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Abstract

The requirements of the European Water Framework Directive (WFD), aimed at an integrative assessment
methodology for evaluating the ecological status of water bodies are frequently being achieved through
multimetric techniques, i.e. by combining several indices, which address different stressors or different
components of the biocoenosis. This document suggests a normative methodology for the development and
application of Multimetric Indices as a tool with which to evaluate the ecological status of running waters.
The methodology has been derived from and tested on a European scale within the framework of the
AQEM and STAR research projects, and projects on the implementation of the WFD in Austria and
Germany. We suggest a procedure for the development of Multimetric Indices, which is composed of the
following steps: (1) selection of the most suitable form of a Multimetric Index; (2) metric selection, broken
down into metric calculation, exclusion of numerically unsuitable metrics, definition of a stressor gradient,
correlation of stressor gradients and metrics, selection of candidate metrics, selection of core metrics,
distribution of metrics within the metric types, definition of upper and lower anchors and scaling; (3)
generation of a Multimetric Index (general or stressor-specific approach); (4) setting class boundaries; (5)
interpretation of results. Each step is described by examples.

Introduction

The ‘‘ecological status’’ of rivers, which is mainly
based on their biotic components, is an important
parameter for European water management
(European Water Framework Directive 2000/60/
EC; WFD). To assess the ecological status of a
water body the taxonomic composition, abun-
dance, ratio of disturbance sensitive taxa to
insensitive taxa, and the diversity of biological
indicators, have to be considered and compared to
respective target values under reference conditions.

This ensures the adaptation of the assessment
models to a stream typology based on typological
descriptors, such as ecoregions, bioregions, catch-
ment size, and altitude. Thus, the WFD forces a
re-orientation of existing monitoring procedures
towards an integrative type- and reference-specific
approach (Heiskanen et al., 2004).

Going far beyond the traditional procedure of
documenting biological water quality with respect
to organic pollution, the assessment of the
ecological status of water bodies under the WFD
has to document the relationships between aquatic
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biota and manifold environmental pressures, par-
ticularly the hydrological, morphological, and
physical–chemical components. The experiences of
the EU-funded AQEM and STAR projects show
that the multimetric approach is a valuable pro-
cedure for bridging the gap between the current
methodologies and future need for evaluating the
ecological status of water bodies (Hering et al.,
2004a; Furse et al., 2006). Similar experiences have
been made particularly in the United States, where
Multimetric Indices are frequently used in routine
water management (Davis & Simon, 1995; Hughes
et al., 1998; Barbour et al., 1999; Karr & Chu,
1999).

Multimetric Indices are now a commonly used
tool in regionalised assessment systems for
describing the quality of fresh- and brackish water
ecosystems (rivers, lakes, transitional waters, wet-
lands; Hughes & Oberdorff, 1999). The multimet-
ric approach attempts to provide an integrated
analysis of the biological community of a site by
deriving a variety of biological measures and
knowledge of a site’s fauna (Karr & Chu, 1999).
Within a multimetric index, each single component
metric is predictably and reasonably related to
specific impacts caused by environmental altera-
tions. For example, while the proportion of dif-
ferent feeding types is suited to assess the trophic
integrity of an ecosystem, saprobic or acid indices
provide a measure with which to directly assess the
impact of certain pollutants and acidification,
respectively. Thus, the Multimetric Index consid-
ers multiple impacts and combines individual
metrics (e.g. saprobic indices, diversity indices,
feeding type composition, current preferences,
etc.) into a unitless measure, which can be used to
assess a site’s overall condition. By combining
different categories of metrics (e.g. taxa richness,
diversity measures, proportion of sensitive and
tolerant species, trophic structure) reflecting dif-
ferent environmental conditions and aspects of the
community the multimetric assessment is regarded
as a more reliable tool than assessment methods
based on single metrics (Barbour et al., 1995, 1999;
Klemm et al., 2003). The multimetric approach
was first developed by Karr (1981) using fish as
indicators to describe stream quality. Since the
development of Karr’s Index of Biotic Integrity
(IBI) numerous multimetric indices have been
developed (Plafkin et al., 1989; Resh et al., 2000;

Hering et al., 2004b; Ofenböck et al., 2004). In
principle, Multimetric Indices can be applied to
different types of ecosystem (rivers, lakes, transi-
tional waters, wetlands, forests) and to different
Biological Quality Elements (fish, benthic inverte-
brates, macrophytes, phytoplankton, phytoben-
thos, or other biota) and provide a flexible tool
with regard to the set of components.

Within the AQEM and STAR projects Multi-
metric Indices have been developed for various
river types throughout Europe. The procedure has
been intensively discussed with both the project
consortia and the water authorities, particularly in
Germany and Austria, where Multimetric Indices
are currently applied in water management. This
document is based on the experiences gained dur-
ing this implementation process.

The experiences of the AQEM and STAR
projects clearly show that to enhance compara-
bility between assessment systems the procedure of
developing and applying a Multimetric Index
needs to be standardised. Aim of this paper is to
condense the experiences in developing Multimet-
ric Indices gained in the AQEM and STAR pro-
jects into a more generally applicable approach,
which may also be useful for ecosystem types
others than rivers. In a continent like Europe,
where both river biota and political and economic
conditions are heterogeneous, a single approach
for river assessment, which is likely to be used by
all water managers, is unrealistic. At least there is
the need to distinguish between simple, unspecific
methods, which are useful as a first attempt in
areas with little experiences in assessment, and
more complex, stressor-specific approaches. Thus,
we suggest alternatives differing in their degree of
precision, but which always use the same basic
steps.

The principles of developing a Multimetric Index

A ‘‘metric’’ is defined as a measurable part or
process of a biological system empirically shown to
change in value along a gradient of human influ-
ence (Karr & Chu, 1999). It reflects specific and
predictable responses of the community to human
activities, either to a single impact factor or to the
cumulative effects of multiple human impairments
within a watershed. Metrics are addressing com-
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parable ecological aspects of a community,
regardless of the stressor they are responding to.
The following metric types can be distinguished:

� Composition/abundance metrics. All metrics giv-
ing the relative proportion of a taxon or
taxonomic group with respect to its total num-
ber or abundance, respectively.

� Richness/diversity metrics. All metrics giving the
number of species, genera, or higher taxa within
a certain taxonomical entity, including the total
number of taxa, all diversity indices.

� Sensitivity/tolerance metrics. All metrics related
to taxa known to respond sensitively or toler-
antly to a stressor or a single aspect of the
stressor, respectively, either using presence/
absence or abundance information.

� Functional metrics. All metrics addressing the
ecological function of taxa (other than their
sensitivity to stress), such as feeding types, habitat
and current preferences, ecosystem type prefer-
ences, life cycle parameters, biometric parame-
ters. They can be based on taxa abundance.

The procedure of data analysis during the devel-
opment of a Multimetric Index typically involves
the following steps:

� Selection of the most suitable form of a Multi-
metric Index

� Metric selection

� Metric calculation

– Exclusion of numerically unsuitable metrics
– Definition of a stressor gradient
– Correlation of stressor gradients and metrics
– Selection of candidate metrics
– Selection of core metrics
– Distribution of metrics within the metric types
– Definition of upper and lower anchors and

scaling

� Generation of a Multimetric Index

– Development of a Multimetric Index (general
approach)

– Development of a Multimetric Index (stres-
sor-specific approach)

� Setting class boundaries
� Interpretation of results

Aspects of methods needed to gain comparable
taxa lists, i.e. sampling, sorting, and proper

determination of the sampled individuals
(Schmidt-Kloiber & Nijboer, 2004) is not consid-
ered further here, since this paper aims at
describing the procedure that starts with metric
calculation.

Selection of the most suitable form of a Multimetric

Index

Depending on purpose, ecosystem type, organism
group and available data Multimetric Indices
may be designed differently. In many cases a
reliable assessment reflecting the integrity of an
ecosystem is sufficient, in other cases more spe-
cific data on which stressor causes deterioration
of the biota is required. Thus, we distinguish two
main forms of Multimetric Indices: (1) the gen-
eral approach and (2) the stressor-specific ap-
proach. Stressor-specific Multimetric Indices can
only be derived if the development data set in-
cludes environmental data reflecting different
specific stress types, if different environmental
gradients are present in the development data set
and if the autecology of the targeted organism
group is well known.

Metric selection

Metric calculation

Due to the long-term tradition of macro-inverte-
brate research, which has led to extensive eco-
logical knowledge of this group of aquatic
organisms, numerous metrics and indices have
been developed that can simply be derived from
taxa lists (e.g. Moog, 1995; Merritt & Cummins,
1996; Schmedtje & Colling, 1996; Tachet et al.,
2002). Several software packages (e.g. ECO-
PROF; Moog et al., 2001) aid the quick deriva-
tion of metrics from those taxa lists, among
which the AQEM River Assessment Program
(Hering et al., 2004a) provides a tool that is
capable of calculating more than 200 macro-
invertebrate metrics. Other tools are available for
fish (EFI Software: Fame Consortium, 2004),
macrophytes and phyto-benthos (Schaumburg
et al., 2004).
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Exclusion of numerically unsuitable metrics

In order to reduce the long lists of metrics that are
quickly and easily processed by software pack-
ages, filter procedures have to be applied. These
procedures include the identification and exclu-
sion of numerically unsuitable measures, for
example, measures with a narrow range of values
or with many outliers and extreme values, which
can be simply revealed by box-whisker plots
(Figs. 1 and 2).

Definition of stressor gradients

It is mandatory that the data set used for devel-
opment includes data on a gradient of sites, ideally
including unimpacted (reference) sites and heavily
degraded (poor) sites.

An environmental stressor gradient is ideally
represented by a set of sites of one freshwater
ecosystem type covering the whole range (high,

good, moderate, poor, and bad sites) of the envi-
ronmental stressor that is to be targeted by the
Multimetric System. The gradient may be a con-
tinuous measure or may be classified into five
classes or even into the two classes ‘‘unstressed’’
and ‘‘stressed’’, only. Stressor gradients provide an
invaluable tool by which to minimize the sub-
jective ‘‘expert judgement’’ in pre-classification of
sites and the subsequent selection of candidate
metrics, which is based on the pre-classification.

Analysis of the gradient may be restricted to a
single stressor or may include the impact of mul-
tiple stressors. For description of the impact of a
single stressor, physical, chemical, or hydromor-
phological data on the individual sites can be used.
We propose to use:

� data on BOD5 or oxygen content to describe the
impact of organic pollution;

� data on BOD5, N–NO2, chloride,Escherichia coli,
eventually combined, for a Multimetric Index
addressing water pollution in general terms;

Range of
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suitable, e. g. less than 5 %
outlier and extreme

values

Significant correlation of
metric and stressor

gradient

Taxa list with number
of individuals/
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Figure 1. Schematic overview of the steps required to develop a Multimetric Index based on taxa lists.
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� data describing the trophic status of sites such as
concentrations of phosphorus and nitrogen
compounds;

� data that characterise the morphological situa-
tion of a site such as the German Structure-
Index (Feld, 2004; Lorenz et al., 2004);

� data that characterize the hydrological and
hydraulic situation of a site with information
on alterations to the discharge regime, dam-
ming, residual flows, etc.;

� data on catchment land use for describing
general stress gradients (Böhmer et al., 2004a);

� several of the above mentioned data to describe
more general types of stress.

A statistical analysis such as PCA (Principal
Component Analysis) can be used to reduce the
number of variables by (i) calculating hypothetical
main gradients of the environmental dataset and
(ii) identifying redundant (co-correlating) vari-
ables. The direct analysis of metrics and abiotic
environmental data is possible with Redundancy
Analysis (RDA). The advantage of direct ordina-
tion procedures is their aim to fit the main abiotic
and biotic gradients. Thus, if the existence of a
strong stressor gradient is obvious, this method
can be used simultaneously to identify the faunal
response (Feld, 2005).

Johnson et al. (2006), and Hering et al. (sub-
mitted) defined stress gradients for a subset of the
STAR sites by means of a PCA, with data indi-
cating different sources of impairment. The selec-
tion of parameters (Table 1) was dependent on (1)

their availability and completeness in the dataset
(2), their relevance to the targeted stream type and
(3) their relevance for the targeted stressor.

Correlation of stressor gradients and metrics

Correlating the results of a metric to the stressor
gradient is a central part of the procedure, which
can be processed either by looking for significant
differences (t-test, U-test) or by running rank
correlation analysis (e.g. Spearman, Kendall). It is
also possible to use Pearson’ product moment
correlation in cases of large data sets, but, this
coefficient is prone to partial correlation. Thus, a
simple scatter plot may be used to aid the judge-
ment on the strength and quality of metric-stressor
correlations.

Selection of candidate metrics

An ideal metric should be responsive to stressors,
have a low natural variability, provide a response
that can be distinguished from natural variation,
and be interpretable. A candidate metric’s results
must show a significant correlation to the stressor
gradient. This correlation can be positive or nega-
tive, either across the whole stressor gradient or
measured for a part thereof (e.g. only moderate to
high quality sites). Metrics fulfilling this criterion
are, in principal, suited to assessing the degradation
of the freshwater ecosystem type and can be selected
as candidate metrics. There are numerous examples

Metric 1 2 3 4 5 6 7

0

20

40

60

80

100

[%
]

Figure 2. Example for numerically unsuitable (Metrics 1–3, 6) and suitable metrics (Metrics 4–5, 7). Circles indicate outliers (s) and

extremes (d).
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Table 1. Environmental parameters used for calculating stressor gradients

Parameter Transformation Lowlands Mountains

Pollution/eutrophication G P H M G P H M

pH x x x x

Conductivity log 10 x x x x

BOD5 log 10 x x

Oxygen [mg/l] log 10 x x

Ammonium [mg/l] log 10 x x x x

Nitrite [mg/l] log 10 x x

Nitrate [mg/l] log 10 x x x x

Ortho-phosphate [lg/l] log 10 x x x x

Total phosphate [lg/l] log 10 x x

Source pollution (yes/no) log 10 x

Non-source pollution (yes/no) log 10 x

Eutrophication (yes/no) log 10 x

Land use

Forest catchment [%] arcsin sq. root x x

Urban sites catchment [%] arcsin sq. root x x

Natural grassland catchment [%] arcsin sq. root x x

Cropland catchment [%] arcsin sq. root x x

Pasture catchment [%] arcsin sq. root x x

Hydromorphology

Shading at zenith (foliage cover) arcsin sq. root x x x x

Width woody rip. vegetation [m] arcsin sq. root x x x x

Number of debris dams x x x x

Number of logs x x x x

Shoreline covered with woody riparian

vegetation [%]

arcsin sq. root x x x x

No. bank fixation [%] arcsin sq. root x x x x

No. bed fixation [%] arcsin sq. root x x x x

Stagnation (yes/no) x x x x

Straightening (yes/no) x x x x

Microhabitats

Hygropetric sites [%] arcsin sq. root x x

Megalithal>40 cm [%] arcsin sq. root x x

Macrolithal>20–40 cm [%] arcsin sq. root x x

Mesolithal>6–20 cm [%] arcsin sq. root x x

Microlithal>2–6 cm [%] arcsin sq. root x x

Akal>0.2–2 cm [%] arcsin sq. root x x

Psammal/psammopelal [%] arcsin sq. root x x

Argyllal<6 lm [%] arcsin sq. root x x

Macro-algae [%] arcsin sq. root x x

Micro-algae [%] arcsin sq. root x x

Submerged macrophytes [%] arcsin sq. root x x

Emergent macrophytes [%] arcsin sq. root x x

Living parts of ter. plants [%] arcsin sq. root x x

Xylal [%] arcsin sq. root x x

Continued on page 317
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in the literature for the process of selecting candi-
date metrics (Vlek et al., 2004; Böhmer et al.,
2004b; Ofenböck et al., 2004; Buffagni et al., 2004).
Three examples on how metrics relate to different
stress gradients are given in Figure 3.

Numerous papers describe the possible ap-
proaches to metric selection (e.g. Holland, 1990;
Barbour et al., 1992; Karr & Kerans,1992; Bar-
bour et al., 1999; Karr & Chu, 1999; Buffagni
et al., 2004; Hering et al., 2004b; Ofenböck et al.,
2004; Vlek et al., 2004). Based on existing knowl-
edge and literature information, the candidate
metrics are selected on the basis of knowledge of
the aquatic biota within a geographical entity, e.g.
the metric ‘‘number of Corbicula individuals’’
would make no sense if this taxon does not occur
in the targeted ecoregion. As another example, the
inclusion of the metric ‘‘morphological deforma-
tion of chironomids’’ will be useless if the admin-
istrative framework would not allow financing of
the necessary investigations. On the other hand,
candidate metrics must fit the sampling method
applied. If Chironomid pupae or Annelids are
collected with 1000 lm-mesh samplers, metrics
derived from those taxa are not likely to be reli-
able.

After having selected the candidate metrics they
need to be evaluated for efficacy and validity. This
means that inappropriate metrics have to be
eliminated from the process. Metrics have to be
considered as inappropriate if they (1) are less than
robust and have a high temporal and/or spatial
variability that does not allow discrimination be-
tween anthropogenic influences and natural vari-
ability, (2) do not reflect human impairment and
have little relationship to the impacts, (3) are not
well founded on ecological principles and under-
standing; for example, the correlation of land use
and the feeding type miner.

Only those metrics that show a quantitative
impact-response change across a stressor gradient
that is reliable, interpretable and not diffused or
obscured by natural variation, must be selected.
Moreover, different types of metric should be
considered (composition/abundance metrics, rich-
ness/diversity metrics; sensitivity/tolerance met-
rics; functional metrics).

Hering et al. (2004a), who aimed at designing a
Multimetric Index for indicating ‘‘general degra-
dation’’, restricted amore extensive list ofmetrics to
those indices which are not explicitly designed to
detect organic pollution. A further selection crite-
rion was the taxonomic resolution needed for the
metric (order/family vs. genus/species level), which
should be achieved by, and comparable among, the
majority of taxa lists (e.g. Eurolimpacs, 2004;
Schmidt-Kloiber et al., 2006) used for the develop-
ment process. These criteria resulted in restricting a
list of almost 300 to 79 metrics.

Selection of core metrics

Candidate metrics, which can be identified as ro-
bust and most informative are scrutinised further
in the process of selecting core metrics. To be se-
lected as a core metric two major aspects have to
be considered: (1) the metrics should cover the
different metric types (Table 2) and (3 2) redun-
dant metrics need to be excluded. Metrics that
show strong inter-correlations (Spearman’s r>0.8)
with one another are defined as redundant. The
identification of redundant metrics is aided by
triangular cross-correlation matrices and, in case
of redundancy, the correlation of each of the pair
of metrics with the other metrics is compared in
order to finally omit the one that showed the
higher overall mean correlation (see examples gi-
ven in Table 4). For the selection of appropriate

Table 1. (Continued)

Parameter Transformation Lowlands Mountains

Pollution/eutrophication G P H M G P H M

CPOM [%] arcsin sq. root x x

FPOM [%] arcsin sq. root x x

Debris [%] arcsin sq. root x x

G=general degradation gradient; p=pollution/eutrophication gradient; H=hydromorphology gradient; M=microhabitat gradient

(from Hering et al., submitted, altered).
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core metrics, statistical analysis aimed at identify-
ing those variables, which show the strongest
relationship to certain environmental stressors, are
recommended.

Distribution of metrics within the metric types

Well-constructed Multimetric Indices contain a
suggested number of metrics from each type
(Table 2) and therefore reflect multiple dimen-
sions of biological systems (Karr & Chu, 1999).
About three metrics per metric type is considered
ideal. A higher (e.g. to more exhaustively de-
scribe the community attributes) or lower (e.g. if
fewer suitable metrics can be identified) number
of metrics can be included into a Multimetric
Index. If there is at least one candidate metric of

a particular metric type, then at least one of this
metric type must be selected as a core metric to
ensure that each metric type is represented in the
Multimetric Index. This procedure makes Mul-
timetric Indices more comparable and ensures
that different aspects of the community are re-
garded. The possible combinations of metrics
resulting from the selection of candidate metrics
must be correlated to the stressor gradient used
to select the candidate metrics. For this purpose,
all metric results are first scaled by transforma-
tion into a score ranging from 0 to 1 (100%).
This enables the calculation of means for all
candidate metrics.

Those metrics whose combination results in the
strongest significant correlation to the stressor
gradient should be selected as core metrics.

Figure 3. (a) Correlation of a periphyton metric (Trophic Diatom Index according to Rott et al., 1999) to a eutrophication gradient.

Samples from the STAR lowland rivers (data from Hering et al. in press). (b) Correlation of a benthic invertebrate metric (German

Fauna Index D05 according to Lorenz et al., 2004) to hydromorphological quality measured with a structure index (data from Lorenz

et al., 2004). (c) Correlation of a benthic invertebrate metric (German Fauna Index D03 according to Lorenz et al., 2004) to catchment

land use (share of urban areas) in medium-sized lowland rivers in Germany.

b

Table 2. Examples for metrics used to assess individual Biological Quality Elements, assigned to metric types

Composition/abundance

metrics

Richness/diversity

metrics

Sensitivity/tolerance

metrics

Functional metrics

Fish Population age

structure

Diversity (Shannon-Weaver,

Margalef)

Individuals of tolerant

species

Number of rheophile

species

Population size Number of river type

specific species

Number of lithophile

species

Benthic

invertebrates

[%] EPT Diversity (Shannon-Weaver

Margalef)

Saprobic indices [%] sand-preferring taxa

[%] Trichoptera Number of Trichoptera

species

Acid Index (Henrikson &

Medin, 1986)

[%] shredders, RETI

(Schweder, 1992)

German Fauna Index

(Lorenz et al., 2004)

[%] rheophile species

Macrophytes [%] Potamogeton

pectinatus

Diversity (Shannon-Weaver,

Margalef)

Mean Trophic Ranking

(Holmes et al., 1999)

Ellenberg et al. (1992)

numbers (humidity, light,

salinity)Number of taxa

Phytobenthos [%] Pennales (volume)

(Mischke & Behrendt,

2005)

Diversity (Shannon-Weaver,

Margalef)

Trophic Diatom Index

(Kelly & Whitton, 1995)

[%] planctonic taxa

Number diatom of taxa Trophic Index Austria

(Rott et al., 1999)

Phytoplankton [%] Pennales (volume)

(Mischke & Behrendt,

2005)

Diversity (Shannon-Weaver,

Margalef,)

Rare taxa and indicative

taxa (Coesel, 2001)

[%] planctonic taxa

Number of Desmid taxa ‘‘Index-20’’ (Mischke &

Behrendt, 2005)
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Definition of upper and lower anchors and scaling

The upper and lower anchors mark the indicative
range of a metric, i.e. the values that are empiri-
cally set and defined as ‘‘1’’ (upper anchor) and
‘‘0’’ (lower anchor), respectively, to normalize a
metric’s result. The upper anchor corresponds to
the upper limit of the metric’s value under refer-
ence conditions. If data on reference sites are
available, the upper anchor should be set as a

percentile of all the metric values of the reference
sites (e.g. 95%, 75% or median, depending on the
quality of the reference sites). If few data (e.g. up
to 5–10 samples) are available for reference sites,
and the site classification is to some extent uncer-
tain, the highest observed value can also be con-
sidered (excluding abundance metrics). If there are
no data on reference sites but data on sites repre-
senting different degrees of stress are available, the
upper anchor can be obtained by extrapolation.

Table 3. Example for the definition of upper anchors and lower anchors of candidate metrics in the stream type ‘‘medium-sized

lowland rivers’’ in Germany (data from Hering et al., 2004a)

Metric Shannon-

diversity

[%] litoral

preferring

taxa

[%]

rheophile

taxa

[%]

shredderes

German Fauna

Index D03

[%]

EPT

# Plecoptera

taxa

# Trichoptera

Taxa

Upper (95%) percentile 3.50 29.07 61.28 36.51 0.89 66.79 2.00 13.00

Lower (5%) percentile 1.54 2.52 6.04 2.88 )1.43 6.87 0.00 0.00

Correlation with land use index

Correlation coefficient )0.35 0.41 )0.54 0.39 )0.44 )0.65 )0.37 )0.48

Suggested upper anchor 3.39 )3.60 77.99 )0.40 1.26 82.12 1.69 16.01

Suggested lower anchor 2.29 24.27 11.71 17.93 )0.90 13.36 )0.40 1.71

Correlation with Structure Index

Correlation coefficient )0.18 0.55 )0.43 )0.44 )0.75 )0.14 )0.42 )0.53

Suggested upper anchor 2.71 8.06 46.61 20.31 0.59 38.30 0.46 7.35

Suggested lower anchor 2.50 18.95 32.05 7.59 )0.50 31.22 )0.10 3.95

Chosen upper anchor 3.50 3.00 70.00 35.00 1.50 70.00 3.00 15.00

Chosen lower anchor 1.00 25.00 10.00 3.00 )1.50 5.00 0.00 0.00

Three different methods for defining anchors have been applied: (1) 95% and 5% percentile of all data; (2) Spearman Rank Correlation

with a land use index; (3) Spearman Rank Correlation with a structure index.

Table 4. Example for a correlation matrix of candidate metrics (invertebrate metrics, stream type ‘‘medium-sized lowland rivers’’ in

Germany) (data from Hering et al., 2004a)

Shannon

diversity

[%] litoral

preferring

taxa

[%]

rheophile

taxa

[%]

shredderes

German Fauna

Index D03

[%]

EPT

# Plecoptera

taxa

# Trichoptera

Taxa

Shannon diversity 1.0000

[%] lioral preferring taxa )0.1906 1.0000

[%] rheophile taxa 0.1420 )0.8505 1.0000

[%] shredderes )0.3349 0.1195 )0.2393 1.0000

German Fauna Index D03 0.2390 )0.8020 0.7911 )0.1247 1.0000

[%] EPT 0.2874 )0.6495 0.7040 )0.2887 0.6855 1.0000

# Plecoptera taxa 0.1467 )0.4450 0.4650 )0.0038 0.5168 0.5894 1.0000

# Trichoptera taxa 0.6000 )0.5165 0.4733 )0.1627 0.6212 0.6881 0.5324 1.0000

Correlation coefficients of individual metrics are given. Bold: Correlation coefficient>0.8 (one of these metrics needs to be excluded).
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The lower anchor corresponds to the lower
limit of the metric’s value under the worst attain-
able conditions. If data on sites of bad ecological
quality are available, the lower anchor should be
set as a percentile (e.g. 5 or 10%) of all metric
values of the bad ecological quality sites, or at the
lowest value obtained or obtainable. If there are
no data on bad ecological quality sites but data on
sites representing different degrees of stress
are available, the Lower Anchor can be
obtained by extrapolation. An example from the
German invertebrate assessment system is given in
Table 4.

The results of the various core metrics that
have been selected for contributing to a Multi-
metric Index may vary between different ranges of
values: while the metric ‘‘number of Plecoptera
species’’ can have a value between 0 and n, the
German Saprobic Index can range from 1.0 to 4.0
and the metric ‘‘[%] shredders’’ from 0 to 100. To
combine these individual measures into an inte-
grated Multimetric Index; it is essential to nor-
malize the core metrics via transformation to
unitless scores. In practice, each metric result
must be translated into a value between 0 and 1
(Ecological Quality Ratio), using the following
formula:

Value ¼ Metric result� Lower Anchor

Upper Anchor� Lower Anchor

for metrics decreasing with increasing impairment,
and

Value ¼ 1þ Metric result� Lower Anchor

Upper Anchor� Lower Anchor

for metrics increasing with increasing impairment.
Values>1 are set to 1.

The resulting metric value for a given site is
finally expressed as an ecological quality ratio
(EQR). The EQR represents the relationship be-
tween the values of the biological parameters ob-
served for a given body of surface water and the
values for these parameters under the reference
conditions applicable to that water body. The ratio
is expressed as a numerical value between zero and
one: high ecological status is represented by values
close to one and bad ecological status by values
close to zero.

Generation of a Multimetric Index

The aggregation of metric scores into an index
simplifies decision making so that a single value can
be used to determine the quality class of a river site.
The action, which is potentially needed to improve
the ecosystem (e.g. restoration, mitigation, pollu-
tion enforcement) is not inherently determined by
the index value, but may be deduced from the
single component metrics, in addition to the raw
data, and consideration of other ecological infor-
mation (Barbour et al., 1999).

We propose two ways of generating a Multi-
metric Index: a ‘‘general approach’’ and a ‘‘stres-
sor-specific approach’’. In the ‘‘general approach’’,
various metrics are calculated and the results are
individually compared to the respective metric
values under reference conditions. From this
comparison, a score is derived for each metric.
These scores are finally combined into a Multi-
metric Index. The ‘‘stressor-specific’’ approach
sorts out the metrics forehand according to their
ability to detect the effects of a certain stressor on
the targeted biota. Thus, the scores of the metrics
addressing a single stressor are first combined into
a value reflecting the intensity of this stressor; the
assessment results for all stressors are finally
combined into the Multimetric Index.

Development of a Multimetric Index (general
approach)

The aggregation of metrics into a Multimetric In-
dex should ensure that each metric type is repre-
sented by a similar number of metrics (e.g. Karr &
Chu, 1999). Nevertheless, the final selection of
metrics for a Multimetric Index should produce
the strongest multimetric view of biological con-
dition. Therefore, we do not recommend a fixed
number of metric types or measures per metric
type.

The procedure described by Böhmer et al.
(2004a) is based on the assumption that if the same
number of metrics has been selected for each
metric type, the Multimetric Index can be calcu-
lated as the mean of the 0–1 digit scores of all core
metrics. This will attribute the same weight to each
metric and metric type. If the number of core
metrics belonging to different metric types is dif-
ferent, weighting factors can be used so that e.g.

321



each group of metrics (i.e. clustered within a type)
has the same influence on the final Multimetric
Index. If, within a metric type, the various core
metrics are based on information of different
confidence levels (e.g. one is based on the whole
Invertebrate community, while the others on single
insect orders) weighting factors can be applied to
the metrics so that the more inclusive metrics
contribute to a greater extent to the final score.

Development of a Multimetric Index
(stressor-specific approach)

For the ‘‘stressor-specific approach’’ almost exactly
the same steps as for the ‘‘general approach’’ are
required. However, all the above described steps
(from the generation of environmental gradients to
the scaling of metrics) should be done separately
for different environmental gradients, representing
different stressors. This procedure results in a sep-
arate list of core metrics for each stressor, e.g. or-
ganic pollution, acidification or hydromorphological
degradation.

The scores of those core metrics, which have
been selected using the gradient of a single stres-
sor, must the be combined into a Multimetric In-
dex by calculating the mean of their 0–1 scores.
This step results in a quality class for each stressor,
e.g. ‘‘organic pollution’’ and ‘‘acidification’’.

If the same degree of confidence is expected for
the different stressor-specific indices, the resulting
stressor-specific quality classes are converted into
the ecological quality class using the worst result
of all stressor-specific quality classes. Otherwise,
priority can be given to the most robust metric, the
results of the other metric(s) being used to confirm
the classification obtained. Weighting factors can
be considered as explained above.

Setting Class boundaries

The final Multimetric Index provides a score that
represents the overall relationship between the
combined values of the biological parameters ob-
served for a given site and the expected value un-
der reference conditions. This score is – as for
single metrics – expressed as a numerical value
between zero and one. This range can be subdi-
vided into any number of categories corresponding

to various levels of impairment. Because the met-
rics are scaled to reference conditions and expec-
tations for the stream classes, any decision on
subdivision should reflect the distribution of the
scores for the reference sites. We propose quality
classes with equal ranges to provide five ordinal
rating categories for assessment of impairment in
accordance with the demands of the WFD, using
the following scheme for setting class boundaries:

reference ‡ 0.8
good ‡ 0.6<0.8
moderate ‡ 0.4<0.6
poor ‡ 0.2<0.4
bad<0.2

The more metrics are included into the Multi-
metric Index, the more the index values under
reference conditions will diverge from 1, because
even under the most pristine conditions, not all
metrics will reach maximum levels in a single site.
Alternative: Therefore, it is recommended not to
use the best available values as reference values,
but e.g. to use the 25% percentile of index values
from reference sites as the class boundary for ref-
erence conditions.

Interpretation of results

Multimetric Indices can be easily interpreted,
which is regarded as a main advantage of this type
of bioassessment. However, since European water
managers have only little experience with Multi-
metric Indices, an aid for the interpretation of re-
sults is highly recommended, particularly if the
‘‘general approach’’ is applied, which does not
inherently distinguish between stress types. An
interpretation aid should include the values to be
expected under reference conditions, the stress type
the metric is most strongly reacting to and the
restoration measures needed to improve the metric.

Conclusions

Multimetric Indices provide a valuable tool for
assessing various types of freshwater ecosystems,
since they integrate different stressors and different
components of the community. Thus, they can be
adapted to the specific conditions of a river type or
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lake type in an optimal way, by considering the
most relevant stressors, and specific characters of
the biocoenosis. However, to gain a certain level of
comparability, the development of Multimetric
Indices should be carried out in an analogous way.
By considering the steps described in this paper,
comparability of Multimetric Indices can be en-
sured, without loosing the degree of freedom which
is necessary to cope with the natural variability of
river and lake types and their communities. Thus,
the procedure described here may be helpful for
consideration as an international standard.
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