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Abstract

The aim of the intercalibration exercise presently performed by the EU is to identify and resolve significant
inconsistencies between the ecological quality classifications of EU Member States and the normative
definitions of the EU Water Framework Directive. Based on benthic macroinvertebrate data of two
European stream types (small siliceous mountain streams and medium-sized lowland streams in Central
and Western Europe) we correlated the indices of 10 river quality assessment methods (ASPT, BMWP,
DSFI, German Multimetric Index, Saprobic Indices) applied in Austria, Czech Republic, Denmark,
Germany, Poland, Slovak Republic, Sweden and United Kingdom. National class boundaries were com-
pared via regression analysis. Assessment methods of the same type (Saprobic Indices, BMWP/ASPT
scores) showed best correlation results (R?>0.7). The good quality status boundaries of the national
methods deviated up to 25%:; thus indicating the necessity to harmonize the national classification schemes.
Prerequisites of the presented intercalibration approach are (1) a sufficiently large and consistent dataset
representative of the respective common intercalibration types and (2) agreement on common type specific
reference conditions.

Introduction

In the individual European countries the practice
of evaluating ecological river quality is very dif-
ferent (Metcalfe-Smith, 1994; Knoben et al.,
1995; Birk & Hering, 2002). Although river
monitoring programmes in most countries are
based on the benthic macroinvertebrate commu-
nity, design and performance of individual
methods to assess rivers with this organism
group vary significantly. On the one hand this is
due to different traditions in stream assessment.
While in many Central and Eastern European
countries modifications of the Saprobic System
have been applied for decades as standard
methods (Birk & Schmedtje, 2005), other coun-
tries rely on the Biological Monitoring Working

Party score (BMWP, 1978), which has been ad-
justed for the use in various countries (Armitage
et al., 1983; Just et al., 1998; Alba-Tercedor &
Pujante, 2000; Kownacki et al., 2004). On the
other hand the EU Water Framework Directive
had a great effect on European freshwater
management, since it outlines an innovative
concept of bioassessment: not the impact of
single pressures on individual biotic groups but
the deviation of the community from undis-
turbed conditions is decisive for ecological status
classification. In many EU Member States efforts
are being made to adapt the national pro-
grammes to these new requirements; however,
different approaches are being used, since in
some countries a single stressor (e.g. organic
pollution) is overwhelming, while in other
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regions different stressors are of equal impor-
tance and simultaneously affect river inhabiting
communities.

To overcome the difficulties in comparing the
various national assessment methods the Directive
outlines an intercalibration procedure of the
methods’ outputs. Member States are enabled to
establish or to maintain their own methods; a
definition of high, good or moderate biological
quality is provided centrally through the intercal-
ibration exercise. The aim of the intercalibration
exercise is to identify and to resolve significant
inconsistencies between the quality class bound-
aries established by Member States and indicated
by the normative definitions of the Directive (CIS
WG 2.A Ecological Status, 2004).

The first efforts to compare different national
assessment methods in Europe go back to 1975.
Three intercalibration campaigns organized by the
Commission of the European Communities in-
cluded comparisons of field sampling, sample
treatment and quality assessment applied in Ger-
many, Italy and United Kingdom (Tittizer, 1976;
Woodiwiss, 1978; Ghetti & Bonazzi, 1980). These
early studies established strong correlations be-
tween the individual assessment methods and
compared the methods directly. This approach
towards intercalibration was then followed by
various authors both to demonstrate the relation-
ship of methods and to point out discrepancies
between national quality classifications (Ghetti &
Bonazzi, 1977; Rico et al., 1992; Friedrich et al.,
1995; Biggs et al., 1996; Morpurgo, 1996; Stubauer
& Moog, 2000). In their preparatory study for the
Water Framework Directive Nixon et al. (1996)
explicitly recommended direct comparison to be
used for the intercalibration of assessment
methods.

However, the official intercalibration exercise
for the Water Framework Directive has adopted
an alternative approach due to the lack of a suf-
ficiently large and consistent international data-
base covering all of Europe: indirect comparison
via intercalibration common metrics, thus, gener-
ating a ‘common’ multimetric assessment proce-
dure, which is more or less applicable in most of
Europe and comparing national assessment
methods against this common method (Buffagni
et al., 2006).

In this paper we

(1) evaluated the principal suitability of directly
comparing assessment methods for intercali-
bration procedures;

(2) tested a variety of different regression tech-
niques to refine the practical application of di-
rect comparison for intercalibration purposes;

(3) directly compared assessment methods fre-
quently applied for two broadly defined
European river types and suggest steps for
harmonising class boundaries.

Methods
Overview

This study was based on a two-step analysis: first,
different assessment methods, which are presently
being used in national water management, were
calculated with the same taxa lists. The results of
the individual assessment methods were then
directly compared by regression analysis.

All data used in this study resulted from the
AQEM project (Hering et al., 2004) and the
STAR project (Furse et al., 2006). Only data on
invertebrate samples restricted to two broadly
defined stream types were used. With the data
from each stream type up to 10 national assess-
ment systems were calculated, which were first
normalized by calculating ecological quality ra-
tios (EQR) (i.e., transferring the results into a
common scale ranging from 0 to 1). These nor-
malized assessment results were fed into a
regression analysis, to translate the index results
of country A into the index results of country B.
Comparison of more than two methods was en-
abled by including the index of country C and
translating these results into the index results of
country B (‘common scale’). In addition, the
assessment results were correlated to environ-
mental gradients. In a second step, the class
boundaries between the individual quality classes,
as applied by the national assessment systems,
were compared.

To test the impact of different regression tech-
niques on the results, linear and nonlinear tech-
niques were compared.



Samples and sites

This study was based on benthic invertebrate data
sampled in the EU projects AQEM and STAR
with standardized field and laboratory protocols
(Furse et al., 2006). The data were limited to two
broadly defined stream type groups: small, sili-
ceous mountain streams and medium-sized low-
land streams in Central and Western Europe. In
the official intercalibration exercise for the Water
Framework Directive, these stream types were
named ‘small-sized, mid-altitude brooks of sili-
ceous geology’ (R-C3) and ‘medium-sized, lowland
streams of mixed geology’ (R-C4) in Central
Europe (Table 1).

Two hundred ninety four samples taken at 125
sites located in four different countries in spring
and summer were analysed for the small mountain
streams. The lowland stream type embraced a total
of 217 samples taken at 71 sites in four different
countries in spring, summer and autumn.

The ecological quality of each sampling site was
pre-classified based on expert judgement of the
field researchers having sampled the streams and,

Table 1. Overview of samples included in the analysis
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if available, additional knowledge derived from
previous studies. Each site was assigned to one of
five quality classes (‘high’, ‘good’, ‘moderate’,
‘poor’, ‘bad’) referring to the estimated main
stressor’s degree of impairment. For the AQEM
sites, the pre-classification of most sites was re-
placed by the post-classification after sampling due
to additional environmental parameters gained
during the field work (physical-chemical and
hydromorphological variables).

National assessment methods and quality
classifications

Altogether ten biological assessment indices were
compared in this analysis (Table 2), all of which
are either in current usage in certain European
countries or are about being implemented into
water management as standard techniques. Most
represented biotic index or score methods (Sapr-
obic Index (SI), Biological Monitoring Working
Party (BMWP) Score, Average Score Per Taxon
(ASPT), Danish Stream Fauna Index (DSFI)). All
indices were part of the respective national method

Stream type Country Stream type Ecoregion no. Number of
samples
Small siliceous Austria Small-sized shallow mountain 9 36
mountain streams streams
Czech Republic Small-sized shallow mountain 9,10 40
streams
Small-sized streams in the Central 9 32
Sub-alpine mountains
Small-sized streams in the 10 28
Carpathians
Germany Small streams in lower mountainous 9 86
areas of Central Europe
Small-sized Buntsandstein-streams 9 24
Slovak Republic Small-sizes siliceous mountains streams 10 48
in the West Carpathians
Medium-sized Denmark Medium-sized deeper lowland streams 14 46
lowland streams Germany Mid-sized sand bottom streams in the 14 86
German lowlands
Sweden Medium-sized deeper lowland streams 14 14
Medium-sized streams on calcareous soils 14 35

United Kingdom

Medium-sized deeper lowland streams 18 36
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Table 2. Overview of national assessment methods

Stream type Country Assessment index Category Abundance Reference
Small siliceous Austria SI (AT) — Austrian BI Y Moog et al. (1999)
mountain streams Saprobic Index
Czech Republic SI (CZ) — Czech BI Y CSN 757716 (1998)
Saprobic Index
Germany SI (DE) — German BI Y Friedrich & Herbst
Saprobic Index (2004)
Poland BMWP (PL) — Polish BI N Kownacki et al. (2004)
Biological Monitoring
Working Party score
Slovak Republic  SI (SK) — Slovak BI Y STN 83 0532-1 to 8§,
Saprobic Index (1978/79)
United Kingdom  ASPT (UK) — Average BI N Armitage et al. (1983)
Score Per Taxon
Medium-sized Denmark DSFI (DK) — Danish BI N Skriver et al. (2000)
lowland streams Stream Fauna Index
Germany GD (DE) — Module ‘General MI* Y Bohmer et al. (2004)
Degradation’ of the German
Assessment System
Macrozoobenthos
Sweden ASPT (SE) — Average Score BI N Swedish Environmental
Per Taxon applied in Sweden Protection Agency (2000)
DSFI (SE) — Danish Stream BI N
Fauna Index applied in Sweden
United Kingdom  ASPT (UK) — Average Score BI N Armitage et al. (1983)

Per Taxon

BI, biotic index; MI, multimetric index. *Includes the following single metrics: relative abundance of ETP taxa, German Fauna Index
Type 15, number of Trichoptera taxa, Shannon—Wiener diversity, share of rheobiontic taxa, share of shredders (%).

planned for biological monitoring in the context of
the Water Framework Directive. With the excep-
tion of DSFI and ASPT, applied in Sweden, cal-
culation of index values was based on a nationally
adjusted indicator species list.

For the indices applied in Austria, the Czech
Republic, Germany and Denmark, stream type
specific reference values existed; these described
the value of an index to be expected under
‘undisturbed conditions’. The system used in the
United Kingdom predicted site specific reference
values, Sweden defined reference conditions for
broad-scale natural geographical regions but in
Poland and the Slovak Republic reference values
have not yet been established. All indices distin-
guished between five classes of biological quality.
The British and Swedish methods and the Ger-
man multimetric index defined class boundary

values as EQR. The Polish BMWP and the
Saprobic Systems used quality classes given as
absolute index values. The Austrian, Czech and
German quality bands were stream type specific.
An overview of nationally defined reference
conditions and class boundaries is given in
Table 3.

Data preparation

National assessment methods were calculated to
the taxa lists of each sample. Absolute index values
were converted into EQR by dividing the calcu-
lated (observed) value by the index specific refer-
ence value. Since, for the Saprobic Indices,
biological quality decreased with increasing index
values these were converted by the following
equation:
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Table 3. Original reference and class boundary values of the national assessment methods

Index SI (AT) SI (CZ) SI (DE) BMWP (PL) SI (SK) ASPT (UK)
Small siliceous mountain streams
Reference (abs) <1.50 <1.20 <1.25 n.a. n.a. 26.62*
High-good 1.50 1.20 1.40 100 1.79 1.00
Good-moderate  2.10 1.50 1.95 70 2.30 0.89
Moderate-poor 2.60 2.00 2.65 40 2.70 0.77
Poor-bad 3.10 2.70 3.35 10 3.20 0.66
Lit. source - Brabec et al. Rolauffs et al. Kownacki et al.  STN National Rivers
(2004) (2003) (2004) 83 0532-1 to Authority (1994)
8 (1978/79)
Index DSFI (DK) GD (DE) BMWP (PL) ASPT (SE) DSFI (SE) ASPT (UK)
Medium-sized lowland streams
Reference (abs) 7 1 n.a. 4.7 >5 >6.38%
High-good 7 0.80 100 0.90 0.90 1.00
Good-moderate 5 0.60 70 0.80 0.80 0.89
Moderate-poor 4 0.40 40 0.60 0.60 0.77
Poor-bad 3 0.20 10 0.30 0.30 0.66
Lit. source - Bohmer et al.  Kownacki et al. ~ Swedish Swedish National Rivers

(2004) (2004)

Environmental Environmental  Authority (1994)
Protection

Agency (2000)

Protection
Agency (2000)

Abs, absolute value. *Values were derived by RIVPACS predictions for the corresponding stream type group based on averaged
environmental parameter values and combined season information for the analysed samples.

EQRg —1— observedSIvalue — referenceSIvalue

maximum SIvalue —referenceSIvalue

To validate the national reference values, an index
specific reference value was calculated as the 75th
percentile of all samples taken at sites pre- or post-
classified as high quality status (excluding out-
liers). For the small mountain streams, sampling
sites located in Austria (6 samples), Czech
Republic (14 samples), Germany (13 samples) and
Slovak Republic (1 sample) were used. For the
lowland type sites from Denmark (13 samples),
Germany (26 samples), Sweden (2 samples) and
United Kingdom (9 samples) were the basis of this
calculation.

Conversion into the EQR scale resulted in val-
ues ranging from 0 to >1 since several samples
revealed biological index values representing
higher quality than the respective reference value.
These values were not transformed into the value
‘1’ in order to improve the correlation and regres-
sion analysis by enlarging the quality gradient.

Correlation and regression analysis

The magnitude of the relation between two
assessment methods was specified by the ‘coeffi-
cient of determination’. Beside linear regression,
we applied nonlinear modelling via automatic
curve-fitting using the software TableCurve 2D
(SYSTAT Software Inc., 2002).

Comparison of quality class boundaries

In order to compare the national quality classes
the boundary values of the different assessment
methods were transformed into a ‘common scale’.
In this study two common scales were used: (1)
The national method showing the highest mean
correlation of all indices. (2) The ‘integrative
multimetric index for intercalibration’ (IMI-IC),
an artificial index designed here for the purpose of
intercalibration. This index was defined as the
mean of all index values calculated for a sample.
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The transformation was done based on the
results of linear regression analyses, in which the
predictor variables were represented by the national
indices and the response variables by the ‘common
scale’. Each boundary value transformed by
regression was given including its 95% confidence
interval. Class boundaries showing overlapping
ranges (translated class boundary + confidence
interval) were considered as being equal.

Based on environmental variables, abiotic
gradients were generated for each stream type
and the pressure gradients best correlating to the
methods analysed in this intercalibration ap-
proach were identified. Indirect gradient analysis
was aimed at the identification and quantifica-
tion of physical-chemical and hydromorpholog-
ical gradients that can be assigned to human
impairment. Therefore, Principle Component
Analysis (PCA) was run separately on correla-
tion matrices of physical-chemical, catchment
land use, hydromorphological and microhabitat
variables of the mountain and lowland dataset
(see Feld et al., in prep.). A dimensionless value
of abiotic pressure, including the 95% confidence
interval, was assigned to each national class
boundary via regression analysis. These pressure
data were used to support class boundary
comparisons.

Results
Definition of reference values

The 75th percentiles of reference values were
specified in Table 4. Each reference was based on a

slightly different number of samples due to the
elimination of outliers. Except for the German
indices and the assessment methods for which no
reference was nationally defined (Polish BMWP
and Slovak SI), the 75th percentile, as calculated in
this study, generally represented higher biological
quality than the minimum values of the national
reference.

Descriptive statistics of national indices calculated
from the AQEM—-STAR datasets

The overall mean of normalized index values (0-1)
for the small mountain streams amounted to 0.87,
while the same statistic for medium-sized lowland
streams was 0.77 (Table 5). The maximum values
of all indices except DSFI exceeded 1.0. This was
due to the selection of the 75th percentile of
AQEM-STAR high status sites as the reference
value. The values of the Polish BMWP and the
German GD covered ranges of more than 1.0,
while the Austrian and German SI, and the British
and Swedish ASPT showed value ranges of less
than 0.65.

Correlation and regression of national assessment
methods

The correlation analysis revealed differences be-
tween assessment methods (Table 6). The linear
equations of the regression analysis of national
methods against methods representing a common
scale (best correlating national index, IMI-IC)
were displayed in Table 7.

For small mountain streams coefficients of
determination ranged from 0.20 (Slovak SI and

Table 4. Reference values of national assessment methods derived by using the 75th percentile of index values calculated from samples

taken at high status sites

Index SI (AT) SI (CZ) SI (DE) BMWP (PL) SI (SK) ASPT (UK)
Small siliceous mountain streams

75th percentile 1.46 (32) 0.91 (34) 1.44 (33) 187 (33) 1.21 (30) 7.26 (33)
Index DSFI (DK) GD (DE) BMWP (PL) ASPT (SE) DSFI (SE) ASPT (UK)
Medium-sized lowland streams

75th percentile 7 0.67 150 6.57 7 6.57

For small mountain streams the number of high status sites’ samples is individually specified in brackets. Values of lowland streams are

based on 50 samples.
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Mean Minimum Maximum 25th percentile  75th percentile Range Quartile range
Small siliceous mountain streams (n=294)
SI (AT) 0.902  0.526 1.112 0.833 0.972 0.585  0.138
SI (CZ) 0.853 0.374 1.112 0.761 0.963 0.739  0.202
SI (DE) 0.920 0.444 1.055 0.895 0.984 0.611 0.088
BMWP (PL) 0.768  0.102 1.273 0.636 0.936 1.171 0.299
SI (SK) 0.890  0.444 1.281 0.798 0.984 0.837  0.186
ASPT (UK) 0.908  0.448 1.077 0.869 0.988 0.629  0.119
Medium-sized lowland streams (n=217)
DSFI (DK) and DSFI (SE)  0.767  0.286 1.000 0.571 1.000 0.714  0.429
GD (DE) 0.709  0.090 1.149 0.552 0.896 1.060  0.343
BMWP (PL) 0.741  0.173 1.480 0.580 0.900 1.307  0.320
ASPT (SE) and ASPT (UK) 0.869  0.457 1.091 0.797 0.956 0.634  0.159
Table 6. Coefficients of determination based on linear and nonlinear regression (p <0.05)
Index SI (AT) SI (CZ) SI (DE) BMWP (PL) SI (SK) ASPT (UK)
Linear Nonl. Linear Nonl. Linear Nonl. Linear nonl. Linear Nonl. Linear Nonl.
Small siliceous mountain streams (rn=294)
SI (AT) 1.00 - 0.62 - 0.70 0.74 0.36 0.39 0.73 0.77 0.45 0.46
SI (CZ) 0.62 - 1.00 - 0.62 0.64 0.31 0.35 0.55 - 0.38 -
SI (DE) 0.70 0.73 0.62 0.70 1.00 - 0.53 0.63 0.48 0.56 0.69 0.73
BMWP (PL) 0.36 0.37 0.31 0.34 0.53 - 1.00 - 0.20 0.23 0.69 0.70
SI (SK) 0.73 - 0.55 - 0.48 0.51 0.20 0.21 1.00 - 0.24 0.26
ASPT (UK) 045 0.50 0.37 0.45 0.69 0.70 0.69 0.75 0.24 0.36 1.00 -
IMI-ICR_ 3 0.79 0.80 0.72 0.74 0.86 0.87 0.72 0.75 0.62 0.66 0.75 -
PEI] 0.31 0.33 0.23 0.27 0.46 - 0.37 0.38 0.19 0.23 0.53 -
Index DSFI (DK) and GD (DE) BMWP (PL) ASPT (SE) and
DSFI (SE) ASPT (UK)
Linear Nonl. Linear Nonl. Linear Nonl. Linear Nonl.
Medium-sized lowland streams (n=217)
DSFI (DK) and DSFI (SE) 1.00 - 0.61 - 0.53 0.54 0.65 -
GD (DE) 0.61 - 1.00 - 0.41 0.46 0.49 -
BMWP (PL) 0.53 0.54 0.41 - 1.00 - 0.51 -
ASPT (SE) and ASPT (UK) 0.65 0.67 0.49 0.50 0.51 0.57 1.00 -
IMI-ICgr.c4 0.90 - 0.76 - 0.73 0.75 0.80 -
HY1 0.23 - 0.35 - 0.12 0.13 0.24 0.26

IMI-IC, integrative multimetric index for intercalibration (see text for explanation); PE1, pollution/eutrophication gradient; HY1,

hydromorphological gradient.

Polish BMWP) to 0.77 (Austrian SI and Slovak
SI). Nonlinear regression gained higher R> values
in 23 out of 36 relations. The mean difference in R
values between linecar and nonlinear regressions

was 0.04. The maximum difference in R* values
of 0.12 was between linear and nonlinear equa-
tions for the relationship between SI (SK) and
ASPT (UK). German SI had the highest average
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Table 7. Coefficients of linear regression equations (a — slope, b — intercept) for the common scales and the abiotic gradients

Index SI (AT) SI (CZ) SI (DE) BMWP (PL) SI (SK) ASPT (UK)
Parameter a b a b a a b a b a b
Small siliceous mountain streams
SI (DE) 0.784 0.212 0.562 0.440 1.000 0.319 0.675 0.511 0.465 0.687 0.296
IMI-ICg_ 3 0.992 -0.021 0.717 0.261 1.100 -0.138 0.441 0.535 0.688 0.261 0.850 0.102
PEI —-0.845 1.000 -0.567 0.720 -1.089 1.236  —0.450 0.577 -0.542 0.721 -0.976 1.120
Index DSFI (DK) and GD (DE) BMWP (PL) ASPT (SE)

DSFI (SE) and ASPT (UK)
Parameter a b a a b a b
Medium-sized lowland streams
DSFI 1.000 0.000 0.579 0.356 0.344 0.570 1.349 —-0.405
IMI-ICg_c4 0.825 0.154 0.566 0.386 0.357 0.580 1.301 —-0.343
HY1 —-0.627 0.934 —-0.583 0.857 —-0.360 0.720 -1.078 1.396

IMI-IC, integrative multimetric index for intercalibration (see text for explanation); PEI1, pollution/eutrophication gradient; HY,

hydromorphological gradient.

1.4
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1.0

SI(DE)

0.8
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0.2
0.0 0.2 0.4 0.6 0.8 1.0 2.0

BMWP (PL)
Figure 1. Regression of BMWP (PL) against SI (DE). Both

linear (R®>=0.53, dashed) and nonlinear (R>=0.63) regression
lines are plotted.

correlation to the other assessment methods
(R*=0.67). The IMI-IC for this stream type was
characterized by coefficients of determination
ranging from 0.62 (Slovak SI) to 0.87 (German SI).
In Figure 1 regression lines of BMWP (PL) against
SI (DE) were exemplarily plotted for linear and
nonlinear regression.

R? values for regressions of methods for the
lowland streams varied between 0.41 (German GD
and Polish BMWP) and 0.67 (British and Swedish

ASPT, and Danish and Swedish DSFI). In 6 out of
16 correlations, nonlinear regression provided a
higher proportion of the variance explained. Mean
difference of the linear and nonlinear coefficients
of determination was R*=0.02 and the maximum
difference was R*>=0.06 (Polish BMWP and Brit-
ish ASPT). DSFI showed the highest mean corre-
lation for the lowland samples (R*=0.60). The
IMI-IC had coefficients of correlation ranging
from 0.73 (Polish BMWP) to 0.90 (Danish and
Swedish DSFT). All correlations were significant at
p<0.05. Since none of the differences between the
linear and nonlinear coefficients of determination
were significant, we assumed linear relationships
between indices in the following analyses.

Correlation to environmental gradients (PCA)

Index values of the small mountain streams
showed the strongest relationship with the PCA
gradient reflecting nutrient enrichment and or-
ganic pollution. Determination coefficients of this
gradient and the assessment methods varied from
0.19 (Slovak SI) to 0.53 (British ASPT). Index
values of the lowland streams showed highest
correlations with the main hydromorphological
gradient that comprised physical features of the
river channel, its banks and immediate vicinity,
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including information on the degree of impair-
ment. The coefficients of determination ranged
between 0.12 (Polish BMWP) and 0.35 (German
GD).

Comparison of national quality classes

The comparison of biological quality classes was
based on the transformation of boundary values of
the assessment methods into a common scale. This
allowed for a direct juxtaposition of class bound-
aries in Table 8.

Small-sized siliceous mountain streams

The common scales used in the comparison pro-
cedure for the mountain streams were SI (DE) and
IMI-ICRg.c3 (multimetric index composed of all
national assessment methods). In SI (DE) scale,
the high-good boundaries of SI (AT) and ASPT
(UK) were similar considering the 95% confidence
interval. ASPT (UK) and SI (CZ) showed over-
lapping good-moderate boundary intervals and
thus shared equal class boundaries. The same ap-
plied for the group of indices SI (AT), SI (DE),
BMWP (PL) and SI (SK). Based on IMI-ICg.c3
the high-good boundaries of SI (AT) and ASPT
(UK) shared common intervals. For the good-
moderate boundary the comparison showed simi-
lar values for SI (AT), BMWP (PL) and SI (SK).

The pollution/eutrophication gradient showed
similar pressure between high-good boundaries of
SI (AT), SI (CZ), SI (DE), ASPT (UK), and
BMWP (PL) and SI (SK). For the good-moderate
boundary corresponding levels of chemical
impairment were between SI (AT) and SI (DE), SI
(SK) and BMWP (PL), and SI (CZ) and ASPT
(UK). The average confidence interval amounted
to 0.025 units.

Medium-sized, lowland, mixed geology

The DSFI and IMI-ICg.c4 (multimetric index
composed of all national assessment methods)
were used as common scales for the boundary
comparisons of the lowland stream type. Using
DSFI as the common scale, none of the national
indices showed similar high-good class boundaries
but the good-moderate boundaries of DSFI (SE)

and ASPT (UK) were corresponding. The average
confidence interval amounted to 0.017 DSFI units.

In the IMI-ICgr.cy4 scale, the high-good
boundaries of DSFI (DK) and ASPT (UK) had
similar values and the good-moderate boundaries
of DSFI (SE) and ASPT (UK) corresponded
closely. Confidence intervals showed an average
value of 0.011 units.

Boundary comparisons using the hydromor-
phological gradient were difficult because the large
confidence intervals (0.038 units in average) re-
sulted in overlapping boundary ranges. Both good
quality boundaries of GD (DE) showed the lowest
level of pressure. For the good-moderate bound-
ary, levels of pressure were similar between DSFI
(DK), DSFI (SE) and ASPT (UK), and between
BMWP (PL) and ASPT (SE).

Discussion

Role of reference conditions in the intercalibration
exercise

Within the intercalibration exercise, class bound-
aries of national assessment methods need to be
defined as EQR. The position of each boundary on
this relative scale is dependent on (1) the definition
of reference conditions and (2) the procedure of
setting class boundaries. If the former is not
properly dealt with in the intercalibration process,
the different nationally defined reference values
may strongly impact upon comparability.

In this study we have defined a common ref-
erence, which is based on sites in several countries.
As a result of this common reference, it was pos-
sible to include several methods in the comparison,
even if countries have not yet defined reference
values for a specific method. A further advantage
of common references is that differences in na-
tional approaches to define references are avoided.
On the other hand, common references are in
danger of not adequately accounting for the dif-
ferences between more specific streams types.

More importantly, countries have applied dif-
ferent procedures to define reference values and
quality classification schemes. While this study is
restricted to the analysis of national class bound-
ary settings, it must be an objective of the official



intercalibration exercise to overcome differences in
the references too.

Relations between assessment methods

In this study, the calculation of national assess-
ment metric values is based on taxa lists derived by
application of the standardized STAR-AQEM
field and laboratory protocol. Thus, the correla-
tion analyses of index values mainly reveal the
numerical relation between these indices and is less
biased by differences in field and laboratory pro-
cedures. The character of these relations depends
on the architecture of the individual indices, e.g.
number and indicative value of taxa included in
the evaluation, type of abundance information
used and the assessment formula. The effect of
different national sampling methods on the com-
parability of taxa lists and metric results as a major
constraint of intercalibration is investigated by
Friberg et al. (2006). Buffagni et al. (2006) present
a practical approach enabling the use, in intercal-
ibration, of datasets derived by the national
monitoring programmes.

An additional factor, impacting on the rela-
tionships, is the dataset itself, in particular the
number of samples, the biogeographical gradient,
the types of pressures influencing sampling sites
and the range of degradation covered. The different
ranges of index values (cf. Table 5) indicate a larger
degradation gradient being covered by the lowland
dataset. This is, in particular, obvious from the
Polish BMWP and British ASPT values, which
have been calculated for both datasets.

For the mountain stream data, relationships
are strongest between the values of the different
Saprobic Indices of Austria, Czech Republic,
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Germany and Slovak Republic and between the
score methods applied in Poland and the United
Kingdom. In general, the strength of correlations
between the different Saprobic Indices results from
similarities in indicator taxa and their indication
values (Table 9). For instance, the Austrian and
Slovak Saprobic Indices (R*>>0.73) share the
largest number of indicator taxa and are most
closely related concerning indicator taxa value and
weight. Schmidt-Kloiber et al. (2006) provide a
comprehensive analysis of saprobic indicator taxa
applied in Europe.

For the lowland stream dataset, BMWP (PL)
and ASPT (UK) correlate less strongly (R < 0.60),
which can be explained by the different taxonomic
composition of the lowland dataset compared to
that of the mountain streams. The two indices
have 66 indicator taxa in common, amounting to a
share of 73% (Polish BMWP) and 80% (British
ASPT), respectively. BMWP indicator values of
the common taxa in the Polish and UK systems
are correlated with R*=0.73.

Method comparisons of earlier studies show
similar results. Based on 232 samples from various
lowland and mountain stream types in Germany,
Friedrich et al. (1995) found correlations of
R*=0.71 between ASPT (UK) and a previous
version of the German Saprobic Index. The weak
relation of ASPT and the Austrian Saprobic Index
has already been demonstrated by Stubauer &
Moog (2000), who used a large dataset covering all
Austrian stream types (n=588; R*=0.52). Analy-
ses of Birk & Rolauffs (2003) revealed strong
correlations between the Austrian and German
Saprobic Indices (n=262; R*=0.75).

Several indices revealed higher coefficients of
determination when applying a nonlinear fit, in

Table 9. Comparison of the saprobic indicator taxa lists of Austria, Czech Republic, Germany and Slovak Republic: Share of
common taxa and coefficients of determination derived from correlation analysis of indicator values and indicator weights

SI (AT) SI (CZ) SI (DE) SI (SK)
Share of Indicator Indicator Share of Indicator Indicator Share of Indicator Indicator Share of Indicator Indicator
common value weight common value weight common value weight common value weight
taxa (%) taxa (%) taxa (%) taxa (%)

SI (AT) — 1.00 1.00 56 0.64 0.14 72 0.74 0.04 77 0.88 0.53

SI (CZ) 36 0.64 0.14 - 1.00 1.00 54 0.74 0.14 53 0.73 0.31

SI (DE) 35 0.74 0.04 41 0.74 0.14 - 1.00 1.00 41 0.73 0.04

SI (SK) 45 0.88 0.53 48 0.73 0.31 49 0.73 0.04 - 1.00 1.00
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particular if BMWP (PL) was involved. This index
combines the parameters taxon richness and sen-
sitivity into a single value which may cause the
observed relationship. Also, due to the large range
of values covered by the method, the nonlinearity
of the relationships became evident (cf. Fig. 1).
Nevertheless, these difference of the coefficients of
determination are not significant. Therefore, the
simple model of linear relationship between indices
is most appropriate in this example of direct
comparison.

Comparison of class boundary values

While earlier intercalibration studies focussed on
the comparison of quality class bands (Ghetti &
Bonazzi, 1977; Friedrich et al., 1995; Morpurgo,
1996), the Water Framework Directive specifically
requires the comparability of the high-good and
good-moderate quality class boundaries. Thus, the
intercalibration exercise is focussed on the range
medium to high biological quality. The original
procedure outlined in the Directive is restricted to
the use of just a few intercalibration sites, selected
because they represent the boundary status be-
tween quality classes. However, this approach
seems not to be feasible, since sites known to be on
class boundaries cannot be selected prior to the
intercalibration is completed and those boundaries
are defined. Furthermore, the uncertainty of in-
tercalibration results is high if the analysis is based
on insufficient data.

Therefore, the primary step, in comparing na-
tional class boundary values and best identifying
the type and magnitude of the relationship be-
tween national assessment methods, should be
based on a large number of samples covering the
entire quality gradient. In a further step, regression
analysis should be used to transform boundary
values into other assessment scales. By applying an
acceptable level of uncertainty (e.g., confidence
interval of 95% derived from regression analysis),
ranges of index values can be compared.

The comparison of assessment methods has
revealed discrepancies between national classifica-
tion schemes of more than 25% in particular cases
(e.g. high-good boundary of German SI and Polish
BMWP translated in German SI scale). The extent
of differences between class boundaries is largely
dependent on the common scale used for com-

parison. While class boundaries clearly differ if
compared through the German Saprobic Index
scale, no differences occur between the same
boundaries if compared through a multimetric
index. Each method used as a common scale is
somewhat related to other assessment methods as
expressed by the correlation coefficient and the
regression equation.

Based on these findings we recommend using
the intercalibration approach described in this
paper only for comparison of methods addressing
similar components of the biocoenosis, e.g. for
methods that are closely related such as ASPT,
BMWP and the Saprobic Indices, or methods that
are fully compliant with the requirements of the
Water Framework Directive (i.e., methods evalu-
ating taxonomic composition and abundance, ra-
tio of disturbance sensitive to insensitive taxa and
diversity of the macroinvertebrate community).
This principle makes sure that ‘like with like’
comparisons are applied in intercalibration and
minimizes errors in the comparison analysis due to
the selection of inappropriate common scales.
Furthermore, the relation between assessment
methods needs to be carefully evaluated. Nonlin-
ear correlations yielding significantly better fit and
smaller confidence intervals are to be favoured
over weaker linear relations.

When shall boundaries be considered as different?

Intercalibration encompasses two steps: Firstly,
national quality boundaries are compared. If this
analysis discovers major differences in classifica-
tion schemes, they need to be harmonized in a
second step. For the first step, we have described a
possible procedure to translate boundary values
into a common scale, which determines whether or
not boundary values are corresponding. Accord-
ing to our results only a few class boundaries are
similar, which thus requires the remaining
boundaries to be harmonized.

The use of abiotic pressure data in intercalibra-
tion allows for additional interpretation of results.
Sandin & Hering (2004) applied organic pollution
gradients to set intercalibration class boundaries
defining a standard level of pollution. We particu-
larly propose to use pressure information for the
process of boundary comparison. Figure 2 displays
the relative position of the national good-moderate
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Figure 2. Relative comparison of good-moderate class boundary values (incl. 95% confidence intervals) using IMI-ICg_c3 and cor-
responding chemical pressure values of the small siliceous mountain streams. Based on the results of the pressure data analysis two

groups of similar boundaries are highlighted by dashed circles.

boundaries, including confidence intervals trans-
lated into a common biotic scale and an abiotic
pressure scale (pollution/eutrophication gradient).
Comparisons based on the interpretation of biotic
data indicate that four out of six class boundaries
are deviating (cf. Table 8), while the consideration
of pressure data (Fig. 2) reveals only two groups of
boundaries with overlapping pressure intervals.
Thus, harmonization is only needed between the
two groups of boundaries.

Conclusions

Intercalibration represents a crucial step towards
the implementation of a pan-European water
quality standard. Besides scientific issues, which
we partly addressed in this paper, it holds a major
social challenge. Although assessment methods are
in general scientifically sound instruments, the
element of quality classification is a concession to
the practical requirements of decision making in
water policy. According to the Water Framework
Directive the quality assigned to a site can decide

on restoration efforts to be spent or saved.
Therefore, intercalibration is of political interest
since the definition of quality boundaries sets the
environmental standard to be achieved. Further-
more, intercalibration holds an ethical component:
By selecting certain quality criteria we agree on a
level of anthropogenic degradation acceptable for
our freshwater systems. Although beyond its scope
science needs to consider all these aspects in the
preparation of reasonable and tenable results.
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