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Objectives

to assess the ecological status of rivers with standardised 
methods

to integrate adequately natural variability of fish communities in 
methods

to distinguish between different levels of degradation

to distinguish between different types of pressures

to achieve end-users acceptance
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The FAME project

Development, Evaluation and Implementation of a 
standardised Fish-based Assessment Method for 
the Ecological Status of European Rivers (FAME)

A Contribution to the Water Framework Directive

A research project supported by the European Commission under FP 5

2002-2004
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Basic concept

Basis = Index of Biotic 
Integrity (IBI, Karr 1981):

- description of fish 
assemblage by metrics

- metrics respond to human 
pressures

- expert system
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Principal types of assessment methods

Expert system Model-based methods

Assessment method

- Expert driven
- Hardly validated
- Flexible, wide applicability
- Simple

- Data driven
- Statistically validated
- Appliability depending on data
- Complex
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Reference conditions and pre-classification of human pressure 

Species classification

Selection and calculation of metrics

Sampling standard

Basic tools for method development
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Defining reference conditions

Expert judgement Data driven

Reference conditions

- Best availabe approach
- Independant pressure

data
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Best available approach

Fausch et al. 1984



fame.boku.ac.at
I
H
G

Identification of reference conditions & 
pre-classification of sites / FAME 

Selection of pressure variables indicating impacts (Basis = CIS paper 
“Impact & Pressure Classification”) to

1. identify sites corresponding to reference conditions 
and to

2. pre-classify sites based on human pressure status for the 
calibration of fish-based indices 
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Identification of reference conditions &    pre-
classification of sites / FAME

hydrology (3), morphology, upstream dams, salinity, 
nutrients, toxicity, fisheries (3), impacts fauna & 
flora, weed cutting

river site (14)

land use, urbanisation, connectivity, riparian zone, 
floodplain lateral movement, sediment load

river segment (6)
land use, urbanisation, connectivityriver basin (3)

classification on 5 impairment levels - ranging from 
no/minor alterations to severe impact on fish fauna

FAME variables
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Identification of reference conditions &    pre-
classification of sites / FAME

Final pre-classification: 
mean of up to 5 main pressure variables as:  

Hydrology Morphology

Toxics, acidification
and O2

Nutrients and 
organic input

Continuum
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Species classification

236 fish species recorded in FAME countries
186 species classified as native / alien in 41 ‘river 
regions’ (Rhine, Danube, ….)
46 sentinel species identified (for density, biomass, 
age/length structure analyses)
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Species classification

123 species classified according to 42 criteria of 13 functional
ecological guilds, e.g.: 

tolerant, intolerantTolerance 
short-living, long-livingLongevity
diadromous, potamodromousMigration
water column, benthicFeeding habitat
insectivorous, piscivorous, omnivorous,.…Feeding
lithophilous, phytophilous, …. (Balon ´75, ´81)Reproduction

rheophilous, limnophilous, eurytopic (Schiemer & 
Waidbacher 1992)

Habitat
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Metrics selection

Species composition and abundance
correspond totally or nearly totally to 
undisturbed conditions.

All the type specific disturbance sensitive 
species are present.

The age structures of the fish communities show 
little sign of anthropogenic disturbance and are 
not indicative of a failure in the reproduction or 
development of any particular species.

WFD classification (example for “high status”)

Species 
diversity

FAME

Species 
composition

Population 
abundance and 
age structure
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Metrics calculation

12 overall composition and abundance metrics (all, 
native and alien species)
196 guild metrics (98 native, 98 all species)
19 historical metrics
5 metrics for each of the 46 sentinel species



fame.boku.ac.at
I
H
G

FIA – Fish Index Austria
Metrics
1. Number of dominating species compared with historical reference
2. Number of accompanying species compared with historical 

reference
3. Number of rare species compared with historical reference
4. Number of reproductive guilds compared with historical reference
5. Number of habitat guilds compared with historical reference
6. Fish Zone Index
7. Population age structure of dominating species
8. Population age structure of accompanying species 
9. Total biomass

Haunschmid et al. 2006
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Sampling effort

10-20 times the channel width

Hughes et al. 2002

CEN standard EN 14011, 2003: Water quality – Sampling of fish with electricity

a length of 40 times the channel width is necessary to collect at least 90% of the fish
species occurring in the stream reach Peck et al. 2002
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Sampling strategy

Fishing method
– electric fishing: boat, wading

Fishing intensity
– CEN/FAME: number of samples, stretch length 10-20 times river 

width, minimum 100 m2;
– 1 anode per 5 m river width
– boat fishing techniques

Population density estimation method
– one pass versus multiple passes, 
– calculation methods
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The Fish Database of European Streams
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FIDES contents

Data sets of:
• 12 countries 
• 17 eco-regions
• 2651 rivers
• 8228 sites, ca. 15 000 samples

209 variables in 8 tables (reporter, site, fishing occasion, catch, 
length/length class, taxa & guilds, historical data
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Methodological approach –
Principles and Results
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Spatially based, type-specific 
methods (SBM)
Scale: Ecoregion, Europe

Site specific method 
(= European Fish Index, EFI)
Scale: Europe

Method development

Two different approaches 
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Stratification by regionalisation

• Bramblett et al. 2005. Development and evaluation of a fish 
assemblage index of biotic integrity for northwestern Great Plains 
streams. 

• Hughes et al. 2004. A biointegrity index for coldwater streams of 
western Oregon and Washington.

• McCormick et al. 2001. Development of an index of biotic integrity for 
the mid-Atlantic highlands region.
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Adjusting reference conditions to longitudinal gradients

Fausch et al. 1984
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FIA - Fish water types of Austria

Haunschmid et al. 2006
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Spatially based methods in FAME
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Spatially based methods 
results at ecoregional scale

in total 130 metrics used
median 9.3 per method 

60 fishtypes in 11 ecoregions
(2-8 per ecoregion)

43 methods in 9 ecoregions

altitude, slope, wetted width, air 
temperature, distance from 
source

Calibration sites

Assemblage 
type 1

Assemblage
type n…

Linking types and abiotic variables

All sites

Metric list 1 Metric list n…

Linking metrics and pressure status

Assemblage 
type 1

Assemblage 
type n…

DA 1 DA  n…
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European Fish Types

1 2 3 10 117 9 8 1312 14 154 65

Salmo trutta fario

Cottus gobio

Phoxinus phoxinus

Barbatula barbatula

Rutilus rutilus

Gasterosteus
aculeatus

Salmo salar

Thymallus 
thymallus

Barbus
meridionalis

Leuciscus
carolitertiiMelcher et al. in print

N=5 252 sites
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Site-specific FAME method in FAME

European Fish Index

FAME-consortium (2005) 
Pont et al. (2006)
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EFI methodology

(1) Metric calculation

Number of fish 
caught per 

species

Value of metric 1
.
.
.

Value of metric 10

“observed metrics”

(3) Residual calculation

....

Residual metric = observed metric – theoretical metric

predicted 
reference 

values

m
et

ric
 1

Environmental descriptors (e.g. altitude, slope)

deviation 
from 

reference

residuals

....

(2) Metric prediction
calibration data set for development of reference models

Multilinear regression model Multilinear regression model

Me
tri

c 1
 

Environmental descriptors 

Me
tri

c1
0

Environmental descriptors 

....

(5) Transformation to 
probabilities

-4 -2 0 2 4
0

0.25

0.50

0.75

1.0

probability to 
be a reference 

site

theoretical
metric 
valueobserved

metric 
values

Standardised residual metric 
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(4) Residual distribution 

residual distribution 
of calibration data 

....

- 50 % 0

Residual metric 
(example: percentage of intolerant species)

Fr
eq

ue
nc

y

-25 % 25 % 50 %

metric range

theoretical metric valueobserved
metric 
values

(7) Assignment to 
ecological status class 

High: [0.669 – 1.000]
Good: [0.449 – 0.669[
Moderate: [0.279 – 0.449[
Poor: [0.187 – 0.279[
Bad: [0.000 – 0.187[

EFI

Status class Score

(6) Index calculation 

x=1

10

Index rescaling from 0 to 1

Index = ∑ metricsx
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European Fish Index – input variables
Abiotic variables for metric prediction

1. Geological typology
2. Size of catchment class
3. Altitude
4. Flow regime
5. Lakes upstream
6. Mean air temperature
7. Gradient slope
8. Distance from source
9. Wetted width
10. Sampling strategy
11. Sampling method
12. Fished area
13. Main river catchment/river group

Fish assemblage
Number of individuals per fish species 

based on semi-quantitative electric 
fishing data
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Environmental factors and spatial scales 
structuring European fish assemblages

Continent Ecoregion Catchment Reach Site Biological interpretationFAME
variables

Ichthyographic region zoogeography

Air temperature zoogeography, zonation

Geology distribution, productivity, habitat

Altitude productivity

Drainage area nutrients

Source distance productivity (RCC)

Lake upstream productivity (SDC)

Reach slope habitat

Channel width habitat

Flow regime habitat
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European Fish Index – metrics list
Trend of reaction

Trophic structure to pressures
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 to disturbance in general
7. Relative number of intolerant species ↓
8. Relative number of tolerant species ↑

Migratory species richness
9. Number of species migrating over long distances ↓
10. Number of potamodromous species ↓
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Metrics responses to human pressure

Pressure classification

Insectivorous Omnivorous Phytophilic Benthic Rheophilic
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Comparison FAME methods – metric types

0 10 20 30 40 50 60 70 80

0+

historical metrics

longevity

overall composition

migration

tolerance

feeding

habitat

reproduction

sentinel

used in methods

EFI
SBM-EU
SBM-ER
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Index classes

1 – high status
2 – good status
3 – moderate status
4 – poor status
5 – bad status

Ecological status of European rivers

81 % of reference 
and impacted sites 
correctly classified 
when comparing 
with human 
pressures
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Cross-validation – impacted versus unimpacted

0 10 20 30 40 50 60 70 80 90

Iberian Peninsula

Pyrenees

Alps

Western Highlands
& Western Plains

Central Highlands

Central Plains

Baltic Province

Great Britain

%
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Application limits of EFIIndex classes

1 – excellent status
2 – good status
3 – moderately perturbed
4 – perturbed
5 – heavily perturbed

1610-2.0Mean air temperature [°C]

160070.5Wetted width [m]

19970.50Slope gradient [m.km-1]

1950560.0Altitude [m.a.s]

990200.0Distance from source [km]

MaximumMedianMinimumCharacteristics
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Index response to different types of human pressures

Pressure classification

Chemical pressures Physical pressuresAll pressures
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Comparison FAME and existing methods 
with pre-classification
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unimpacted misclassified as impacted
correct classification
impacted misclassified as unimpacted

44 indices

130 metrics

12 indices

49 metrics

1 index

10 metrics

9 indices
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Conclusions
• With EFI it is possible to incorporate natural variability of fish in 

Europe in a single index (except Mediterranean rivers)
• Regional differences can be overcome by using functional metrics
• New metrics such as migratory behaviour improve the quality of 

assessment methods
• The EFI is as precise as regional methods
• EFI is calibrated against pressures and degradation is assessed as 

statistically proven deviation from reference conditions
• The EFI methodology is supposed to become a European standard 

(CEN)
• EFI software and manual can be downloaded from the internet
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Further research needs
• Spatial extension to all Europe

– Mediterranean rivers
– East of Europe

• Improvement of index accuracy
– Environmental characteristics (e.g. precipitation)
– Pressure characteristics (e.g. hydromorphology, 

continuum, land use)
– Fish fauna characteristics (e.g. population structure, 

long distance migrants)
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