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The Water Framework Directive
as motivation of FAME

Ecological status assessment according to the WFD

The European Union has taken an ambitious course in water policy
towards ecologically-orientated, sustainable management of
water bodies by enacting the Water Framework Directive (WFD), in
December 2000. Member States shall protect, enhance and restore
all surface water with the aim of achieving good ecological status
within 15 years. For rivers four biological quality elements serve as
indicators of the ecological status (phytoplankton, macrophytes and
phytobenthos, benthic invertebrate fauna, fish fauna). The principle
behind the assessment of ecological status is to measure the deviation of the current situation from (nearly) undisturbed river-type-specific reference conditions and to assign the correct quality level in a
5-tiered scheme formulated in the WFD.
However, appropriate and standardised methods to assess ecological status are still lacking. Currently, European countries use very
different fish-based methods, or have not yet included fish in routine
monitoring programmes for such an assessment. Thus, the successful implementation of the WFD depends heavily on the provision of
more specific, robust methodological and standardised tools. Against
this background the aim of FAME was to develop, evaluate and implement a fish-based method for assessing the ecological status of
rivers in a coherent and standardised manner throughout Europe.

Strategy for the assessment of ecological status
according to the WFD
i. Classify river types by abiotic variables (verify by biota).
ii. Define reference conditions for each river type; reference
condition represents the situation with no or only minor human
pressures and degradation.
iii. Sample monitoring sites.
iv. Assess the deviation of the ecological situation at the observed
site from the (e.g. predicted) reference situation.
v. Assign the final quality status based on the extent of the deviation. The WFD identifies five ecological status classes, ranging
from high (class 1) to bad (class 5).

The only slightly impacted Merddwr river in Wales
(Great Britain, above) as example for a salmon /trout river.
The shores of the regulated Vecht River in the Netherlands are
reinforced with ripraps; weirs interrupt the river continuum.

The FAME Approach
Basic principle – The concept of the Index of Biotic Integrity
The FAME assessment method follows the concept of the Index of
Biotic Integrity (IBI). The idea behind IBIs is to describe fish communities of particular river sections by a set of ecological metrics
(e.g. number of lithophilic species, i.e. those spawning on gravel).
Generally, a metric is a measurable part or process of a biological
system, which changes along a gradient of human interference.
Thus, the correlation between metric values and intensity of human
degradation provides information about the ecological status.
Metrics (e.g. lithophilic species)

Simplified scheme of the
relation between metrics
and degradation.

Intensity of human degradation

Prerequisites for the method development
River types were first identified based on the fish species composition (relative abundance of species). In a second step, abiotic
variables discriminating fish assemblages were analysed to allow
allocation of sites to a river type by abiotic criteria.
As a prerequisite for the calculation of metrics, the status and
ecological requirements of fish species were classified. In FAME,
186 species were categorised as native or alien in 41 main river
catchments (e.g. Danube, Rhine); 122 species were classified
according to 42 criteria of 13 functional guilds; 46 sentinel species
were defined for population structure analysis.
Based on this species classification about 450 potential metrics
were calculated.

The central database “Fish Database for
European Streams” (FIDES)
The method developed within FAME was based on a Fish Database
of European Streams – holding fish sampling data from 12 countries,
17 ecoregions, about 2.700 rivers, ca. 8.000 sites and some 15.000
samples. FIDES covers different river types, type-specific reference
sites and different degradation levels all over Europe. Thus, it allowed
for statistical analyses of the response of metrics to human pressure.

Methodological approaches
Two different approaches were tested for the development of a fishbased assessment method:
1. the spatially-based approach
2. the site-specific approach
The principle of the spatially-based approach was to identify
fish-based river types (see above) by means of a FIDES-sub dataset,
which contains only non or minor disturbed sites (“Calibration dataset”). Afterwards, metrics-sets, most relevant to show the correlation
between the fish species composition and human degradation, were
selected for each specific river type using all FIDES sites belonging
to this type.
The spatially-based approach was performed on an ecoregional
as well as on the European scale. Altogether 60 river types were
defined in 11 ecoregions. Specific methods (i.e. metrics-sets) were
developed for 44 river types, whereas the number of datasets for
different degradation levels was too small for 16 river types to define
a method.
By grouping the ecoregional river types at the European scale 15 European types were identified. Due to the aggregated structure of the
datasets it was possible to identify methods for 13 European types.
The site-specific approach was performed at the European level
only. It resulted in a single standardised assessment method applicable on the European scale. Thus, preventing complicated “intercalibration” procedures between type-specific methods. As this method
performed as good as other methods it was selected to be the final
FAME assessment method – the EUROPEAN FISH INDEX (EFI).

Examples of the functional guilds and criteria
for the species classification
Habitat
Reproduction
Feeding
Feeding habitat
Migration
Longevity
Tolerance

rheophilous, limnophilous, eurytopic
lithophilous, phytophilous
insectivorous, piscivorous, omnivorous
water column, benthic
diadromous, potamodromous
short-living, long-living
tolerant, intolerant

To test the correlation between metrics and human pressure
sites were pre-classified based on up to five pressure variables
(morphology, hydrology, nutrients, toxic substances/acidification,
connectivity).
The standard sampling procedure of the FAME method is electro
fishing, either by wading or boat. Sampling protocols follow the
CEN standards on “Sampling of Fish with Electricity” (EN 14011).

A spring-fed
permanently
flowing river
near the coast of
Crete with filamentous algae
and impacted by
a dam.

The European Fish Index (EFI) and the
European Fish Types

The 10 assessment metrics of the EFI and their
response to increasing human pressure
(▼ = decrease; ▲ = increase)

The principle of the European Fish Index is to measure the deviation
of observed metric values from predicted theoretic values, representing the reference conditions. These reference values are calculated
as a function of 13 abiotic variables. Out of the original set of some
200 candidate metrics, 10 metrics were selected by statistical tests
as being the most significant ones. Based on the deviation between
observed and reference values the probability that a site is a reference is calculated. The mean of the probability metrics gives the final
index score, which ranges from 0 to 1.

Trophic structure
1. Density of insectivorous species
2. Density of omnivorous species
Reproduction guilds
3. Density of phytophilic species
4. Relative abundance of lithophilic species
Physical habitat
5. Number of benthic species
6. Number of rheophilic species
Tolerance of species to disturbance
7. Relative number of intolerant species
8. Relative number of tolerant species
Migration
9. Number of species migrating over long distances
10. Number of potamodromous species

The EFI is site-specific and does not include river types. To support
the type-specific approach of the WFD the European fish types were
integrated in the application tools of the EFI (software and manual).
As for the EFI abiotic variables are used to predict the type.

Abiotic variables used for the calculation of
the reference metric values as well as for the
classification of the European fish types
Prediction of
reference metric
x
x
x
x
x
x
x
x
x
x
x
x
x

Abiotic variables
Geology
Size of catchment
Altitude
Flow regime
Upstream lakes
Mean air temperature
Slope
Distance from source
Wetted width
Sampling strategy
Sampling method
Fished area
Main river catchment / river group
Longitude / Latitude
Conductivity
Ecoregion

Trend
▼
▲
▲
▼
▼
▼
▼
▲
▼
▼

Classification
of river type

x

x
x
x
x

x
x
x
x

The Torneälv River in Sweden is a siliceous river and close to the
mouth characterised by low slope and natural rapids.

The 15 European fish types
Bold colour = dominant species, pale colour = accompanying species;
only species occurring >10 % in at least one type are presented.
N sites
148
N e c o r e g i on s
4
Fi s h - t y p e
1
Salmo trutta fario
Cottus gobio
Phoxinus phoxinus
Barbatula barbatula
Anguilla anguilla
Leuciscus souffia
Thymallus thymallus
Salmo salar
Cottus poecilopus
Leuciscus carolitertii
Chondrostoma polylepis
Rutilus arcasii
Barbus bocagei
Salmo trutta lacustris
Salmo trutta trutta
Barbus meridionalis
Leuciscus cephalus
Gasterosteus aculeatus
Alburnoides bipunctatus
Rutilus rutilus

365
4
2

553
5
3

229 1130
4
3
4
5

832
5
6

69
1
7

84
2
8

7
1
9

81
1
10

9
1
11

446
2
12

148
2
13

67
1
14

432
5
15

Sampling fish with electricity.

Example for the application of the EFI
Rivername: Ybbs, Austria
Sitename: Kemmelbach / upstream powerstation
Sitecode: ATYBBS223
Sampling date: 25/11/1987
Latitude / longitude: 48.0833N / 15.0441E

Species

Chondrostoma nasus
Leuciscus cephalus
Leuciscus leuciscus
Salmo trutta fario

Density of insectivorous
species (Ind./ha)

21
116

Density of omnivorous
species (Ind./ha)

443
25
0

Density of phytophilic
species (ind./ha)

2
100

Relative abundance of
lithophilic species (%)

European Fish type: Type 4
Abiotic variables
Geology
Size of catchment
Altitude
Flow regime
Upstream lakes influencing site
Mean air temperature
Slope
Distance from source
Wetted width
Sampling strategy
Sampling method
Fished area
Main river region / river group
Ecoregion
Conductivity

Comparison between observed and reference metrics

53
1

Number of
benthic species

Calcareous
<1000 km2
224 m
Permanent
No
8.8°C
2.3 ‰
129 km
53 m
Partial
Boat
1920 m2
Danube / Danube
9, Central Highlands
43.9 mS/m

Number of fish caught
28
83
2
4

Final Index Score (sum of 10 probability metrics / 10) = 0.38
Final ecological status class = moderate (3)

3
4

Number of
rheophilic species

6
25

Relative number of
intolerant species (%)

28

Relative number of
tolerant species (%)

0

Number of long
distance migrators

0
0.4

Number of potamodromous species

2

16

Observed
Reference

4

0

40

80

120

160

200

Probability metrics
Density of insectivorous
species (Ind./ha)
Density of omnivorous
species (Ind./ha)

0.16
0.09

Density of phytophilic
species (ind./ha)

0.82

Relative abundance of
lithophilic species (%)
Number of
benthic species

0.99
0.06

Number of
rheophilic species

0.16

Relative number of
intolerant species (%)

0.37

Relative number of
tolerant species (%)

0.84

Number of long
distance migrators

0.14

Number of potamodromous species

0.16

0.0

0.2

0.4

0.6

0.8

The Ybbs river is in the middle and lower section mostly
channelised and impacted by hydroelectric power plants.

1.0

Rating of the European Fish Index (EFI)
Status class according to WFD
1 High
status
�����������������
������������������������������ ������
2 Good
status
��������������������������������
���������������
3 Moderate
status����������������
�������������������
���������������
���������������
����������������
4 Poor
status
�������������� �����������������
5 Bad status

Score
[0.669 – 1.000]
[0.449 – 0.669[
[0.279 – 0.449[
[0.187 – 0.279[
[0.000 – 0.187[

Ecological status class
1 high
2 good
3 moderate
4 poor
5 bad

For ca. 5.000 FIDES-sites
the ecological status class
was identified with the
European Fish Index (EFI).

Ecological fish types
Type 3
Type 6
Type 10
Type 14
Type 15

Examples for European
fish types widely spread in
Europe (types 3, 6, 15) and
fish types occurring
in one ecoregion only
(types 10, 14).
For dominating species
see table “The 15 European fish types”.

Evaluation of the European Fish Index (EFI)
The accuracy of the European Fish Index was statistically validated. One test comprised comparison with other methods obtained
in FAME and existing methods developed on a national or regional
scale (methods from Austria, Belgium, France, Lithuania, Sweden,
UK). The “benchmark” was the pre-classification of FIDES sites by
the 4 main environmental pressure variables (morphology, hydrology, nutrients, toxic substances /acidification). The EFI turned out
to be as good as other methods. Besides it allows the assessment
on an European level by using one method only. Therefore it was
selected as the final FAME method.

Application of the European Fish Index (EFI)
The EFI is a sound method for the fish-based assessment of ecological status of European rivers. However, further improvement
and adaption might be done after a first testing phase and when
more detailed data are available (e.g. metrics on age structure,
data on connectivity, large rivers, rivers with low species number).
For the application of the European Fish Index a PC software was
developed and a manual was prepared. Both tools, as well as
reports and publications about all other FAME results, are available
from the FAME webpage (http://fame.boku.ac.at).

Countries participating in FAME (blue).

The FAME group
The FAME group consisted of 25 partner institutions from 12 countries (Austria, Belgium, France, Germany, Greece, Lithuania, Poland,
Portugal, Spain, Sweden, The Netherlands, United Kingdom). Each
partner country was represented by a Scientific and an Applied
partner. Applied partners are from fisheries or water management
authorities and responsible for the implementation of the WFD in
their countries. They accompanied scientific partners throughout the
whole project, provided information about the status of the WFD im-

percent
100

unimpacted misclassified as impacted
correct classification
impacted misclassified as unimpacted

80
60
40
20
0

SBM-ER

SBM-EU

EFI

Exist. Methods

The performance of the European Fish Index and other FAME methods
(spatially-based methods on eco-regional scale (SBM-ER) and European scale (SBM-EU)), as well as nine existing methods. The bars in
the middle show the percentages of correct classifications (compared
to pre-classification), bars on the left percentages of non-impacted
sites classified as impacted, bars on the right impacted sites classified as non impacted. Only two classes were separated, i.e. non-impacted sites (= class 1 and 2), impacted sites (= classes 3–5).

The Murtigao river in Portugal.

plementation in EU countries, evaluated the method in the field, tested
the PC software and support the dissemination of the results.

The group of FAMErs.
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You can download the software and the manual for
testing and applying the FAME method from the FAME
webpage at http://fame.boku.ac.at
Response and comments should be sent to
dpont@biomserv.univ-lyon1.fr or
gertrud.haidvogl@boku.ac.at
The FAME project was supported by the European
Commission under FP 5, Energy, Environment and
Sustainable Development – Sustainable Management
and Quality of Water. Contract No. EVK1-CT-200100094, project duration 01/2002 – 10 /2004.
Disclaimer
Contents herein are results obtained in the FAME
project and do not represent the opinion of the European Community or any participating country.
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