., Chainho, P., Costa, M.J& Prat, N. (2006). Selection and

validation of reference sites in small river basidgdrobiologia 573(1): 133-154.

Chessman, B.C. (1995)Rapid assessment of rivers using macroinvertefiratgprocedure
based on habitat specific sampling, family levantification and a biotic index. Australian
Journal of Ecology 20(1): 122-129.

Chessman, B.C. (2003)New sensitivity grades for Australian river maon@rtebrates.
Marine and Freshwater Research 54(2): 95-103.

Chessman, B.C. & McEvoy, P.K. (1998).Towards diagnostic biotic indices for river
macroinvertebrates. Hydrobiologia 364(2-3): 169-182

Chessman, B.C., Trayler, K.M. & Davis, J.A. (2002).Family and species-level biotic
indices for invertebrates in the wetlands of theaBWostal Plain, Western Australia. Journal
of Marine and Freshwater Research 53(5): 919-930.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 154

Chesters, R.K. (1980).Biological Monitoring Working Party. The 1978 matial testing
exercise. Water Data Unit Technical Memorandum DR8partment of the Environment,
London, UK. 37 p.

Chutter, F.M. (1972). An empirical biotic index of the quality of water South African
streams and rivers. Water Research 6(1): 19-30.

Clark, P.F. (2006). Eriocheir sinensisH. Milne Edwards: 1853 or 1854 - Grapsidae or
Varunidae? Aquatic Invasions 1(1): 17-27.

Clarke, R.T. (2000).Uncertainty in estimates of biological quality bdson RIVPACS. In:
Wright, J.F., Sutcliffe, D.W. & Furse, M.T. (ed#)ssessing the biological quality of fresh
waters: RIVPACS and other techniques. FreshwateloBical Association, Ambleside,
Cumbria, UK. p. 39-54.

Clarke, R.T., Furse, M.T., Gunn, R.J.M., Winder, JM. & Wright, J.F. (2002). Sampling
variation in macroinvertebrate data and implicatidor river quality indices. Freshwater
Biology 47(9): 1735-1751.

Clarke, R.T., Wright, J.F. & Furse, M.T. (2003). RIVPACS models for predicting the
expected macroinvertebrate fauna and assessingctilegical quality of rivers. Ecological
Modelling 160(3): 219-233.

Clesceri, L.S., Greenberg, A.E. & Eaton, A.D. (edk.(1998). Standard methods for the
examination of water and wastewater. 20th Editihmerican Public Health Association,
Washington, DC, USA. 1113 p.

Cook, S.E.K. (1976)Quest for an index of community structure sensitiv water pollution.
Environmental Pollution 11(4): 269-288.

Courtemanch, D.L. & Davies, S.P. (1987)A coefficient of community loss to assess

detrimental change in aquatic communities. WatexeBech 21(2): 217-222.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 155

Covich, A.P., Palmer, M.A. & Crowl, T.A. (1999).The role of benthic species in freshwater
ecosystem processes. Bioscience 49(2): 119-126.

Csanyi, B. (1998).A magyarorszagi folyok bioldgiai miisitése a makrozoobenton alapjan.

PhD thesis, University of Debrecen, Hungary.

Cummins, K.W. (1975). Macroinvertebrates. In: Whitton, B.A. (ed.). Rivecology.
Blackwell, London, UK. p. 170-198.

Cummins, K.W. (1992).Invertebrates. In: Calow, P. & Petts, E. (edshe Tivers handbook:

volume one. Blackwell Science, Oxford, UK. p. 2&02

Dahl, J. & Johnson, R.K. (2004).A multimetric macroinvertebrate index for detegtin
organic pollution of streams in southern Swederchir fir Hydrobiologie 160(4): 487-513.

Dahl, J., Johnson, R.K. & Sandin, L. (2004)Detection of organic pollution of streams in
southern Sweden using benthic macroinvertebratgdrdbiologia 516(1-3): 161-172.

Davies, P.E. (2000)Development of a national river bioassessmenegygAUSRIVAS) in
Australia. In: Wright, J.F., Sutcliffe, D.W. & Fus M.T. (eds.). Assessing the biological
quality of fresh waters: RIVPACS and other techesjuFreshwater Biological Association,
Ambleside, Cumbria, UK. p. 113-124.

Dedecker, A.P., Van Melckebeke, K., Goethals, P.L.M& De Pauw, N. (2007).
Development of migration models for macroinvertédsan the Zwalm river basin (Flanders,

Belgium) as tools for restoration management. Egiodd Modelling 203(1-2): 72-86.

DeKeyser, E.S., Kirby, D.R. & Ell, M.J. (2003).An index of plant community integrity:
development of the methodology for assessing praigtland plant communities. Ecological
Indicators 3(2): 119-133.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 156

De Loose, L., Verheyen, R.F., Bervoets, L., Weisk,, Schneiders, A., Wils, C., Van
Maele, T.M., De Pauw, N., Balllieul, M., Blust, R.& Vanderborght, O. (1995).
Ecologische kwaliteitsdoelstellingen voor oppertwakater. Studie uitgevoerd in opdracht
van de Vlaamse Milieumaatschappij. Groep voor Tpagee Ecologie, Antwerp, Belgium.

185 p. + appendices.

De Pauw, N., Gabriels, W. & Goethals, P.L.M. (2006)River monitoring and assessment
methods based on macroinvertebrates. In: Zigliq, $ligardi, M. & Flaim, G. (eds.).
Biological monitoring of rivers. Applications andenspectives. John Wiley & Sons,
Chichester, West Sussex, UK. p. 113-134.

De Pauw, N. & Hawkes, H.A. (1993)Biological monitoring of river water quality. In:
Walley, W.J. & Judd, S. (eds.). River water quatitgnitoring and control. Aston University,
Birmingham, UK. p. 87-111.

De Pauw, N. & Heylen, S. (2001)Biotic index for sediment quality assessment of

watercourses in Flanders, Belgium. Aquatic Ecol8gf2): 121-133.

De Pauw, N., Lambert, V., Van Kenhove, A. & Bij deVaate, A. (1994).Performance of
two artificial substrate samplers for macroinverées in biological monitoring of large and
deep rivers and canals in Belgium and the NethdslafEnvironmental Monitoring and
Assessment 30(1): 25-47.

De Pauw, N., Roels, D. & Fontoura, A.P. (1986)Use of artificial substrates for
standardized sampling of macroinvertebrates in ahsessment of water quality by the
Belgian Biotic Index. Hydrobiologia 133(3): 237-258

De Pauw, N. & Vanhooren, G. (1983).Method for biological quality assessment of
watercourses in Belgium. Hydrobiologia 100(1): 158.

De Pauw, N. & Vannevel, R. (eds.) (1991Macro-invertebraten en waterkwaliteit. Stichting

Leefmilieu, Antwerp, Belgium. 316 p.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 157

Diamond, J.M. (2005).Collapse: how societies choose to fail or succégéking Books,
New York, USA. 592 p.

Diaz, S., Fargione, J., Chapin, F.S. & Tilman, D.2006).Biodiversity loss threatens human
well-being. PL0oS Biology 4(8): 1300-1305.

DIN (1990). Biological-ecological analysis of water (group NDetermination of the saprobic
index (M 2). DIN 38 410, Part 2. Beuth Verlag Gml¢rlin, Germany.

Dolédec, S., Olivier, J.M. & Statzner, B. (2000)Accurate description of the abundance of
taxa and their biological traits in stream inversgb communities: effects of taxonomic and

spatial resolution. Archiv fur Hydrobiologie 148(2pb-43.

Dudgeon, D., Arthington, A.H., Gessner, M.O., Kawahta, Z.I., Knowler, D.J., Lévéque,
C., Naiman, R.J., Prieur-Richard, A.H., Soto, D., Sassny, M.L.J. & Sullivan, C.A.
(2006). Freshwater biodiversity: importance, threats, ustahind conservation challenges.
Biological Reviews 81(2): 163-182.

Dumortier, M., De Bruyn, L., Peymen, J., SchneidersA., Van Daele, T., Weyembergh,
G., van Straaten, D. & Kuijken, E. (2003).Natuurrapport 2003: toestand van de natuur in
Vlaanderen: cijfers voor het beleid. Mededeling Vet instituut voor natuurbehoud, 21.
Instituut voor Natuurbehoud, Brussels, Belgium. p52

Dunn, H. (2004). Defining the ecological values of rivers: the veewf Australian river
scientists and managers. Aquatic Conservation: riaand Freshwater Ecosystems 14(4):
413-433.

ECOSTAT (2004).Overview of common intercalibration types. Finaftsion 5.1. 38 p.

Ellis, D. (1985). Taxonomic sufficiency in pollution assessment. iarPollution Bulletin
16(12): 459.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 158

EU (2000). Directive 2000/60/EC of the European Parliamerd afh the Council of 23
October 2000 establishing a framework for Commuaitsion in the field of water policy.

Official Journal of the European Communities L32772.

EU (2007). Annex to Commission Decision adopting and pubtighthe values of the

Member State monitoring system classifications assalt of the intercalibration exercise in
accordance with Directive 2000/60/EC of the EuropBarliament and of the Council. Draft
version 4.0 of 13 September 2007. Commission of Ebeopean Communities, Brussels,

Belgium. 34 p.

Extence, C.A., Bates, A.J., Forbes, W.J. & Barhan®.J. (1987).Biologically based water

quality management. Environmental Pollution 4521-236.

Fausch, K.D., Karr, J.R. & Yant, P.R. (1984).Regional application of an index of biotic
integrity based on stream fish communities. Tratigas of the American Fisheries Society
113(1): 39-55.

Feio, M.J., Reynoldson, T.B., Ferreira, V. & GracaM.A.S. (2007).A predictive model for
freshwater bioassessment (Mondego River, Portuggtrobiologia 589(1): 55-68.

Flemish Government (1995) Besluit van de Vlaamse regering van 1 juni 199Gdemde
algemene en sectorale bepalingen inzake milieuhgg{€ LAREM II). Belgisch Staatsblad:
31 July 1995.

Fontoura, A.P. & De Pauw, N. (1994)Microhabitat preference of stream macrobenthos and
its significance in water quality assessment. Viedhangen der Internationale Vereinigung
fur Theoretische und Angewandte Limnologie 25(338-1940.

Fore, L.S. & Grafe, C. (2002).Using diatoms to assess the biological conditibhame
rivers in Idaho (USA). Freshwater Biology 47(10015-2037.

Fore, L.S., Karr, J.R. & Wisseman, R.W. (1996).Assessing invertebrate responses to
human activities: evaluating alternative approachésurnal of the North American
Benthological Society 15(2): 212-231.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 159

Frey, D.G. (1977).Biological integrity of water: an historical appiah. In: Ballentine, R.K.
& Guarraia, L.J. (eds.). The Integrity of Water.o&edings of a Symposium. U.S.
Environmental Protection Agency, Washington, DITSA. p. 127-140.

Friberg, N., Sandin, L., Furse, M.T., Larsen, S.E.Clarke, R.T. & Haase, P. (2006).
Comparison of macroinvertebrate sampling methodSurope. Hydrobiologia 566(1): 365-
378.

Furse, M.T., Moss, D., Wright, J.F. & Armitage, D.(1984).The influence of seasonal and
taxonomic factors on the ordination and classifacabf running-water sites in Great Britain
and on the prediction of their macro-invertebravenmunities. Freshwater Biology 14(3):
257-280.

Gabriels, W. (2006).Notes on resubmitted macroinvertebrate data fandidrs, Belgium, for

the Central-Baltic river Geographic IntercalibratiGroup. Technical note for the Steering
Group of the Central/Baltic Rivers Geographicakiglibration Group. In: Van den Bund,
W. (ed.). WFD intercalibration technical report arP 1 Rivers, Section 2 Benthic

Macroinvertebrates. JRC, Ispra, Italy. 9 p.

Gabriels, W. (2007).Proposal for adjusting the Flemish class boundaaiecording to the
intercalibration exercise for river macroinvertdbg Flemish Environment Agency, Aalst,

Belgium. 20 p. + appendices.

Gabriels, W., Goethals, P.L.M. & De Pauw, N. (2005)Implications of taxonomic
modifications and alien species on biological wapeality assessment as exemplified by the
Belgian Biotic Index method. Hydrobiologia 542(187-150.

Gabriels, W., Goethals, P.L.M. & De Pauw, N. (2006)Development of a multimetric

assessment system based on macroinvertebrataseie in Flanders (Belgium) according to
the European Water Framework Directive. Verhandiunder Internationale Vereinigung fur
Theoretische und Angewandte Limnologie 29(5): 22282.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 160

Gabriels, W., Goethals, P.L.M. & De Pauw, N. (2007)'he Multimetric Macroinvertebrate
Index Flanders (MMIF) for assessing biological wajeality in different types of rivers and

lakes in Flanders (Belgium). Limnologica: submitted

Gardeniers, J.J.P. & Tolkamp, H.H. (1976).Hydrobiologische kartering, waardering en
schade aan de beekfauna in Achterhoekse bekewarinde Nes, Th. (ed.). Modelonderzoek
1971-1974 ten behoeve van de waterhuishouding ilde@and. Commissie Bestudering
Waterhuishouding Gelderland, Arnhem, the Nethedapd26-29.

Gayraud, S., Statzner, B., Bady, P., Haybach, A.,c8dll, F., Usseglio-Polatera, P. &
Bacchi, M. (2003). Invertebrate traits for the biomonitoring of largeiropean rivers: an

initial assessment of alternative metrics. Fresemiology 48(11): 2045-2064.

Gérard, P., Verhaegen, G. & Gabriels, W. (2006)Belgian comments on CB-GIG
intercalibration exercise for macroinvertebratesrirers. Note submitted to the CB-GIG
Steering Group. Centre de Recherche de la Natwesg, Fbréts et du Bois, Gembloux,

Belgium, and Flemish Environment Agency, Aalst,dsei. 4 p.

Gerritsen, J., Burton, J. & Barbour, M.T. (2000a). A Stream Condition Index for West
Virginia Wadeable Streams. West Virginia Departmesft Environmenal Protection,

Charleston, NC, USA. 24 p. + appendices.

Gerritsen, J., Jessup, B., Leppo, E.W. & White, J.(2000b). Development of Lake
Condition Indexes (LCI) for Florida. Florida Depaegnt of Environmental Protection,
Tallahassee, Florida, USA.

Ghetti, P.F. (1997). Manuale di applicazione Indice Biotico Esteso &B. |
macroinvertebrati nell’controllo della qualita diegimbienti di aque correnti. Provincia

Autonoma di Trento, Agenzia provinciale per la pabne dell’ambienti, Trento, Italy. 222 p.

Ghetti, P.F. & Bonazzi, G. (1980)Biological Water Assessment Methods: Torrente Rarm
Torrente Stirone, Fiume Po, 3rd Technical Semikaral Report. Vol. 2. Published for the

Commission of the European Communities. 39 p.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 161

Ghetti, P.F. & Ravera, O. (1994) European perspective on biological monitoring.Loeb,
L. & Spacie, A. (eds). Biological monitoring of aajic systems. Lewis Publishers,
Boca Raton, Florida, USA. p. 31-46.

Giller, P.S. & Malmqvist, B. (1998). The biology of streams and rivers. Oxford Univirsi
Press, Oxford, UK. 296 p.

Goethals, P.L.M. (2005).Data driven development of predictive ecologicabdels for
benthic macroinvertebrates in rivers. PhD thesltser® University, Ghent, Belgium. 290 p. +

appendices.

Goethals, P.L.M., Dedecker, A.P., Gabriels, W., LekS. & De Pauw, N. (2007).
Applications of artificial neural networks prediogi macroinvertebrates in freshwaters.
Aquatic Ecology 41(3): 491-508.

Goethals, P. & De Pauw, N. (2001)Development of a concept for integrated ecological

river assessment in Flanders, Belgium. Journaimhblogy 60 (Suppl. 1): 7-16.

Graham, T.R. (1965). Lothians River Purification Board Annual Report659 Lothians

River Purification Board, UK.

Guérold, F. (2000). Influence of taxonomic determination level on gaVecommunity
indices. Water Research 34(2): 487-492.

Haase, R. & Nolte, U. (2007)The invertebrate species index (ISI) for streamsdutheast

Queensland, Australia. Ecological Indicators: iags.

Hawkes, H.A. (1998).0rigin and development of the biological monitgriworking party
score system. Water Research 32(3): 964-968.

Heiskanen, A.S., van de Bund, W., Cardoso, A.C. & &dges, P. (2004)Towards good
ecological status of surface waters in Europe erpretation and harmonisation of the
concept. Water Science & Technology 49(7): 169-177.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 162

Hellawell, J.M. (1986). Biological indicators of freshwater pollution armshvironmental
management. Elsevier, London, UK. 546 p.

Hering, D., Johnson, R.K., Kramm, S., Schmutz, S$zoszkiewicz, K. & Verdonschot,
P.F.M. (2006). Assessment of European streams with diatoms, phgtes,
macroinvertebrates and fish: a comparative metageld analysis of organism response to
stress. Freshwater Biology 51(9): 1757-1785.

Hering, D., Moog, O., Sandin, L. & Verdonschot, P.BM. (2004). Overview and
application of the AQEM assessment system. Hydtobia 516(1-3): 1-20.

Heylen, S., Goethals, P.L.M. & De Pauw, N. (1999udit huidige waterkwaliteitsbepaling
van de belangrijkste waterlopen d.m.v. de BelgisBiwische Index en voorstel voor een
betere meetstrategie. Groep voor Toegepaste Eeolddniversiteit Gent, Vakgroep
Toegepaste Ecologie en Milieubiologie, Laboratorililieutoxicologie en Agquatische

Ecologie, Ghent, Belgium. 58 p. + appendices.

Hill, M.O. (1973). Diversity and evenness: a unifying notation asc¢dnsequences. Ecology
54(2): 427-432.

Hilsenhoff, W.L. (1977).Use of arthropods to evaluate water quality oéastns. Technical
Bulletin No. 100. Department of Natural Resourdéadison, Wisconsin, USA. 15 p.

Hilsenhoff, W.L. (1982).Using a biotic index to evaluate water qualitystreams. Technical

Bulletin No. 132. Department of Natural Resourdéadison, Wisconsin, USA. 22 p.

Hilsenhoff, W.L. (1987).An improved biotic index of organic stream polluti Great Lakes
Entomologist 20(1): 31-39.

Hilsenhoff, W.L. (1988). Rapid field assessment of organic pollution witlaeily-level
biotic index. Journal of the North American Benthgital Society 7(1): 65-68.

Hilsenhoff, W.L. (1998). A modification of the biotic index of organic sara pollution to
remedy problems and permit its use throughout da.yGreat Lakes Entomologist 31(1): 1-
12.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 163

Hooper, D.U., Chapin, F.S., Ewel, J.J., Hector, A.lnchausti, P., Lavorel, S., Lawton,
J.H., Lodge, D., Loreau, M., Naeem, S., Schmid, BS$Setala, H., Symstad, A.J.,
Vandermeer, J. & Wardle, D.A. (2005).Effects of biodiversity on ecosystem functioniag:
consensus of current knowledge. Ecological Mondggatb(1): 3-35.

Hughes, B.D. (1978)The influence of factors other than pollution be value of Shannon’s

diversity index for benthic macro-invertebrates.tévd&esearch 12(5): 359-364.

Hughes, R.M. (1995).Defining acceptable biological status by companmth reference
conditions. In: Davis, W. & Simon, T. (eds.). Bigloal assessment and criteria: tools for
water resource planning and decision making foersvand streams. Lewis Publishers, Boca
Raton, Florida, USA. p. 31-47.

Hughes, R.M., Larsen, D.P. & Omernik, J.M. (1986)Regional reference sites: A method
for assessing stream potentials. Environmental lgamant 10(5): 629-635.

Humphrey, C.L., Storey, AW. & Thurtell, L. (2000). AUSRIVAS: operator sample
processing errors and temporal variability - imalions for model sensitivity. In: Wright,
J.F., Sutcliffe, D.W. & Furse, M.T. (eds.). Assesgsthe biological quality of fresh waters:
RIVPACS and other techniques. Freshwater Biologiss$ociation, Ambleside, Cumbria,
UK. p. 143-163.

Hurlbert, S.H. (1971). The nonconcept of species diversity: a critiquel atternative
parameters. Ecology 52(4): 577-586.

Hynes, H.B.N. (1994)Historical perspective and future direction oflbgical monitoring of
aquatic systems. In: Loeb, S.L. & Spacie, A. (ed&glogical monitoring of aquatic systems.
Lewis Publishers, Boca Raton, Florida, USA. p. 21-2

lllies, J. (1961). Versuch einer allgemeinen biozonotischen Gliedgrdar FlieRgewasser.
Internationale Revue der Gesamten Hydrobiologi@ #&@05-213.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 164

ISO (1985).Water quality - Methods of biological sampling ui@ance on handnet sampling
of aquatic benthic macro-invertebrates. ISO 7828519International Organization for

Standardization, Geneva, Switzerland. 6 p.

ISO (1988). Water quality - Design and use of quantitative glans for benthic macro-
invertebrates on stony substrata in shallow fresbga ISO 8265:1988. International

Organization for Standardization, Geneva, Switzel® p.

ISO (1993).Water quality - Sampling in deep waters for macneertebrates - Guidance on
the use of colonization, qualitative and quantiatsamplers. ISO 9391:1993. International

Organization for Standardization, Geneva, Switzetld 3 p.

Jaccard, P. (1908).Nouvelles recherches sur la distribution flordeiletin de la Société
Vaudoise des Sciences Naturelles 44: 223-269.

Jessup, B. & Gerritsen, J. (2002)Stream Macroinvertebrate Index. In: Grafe, C.8.)(e
Idaho Small Stream Ecological Assessment Framewark:integrated approach. ldaho
Department of Environmental Quality, Boise, Idaho.

Jochems, H., Schneiders, A., Denys, L. & Van den Bgh, E. (2002). Typologie van de
oppervlaktewateren in Vlaanderen. Eindverslag \&trphoject VMM.KRLW-typologie.2001.
Instituut voor Natuurbehoud, Brussels, Belgiump5% appendices.

Kamman, N. (2007).Development of biocriteria for Vermont and New Hzshire Lakes.
Criteria development for macroinvertebrates fore¢hdake classes and implementation
procedure for biological assessment of Vermontdakénal report. Vermont Department of
Environmental Conservation, Waterbury, Vermont, U3Ap.

Karr, J.R. (1981). Assessment of biotic integrity using fish commigsit Fisheries 6: 21-27.
Karr, J.R. (1996). Ecological integrity and health are not the sameSchulze, P.C. (eds).

Engineering within ecological constraints. Nationatademy of Engineering, National
Academy Press, Washington, DC, USA. p. 97-109.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 165

Karr, J.R. (1999). Defining and measuring river health. Freshwateldgjy 41(2): 221-234.

Karr, J.R. & Chu, EW. (1999). Restoring life in running waters: better biologica
monitoring. Island Press, Washington, DC, USA. B06

Karr, J.R. & Chu, E.W. (2000). Sustaining living rivers. Hydrobiologia 422/42314.

Karr, J.R. & Dudley, D.R. (1981). Ecological perspective on water quality goals.
Environmental Management 5(1): 55-68.

Kennard, M.J., Harch, B.D., Pusey, B.J. & Arthingtan, A.H. (2006).Accurately defining
the reference condition for summary biotic metries:comparison of four approaches.
Hydrobiologia 572(1): 151-170.

Kerans, B.L. & Karr, J.R. (1994). A benthic index of biotic integrity (B-IBI) for viers of
the Tennessee valley. Ecological Applications 474B-785.

King, R.S. & Richardson, C.J. (2002). Evaluating subsampling approaches and
macroinvertebrate taxonomic resolution for wetldridassessment. Journal of the North
American Benthological Society 21(1): 150-171.

Kirkegaard, J., Wiberg-Larsen, P., Jensen, J., lvesen, T.M. & Mortensen, E. (1992).
Biologisk bedgmmelse af vandlgbskvalitet. Metodé dinvendelse pa stationer i
Vandmiljgplanens Overvagningsprogram. Danmarks @Mitidersggelser. Teknisk anvisning

fra DMU nr. 5. National Environmental Researchilsg, Silkeborg, Denmark. 22 p.

Klemm, D.J., Blocksom, K.A., Fulk, F.A., Herlihy, AT., Hughes, R.M., Kaufmann, P.R.,
Peck, D.V., Stoddard, J.L., Thoeny, W.T., Griffith, M.B. & Davis, W.S. (2003).
Development and evaluation of a Macroinvertebraieti® Integrity Index (MBII) for
regionally assessing Mid-Atlantic highlands streaBrsvironmental Management 31(5): 656-
669.

Knopp, H. (1954). Ein neuer Weg zur Darstellung biologischer Voeluintersuchungen,

erlautert an einem Gutelangschnitt des Maines. @assschaft 45: 9-15.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 166

Kokes, J., Zahradkova, S., Nmejcova, D., Hodovsky, J., Jarkovsky, J. & SoldanT.
(2006). The PERLA system in the Czech Republic: a muliatarapproach for assessing the
ecological status of running waters. Hydrobiologfi#(1): 343-354.

Kolkwitz, R. & Marsson, M. (1909). Okologie der tierischen Saprobien. Beitrage zuree
von der biologischen Gewasserbeurteilung. Inteonate Revue der gesamten Hydrobiologie
und Hydrographie 2: 126-152.

Kothé, P. (1962) Der Artenfehlbetrag, ein einfaches Gutekriteriuma geine Anwendung bei
biologischen Vorfluteruntersuchungen. Deutsche Geeskundliche Mitteilungen 6: 60-65.

Kownacki, A., Soszka, H., Kudelska, D. & Fleituch,T. (2004). Bioassessment of Polish
rivers based on macroinvertebrates. In: Walter, (€l.), Proceedings 11th Magdeburg
seminar on waters in Central & Eastern Europe: #ssent, protection, management.
Leipzig, Germany, 18-22 october. p. 250-251.

Lang, C., IEplattenier, G. & Reymond, O. (1989).Water quality in rivers of western
Switzerland: application of an adaptable index Hasea benthic invertebrates. Aquatic
Sciences 51(3): 224-234.

Lang, C. & Reymond, O. (1995).An improved index of environmental quality for Swi
rivers based on benthic invertebrates. Aquaticrigee 57(2): 172-180.

Lenat, D.R. (1993).A biotic index for the south-eastern United Statksivation and list of
tolerance values, with criteria for assigning watprality ratings. Journal of the North
American Benthological Society 12(3): 279-290.

Lenat, D.R. & Resh, V.H. (2001).Taxonomy and stream ecology - The benefits of genu
and species-level identifications. Journal of thertNl American Benthological Society 20(2):
287-298.

Lewis, P.A., Klemm, D.J. & Thoeny, W.T. (2001)Perspectives on use of a multimetric
lake bioassessment integrity index using benthicroiavertebrates. Northeastern Naturalist
8(2): 233-246.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 167

Liebmann, H. (1962). Handbuch der Frischwasser- und Abwasserbiolog@ndBl, R.
Oldenburg, Munich, Germany. 588 p.

Linke, S., Bailey, R.C. & Schwindt, J. (1999). Temporal variability of stream

bioassessments using benthic macroinvertebrateshwater Biology 42(3): 575-584.

Linke, S., Pressey, R.L., Bailey, R.C. & Norris, Rd. (2007).Management options for river
conservation planning: condition and conservatmnisited. Freshwater Biology 52(5): 918-
938.

Lodge, D.M. (1993). Biological invasions - lessons for ecology. TrendsEcology &
Evolution 8(4): 133-137.

Logan, P. & Furse, M. (2002).Preparing for the European Water Framework Divecti
making the links between habitat and aquatic bidtquatic Conservation: Marine and
Freshwater Ecosystems 12(4): 425-437.

Loh, J., Green, R.E., Ricketts, T., Lamoreux, J., dnkins, M., Kapos, V. & Randers, J.
(2005). The Living Planet Index: using species populatione series to track trends in
biodiversity. Philosophical Transactions of the RloySociety B: Biological Sciences
360(1454): 289-295.

Mack, R.N., Simberloff, D., Lonsdale, W.M., Evans,H., Clout, M. & Bazzaz, F.A.
(2000).Biotic invasions: causes, epidemiology, globalsamuences, and control. Ecological
Applications 10(3): 689-710.

Mackenthun, K.M. (1969). The practice of water pollution biology. Federaat&t Pollution
Control Administration, Washington, DC, USA. 281 p.

Major, E.B., Jessup, B.K., Prussian, A. & Rinella,D. (2001). Alaska Stream Condition
Index: biological index development for Cook Inl#897-2000 summary. Alaska Department

of Environmental Conservation, Anchorage, Alask8AU34 p. + appendices.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 168

Malmqvist, B. (2002). Aquatic invertebrates in riverine landscapes. Iineger Biology
47(4): 679-694.

Margalef, R. (1958).Information theory in ecology. General System3&71.

Martel, N., Rodriguez, M.A. & Bérubé, P. (2007).Multi-scale analysis of responses of
stream macrobenthos to forestry activities and renmental context. Freshwater Biology
52(1): 85-97.

Martin, J.W. & Davis, G.E. (2001). An updated classification of the recent Crustacea.
Science series no. 39. Natural History Museum of Aageles County, Los Angeles, USA.
124 p.

Mason, C.F. (1981)Biology of freshwater pollution. Longman, LonddsK. 250 p.

MDEQ (2003). Development and application of the Mississippi tBénIndex of Stream
Quality (M-BISQ). Mississippi Department of Envimoental Quality, Jackson, Mississippi,
USA.

Mebane, C.A. (2001).Testing bioassessment metrics: Macroinvertebrateypin, and
salmonid responses to stream habitat, sedimentreatdls. Environmental Monitoring and
Assessment 67(3): 293-322.

Menhinick, E.F. (1964).A comparison of some species-individuals diversitlices applied

to samples of field insects. Ecology 45(4): 859-861

Metcalfe, J.L. (1989). Biological water quality assessment of running esstbased on
macroinvertebrate communities: history and presstatus in Europe. Environmental
Pollution 60(1-2): 101-139.

Meyer, J.L. (1997). Stream health: incorporating the human dimenstm@advance stream
ecology. Journal of the North American Benthologaciety 16(2): 439-447.

Millennium Ecosystem Assessment (2005tcosystems and human well-being: Synthesis.
Island Press, Washington, DC, USA. 102 p. + appesdi

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 169

Moog, O. & Chovanec, A. (2000)Assessing the ecological integrity of rivers: watkthe
line among ecological, political and administratinterests. Hydrobiologia 422/423: 99-109.

Mouton, A.M., Schneider, M., Depestele, J., Goeths| P.L.M. & De Pauw, N. (2007).
Fish habitat modelling as a tool for river managemé&cological Engineering 29(3): 305-
315.

Mustow, S.E. (2002)Biological monitoring of rivers in Thailand: usadadaptation of the
BMWP score. Hydrobiologia 479(1-3): 191-229.

National Water Council (1981).River quality: the 1980 survey and future outloblR1SO,
London, UK.

Nguyen, L.T.H. & De Pauw, N. (2002).The invasive Corbicula species (Bivalvia,
Corbiculidae) and the sediment quality in Fland@&slgium. Belgian Journal of Zoology
132(1): 41-48.

Nijboer, R.C., Verdonschot, P.F.M. & Van Der Werf, D.C. (2005).The use of indicator
taxa as representatives of communities in bioassa#s Freshwater Biology 50(8): 1427-
1440.

Nixon, S. (2003).An overview of the biological assessment of swefacater quality in
Europe. In: Symoens, J.J. & Wouters, K. (eds). ®jaal evaluation and monitoring of the
quality of surface waters. National Committee oblBgical Sciences and SCOPE National

Committee, Brussels, Belgium. p. 9-15.

Noges, P., Van de Bund, W., Cardoso, A.C. & Heiskan, A.S. (2007)Impact of climatic
variability on parameters used in typology and egiglal quality assessment of surface waters
- implications on the Water Framework Directive.dtybiologia 584(1): 373-379.

Norris, R.H. & Hawkins, C.P. (2000).Monitoring river health. Hydrobiologia 435(1-3): 5
17.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 170

Norris, R.H. & Thoms, M.C. (1999). What is river health? Freshwater Biology 41(2)7-19
2009.

Ofenbdck, T., Moog, O., Gerritsen, J. & Barbour, M. (2004). A stressor specific
multimetric approach for monitoring running wateirs Austria using benthic macro-
invertebrates. Hydrobiologia 516(1-3): 251-268.

Ohio EPA (1987).Biological criteria for the protection of aquatiée. Volume II: Users
manual for biological field assessment of Ohio acefwaters. Ohio Environmental Protection
Agency, Columbus, Ohio, USA.

Olsgard, F., Somerfield, P.J. & Carr, M.R. (1998).Relationships between taxonomic
resolution, macrobenthic community patterns andudigance. Marine Ecology Progress
Series 172: 25-36.

Paller, M.H. & Specht, W.L. (1997). A multimetric index using macroinvertebrate data
collected with artificial substrates. Journal oéstiwater Ecology 12(3): 367-378.

Palmer, C.G., Maart, B., Palmer, A.R. & O’Keeffe, JH. (1996). An assessment of
macroinvertebrate functional feeding groups as mality indicators in the Buffalo River,
eastern Cape Province, South Africa. Hydrobiol@&ji&(3): 153-164.

Pantle, R. & Buck, H. (1955). Die biologische Uberwachung der Gewasser und die
Darstellung der Ergebnisse. Gas- und Wasserfad826(-604.

Parr, C.S. (2007).0Open sourcing ecological data. BioScience 57(@9-310.

Pavluk, T.1., Bij de Vaate, A. & Leslie, H.A. (2000. Development of an Index of Trophic

Completeness for benthic macroinvertebrate comnasnit flowing waters. Hydrobiologia
427(1): 135-141.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 171

Peeters, B., De Cooman, W., Vos, G., Gabriels, WMartens, K., Timmermans, G., Van
Hoof, K., Breine, J., Van Thuyne, G., Goemans, GBelpaire, C. & Geeraerts, C. (2006).
Opperviaktewater. Biologische kwaliteit nog steeddermaats. In: Van Steertegem, M. (ed.).
Milieurapport Vlaanderen MIRA-T 2006 FocusrappoiNlaamse Milieumaatschappij,
Erembodegem, Belgium. p. 88-104.

Perret, P. (1977).Zustand der Schweizerischen Fliessgewasser inJdaren 1974/1975
(Projekt MAPOS). Eidgendssisches Amt fur Umweltdszhund EAWAG, Bern, Switzerland.
276 p.

Pielou, E.C. (1966)The measurement of diversity in different typesdiological collections.
Journal of Theoretical Biology 13: 131-144.

Pimm, S.L., Ayres, M., Balmford, A., Branch, G., Bandon, K., Brooks, T., Bustamante,
R., Costanza, R., Cowling, R., Curran, L.M., DobsopA., Farber, S., da Fonseca, G.A.B.,
Gascon, C., Kitching, R., McNeely, J., Lovejoy, T.Mittermeier, R.A., Myers, N., Patz,
J.A., Raffle, B., Rapport, D., Raven, P., RobertsC., Rodriguez, J.P., Rylands, A.B.,
Tucker, C., Safina, C., Samper, C., Stiassny, M.L.J Supriatna, J., Wall, D.H. &
Wilcove, D. (2001).Can we defy nature’s end? Science 233: 2207-2208.

Pimm, S.L., Russell, G.J., Gittleman, J.L. & Brooks T.M. (1995). The future of
biodiversity. Science 269: 347-350.

Pinel-Alloul, B., Méthot, G., Lapierre, L. & Willsie, A. (1996). Macroinvertebrate
community as a biological indicator of ecologicaldatoxicological factors in Lake Saint-

Francois (Québec). Environmental Pollution 91(5-875.

Pinkham, C.F.A. & Pearson, J.G. (1976)Applications of a new coefficient of similarity to
pollution surveys. Journal of the Water Pollutioon@ol Federation 48(4): 717-723.

Pinto, P., Rosado, J., Morais, M. & Antunes, |. (204). Assessment methodology for
southern siliceous basins in Portugal. Hydrobiadsfi6(1-3): 191-214.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 172

Pond, G.J., Call, S.M., Brumley, J.F. & Compton, MC. (2003). The Kentucky
Macroinvertebrate Bioassessment Index. Derivatioregional narrative ratings for assessing
wadeable and headwater streams. Kentucky DepartdoenEnvironmental Protection,

Division of Water, Frankfort, Kentucky, USA. 38 pappendices.

Prat, N., Munné, A., Sola, C., Rieradevall, M. & Boaada, N. (1999)La qualitat ecologica
del Llobregat, el Besos i el Foix. Informe 1997tUdés de la Qualitat Ecologica dels Rius, 6.
Diputacio de Barcelona, Area de Medi Ambient, Blnoa, Spain. 154 p.

Prat, N., Puig, M.A. & Gonzalez, G. (1983)Prediccié i control de la qualitat de les aiglies
dels rius BesOs i Lobregat. Il. ElI poblament fatioisla seva relacio qualitat-aigiies. Col.

Monografies Diputacio de Barcelona, Volum 9. Dimittade Barcelona, Spain. 164 p.

Rapport, D.J., Costanza, R. & McMichael, A.J. (1998 Assessing ecosystem health.
Trends in Ecology and Evolution 13(10): 397-402.

Rapport, D.J. & Singh, A. (2006).An EcoHealth-based framework for State of Envirenin
Reporting. Ecological Indicators 6(2): 409-428.

Rawer-Jost, C., Zenker, A. & Bohmer, J. (2004)Reference conditions of German stream

types analysed and revised with macroinvertebeatad. Limnologica 34(4): 390-397.

Recknagel, F. (ed.) (2006)Ecological Informatics. Scope, techniques and iegfpbns.
Second edition. Springer-Verlag, Berlin, Germar81 4. + appendix.

Reece, P.F., Reynoldson, T.B., Richardson, J.S. &Renberg, D.M. (2001)Implications
of seasonal variation for biomonitoring with preadie models in the Fraser River catchment,
British Columbia. Canadian Journal of Fisheries Agdatic Sciences 58(7): 1411-1417.

Resh, V.H. & Jackson, J.K. (1993)Rapid assessment approaches to biomonitoring using
benthic macroinvertebrates. In: Rosenberg, D.M. &slR V.H. (eds.). Freshwater
biomonitoring and benthic macroinvertebrates. Chaprand Hall, New York, USA. p. 195-
233.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 173

Resh, V.H. & McElravy, E.P. (1993). Contemporary quantitative approaches to
biomonitoring using benthic macroinvertebrates. Rosenberg, D.M. & Resh, V.H. (eds.).
Freshwater biomonitoring and benthic macroinvedatds. Chapman & Hall, New York,

USA. p. 159-194.

Reynoldson, T.B., Day, K.E. & Pascoe, T. (2000Yhe development of the BEAST: a
predictive approach for assessing sediment qualityhe North American Great Lakes. In:
Wright, J.F., Sutcliffe, D.W. & Furse, M.T. (edsAssessing the biological quality of fresh
waters: RIVPACS and other techniques. FreshwateloBical Association, Ambleside,
Cumbria, UK. p. 165-180.

Reynoldson, T.B., Norris, R.H., Resh, V.H., Day, K. & Rosenberg, D.M. (1997).The
reference condition: a comparison of multimetrid amultivariate approaches to assess water-
guality impairment using benthic macroinvertebratdsurnal of the North American
Benthological Society 16(4): 833-852.

Roach, A.C., Jones, A.R. & Murray, A. (2001).Using benthic recruitment to asses the
significance of contaminated sediments: the infbgeof taxonomic resolution. Environmental
Pollution 112(2): 131-143.

Rodriguez Capitulo, A., Tangorra, M. & Ocon, C. (2@1). Use of benthic
macroinvertebrates to assess the biological sttiampean streams in Argentina. Aquatic
Ecology 35(2): 109-119.

Rosenberg, D.M. & Resh, V.H. (1982)The use of artificial substrates in the study of
freshwater benthic macroinvertebrates. In: Caithged.). Artificial substrates. Ann Arbor
Science Publishers Inc., Ann Arbor, Michigan, U$A175-235.

Rosenberg, D.M. & Resh, V.H. (1993)Introduction to freshwater biomonitoring and
benthic macroinvertebrates. In: Rosenberg, D.M. &slR V.H. (eds.). Freshwater
biomonitoring and benthic macroinvertebrates. Cheap# Hall, New York, USA. p.1-9.

Rosillon, D. (1989).The influence of abiotic factors and density dejeem mechanisms on

between-year variations in a stream invertebratenconity. Hydrobiologia 179(1): 25-38.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 174

Rossaro, B., Marziali, L., Cardoso, A.C., SoliminiA., Free, G. & Giacchini, R. (2007)A
biotic index using benthic macroinvertebrates fialidn lakes. Ecological Indicators 7(2):
412-429.

Royer, T.V., Robinson, C.T. & Minshall, G.W. (2001) Development of macroinvertebrate-
based index for bioassessment of Idaho rivers.rBnmental Management 27(4): 627-636.

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, EBloomfield, J., Dirzo, R., Huber-
Sanwald, E., Huenneke, L.F., Jackson, R.B., KinzigA., Leemans, R., Lodge, D.M.,
Mooney, H.A., Oesterheld, M., Poff, N.L., Sykes, M.., Walker, B.H., Walker, M. &
Wall, D.H. (2000).Global biodiversity scenarios for the year 210€leBce 287(5459): 1770-
1774.

Sandin, L. (2001).SWEPACS: a Swedish running water prediction aadsification system
using benthic macroinvertebrates. In: Back, S. &ttiaen, K. (eds.). Classification of

ecological status of lakes and rivers. TemaNordifenment 2001, 584. p. 44-46.

Sandin, L., Dahl, J. & Johnson, R.K. (2004)Assessing acid stress in Swedish boreal and
alpine streams using benthic macroinvertebratedrdbyologia 516(1-3): 129-148.

Sandin, L., Sommerhé&user, M., Stubauer, |., HeringD. & Johnson, R. (2000)AQEM 1
deliverable. Stream assessment methods, streanogyp@pproaches and outlines of a

European stream typology. University of Essen, Geryn43 p.

Schmedtje, U. & Kohmann, F. (1992)Bestimmungsschlissel fur die Saprobier-DIN-Arten
(Macroorganismen). Informationsberichte. Heft 2/88ayerisches Landesamt fir
Wasserwirtschaft, Munich, Germany. 274 p.

Schmidt-Kloiber, A. & Nijboer, R.C. (2004). The effect of taxonomic resolution on the
assessment of ecological water quality classesrdtyalogia 516(1-3): 269-283.

Schdll, F. & Haybach, A. (2000)Der Potamon-Typie-Index - ein indikatives Verfahwur
Okologischen Bewertung grol3er FlieRgewdasser. Hgdrel und Wasserbewirtschaftung
44(1): 32-33.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 175

Schubart, C.D., Cuesta, J.A., Diesel, R. & FelderD.L. (2000). Molecular phylogeny,
taxonomy, and evolution of nonmarine lineages withhe American grapsoid crabs
(Crustacea: Brachyura). Molecular PhylogeneticsEvmution 15(2): 179-190.

Schweder, H. (1990).Neue Indizes fur die Bewertung des oOkologischestahdes von
FlieRgewassern, abgeleitet aus der Makroinvertebsatnahrungstypologie. In: Friedrich, G.
& Lacombe, J. (eds.). Okologische Bewertung voefkgewassern. Limnologie aktuell 3. G.

Fischer Verlag, Stuttgart, Germany. p. 353-377.

Schwoerbel, J. (1970).Methods of hydrobiology. Freshwater Biology. Penga Press,
London, UK. 200 p.

Seegert, G. (2000)The development, use and misuse of biocriteri ait emphasis on the
index of biotic integrity. Environmental ScienceR%licy 3(Supplement 1): 51-58.

Shannon, C.E. & Weaver, W. (1949).The mathematical theory of communication.

University of lllinois Press, Urbana, Illinois, USA17 p.

Sharma, S. & Moog, O. (1998).The applicability of biotic indices and scores virater
quality assessment of Nepalese rivers. In: Chaise,, Herrmann, A., Khanal, N.R., Lang,
H., Molnar, L. & Pokhrel, A.P. (eds.). Proceedingt the International Conference on
Ecohydrology of High Mountain Areas, ICIMOD, UNESC®athmandu, Nepal, 24-28
March 1996. p. 641-657.

Simi¢, V. & Simié¢, S. (1999).Use of the river macrozoobenthos of Serbia to tdate a
biotic index. Hydrobiologia 416: 51-64.

Simpson, E.H. (1949)Measurement of diversity. Nature 163: 688.
Skriver, J., Friberg, N. & Kirkegaard, J. (2001). Biological assessment of running waters

in Denmark: introduction of the Danish Stream Faumdgex (DSFI). Verhandlungen der
Internationale Vereinigung fir Theoretische und éngndte Limnologie 27(4): 1822-1830.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 176

Sladaek, V. (1973a).System of water quality from the biological poaitview. Ergebnisse
der Limnologie 7: 1-128.

Sladetek, V. (1973b).The reality of three British biotic indices. Wateesearch 7(7): 995-
1002.
Smith, A.J., Bode, R.W. & Kleppel, G.S. (2007)A nutrient biotic index (NBI) for use with

benthic macroinvertebrate communities. Ecologindldators 7(2): 371-386.

Sgrensen, T.A. (1948)A method of establishing groups of equal amplitudeplant
sociology based on similarity of species contemid &s application to analyses of the
vegetation on Danish commons. Det Kongelige Danékenskabernes Selskabs Biologiske
Skrifter 5: 1-34.

Sporka, F., Vlek, H.E., Bulankova, E. & Krno, . (2006). Influence of seasonal variation on

bioassessment of streams using macroinvertebidyesobiologia 566(1): 543-555.

Stark, J.D. (1985).A macroinvertebrate community index of water giydior stony streams.
Water & Soil Miscellaneous Publication 87. Ministrgf Works and Development,

Wellington, New Zealand. 53 p.

Stark, J.D. (1993). Performance of the Macroinvertebrate CommunityeiadEffects of
sampling method, sample replication, water deptiment velocity, and substratum on index
values. New Zealand Journal of Marine and FreshviRésearch 27(4): 463-478.

Stark, J.D. (1998). SQMCI: a biotic index for freshwater macroinver@gle coded-
abundance data. New Zealand Journal of Marine aeshiwvater Research 32(1): 55-66.

Strahler, A.N. (1952). Hypsometric (area-altitude) analysis of erosiomnapography.
Geological Society of America Bulletin 63(11): 111742.

Stribling J.B., Jessup, B.K., White, J.S., BowardD. & Hurd, M. (1998). Development of
a Benthic Index of Biotic Integrity for Maryland r8ams. Report no. CBWP- EA-98-3.
Maryland Department of Natural Resources, AnnapMeryland, USA. 38 p. + appendices.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 177

Stubauer, 1. & Moog, O. (2000). Taxonomic sufficiency versus need for information
comments based on Austrian experience in biologieater quality monitoring.
Verhandlungen der Internationale Vereinigung fleditetische und Angewandte Limnologie
27(5): 2562-2566.

Tachet, H., Richoux, P., Bournaud, M. & Usseglio-Hatera, P. (2002).Invertébrés tau
douce. Systématique, biologie, écologie. CNRS &ul#tj Paris, France. 587 p.

Thorne, R.St.J. & Williams, W.P. (1997).The response of benthic macroinvertebrates to
pollution in developing countries: a multimetricsgym of bioassessment. Freshwater Biology
37(3): 671-686.

Torchin, M.E., Lafferty, K.D., Dobson, A.P., McKenze, V.J. & Kuris, A.M. (2003).
Introduced species and their missing parasiteurda?21: 628-630.

Triest, L., Adriaenssens, V., Belpaire, C., Breine]., D'heere, E., Gabriels, W., Goethals,
P., Simoens, |I. & De Pauw, N. (2001a)Vergelijking van bio-indicatoren voor de
ecologische evaluatie van waardevolle bovenstrodms&trajecten. VLINA 00/08 rapport.
Ministerie van de Vlaamse Gemeenschap, AMINAL, D/RG241/335, Brussels, Belgium.
149 p. + appendices.

Triest, L., Kaur, P., Heylen, S. & De Pauw, N. (20Db). Comparative monitoring of
diatoms, macroinvertebrates and macrophytes inWoduwe River (Brussels, Belgium).
Aquatic Ecology 35(2): 183-194.

Tuffery, G. & Verneaux, J. (1968).Méthode de détermination de la qualité biologiges
eaux courantes. Exploitation codifiée des inveataide la faune du fond. Ministére de
I’ Agriculture, Centre national’Btudes techniques et de Recherches technologicuas p
I’ Agriculture, les Forets etEquipment Rural (CERAFER), Section Péche et Pitici)
France. 23 p.

Twidwell, S.R. & Davis, J.R. (1989)An assessment of six least disturbed unclassiieecs

streams. Texas Water Commission, Austin, Texas, .l 248 p.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 178

US EPA (1989).Rapid bioassessment protocols for use in streamas ravers: benthic
macroinvertebrates and fish. EPA 440/69-89/008.ic®ffof Water, U.S. Environmental
Protection Agency, Washington, DC, USA.

US EPA (2002).Methods for evaluating wetland condition: devetagpan invertebrate index
of biological integrity for wetlands. EPA-822-R-@2-9. Office of Water, U.S. Environmental
Protection Agency, Washington, DC, USA. 33 p. +eapjices.

Usseglio-Polatera, P. & Beisel, J.N. (2003nternational biomonitoring of the Meuse River:
spatio-temporal analysis of benthic communities982001). Final report (in French).

LBFE, Equipe de Démoécologie, Université de Metange. 107 p. + appendices.

Vanden Bossche, J.P., Chérot, F., Delooz, E., Grisd-. & Josens, G. (2001)irst record
of the Pontocaspian invader Hypania invalida (Gyul@60) (Polychaeta: Ampharetidae) in
the river Meuse (Belgium). Belgian Journal of Zaptd.31(2): 183-185.

Van Den Brink, F.W.B., Van Der Velde, G. & Bij de Vaate, A. (1991). Amphipod
invasion on the Rhine. Nature 352: 576.

van der Molen, D.T. & Pot, R. (eds.) (2007a)Referenties en concept-maatlatten voor
rivieren voor de Kaderrichtlijn Water. Update feanu2007. STOWA rapport 2004-43b.
Stichting Toegepast Onderzoek Waterbeheer, Utrduhit\etherlands. 108 p. + appendices.

van der Molen, D.T. & Pot, R. (eds.) (2007b)Referenties en concept-maatlatten voor
meren voor de Kaderrichtlijn Water. Update febru2a@i07. STOWA rapport 2004-42b.
Stichting Toegepast Onderzoek Waterbeheer, Utrdehit\etherlands. 115 p. + appendices.

Vanhooren, G., Ovaere, A., De Schutter, H. & BoelenC. (1982).Coded list of aquatic
macroinvertebrates (in Dutch and French). Institwobr Hygiene en Epidemiologie,

Brussels. 58 p. + appendix.

Vannote, R.L., Minshall, G.W., Cummins, K.W., Sedd| J.R. & Cushing, C.E. (1980).
The river continuum concept. Canadian Journal sfi&iies and Aquatic Sciences 37(1): 130-
137.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 179

van Riel, M.C. (2006). The Dutch assessment of macroinvertebrates inrngtienal
comparison. Analysis of the Dutch WFDi assessmesthod and comparison of ICM-metric
scores of Dutch references with references fronerothember states. Royal Haskoning, ‘s

Hertogenbosch, the Netherlands. 15 p. + appendices.

Verdonschot, P.F.M. (2000).Integrated ecological assessment methods as & basi

sustainable catchment management. Hydrobiologi&232389-412.

Verdonschot, P. & Dohet, A. (2000).Typologies, assessment systems and prediction
techniques based on macroinvertebrates. In: Lek(e®.). Predicting aquatic ecosystem
quality using artificial neural networks: impact ehvironmental characteristics on the
structure of aquatic communities. Deliverable ¥iew publications. European Commission,

Research Directorate-General, Brussels, BelgiurB1#16.

Verdonschot, P.F.M. & Moog, O. (2006).Tools for assessing European streams with
macroinvertebrates: major results and conclusioas fthe STAR project. Hydrobiologia
566(1): 299-309.

Verdonschot, P.F.M. & Nijboer, R.C. (2002).Towards a decision support system for stream
restoration in the Netherlands: an overview of aedton projects and future needs.
Hydrobiologia 478(1-3): 131-148.

Verneaux, V., Verneaux, J., Schmitt, A., Lovy, C. &Lambert, J.C. (2004). The Lake
Biotic Index (LBI): an applied method for assessihg biological quality of lakes using
macrobenthos; the Lake Chalain (French Jura) aaxample. Annales de Limnologie 40(1):
1-9.

Vitousek, P.M., Mooney, H.A., Lubchenco, J. & Melilo, J.M. (1997).Human domination
of Earth’s ecosystems. Science 277: 494-499.

VMM (2006). Water- & waterbodemkwaliteit — Lozingen in het wmat— Evaluatie
saneringsinfrastructuur 2005. Vlaamse Milieumaadpgpij, Aalst, Belgium. 111 p.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 180

Wackernagel, M., Schulz, N.B., Deumling, D., Linarg, A.C., Jenkins, M., Kapos, V.,

Monfreda, C., Loh, J., Myers, N., Norgaard, R. & Randers, J. (2002).Tracking the

ecological overshoot of the human economy. Proogsdiof the National Academy of
Sciences 99(14): 9266-9271.

Wallace, J.R. & Webster, J.R. (1996)The role of macroinvertebrates in stream ecosystem

function. Annual Review of Entomology 41: 115-139.

Wallin, M., Wiederholm, T. & Johnson, R.K. (2003).Guidance on establishing reference
conditions and ecological status class boundadesfand surface waters. Produced by CIS
Working Group 2.3 - REFCOND. Final version 7.0.p73 appendices.

Warwick, R.M. (1988a). The level of taxonomic discrimination requireddetect pollution
effects on marine benthic communities. Marine RafuBulletin 19(6): 259-268.

Warwick, R.M. (1988b). Analysis of community attributes of the macrobesthof
Friefjord/Langesundfjord at taxonomic levels higliean species. Marine Ecology Progress
Series 46(1-3): 167-170.

Washington, H.G. (1984).Diversity, biotic and similarity indices. A reviewith special

relevance to aquatic ecosystems. Water Resear6h 553-694.

Weigel, B.M., Henne, L.J. & Martinez-Rivera, L.M. (2002). Macroinvertebrate-based
index of biotic integrity for protection of streanmswest-central Mexico. Journal of the North
American Benthological Society 21(4): 686-700.

Williams, P.H. & Gaston, K.J. (1994).Measuring more of biodiversity: Can higher-taxon

richness predict wholesale species richness? Baabgonservation 67(3): 211-217.

Winger, P.V., Lasier, P.J. & Bogenrieder, K.J. (208). Combined use of Rapid
Bioassessment Protocols and Sediment Quality Taas$sess stream quality. Environmental
Monitoring and Assessment 100(1-3): 267-295.

Wim Gabriels



Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 181

Woodiwiss, F.S. (1964)The biological system of stream classificationdubg the Trent
River Board. Chemistry and Industry 14: 443-447.

Woodiwiss, F.S. (1978)Comparative study of biological-ecological wateality assessment
methods. Second practical demonstration. Summapof®ReCommission of the European

Communities.

Woodiwiss, F.S. (1980)Biological monitoring of surface water quality. rBmary Report.

Commission of the European Communities. 45 p.

Wright, J.F. (2000). An introduction to RIVPACS. In: Wright, J.F., Slitie, D.W. & Furse,
M.T. (eds.). Assessing the biological quality adsh waters: RIVPACS and other techniques.
Freshwater Biological Association, Ambleside, CumpuK. p. 1-24.

Wright, J.F., Furse, M.T. & Armitage, P.D. (1993).RIVPACS - a technique for evaluating
the biological quality of rivers in the UK. Europe®ater Quality Control 3(4): 15-25.

Wim Gabriels






Multimetric assessment of freshwater macroinvegbcommunities in Flanders, Belgium 183

Summary

One of the objectives of the European Water Framewarective (WFD; EU, 2000) is to
attain a good status for all surface waters inBbeopean Union by the end of 2015. To this
end, the ecological status of natural surface wathould be assessed, based on a number of
biological quality elements which depend on theegaty of surface water (rivers, lakes,
transitional waters or coastal waters). For eacthe$e elements, member states must choose
or develop a classification method, taking intocast a set of parameters depending on the
quality element and on the surface water categglty, 000). The assessment system must
be differentiated among the types of water bodigkinva category. The method must be in
agreement with an Ecological Quality Ratio (EQRQwimg relative proportion of the index
compared to the reference conditions. This EQR eanfgom zero to one, respectively
corresponding to a bad and a very good ecologieélis This interval is divided into five

classes reflecting bad, poor, moderate, good agtudtgological status (EU, 2000).

For the categories rivers and lakes, one of thevasit biological quality elements is the
“benthic invertebrate fauna” (EU, 2000), commongferred to as macroinvertebrates. For
this quality element, the parameters “taxonomic position and abundance”, “ratio of

disturbance sensitive to insensitive taxa” and édsity” should be taken into account.

In Flanders, Belgium, the Belgian Biotic Index (BBle Pauw and Vanhooren, 1983), based
on macroinvertebrates, has been applied in routioaitoring schemes by the Flemish
Environment Agency (VMM) since 1989, confirming theiability and robustness of this
biological quality index. However, with respectttee application of this index for rivers and
lakes within a WFD context, not all technical reguients are met by the BBI. The
abundance, which is one of the relevant paramétggesed by the WFD, is not taken into
account in the BBI calculation, and this index @ axplicitly based on a reference condition
approach. Furthermore, it is not a type-specifithoe, in other words, all types of rivers are
evaluated by means of the same criteria, and thewsB intended as an assessment system
for watercourses only, not for lakes (De Pauw aadhboren, 1983). Two general problems
are identified that are associated with taxonoragoiution in water quality assessment based
on macroinvertebrates. These are explored by mafaasalysis of the BBI index calculation
method. A first difficulty is caused by possibleaciges in taxonomy over time, giving rise to
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inconsistencies in index calculation. A second f@wbis due to the introduction of exotic
species. Both problems can introduce a bias irutaion of the index. To avoid this problem
in future assessment methods, it is proposed t@uaga list to which no changes are made

except for the addition of newly introduced ex&pecies.

Since the BBI does not meet all the requirementh®f\WFD, a new index, the Multimetric

Macroinvertebrate Index Flanders (MMIF) for assegsiivers and lakes is proposed. This
index is developed using the database of macrdslvete samples provided by the VMM.

The MMIF is calculated based on macroinvertebrataraunity data obtained using the same
sampling and identification procedure as the BBieTindex calculation is a type-specific
multimetric system based on five equally weighteetrios, which are taxa richness, number
of Ephemeroptera, Plecoptera and/or Trichoptera,taxmber of other sensitive taxa, the
Shannon-Wiener diversity index, and the mean tolsrascore. The final index value is
expressed as an EQR ranging from zero for badsstatwne for high status. The MMIF

combines the robustness of the BBI and the long-tekperience in Flanders with the
flexibility of multimetric indices, while at the sge time taking into account the technical

requirements of the WFD.

To ensure that boundary values for the nationallobical assessment methods are
comparable along all member states in Europe, magiintercalibration exercises were
envisaged by the WFD for each quality element awdefich category of water body. For
river macroinvertebrates, the relevant regionaérirdlibration exercise for Flanders was
coordinated by the so-called Central-Baltic Geolyiegd Intercalibration Group (CB-GIG,

2006). Flanders contributed to this intercalibnatexercise, using VMM sampling data, in
order to compare the Flemish boundary values teetlod the other participating countries and
regions and, if necessary, to adjust them to ensghasion in the intercalibration decision of
the European Commission (EU, 2007). This exerasaiver macroinvertebrates essentially
consisted in a regression of each participating begnstates’ national method against a
common, generally applicable index. This regress®ncarried out separately by each
member state using a national dataset. Based oroliteened regression equation, each
country converts its national boundary values wvatues on the scale of the common index
for subsequent comparison. The mean value of theerted national boundaries is calculated
and the rescaled national boundaries should banagticertain range of this mean value in

order to be considered as comparable (CB-GIG, 20D8p major problems emerged with
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regard to the Flemish contribution. First, the dation of reference values for the metrics of
the common index was not possible using field d&tzause no reference sites are present in
Flanders. To overcome this problem, an alternamne transparent way of deriving reference
values was used in order to have reference valoeparable to those of the other member
states (Gabriels, 2007). The second problem coedetime boundary values, which clearly
fell below the comparability interval. Therefordteanative boundary values were proposed.
This adjustment of the MMIF class boundaries farers was formally accepted by the
steering group of the intercalibration exercise {GB, 2007). The adjusted values were
adopted in the draft version of the intercalibmatgecision of the European Commission (EU,
2007), of which the official publication is foresefor the end of 2007.
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Samenvatting

Een van de doelstellingen van de Europese KaddimchVater (KRW; EU, 2000) is het
bereiken van een goede toestand voor alle oppeeviakeren in de Europese Unie tegen eind
2015. Met dit doel moet de ecologische toestand watuurlijke opperviaktewateren
beoordeeld worden, gebaseerd op een aantal biokagikwaliteitselementen, die variéren
naargelang de oppervlaktewatercategorie (riviemaren, overgangswateren of kustwateren).
Voor elk van deze elementen moeten lidstaten eewoorbelingsmethode kiezen of
ontwikkelen, die een geheel van parameters in regerbrengt afhankelijk van het
kwaliteitselement en de opperviaktewatercategoE®, (2000). Het beoordelingssysteem
moet gedifferentieerd zijn naar de types waterlcea per categorie. De methode moet in
overeenstemming zijn met een Ecologische Kwalii@its (EKR) die de relatieve verhouding
van de index in vergelijking met de referentietaadtweergeeft. Deze EKR varieert van nul
tot één, waarbij nul overeenkomt met een slechtéé&n met een zeer goede ecologische
toestand. Dit interval wordt ingedeeld in vijf ki, die respectievelijk een slechte,

ontoereikende, matige, goede en zeer goede toestardpiegelen (EU, 2000).

Eén van de relevante biologische kwaliteitselement®or de categorieén rivieren en meren
is de “benthische ongewervelde fauna” (EU, 2000prdaans macro-invertebraten genoemd.
Voor dit kwaliteitselement moeten de parametersxdt@mische samenstelling en

abundantie”, “verhouding tussen voor verstoring agdige taxa en ongevoelige taxa” en

“diversiteit” in rekening gebracht worden.

In Vlaanderen, Belgié, wordt de Belgische Biotis¢chdex (BBI; De Pauw en Vanhooren,
1983), gebaseerd op macro-invertebraten, reeds 4@89 gebruikt in de routine-meetnetten
van de Vlaamse Milieumaatschappij (VMM), waardoer ltetrouwbaarheid en robuustheid
van deze biologische kwaliteitsindex bevestigd\Wsat de toepassing van deze index in
rivieren en meren ten behoeve van de KRW betreftdindoor de BBI evenwel niet aan alle
technische vereisten voldaan. De abundantie, éémeaelevante parameters opgelegd door
de KRW, wordt niet in rekening gebracht in de berekg van de BBI, en deze index is niet
expliciet gebaseerd op een referentietoestand-beingd Daarenboven is het geen
typespecifieke methode, met andere woorden, aflestyivieren worden aan de hand van
dezelfde criteria beoordeeld, en was de BBI oorggljk enkel bedoeld als een
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beoordelingssysteem voor waterlopen, en niet voerem (De Pauw en Vanhooren, 1983).
Twee algemene problemen worden geidentificeerdsaimenhangen met het taxonomische
niveau in waterkwaliteitsbeoordeling gebaseerd agrorinvertebraten. Deze worden verder
verkend door middel van een analyse van de BBIKesiagsmethode. Een eerste
moeilijkheid wordt veroorzaakt doordat na verlogmijd wijzigingen in taxonomie kunnen
worden doorgevoerd, die inconsistenties in indeatamingen teweegbrengen. Een tweede
probleem is te wijten aan de introductie van exbissoorten. Beide problemen kunnen een
systematische afwijking in de berekening van dexnderoorzaken. Om dit probleem op te
vangen wordt voorgesteld om een taxalijst te gé&ruiwaarin geen wijzigingen worden

aangebracht tenzij de toevoeging van nieuw geinteerde exotische soorten.

Vermits de BBI niet voldoet aan alle vereisten WBnKRW, wordt een nieuwe index, de
Multimetrische Macro-invertebratenindex Vlaander@WiMIF) voor het beoordelen van
rivieren en meren voorgesteld. Deze index is orkelitk met behulp van de databank van
macro-invertebratenstalen die ter beschikking wggsteld door de VMM. De MMIF wordt
berekend op basis van macro-invertebratenstalergeimen worden volgende dezelfde
staalname- en identificatieprocedure als de BBI.imexberekening is een typespecifiek
multimetrisch systeem gebaseerd op vijf even zvggavogen deelmaatlatten, namelijk de
taxarijkdom, het aantal Ephemeroptera, Plecoptefaf richoptera taxa, het aantal andere
gevoelige taxa, de Shannon-Wiener diversiteitsineiexde gemiddelde tolerantiescore. De
totale indexwaarde wordt uitgedrukt als een EKRérand van nul voor een slechte toestand
tot één voor een zeer goede toestand. De MMIF Robplgerobuustheid van de BBI en de
lange-termijnervaring in Vlaanderen aan de flexdil van multimetrische indices, waarbij

tevens voldaan wordt aan de technische vereistededRW.

Om te garanderen dat klassengrenzen van de naitmalbgische beoordelingsmethoden
onderling vergelijkbaar zijn tussen de Europesstdittn, waren door de KRW regionale
interkalibratie-oefeningen  voorzien voor elk kwaiiselement en voor elke
waterlichaamcategorie. Voor macro-invertebratenriuieren werd de relevante regionale
interkalibratie-oefening voor Vlaanderen gecodrdimde door de zogenaamde Centraal-
Baltische Geografische Interkalibratiegroep (CB-GRB06). Vlaanderen nam deel aan deze
interkalibratie-oefening, met staalnamegegevens\WdiM, om de Vlaamse klassengrenzen
te vergelijken met deze van de andere deelnemandenh en ze zonodig aan te passen om te

verzekeren dat ze in de interkalibratiebeschikkiag de Europese Commissie (EU, 2007)
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opgenomen zou worden. Deze oefening voor macratelveaten in rivieren bestond in
wezen uit een regressie van de nationale methodeelk& van de deelnemende lidstaten
tegen een gemeenschappelijke, algemeen toepashde®. iDeze regressie wordt apart
uitgevoerd door elke lidstaat op basis van eenonale gegevensset. Uitgaande van de
bekomen regressievergelijking zet elk land haaionate klassengrenzen om in waarden op
de schaal van de gemeenschappelijke index om amlgens te kunnen vergelijken. De
gemiddelde waarde van de omgeschaalde nationadseklgrenzen wordt berekend en de
omgeschaalde nationale klassengrenzen moeten bieeen zeker interval rond deze
gemiddelde waarde liggen om als vergelijkbaar baseid te worden (CB-GIG, 2006). Twee
belangrijke problemen deden zich voor met betrekkot de Vlaamse bijdrage. Ten eerste
was het afleiden van referentiewaarden voor dentsglatten van de gemeenschappelijke
index niet mogelijk op basis van veldgegevens onedajeen referentiesites voorkomen in
Vlaanderen. Om dit probleem te ondervangen werdadtennatieve en transparante manier
om referentiewaarden af te leiden gebruikt om exfeewaarden te hebben die vergelijkbaar
Zijn met die van de andere lidstaten (Gabriels,720MHet tweede probleem betrof de
klassengrenzen, die duidelijk onder het vergeligkbaidsinterval vielen. Daarom werden
andere klassengrenzen voorgesteld. Deze aanpasamgle MMIF klassengrenzen voor
rivieren werd formeel aanvaard door de stuurgraap de interkalibratie-oefening (CB-GIG,
2007). De aangepaste waarden zijn opgenomen in deverpversie van de
interkalibratiebeschikking van de Europese Commiq&U, 2007), waarvan de officiéle

publicatie voorzien is voor eind 2007.
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Appendix 1. List of taxa included in the Multimetric
Macroinvertebrate Index Flanders (MMIF)

calculation and their tolerance scores (TS)



Taxon

Plathelminthes
Bdellocephala
Crenobia
Dendrocoelum
Dugesia
Phagocata
Planaria
Polycelis

oo ~NO

Taxon

Sphaeromatidae
Talitridae
Triopsidae
Varunidae

o O

Taxon

(%]

Polychaeta
Ampharetidae

w

Oligochaeta
Aelosomatidae
Branchiobdellidae
Enchytraeidae
Haplotaxidae
Lumbricidae
Lumbriculidae
Naididae
Tubificidae

PanNNaGoN

Hirudinea
Cystobranchus
Dina
Erpobdella
Glossiphonia
Haementeria
Haemopis
Helobdella
Hemiclepsis
Hirudo
Piscicola
Theromyzon
Trocheta

ArhUODMPADMDADMDOWAD

Diptera
Athericidae
Blephariceridae
Ceratopogonidae
Chaoboridae
Chironomidae:

-nonthummi-plumosus

-thummi-plumosus
Culicidae
Cylindrotomidae
Dixidae
Dolichopodidae
Empididae
Ephydridae
Limoniidae
Muscidae
Psychodidae
Ptychopteridae
Rhagionidae
Scatophagidae
Sciomyzidae
Simulidae
Stratiomyidae
Syrphidae
Tabanidae
Thaumaleidae
Tipulidae

W~ Y

N w
PpwrRrhrlw  wwePPwwewPww

Ischnura
Lestes
Leucorrhinia
Libellula
Nehalennia
Onychogomphus
Ophiogomphus
Orthetrum
Oxygastra
Platycnemis
Pyrrhosoma
Somatochlora
Sympecma
Sympetrum

NNNNNNNNNNNNNO|H

Mollusca
Acroloxus
Ancylus
Anisus
Anodonta
Aplexa
Armiger
Bathyomphalus
Bithynia
Bythinella
Corbicula
Dreissena
Ferrissia
Gyraulus
Hippeutis
Lithoglyphus
Lymnaess.l.
Margaritifera
Marstoniopsis
Myxas
Physas.s.
Physella
Pisidium
Planorbarius
Planorbis
Potamopyrgus
Pseudamnicola.|.
Pseudanodonta
Segmentina
Sphaerium
Theodoxus
Unio

Valvata
Viviparus

mmm\lbmmu‘lmmm.l;w(n\lmgmmmm\lmmmmmmmmm\lm

Megaloptera
Sialis

(&)

Coleoptera
Dryopidae
Dytiscidae
Elminthidae
Gyrinidae
Haliplidae
Hydraenidae
Hydrophilidae
Hygrobiidae
Noteridae
Psephenidae
Scirtidae

SR EG IS IENIENES I

(92}

Ephemeroptera
Baetis
Brachycercus
Caenis
Centroptilum
Cloeon
Ecdyonurus
Epeorus
Ephemera
Ephemerella
Ephoron
Habroleptoides
Habrophlebia
Heptagenia
Isonychia
Leptophlebia
Metreletus
Oligoneuriella
Paraleptophlebia
Potamanthus
Procloeon
Rhitrogena
Siphlonurus

o

o

\IDS\I(IJCO\I\ICO\II—‘(IJCOQOCO(IJI—‘QOU)\IO\IO

Acari
Hydracarinas.|.

(82}

Hemiptera
Aphelocheirus
Arctocorisa
Callicorixa
Corixa
Cymatia
Gerriss.|.
Glaenocorisa
Hebrus
Hesperocorixa
Hydrometra
llyocoris
Mesovelia
Micronecta
Microvelia
Naucoris
Nepa
Notonecta
Paracorixa
Plea

Ranatra
Sigara

Velia

NUOoOOoOUUooO~NOOOOUIoO o Ulo o d g Ul o

Trichoptera
Beraeidae
Brachycentridae
Ecnomidae
Glossosomatidae
Goeridae
Hydropsychidae
Hydroptilidae
Lepidostomatidae
Leptoceridae
Limnephilidae
Molannidae
Odontoceridae
Philopotamidae
Phryganeidae

Polycentropodidae

Psychomyidae
Rhyacophilidae
Sericostomatidae
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Crustacea
Argulidae
Asellidae
Astacidae
Atyidae
Cambaridae
Chirocephalidae
Corophiidae
Crangonyctidae
Gammaridae
Janiridae
Leptestheriidae
Limnadiidae
Mysidae
Palaemonidae
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Odonata
Aeshna
Anax
Brachytron
Calopteryx
Cercion
Ceriagrion
Coenagrion
Cordulegaster
Cordulia
Crocothemis
Enallagma
Epitheca
Erythromma
Gomphus
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Plecoptera
Amphinemura
Brachyptera
Capnia
Chloroperla
Dinocras
Isogenus
Isoperla
Leuctra
Marthamea
Nemoura
Nemurella
Perla
Perlodes
Protonemura
Rhabdiopteryx
Taeniopteryx







Appendix 2. List of consulted experts to review the
development of the Multimetric Macroinvertebrate
Index Flanders (MMIF)

Annick De Winter VMM Ghent, Belgium
Boudewijn Goddeeris KBIN Brussels, Belgium
Marianne Greijdanus-Klaas RIZA Lelystad, the Neldnsus
Joost Mertens VMM Ghent, Belgium
Jean-Pierre Vanden Bossche DGRNE Gembloux, Belgium
Rudy Vannevel VMM Aalst, Belgium

Thierry Vercauteren PIH Antwerp, Belgium

Thierry Warmoes VMM Leuven, Belgium



Appendix 3. Overview of scoring criteria for the

Multimetric Macroinvertebrate Index Flanders
(MMIF)

Rivers Lakes
Type Bk BkK Bg BgK Rk Rg Rzg P A C Z Bzl
Score TAX
0 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
1 <1225 <1225 <1325 <1325 <13.75 <1425 <1475 <13 <12 <125 <10.75 <11.25
2 <19.5 <19.5 <215 <215 <225 <235 <245 <21 <19 <20 <16.5 <175
3 <26.75 <26.75 <29.75 <29.75 <3125 <3275 <3425 <29 <26 <275 <2225 <23.75
4 > 26.75 > 26.75 > 29.75 > 29.75 > 31.25 > 32.75 3425 > 29 > 26 > 275 >22.25 > 23.75
Score EPT
0 0 0 0 0 0 0 0 0 0 0 0 0
1 <175 <2 <2 <2.25 <2.25 <225 <25 <2 <15 <2 <125 <1.25
2 <35 <4 <4 <45 <45 <45 <5 <4 <3 <4 <25 <25
3 <5.25 <6 <6 <6.75 <6.75 <6.75 <75 <6 <45 <6 <3.75 <3.75
4 >5.25 > 6 >6 > 6.75 > 6.75 >6.75 >75 >6 54 >6 > 3.75 >3.75
Score NST
0 0 0 0 0 0 0 0 0 0 0 0 0
1 <2.25 <2.25 <25 <25 <3 <3 <3 <25 <25 <25 <2 <225
2 <45 <45 <5 <5 <6 <6 <6 <5 <5 <5 <4 <45
3 <6.75 <6.75 <75 <75 <9 <9 <9 <75 <75 <75 <6 <6.75
4 > 6.75 > 6.75 >7.5 >75 >9 >9 >9 >75 >75 >75 >6 > 6.75
Score SWD
0 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
1 <1025 <1025 <1.025 <1.025 <1.025 <1025 <1.025 <1.025 | <1.025 <1025 <0.9 <0.95
2 <185 <185 <1.85 <185 <185 <1.85 <1.85 <185 <1.85 <1.85 <16 <17
3 <2675 <2675 <2675 <2675 <2675 <2675 <2675 <2675 | <2675 <2675 <23 <2.45
4 > 2.675 > 2.675 > 2.675 > 2.675 > 2.675 > 2.675 2.6Y5 > 2.675 > 2.675 > 2.675 >2.3 >2.45
Score MTS
0 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
1 <3125 <3125 <3125 <3125 <3125 <3125 <3125 <3.075 | <3 <3 <3 <3
2 <4.25 <4.25 <4.25 <4.25 <4.25 <4.25 <4.25 <4.15 <4 <4 <4 <4
3 <5375 <5375 <5375 <5375 <5375 <5375 <5375 <5225 | <5 <5 <5 <5
4 > 5.375 >5.375 >5.375 >5.375 > 5.375 >5.375 5.375 >5.225 >5 >5 >5 >5




Appendix 4. Screening criteria for potential
reference sites in the Central-Baltic intercalibraton
exercise for river macroinvertebrates (CB-GIG,
2006)

Suggested template

REFCOND-Guidance

High status or reference conditions is a statdépresent or in the past correspondin|
very low pressure, without the effects of major ustlialisation, urbanisation a
intensification of agriculture, and with only venyinor modification of physica@hemistry
hydromorphology and biology.

Suggestion for GIG

Totally unaffected sites do not exist anymore éast due to the world wide atmosphs
deposition). As “close-to-pristifiestate is unlikely to be encountered, (except gpshin
some national parks), the concept of "pristineeStéas not relevant in practice for t
definition of reference conditions for the CenBaltic GIG.

If an historic database has to be used, shisuld be from a time period without inteng
industries, hydraulic engineering and agriculture.

Selection criteria for reference sites are basethothropic pressures”, that must be “nul
very low”; the problem is to define a very low pase leel that leads to insignificant
very low impact at the ecosystem level. “Insigrafit impact” could be understood
“hardly distinguishable from natural (spatial amnporal) variability” at the level of tf
biological elements. A first validation ¢fery low impact” should be assessed at the |
of abiotic parameters (physico-chemistry and hydiarphology).

In the first stage, biological elements are notsidered as selection criteria.

In the second stage, those sites whose aquatic ooimes exhibit statisticalljow
biological values are carefully checked for pressuand dubious sites are eliminated.
checking process must consider possible errorsatuating the pressures, and in samp
methods for biological communities.

If, after checking, no significant pressure or possii®r is encountered, these sites
considered as representative of the type’s nauarddbility.

However, any samples falling outside the rangegafotl ecological status” should not
included in bhe calculation of the reference value for the lgadal quality elemer
considered.

Impacts on rivers or within the catchment should aitect the original characteristics,
that the aquatic community is only altered minimallype-specific commungs ang
conditions should be represented.

A river stretch that is considered for the selattd a reference site must be situated wi
one national type. It must have biological populasi representative of the type.




Pressures likely to affect theference site must be evaluated at the thregamtespatial
scales: thecatchment of the site, theeach scale (i.e. the water body), and tlederence
site itself.

Proposed minimum length for the river reaches are: km for small rivers (stream oed
1- 3), > 5 km for medium-size r. (stream order%),-> 10 km for large rivers (stream ord
> 6).

For each pressure criteria, two thresholds aradéfi

a “reference” threshold, below which a site issidared as “probably reference”;

a “rejection” threshold, corresponding to a high prob#pibf significant impact, aboy
which a site is eliminated.

Sites that have all criteria below the referenaeghold are considered as reference s
sites having most criteria below the referencedhold and only some parameters bety
the reference and rejection threshold are “possfierence sites”. For these sites, on
few possible pressures (i.e less than 10% of tliterief) should exceed the referer
threshold level. If a site exceeti®e rejection threshold on any one criterion itidtidbe
eliminated. These sites should be retained onlgr afarefully checking the cumulati
effects of the pressures using local expertise.

Impacts on rivers or within the catchment area khdwave oty local effects to b
considered in Reference State.

It is proposed to use the CORINE Land Cover (CU@¥sfication for the evaluation of t
land use in the catchment and riparian area. Honyélve land cover represents a “driv
force” more thara “pressure”, and thus must be understood as mieg a probability o
impact. The CORINE land cover classification shooédregarded with some cautidhe
following definitions are proposed :

Artificial land use: the sum of all the categories GLC class 1. (Urban areas continuod
and discontinuous, industrial and commercial zom@®nmunication infrastructures a
networks, mines, etc..)

Intensive agriculture: the sum of the CLC categories corresponding thigh potentia
impact from agriculteal activities: arable land (including irrigated tad), permanent crog
(with associated annual crops), vineyards, orchardBve groves, complex cultivati
patterns, -CLC codes: 2.1, 2.2,2.4.1,2.4.2.

Low intensity agricultural areashe sum of th€€LC categories corresponding to a lov
potential impact from agricultural activities: pases, land principally occupied |
agriculture, with significant areas of natural vaggon, agro-forestry areas CLC codes :
231,243,244,

Semi-natural areasForest and natural areas, wetlands, water bodiesdes CLC codeq :
311,312, 313,32 3.3, 4and5.

Point source pollution

Other effluents/discharges (Urban pollution)

REFCOND-Guidance

No or very local discharges with only very minopkegical effects.

Suggestion for GIG

Only minor impairments of the physical and chemwahditions, this means: Nenatural
background values




No or very local discharges with only very minopkegical effects.

No known industrial cause of particular pollutiend. NaCl, thermal pollution, etc...)

The following criteria can be used to validate vy levels of point source pollution:

Very low level of urbanisation, evaluated by theceatage area of artificial areas in
catchment CLC class 1: see line 26). The follovihmgsholds can be used :

“Reference” threshold : < 0.4% of artificial landeuin the catchment area. (Between 0
and 0.8%: see line 19-22)

“Rejection” threshold : 0.8 % of artificial areatime catchment.

Above 0.8%, a validation with physico-chemical paeters at the site scale is necessary.

See separate table for chemical reference values.

For small streams: no known point source dischaogeyery localised impact with sg
purification.

For larger streams drrivers : very low point source discharge levélpdint sources ar
present, a validation with chemical parametersiserasarySee separate table for chemical
reference values.

Alternatively, the saprobiological water qualityass (according to tygeor ecoregions) c4
be used to validate “very minor” ecological effecls this criteria is used, it must |
explained.

Specific synthetic pollutants

REFCOND-Guidance

Pressures resulting in concentrations close to aead least below the limits detection o
the most advanced analytical techniques in genesal (A selection process for relev,
pollutants in a river basin is presented as an elamf best practice in section 6 of

guidance document from Working Group 2.1, IMPRESS).

Suggestion for GIG

Substances mentioned in Annex X and/or in annex fl the WFD should hay
concentrations at least below the limits of detettof the most advanced analyti
techniques in general use

Measured values of other anthropogenic, synthatiistances should be below qual
objectives or near natural background concentratiexcept for those from atmosphe
sources.

The impact of atmospheric pollution on referenwenistretches must not be detectable
depletion of the aquatic community due to acidifima)

Spec. non-synthetic pollutants

REFCOND-Guidance

Natural background level/load (see reference above)

Suggestion for GIG

Only minor impairments of the physical and chemwahditions, this means: Nenatural
background valuesi this can be can estimated; if not, the limitd#tection (quantitative
can be used tentatively.

No known discharge of specific non-synthetic palhis upstream in the river.

If no chemical data are available, the followingteria can be use to validate the very lo
level of general toxic pressures:




- For small streams : no known toxic pollution tiage.

- For larger streams and rivers : no suspected mdiation discharge; if (actual or ancie
toxic pollution sources exist in the basin, rate@/ PNEC < 1.

In agricultural areas, sites with a known pollutiesk by pesticides (according to exist
risk maps) are avoided.

Diffuse source pollution

Land-use intensification: Agriculture, forestry

REFCOND-Guidance

Pre-intensive agriculture or impacts compatiblehvwptessures pre-dating any recent Ig
use intensification. Pressures piaing any recent intensification in airborne irgtiat
could lead to water acidification.

Ind-

Suggestion for GIG

The share of anthropogenignid use in the catchment area (agriculture, affaties) mus
be small and shows only local effects. In the aafsgypespecific floodplains, lateral ar
vertical connectivity has to be maintained. Theerefice sites must have a wide ripa
buffer zone with type specific riparian vegetation.

The land use upstream of the reference site musplgowith the following criteria(land
use definition see lines 26-29)

Intensive agriculture: <20% of the catchment area as reference thresHeéjectior
threshold: > 50% of intensive agriculture in the cateht. However, in flat lowlang
agricultural landscapes, sites with 20% to 50%nténsive agriculture can be conside
only if :

1) there is no significant risk of soil erosion

2) the valley floors i@ mainly occupied by low intensity agriculturatar(mainly pasture
and /or semnatural areas, and riparian corridors are gloagserved at the reach and
scales. $ee Riparian vegetation criteria line 98)

Between 20%and 50% of intensive agriculture, a dadilon with physicachemica
parameters at the site scale is strongly recomntende

See separate table for chemical reference values.

Cattle breedingonly nonintensive (outdoor) cattle breeding; < 1.25 aniiftalttle) unitg
per ha of the catchment area.

Vineyards, orchards< 1% of the catchment area, and not situatedarmiparian zone.

Irrigated fields< 10%

Forestry. < 30% tree plantations (coniferous, Eucalypjus..

If tree plantations > 30% in the catchment, evethhwib sgn of acidification, the riparig
corridor must be protected and composed of the gpecific natural vegetatiorSeq
Riparian vegetation criteria

Acidification : no sign of acidification due to coniferous pktian (on siliceous bedrock).

pH > 6. If pH < 6, it is necessary to determinthé site is naturally acid.

Eutrophication no sign of plant proliferation (macrophytes,ady)

Eutrophication if possible validate with chemical values

See separate table for chemical reference values.

Riparian zone vegetation




REFCOND-Guidance

Having adjacent natural vegetation appropriatéhéotype and geographical location of
river.

Suggestion for GIG

definition of the riparian zone: the minimum widththe riparian zone (or corridor) toes
considered is 30m for small streams (order 1-3)n50r medium size rivers (order 45)
and 100 m for larger rivers (order 6)

At the reach scale:

In agricultural landscape (Intensive agricultureAmen 20% and 50%), intensive agricult
land cover < 10% of the reach. Riparian corridordlaise > 90% semi natural or |
intensity agricultural areas.

In non agriculturh landscape (Intensive agriculture < 20%): vallégof and ripariaf
corridor occupied by semi natural or low intensigyricultural areas.

Artificial areas: < 10% of the reach.

At the site scale :

The riparian zone of the site is entirely bordelbgdhe type specific natural vegetation
semi-natural land cover, with the possible exceptid access to the river sitdand use
definition see lines 26-29).

Riparian vegetation zone continuity: uninterruptedwith few interruptions (access to the
site).

The lateral connectivity between river and riparanridor is maintained along the site.

No direct impact of cattle trampling.

Morphological alterations

River morphology

REFCOND-Guidance

Level of direct morphological alteration, e.g. factal instream and bank structures, ri
profiles, and lateral connectivity compatible wibosystem adaptation and recovery
level of biodiversity and ecological functioning uegalent to unmodified, natural wat
bodies

Suggestion for GIG

The typespecific hydromorphological conditions are mainggin(including the elemen
mentioned in annex V of the WFD), leading to thesarvation of all types of associa
physical habitats.

The natural morphological dynamic is maintainedthwio or veryminor anthropogeni
influence. Slightly altered morphological conditsohnave a high potential to return to nat
flow conditions without human action in near future

At the basin scale:

Sediment transportNo dams which significantly modify the diment regime (sedime
retention) leading to morphological alterationsidenced by signs of incision of the ri\
bed (e.g. incision > 0.2m * stream order, bare foet appearing...).

Migration barriers for fish reference siteshis issue has to be dressed specifically by tl
fish experts for the definition of reference coiadis for fishes.




Suggestion for fish reference conditions

"Continuity" for fish should be related to the mi@inance of river and stream continuity
facilitate movement of type specific species thaukl be present in reference statéor
example, fish should have access to spawning geo(whkich may be in upper reaches
well as nursery areas (which may be back waters) @mphidromous species should h
access to the sea.

If this condition is not fulfilled and some migratspecies have disappeared, these spf
should be added to the type -specific list of $igacies.

1) at the reach scaleif no general mapping of morphological alteratsoaxists, an gert
evaluation is required for the selected reach)

Flow impedance: < 10% of the reach is affectedldmy impedance, due to hydraulic effe
of weirs, sluices, etc..The % of the reach affected by flow impedance eaevValuated b
the ratio of the sunof weirs' heights (in meters) to the total differenn height (slope
lenght, in meters) between the upper and lowercéride reach.

Channelisation: < 10% of the reach is affected hgrd works” (like modification d
longitudinal and / or transvexprofiles, narrow embankment, loss of lateral ewtinity...),
otherwise, bed and banks composed of natural rageri

Stabilisation: < 20% of the reach is affected bgft'svorks” (like bank protection on of
side, distant dikes, bank maintenance, nogdaiiig the longitudinal and / or transve
profile, and lateral connectivity globally mainteah..).

If both types of works are combined (lines 134 d3%) < 10% of the reach must
affected.

Siltation: reaches with anomalous siltation susgatlue @ agricultural soil erosion, shoy
be avoided (expert judgment).

Connection to groundwater: Total lateral and vattaonnection to groundwater.

Substrate conditions: Correspond to related typolog

River profile and variation in width and depth: @spond to related typology

River continuity: At the reach scale, the contigyudf the river is not disturbed §
anthropogenic barriers and allows undisturbed rimnaof aquatic organisms (includi
resident fish populations).

River continuity: At thereach scale, the continuity of the river is nottutised by
anthropogenic barriers and allows free sedimenspart.

2) at the site scale

The site is not situated in a zone directly or fiedily impacted by a nearby artific
structure upstream or downstream.

Lacking any instream structural modifications (Wear dams) that affect the longitudi
and lateral connectivity, and natural movementivérrbed, sediment load, water and b
(except for natural waterfalls).

Only very small artificial constructions with venyinor local effects can be accepted

Water abstraction

REFCOND-Guidance

Levels of abstraction resulting in only very minaductions in flow levels or lake ley
changes having no more than very minor effectherguality elements.

Suggestion for GIG




At the basin scale:

No dams or water storage significantly altering line flow regime; low flow alteration
20% of the monthly minimum flow.

At the reach scale:

Only very minor reductions in flow level changes/ing no more than very minor effects
the quality elements.

No significant water abstraction in the reach. Thenulative effect of water regulation g
abstraction at the basin and reach scales is <&08 flow discharge.

River flow regulation

REFCOND-Guidance

Levels of regulation resulting in only very minaeductions in flow levels or lake ley
changes having no more than very minor effectshenquality elements. Flow regulati
that has the potential to recover to natural flamméar future.

Suggestion for GIG

At the basin scale:

No dams which significantly modify the natural hgtirgical flow regime (flow regulation)
e.g. suppression of frequent floods (<5 years) aitbmalous development of vegetatio
the channel, or low flow alteration ( < to + 020% modification of the natural month
minimum flow discharge).

The total storage capacity of the reservoirs indatehment is < 5% of the mean anr
discharge at the site.

No change of the natural (type specific) arrileav characteristics (seasonality of high 4§
low flow)

At the reach scale

No by-passed section with residual flow (legal mmom discharge)

No significant hydropower peaking effect (ratio Qdlopeaking / Q baseflow < 2)

Absence of flow regulation (dam) on the reach ftsel

Biological pressures

Introductions of alien species

REFCOND-Guidance

Introductions compatible with very minor impairmewtf the indigenous biota I
introduction of fish, crustacea, mussels or angokind of plants and animals.

No impairment by invasive plant or animal species.

Suggestion for GIG

NB: the issue is: to give a sound definition ofiéal species” and “typespecific species|
and to make clear if the one can shift into theegttand if so on what condins. \We
consider this as an item that should be discusseldsalved on a European level.

Proposed definition of alien speciesnon indigenous species recently introduced
during the XXth century) or in early stage of deg@ation in the river redt, not known t
present a risk of being invasive.




Proposed definition of invasive speciedien species in stage of active colonisatiohjol
are quantitatively predominant in their respectigemmunity, and whose developm
significantly alter the caposition and abundance of the type specific contrasnThesq
species, by direct or indirect effects, can indaagsk of extinction of indigenous biota, g
alter the global ecosystem functioning.

At the site scale, no invasive species, but alpagies which are not at the invasive stage
tolerated.

Fisheries and aquaculture

REFCOND-Guidance

Fishing operations should allow for the maintenaoicthe structure, productivity, functiq
and diversity of the ecosystem (including habitad asso@ted dependent and ecologica
related species) on which the fishery depends.

Stocking of non indigenous fish should not sigrfidy affect the structure and function
of the ecosystem.

No impact from fish farming.

Suggestion for GIG

No intensive (commercial) fishery.

Fisheries, fish management and/or aquaculture ohlhtch have no significant impact
fish populations are tolerated, i.e. the type dpeéish population is maintainedaf alien
species, see line 184

Fishing or stocking fo fish is limited, and must have no impact on theosysten
functioning.

No or very limited direct pollution by aquacultysiants.

Biomanipulation

REFCOND-Guidance

No biomanipulation.

Suggestion for GIG

No biomanipulation.

Other pressures

Recreation uses

REFCOND-Guidance

No intensive use of reference sites for recreatmmposes (no intensive campil
swimming, boating, etc.)

Suggestion for GIG

No nearby intensive recreational use at the saes®No regular bathing activities or roof
boating. Occasional recreational uses (such as iogmpwimming, boating, etc.) shol
lead to no or very minor impairment of the ecosyste




Chemical thresholds Type RC1 RC2 RC3 RC4 RC5 R-C6
BODs (mg/L) mean 2.4 2.4 2 2.4 2.4 2.4

° 90th perc. 3.6 3.6 2.75 3.6 3.6 3.6
Dissolved  Oxygen™€ 95-105 95-105 95-105 95-105 95-105 95-105
Saturation (%) ;g;gom 85-115 90-110 90-110 85-115 85-115 85-1[I5

mean 0.1 0.05 0.05 0.1 0.1 0.1

N-NH /L

+(mg/L) 90th perc. 0.25 012 012 025 025  0.25
N-NO3 (mg/L) mean 6 6 2 6 6 6
P-PO;, (ug/L) mean 40 30 20 40 40 40




