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Introduction 
 
In Europe, water policy is currently subjected to considerable change as 

emphasised by the recent European Water Framework Directive (WFD), which 
requires the assessment of their hydromorphological, chemical and biological 
characteristics for the restoration and maintenance of “healthy” aquatic ecosystems. 
Compared to previous policies, the WFD gives strong priority to biological quality 
goals by introducing measurements of aquatic biota necessary to identify the 
structural and functional integrity of ecosystems. Furthermore, the WFD introduces 
river basin management throughout Europe, which could have major impacts on the 
conservation and restoration of aquatic systems (Pollard & Huxham, 1998). Surface 
water status, according to the WFD, is composed of two elements (i.e. “ecological 
status” and “chemical status”). Concerning the ecological status, four biological 
compartments of the ecosystem are taken into account: phytoplankton, 
macrophytes, benthic invertebrates, and fish communities. All these communities 
should be characterised by their species richness, species composition, and 
abundance. 

If the requirements of the WFD are to be met, effective biological tools are 
needed to measure the “health” of rivers at scales large enough to be useful for 
management (e.g. river basin scale). These tools need to be ecologically based, 
efficient, rapid and consistently applicable to different ecological regions.  

Ecologists have developed biological indices to monitor water quality 
beginning with the pioneering efforts of Kolkwitz & Marsson (1908, 1909). Since this 
early work, the concept of biological monitoring has been greatly refined with a 
general trend away from the indicator species concept and/or diversity indices 
towards an integrated, community-based approach (see Fausch et al., 1990 for a 
review).  

For aquatic ecosystems, biological indicators can be chosen from a variety of 
animal or plant assemblages, but fish are of particular interest because 1) they are 
present in many water bodies, 2) their taxonomy, ecological requirements and life 
history are generally better known than for other assemblages, 3) they occupy a 
variety of trophic levels and habitats, 4) and they have both economic and aesthetic 
values, and thus help raise awareness about the necessity of conserving aquatic 
habitats. 

There are relatively few suitable ecological tools based on fish communities 
currently available for assessment of river condition in Europe. Two major 
approaches (tools) can be distinguished. Both use the “reference condition 
approach” which involves testing an ecosystem exposed to a potential stress against 
a reference condition that is unexposed to such a stress.  
 
 
First approach: the Trisection Method Index (TMI) 
 

The first approach to quantify the impact of human activities on the aquatic 
ecosystem is a multimetric index, the Index of Biotic Integrity (IBI), first formulated by 
Karr (1981) and latter refined by Karr et al. (1986) for use in Midwestern USA 
streams. The IBI is based on the hypothesis that there are predictable relationships 
between fish assemblage structure and the physical, chemical and biological 
condition of stream systems.  
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The IBI employs a series of metrics based on assemblage structure that give 
reliable signals of river condition to calculate an index score at a site, which is then 
compared to the score expected at an unimpaired comparable site. Classes of 
metrics in the IBI include species richness, species composition, trophic structure, 
total fish abundance, and individual fish condition (Table 1, annex 1). Each metric 
reflects the quality of a specific aspect of the fish assemblage that responds in a 
different manner to aquatic ecosystem stressors (Hughes & Noss, 1992). The 
combination of metrics reflects insights from individual, population, assemblage, 
ecosystem and zoogeographic perspectives. The IBI methodology is outlined in 
Table 2 (annex 2). The primary underlying assumptions of the IBI concept are 
presented in Table 3 (annex 3). Since its introduction, the IBI has been modified for 
use in other regions and types of ecosystems throughout North America (see Karr & 
Chu, 1999 for a review). It has also been modified for use outside North America 
(see Hughes & Oberdorff, 1998 for a review) and notably in Europe (Oberdorff & 
Hughes, 1992; Oberdorff & Porcher, 1994; Didier, 1997; Belliard et al., 1999; 
Kestemont & Didier, 1999; Belpaire et al., 2000; Kesminas & Virbickas, 2000, 
Kestemont et al., 2000). These applications have shown that the IBI concept is 
widely adaptable, but that metrics must be modified, deleted, or added to reflect 
regional differences in fish distribution and assemblage structure (Hughes & 
Oberdorff, 1998). The use of the IBI in a variety of stream and river ecosystems and 
in a diversity of geographic areas attests to the utility of the concept (Karr & Chu, 
1999).  
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Fig.1: Hypothetical range of sensitivity to degradation for each metric included in the index of biotic 

integrity (Angemeier and Karr, 1986). 
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Examples of use in Europe 
 

One of the papers analysed, dealing with French rivers only formulate the 
preliminary (candidate) metrics that could be used for calculating the IBI, but did not 
test its performance in a stressed situation. The other applications give examples of 
the successful use of the IBI for particular problems. (1) Oberdorff & Hughes (1992) 
and Belliard et al. (1999) report that a modified IBI detects cumulative effects of 
channelisation, agricultural runoff, and urbanisation in the Seine River basin, France. 
(2) Oberdorff & Porcher (1994) indicate that a modified IBI detects effects of 
salmonid aquaculture effluents on small Brittany streams in France. (3) Didier (1997) 
and Kestemont et al. (2000) find close agreement between scores of a modified IBI 
(based on six statistically selected metrics) and independent rankings from an 
organic pollution index for tributaries of the Meuse river basin. It should be noticed 
anyway than none of these studies (except Belliard et al. 1999) truly validated the 
methodology with independent datasets of both disturbed and reference sites. 
 
 
Second approach: the Multivariate Model Index (MMI) 

 
The second approach originates from a research programme (1996-2000) 

initiated by the French Water Agencies and the Ministry of the Environment to 
develop a fish-based index that would be applicable nation-wide. Such an index had 
to encompass the relative importance of geographic, ecoregional and local factors 
influencing the distribution of riverine fish. In fact, adapting such an index over a 
broad geographic area (i. e., France) required a detailed understanding of both the 
patterns of assemblage composition and distribution within and among water bodies 
under natural conditions, and the nature of the major environmental gradients that 
cause, or at least explain, these patterns (Lyons, 1996). Patterns of assemblage 
richness and composition are strongly influenced by the spatial scale of 
investigation. On a local scale (within a site), previous studies of stream fish 
assemblages have shown that habitats [as a function of depth, current velocity, 
temperature, substrate (Huet, 1959; Gorman & Karr, 1978; Angermeier & Schlosser, 
1989; Rahel & Hubert, 1991)], and increasing stream size [gradient, stream width, 
discharge, stream-order, catchment area (Sheldon, 1968; Horwitz, 1978; Paller, 
1994; Belliard, Boët & Tales, 1997)] can influence not only species richness, but also 
trophic composition (Schlosser, 1982; Angermeier & Karr, 1983; Oberdorff, Guilbert 
& Lucchetta, 1993). At regional scales (basins or ecoregions), physical factors such 
as river size (Hugueny, 1989; Welcomme, 1990; Guégan, Lek & Oberdorff, 1998), 
geomorphology and climate (Hughes et al., 1987; Whittier et al., 1988; Changeux & 
Pont, 1995) are the major determinants of assemblage richness and composition, 
thereby regulating the importance of local-scale factors. Thus, before assemblage 
response can be useful in the assessment of stream condition and/or in the 
comparison of stream condition within an aquatic system (and from one region to 
another), using indices such as the IBI, it is essential to take into account the way 
assemblage attributes are related to natural stream conditions (Hoefs & Boyle, 1995; 
Smogor & Angermeier, 1998). 

The approach relies on statistical models (Oberdorff et al., 2001) to predict the 
site-specific fauna to be expected in the absence of major environmental stress. 
Each prediction requires information on some environmental features. The 
predictions are then compared with the fauna observed at the similar site, as 
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determined using standardised sampling techniques. The method uses the amount 
of deviation between the expected and observed assemblages within sites as an 
indicator of the site degradation. A similar approach has been recently applied to 
assess environmental disturbance of Swedish streams (Appelberg et al. 2000).  

  
The procedure detailed for th Fish Biotic Index (FBI) from which MMI was 

inspired in Oberdorff et al. (in revision.) is as follow : (1) A variety of metrics based 
on occurrence and relative abundance data and reflecting different aspects of the 
fish assemblage structure and function are selected from available literature and for 
their potential to indicate degradation. (2) Logistic regression procedures are applied, 
using a data set of reference sites fairly evenly distributed across rivers and defined 
by some easily measured regional and local characteristics (i.e. hydrographic units, 
climatic variables, position within the upstream downstream gradient and local 
habitat characteristics), to elaborate the simplest possible response model that 
adequately explains the observed patterns of each metric for a given site. The “ -
response curve- ” of a metric describes the most probable value of the metric as a 
function of a measured environmental variable. (3) After assigning scoring criteria for 
each metric by analysing distribution values of standardised residuals of each metric 
model obtained from the first data set of reference sites, models are validated using 
two independent data sets of reference and disturbed sites. These procedures allow 
selecting the most effective metrics in discriminating between reference and 
disturbed sites. The scores for each metric are then summed to produce the final 
index. 

 
Examples of use in Europe 
 

The FBI has been recently developed for French rivers and is not yet 
validated outside France. However, as it was possible to develop a single prediction 
system for France despite its complex and heterogeneous geology and climate, we 
feel confident that the model may be appropriate for rivers in other European 
countries. 
 
 
Description of the Life program (ENV/B/000419) 
 

As detailed above, the assessment of environmental degradation using fish 
communities has received little attention throughout Europe. Thus, in accordance 
with the Water Framework Directive (WFD) there is an urgent need to develop 
effective tools based on fish assemblages allowing the objective development of an 
effective assessment approach of the ecological status of running waters. This 
is the objective of the present LIFE project, which is the first international research 
initiative (3 countries) in Europe focusing on standardising and adapting a fish-based 
index for an entire European river basin. Kestemont et al. (2000) and Belpaire et al. 
(2000) developed an IBI for portions of this basin, but appropriate ecological regions 
have not been established, nor have metrics with basin-wide utility been identified. 
To be useful at this scale (Meuse Basin scale), the index must accommodate for 
potential natural geographic variation in fish assemblages. This programme 
addresses 11 main objectives: 
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Chapter 1 
 
(١) To test and compare techniques of the four partners 
(٢) To define the most suitable technique to sample a representative 

proportion of fish assemblage 
 
Chapter 2 
 
(٣) Description of study area 
(٤) To compile the data of partners in file including ecological and fish 

characteristic of sites 
(٥) to select a variety of metrics based on occurrence and relative abundance 

data and reflecting different aspects of the fish assemblage structure and 
function from available literature and for their potential to indicate 
degradation 

(٦) to determine how metrics vary naturally among the basin (i.e. in the 
absence of anthropogenic perturbation) in order to elaborate the simplest 
possible response model that adequately explains the observed patterns of 
each metric for a given site; 

(٧) to select the most effective metrics in discriminating between reference 
and disturbed sites using a second data set of disturbed sites; 

 
Chapter 3 
 
(٨) Divided the files in two subset , one to design the indices (Design data set) 

and one to validate and test indices (validation data set 
(٩) Applying the “reference condition approach” (which involves testing a fish 

assemblage exposed to a potential stress against a reference condition 
that is unexposed to such a stress), to define a data set of reference sites 
evenly distributed across the Meuse Basin; 

(١٠) to examine effects of natural environmental factors on species 
composition of fish assemblages using  this data set of reference sites; 

(١١) to determine environmental factors who have influence in the fish 
assemblage 

(١٢) to study organisation of fish assemblage et point out of regional 
specificity; 

(١٣) to develop new indices following the two major approaches detailed 
above; 

(١٤) to validate and assess the capacity of the indices in assessing 
anthropogenic perturbations using two independent data sets of reference 
and disturbed sites; 

(١٥) to discuss the advantages and limitations of each approach and to suggest 
the most appropriate method(s) for assessing the ecological status of the 
Meuse Basin. 
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Collaboration 
 
In the present programme, the objectives have been reached through a collaboration 
between concerned countries (France, Belgium and The Netherlands).  
 
BELGIUM 
 
Wallonia (Co-ordinator) 
 

 Facultés Universitaires N. D. de la Paix (FUNDP), Namur  
 

  (RW) (Service de la Pêche, Centre de Recherche de la Nature, la Forêt 
et du Bois, Division de l'Eau) 

 
Flanders 
 

 Instituut Voor Bosbouw en Wildbeheer (IBW), Groenendaal 
 
FRANCE 
 

  Conseil Superieur de laPêche (CSP), Metz 
 
THE NETHERLANDS 
 

 Rijksinstituut Voor Visserijonderzoek -Dienst Landbouwkundig 
Onderzoek (RIVO - DLO), IJmuiden 
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Description of the main objectives 
 
The first step was to draw up a list of species of the Meuse Basin and their ecological 
guilds (Annex 1), a list of potential metrics (Annex 2) and a 3 common data files 
where needed information were compiled (ecological, species and metrics files). 
 
During the first 18 months, field activities were conducted in each country and 5 
common fisheries were performed in order to compare efficiency of each technique in 
the same site at the same period. Three main techniques were used: electrofishing in 
wadable rivers and from boat in large rivers, gillnetting and trawling. 
 
 
Electrofishing 
 
 
 
 

Picture1 (left): electrofishing from boat in river Meuse at Heer-Agimont Belgium; Photo2 (right): 
electrofishing in river Semois at Haulmé France 

 
Gillnetting                                                                     Trawling 

 
Picture 3 (left): gillnetting from boat in river Meuse at Aubrive; Picture 4 (right): trawling in river Meuse 
at Lith in the Netherlands 
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Data processing 
 

As electrofishing data represent the most part of the data set, and for 
homogeneity reason, it was decided to work on those data only to design the index.  

 
The data set contains two kinds of information concerning 699 sites (small and large 
rivers) :  
 
 -    Ecological describers (slope, width, altitude, t°, conductivity…) including 
water and habitat quality ;  

- Fish community characteristics (species, abundance, biomass) considered 
through metrics 

 
This data set was randomly divided into two independent subsets :  
 

- the first one called "design" (351 sites) was used for the calibration stage 
(define thresholds and give scores ) 

- the second one called "validation" (347 sites) was used to test the 
efficiency of the two indices. 

 
Among the "design" data set stations presenting the best water and habitat quality 
(i.e. the least degraded sites) were selected as 'reference site" (94 sites). 
 
Selection of environmental factors 
 
Among several environmental variables five were identified as particularly influent on 
fish community structure: 
 
 - January and July air temperature, reflecting climatic influence 
 - Slope 
 - Synthetic describer (called G) of the position within the longitudinal gradient 
(distance from source) and the river size (width and watershed area) 
 - Altitude 
 - one regional variable 
 
Selection of metrics 
 
Among the list of potential metrics previously proposed, 11 metrics were selected for 
both indices. They were chosen on the basis of their ability to reflect various levels of 
degradation. Table 4. 
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Table 4: selected metrics and codes 
 

Metric description Metric code 

Species richness NbSp 

Total number of fish caught per unit effort 

(100 m²) 

Eff 

 

Total biomass of fish caught per unit effort 

(100 m²) 

Biom 

 

Percentage of lithophilous species minus exotic and tolerant %Sp Lito 

 

Percentage of rheophilous species %Sp Reo 

 

 

Percentage of intolerant species %Sp Int 

 

Percentage of tolerant species %Sp Tol 

 

Percentage of intolerant individuals %Ind Int 

 

Percentage of tolerant individuals %Ind Tol 

 

Percentage of invertivorous  individuals %Ind Inv 

 

Percentage of omnivorous individuals %Ind Omn 

 
 
Design and comparison of two approaches 
 

a) Trisection method (TMI) 
 

This method uses the whole design data set (either degraded or undisturbed 
sites) and two describers of the longitudinal gradient (Watershed area WSA and 
Altitude Alt). Indeed both describers transformed by classes, were considered as the 
most synthetic parameters to reflect the evolution of ecological conditions. Based on 
the highest value for each class of log WSA or log Alt, the best-fitted curve (e.g.: 
Y=ax²+bx+c) was adjusted to describe relationships between the metrics and the 
WSA or Alt. Then the 1/3 and 2/3 curves were calculated from the previous one. 
These 3 curves were used to define the thresholds in order to attribute scores (1, 3 or 
5) for each metric depending on the expected variation of the metric with 
degradation. 
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b) Multiple regression method (MMI) 
 

The second method starts with the selection of the least degraded sites 
considered as "reference" sites. Multiple linear regression was used to modelize each 
metric as a function of several geomorphologic parameters supposed to be highly 
influent on fish community structure. It leads to the prediction of the theoretical values 
for each metric at a given site when no degradation occurs. This allows the deviation 
between theoretical and observed values to be calculated. Using the design data set, 
these deviation values were sorted and this range of values was divided into three 
segments (scores 1, 3 and 5) according to the expected evolution of the metric with 
degradation. 

 
Results and Discussion  
 

Both indices (Trisection Methods Index - TMI, Multivariate Method Index - 
MMI) are very efficient in discriminating over a gradient of anthropogenic 
perturbations and the overall proportion of presumed errors of classification is 
roughly the same for both indices (fig 2). 
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Fig 2.:Consistency of the classification: distribution of observed fish integrity classes into 
expected ecological quality classes for TMI (left) and MMI (right) 
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TMI and MMI are broadly based ecological indices that assess fish 

assemblage structure and function at several trophic levels. They are flexible and 
widely adaptable. Metrics seem sensitive to many types of degradation, including 
water and habitat degradations. But contrary to MMI, TMI does not implicitly 
integrate all major environmental factors that cause, or at least explain, the patterns 
of assemblage composition and distribution within and among water bodies at 
various spatio-temporal scales under natural conditions. These restrictions make the 
process of establishing appropriate, sensitive metric expectations difficult.  

Concerning the ability of the two proposed indices to reflect the impact of 
known habitat and / or water quality perturbations, we observe a linear increase of 
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the scores variability for both indices with assemblage variability, low - quality sites 
being more variable through time than higher ones (fig 3). Whereas the MMI 
presented a continuous increase of the fish index scores from class 1 to class 5, the 
TMI show a regular increase of the fish index from class 1 to 4 but with a lightly 
decrease between class 4 and 5.  
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Fig.3: general distribution of the quality classes for TMI (at right) and MMI (at left) 
 
 
Both indices seem consistent over time and efficient in discriminating 

degradations. 
 
The TMI systematically underscores the quality of rivers, which are usually 

considered as low or medium quality rivers. This discrepancy concerns more 
specifically the Flemish sites and large rivers (“Bream zone”) and at a lesser extent 
(“Barbel zone”) with the higher number of errors concerning the least impacted rivers 
(classes 4 and 5) (fig 4). 
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Fig 4.. Distribution of errors (absolute values) of the four regions. 
 
Another major concern is related to the absolute quality level of reference 

sites in the Flemish region. Since the quality of the main river is relatively low, the 
selection of reference site can be debated. However TMI has a good ability in 
assessing small rivers (G2, G3 and “trout zone”) and sites from the Walloon region. 
Concerning MMI no significant difference between the distribution of fish integrity 
classes and global ecological quality classes were found. The main deviations (even 
if not statistically significant) relate to a tendency in underscoring small rivers (trout 
zone) and overscoring rivers from Flanders with the greater proportion of errors 
concerning classes 2 and 4. 

MMI seems to be the more appropriate index for an application to the whole 
river Meuse basin as it better accounted for regional singularities. Nevertheless, the 
application of this index requires the selection of reference sites from water quality 
and, particularly, from habitat quality criteria, with the involvement of appropriate 
experts advice and / or the application of a well-defined widely accepted and 
standardised index of habitat quality (which is lacking at this moment). The TMI has 
overall a good ability in assessing anthropogenic perturbations but tends to 
underscore systematically the ecological quality of sites and more especially the 
Flemish sites and large river sites. In the frame of an international application the 
MMI could be recommended, after further validation in other European river 
basins, while, the TMI could be used in a regional context. 
Considering the significant effect of sampling methodology, these indices 
should be applied exclusively for electrofishing data. 
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Table 5: advantages and disadvantages of both methods 
 

Advantages Disadvantages 
TMI MMI TMI MMI 

Flexible and 
adaptable 

Flexible and 
adaptable 

Does not implicitly 
integrate all major 
environmental 
factors that cause, or 
at least explain, the 
patterns of 
assemblage 
composition. Metric 
criteria were 
established here on 
the basis of 
empirical relations 
between river size or 
site elevation and 
metric value 

Can add some 
complexity in metric 
scoring 
interpretation 

Sensitive to many 
types of degradation 

Sensitive to many 
types of degradation 

 Requires 
standardised 
methods and experts 
to assess habitat 
quality 

 Incorporates many 
possible sources of 
intra-region variation 
in metrics, that can 
affect fish 
distribution 
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Annexes 
 
Annex 1 
 
Table 1. IBI metrics for Midwestern USA streams (from Karr et al. 1986 and Miller et al. 1988). 
            
Category       Scoring Criteria a  
 Metric     5  3  1 
Species Richness 
 1. Total number of fish species b  b  b 
 2. Number of darter species  b  b  b 
 3. Number of sunfish species  b  b  b 
 4. Number of sucker species  b  b  b 
Habitat guilds 
 5. Number of intolerant species b  b  b 
 6. % individuals as green sunfish <5  5-20      >20 
Trophic guilds 
 7. % individuals as omnivoresc <20  20-45    >45 
 8. % individuals as insectivorous 
  cyprinids   >45  20-45    <20 
 9. % individuals as piscivoresd >5  1-5  <1 
Abundance 
 10. Number of individuals  b  b  b 
Reproduction & Condition 
 11. % individuals as hybrids  0  >0-1  >1 
 12. % individuals with anomaliese 0-2  >2-5      >5 
            
aValue approximates (5), deviates somewhat (3), or deviates strongly (1) from the reference condition. 
bExpected value varies with stream size, region, and basin. 
cAdult diets typically include >25 % plant and >25 % animal material. 
dAdult diets usually composed largely of aquatic vertebrates or crayfish. 
eDisease, eroded fins, lesions, tumours, discoloration, excessive mucous, skeletal abnormalities, 
missing organs, and other external symptoms. 
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Annex 2 
 
Table 2. Principles of fish assemblage assessment with the IBI 
___________________________________________________ 
1. Select a relatively homogeneous region. A region may be an eco-region, basin, or fish faunal region 
that is homogeneous with respect to a combination of environmental characteristics (e.g., climate, 
physiography, soil, vegetation) and potential fish species. 
 
2. Determine the reference condition(s). References may be a set of minimally disturbed reference 
streams, a disturbance gradient, historical data, paleoecological information, and professional 
judgement. Expectations will likely differ for water body size, gradient, temperature or other naturally 
limiting variables. 
 
3. List candidate metrics and assign species to trophic, tolerance, and habitat guilds. Regional fish 
texts usually provide this information, at least in developed countries. 
 
4. Sample fish assemblages. This is best done (a) when they are least variable yet most limited by 
anthropogenic stressors and (b) in a manner yielding a representative collection of species and 
proportionate abundance, but that (c) is cost-effective. 
 
5. Tabulate numbers of individuals collected by species. Also, determine the total number of 
individuals collected at each reach. 
 
6. Calculate values for each candidate IBI metric. Typically these are proportions or percents of 
individuals, or numbers of species in particular categories. 
 
7. Develop scoring criteria. These are based on previously available information from step 2 or from 
fish data collected at minimally disturbed sites in step 4. Scoring criteria may be continuous (0-1 or 0-
10) or based on classes (1, 3, 5 or 0, 5, 10). 

 
8. Calculate metric scores and add these to obtain an IBI score. 
 
9. Evaluate metric and index scores. Consider differences between expected and obtained scores, 
compare variance results from repeated samples, assess responsiveness to environmental stressors.  
Modify or reject metrics that are highly variable or unresponsive, and recalculate if necessary. 
 
10. Interpret IBI score as indicating an acceptable, marginally impaired, or highly impaired fish 
assemblage; or as excellent, good, fair, poor, and  very poor.  
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Annex 3 
 
Table 3. Assumed effects of environmental degradation on fish assemblages (from  
Fausch et al. 1990, and Hughes and Noss 1992). 
            
 
Number of native species, and of those in specialised taxa or guilds, declinesa 
Number of sensitive species declines 
% of trophic and habitat specialists declines 
Total number of individuals declinesa 
% of large individuals and the number of size classes decrease 
% of tolerant individuals increases 
% of trophic and habitat generalists increases 
% individuals with anomalies increases 
            
aIn some waters, especially oligotrophic cold water systems, increased nutrients and temperatures 
often result in additional species and individuals. 
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1.- Abstract 

The ecological quality of an aquatic ecosystem is based on the spatio-temporal 
integration of its different physical, chemical and biological components. In order to improve the 
protection, the long term use and the adequate monitoring of the aquatic ecosystems, it is 
required to identify and take into account some global metrics, complementary to those used in 
traditional water quality assessment. Among the potential bio-indicators, fish exhibit several 
characteristics (presence at different levels of the trophic chain, long life, aptitude to integrate 
environmental alterations occurring at different levels of the aquatic ecosystem, sensitivity to 
habitat degradation), providing original and complementary informations to those already 
available from other organisms.  

This project intended to adapt and standardize to the European ichthyofauna a new index 
of ecological quality assessment based on the attributes of fish communities (from the concept of 
IBI originally developed in the United States), in order to evaluate the global quality, the 
conservation and restoration of lotic ecosystems in an international river basin (The Meuse). The 
methodology developed during this project could be used as a tool for the evaluation of the 
ecological status of water bodies, in close conformity with the recent European Water 
Framework Directive (WFD).  

In this aim, two new indices based on the two major approaches, namely the Index of 
Biotic Integrity methodology previously adapted for Belgium rivers (Belpaire et al., 2000, 
Kestemont et al., 2000) and the Fish-Based Index methodology previously developed for French 
rivers (Oberdorff et al., 2001) were developed during this project. The respective performances 
of these two newly developed indices, are: 
- both indices (Trisection Methods Index - TMI, Multivariate Method Index - MMI) are very 
efficient in discriminating over a gradient of anthropogenic perturbations; 
- the overall proportion of presumed errors of classification is roughly the same for both indices 
with: 

- a significant difference between the distribution of fish integrity classes and those 
obtained from indicator of water and habitat quality for TMI. This discrepancy concerns 
more specifically the Flemish sites and large rivers 
- no significant difference between the distribution of fish integrity classes and those 
obtained from indicators of water and habitat quality for MMI. The main deviations (even 
if not statistically significant) relate to a tendency in underscoring small rivers 

- both indices seem consistent over time and efficient in discriminating degradations 
- TMI and MMI are broadly based ecological indices that assess fish assemblage structure and 
function at several trophic levels, are flexible and widely adaptable. Metrics seem sensitive to 
many types of degradation, including water and habitat degradations. As opposite to MMI, TMI 
does not implicitly integrate all major environmental factors that cause, or at least explain, the 
patterns of assemblage composition and distribution within and among water bodies at various 
spatio-temporal scales under natural conditions, making the process of establishing appropriate, 
sensitive metric expectations difficult.  

The MMI seems to be the more appropriate index for an application to the whole river 
Meuse basin. Nevertheless, the application of this index requires the selection of reference sites 
from water quality and, particularly, from habitat quality criteria, with the involvement of 
appropriate experts and / or application of a well-defined widely accepted and standardized index 
of habitat (which is lacking at this moment). The TMI has overall a good ability in assessing 
anthropogenic perturbations but tends to underscore systematically the ecological quality of sites 
and more specially the Flemish sites and large river sites. 

In the frame of an international application, the MMI could be recommended, after it is 
validated in other European river basins, while, the TMI could be used in a regional context. 
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3.- Life-project description 

 
Table 1: calendar of the whole project 
 
Activities 1998 1999 2000 
 1T 2T 3T 4T 1T 2T 3T 4T 1T 2T 3T 4T 
Phase 1 Planned X X X X X        

 in progress X X X X X X       
Phase 2 planned      x X      

 in progress     X X       
Phase 3 Planned        X x  X  

 in progress        X x  X  
Phase 4 Planned         x X X x 

 in progress         x X X x 
X: :full utilisation of the trimester; x: non-full utilisation of the trimester 
 
End of project: 30/11/2000 
Prolongation of the project: 30/11/2000 to 01/03/2001 
 
Table 2: Description of the 4 main phases of the project 
 
Phase 1 1. Establishing of population structure in the whole Meuse River basin and 

establishing of ecological guilds. 
2. Standardisation of sampling methodologies used by the different partners 

Phase 2 Determination of reference systems for the whole Meuse basin. 
Phase 3 Selection of IBI metrics 

 
Phase 4 Study of IBI spatio temporal variation and comparison of its sensibility with 

other physico-chemical and biological indicators. 
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Table 3: technical description of the project with indication of tasks accomplished or in progress 
 

 ANNEES  
PHASES DU PROJET 12/199

7-1998 
1999 2000 Accomplished 

or in progress 
I° PHASES 
- établissement des zonations : 

  

-compilation des données piscicoles en Meuse française x   x 
-récolte et compilation des données historiques et récentes en 

Meuse belge 
x   x 

-compilation des données piscicoles en Meuse hollandaise - 
intégration des espèces vivant dans les estuaires 

x   x 

-établissement des zonations x   x 
- standardisation de la méthodologie en cours supérieur et 
moyen 

    

-confrontation de la méthodologie appliquée dans chaque pays 
pour les affluents 

x   x 

-campagnes d’échantillonnage avec application et test de chaque 
méthodologie par les différents partenaires 

x   x 

-standardisation des méthodologies d’échantillonnage  x  x 
- mise au point d’une méthodologie d’échantillonnage en cours 
inférieurs 

    

-application de différentes méthodologies d’échantillonnages 
(pêche au filets maillants horizontaux et verticaux, chalutage, 
pêche électrique mono et multi-anode) sur différents secteurs de 
la Meuse 
 

 x  x 

- établissement des guildes écologiques     
-classification des espèces piscicoles selon les différentes guildes 
écologiques 
 

x   x 

2ème phase     
- création d’un système de référence     

- sélection et prospection de sites non perturbés sur l’ensemble du 
bassin mosan (affluents) 

 x  x 

-recherche et prospection de sites les moins perturbés sur le cours 
principal de la Meuse 

 x  x 

-détermination des sites et des lignes de référence 
 

 x  x 

3ème phase     
- sélection des paramètres de l’IBIP     

-séléction des paramètres des affluents  x  x 
-séléction des paramètres du cours principal  x  x 

- établissement du mode de calcul de l’IBIP     
-analyse multivariée et simulation de l’indice selon l’importance 
attribuée à chaque paramètre 

 x x x 
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4ème phase     

- étude de la sensibilité et de la reproductibilité de l’indice     
-variabilité spatio-temporelle de l’IBIP   x x 
-obtention et/ou compilation de valeurs relatives d’autres indices    x x 
-comparaison de l’IBIP à ces indices   x x 
-évaluation des différents paramètres de l’indice selon le type 
d’altération - application aux programmes de contrôle biologique 
des cours d’eau 

  x x 

 
a) Laboratory activity 
 
- Drawing-up of metrics used within and outside USA and Canada (C. Belpaire, IBW) 
and of potential metrics for Life-IBIP (T. Oberdorff, CSP), 
- Drawing-up of Meuse species list (D. Goffaux, FUNDP), 
- Drawing-up of potential metrics for IBIP (T. Oberdorff, CSP), 
- Drawing-up of an Excel spreadsheet for collected data (P. Gérard, RW and C. Belpaire, 
IBW), 
- Drawing-up of Meuse species list and comparison of different national code species 
from each partner (P. Gérard, RW), 
 
b.- Field activity 
 

During the first 18 months, 8 fish-samplings (two in wadeable river and six in 
non-wadeable river) were conducted, where a minimum of two partners were present. 
 
Wadeable river 
 

- fish sampling on the River Wimbe (tributary of the River Meuse) at Lavaux, 
Belgium (CSP and FUNDP) on 05/05/1998; 
- fish sampling on the River Semois (tributary of the River Meuse) at Aulmé, 

France (CSP, IBW, RIVO and FUNDP) 3/09/1998; 
 

These samples have been conducted only by electrofishing (exhaustive 
inventories along 150m station length) because others techniques were not applicable on 
this river type (depth: 50 to 80 cm in mean). 
 
Non-wadeable river 
 

- 1 fish-sampling on the "boarder" Meuse at Stevesweert and Oevereind (CSP, 
IBW, RIVO and FUNDP) on 11/05/1998; 
- 1 fish-sampling on the French Meuse (Chooz) (CSP and FUNDP) on 
24/06/1998. 
- 1 fish-sampling on the Dutch Meuse (Lith) (CSP, IBW, RIVO and FUNDP) on 
27/10/98. 
- 3 fish-samplings on the Belgian and French Meuse (CSP, IBW, FUNDP, AQUA 
TERRA) on 08/06/99 (Liège, B), 09/06/99 (Namur, B) and 10/06/99 (Aubrive, F). 
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In boarder Meuse, gillnet and trawl were not used, because the river was not deep 

enough. 
In Chooz, two techniques of electrofishing were conducted (FUNDP + CSP) and 

gillnet (FUNDP). Trawling was not feasible in this part of Meuse, because the area is too 
shallow.  

In Ammerzoden, the four partners were present, but the weather conditions were 
unfortunately very bad and except for the RIVO (trawling) and IBW (electrofishing), the 
results were not representative of the rear. 

The three latest fish-samplings were very interesting and permit a real 
comparison of the four techniques.  
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4. Meeting 

 
A.- Advisory Committee Meeting  
 
1998 
 
1. January 21, 1998, Namur - Belgium 
2. June 15 1998,  Verdun - France 
3. December 15 1998, Groenendaal - Belgium 
 
1999 
 
4. June 18, Ijmuiden - The Netherlands 
5. December 2, Namur – Belgium 
 
2000 
 
6. June 27, Paris - France 
7. December 08, Namur – Belgium 
 
  
B.- Technical Committee Meeting  
 
1998 
 
1. August 04, Groenendaal – Belgium 
2. September 14, Lith – The Netherlands 
 
1999 
 
3.  January 27, Gembloux – Belgium 
4.  Marsh 29, Paris – France 
5.  June 30, Namur – Belgium 
6.  December 1, Namur –Belgium 
 
2000 
 
7. February 29, Groenendaal – Belgium 
8. Mars 22, Paris – France 
9. June 26, Paris – France 
10. November 24, Groonendaal – Belgium 
 
2001 
 
11. January 29, Paris – Belgium 
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C.- Working Session  
 
1999 
June 21 to 24, Metz - France 
July 13 to 16, Metz - France 
October 11 to 14, Metz – France 
 
2000 
 
May 12, Groenendaal – Belgium 
May 19, Namur - Belgium 
September 5, Namur – Belgium 
 
5. Dissemination - Participation on Congres, workshop  

 
1998 
 
The project Life - IBIP was presented at the Conference "Assessing the ecological 
integrity of running waters" in Vienna, Austria (November 7 to 11). With participation 
of P. Kestemont (FUNDP – Belgium), T. Oberdorff (CSP, France), N. Roset (CSP, 
France), J. Breine (IBW, Belgium), C. Belpaire (IBW, Belgium) and D. Goffaux 
(FUNDP, Belgium). 
 
Presentation of the program Life-IBIP to the Regional Direction of Environment in Metz 
(October 1998) 
 
The project Life - IBIP was presented at the Direction Générale Environement Lorraine 
in Metz, France (November 26, 1998) by N. Roset (CSP). 
 
A regional scatters were carry out by D. Goffaux on the regional TV channel (Canal C: 
11/11/98 and 03/21/99). It was a schooling programme made by an audiovisual team 
from FUNDP and exists on video - tape. It was a presentation of the project during a 
programme about the Meuse and the human adaptation on the river. 
 
1999 
 
The project Life - IBIP was presented at "Séminaire annuel Réseau Hydrobiologique 
et Piscicole" in Boves, France (March 18 to 21, 1999) by N. Roset (CSP). 
 
The project Life - IBIP was presented at the Conference "variabilité temporelle au sein 
des hydrosystèmes " 4° International Congress of Limnology in Bordeau, France 
(October 7, 1999) by N. Roset. 
 
The project Life - IBIP was presented at the "CIP-Rhin" Coblence, Germany (October 19, 
1999) by N. Roset. 
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The project Life - IBIP was presented at the Conference "Quel avenir pour nos 
poissons en Wallonie?" in Wépion, Belgium (November 5 and 6, 1999) by D. Goffaux. 
 
A regional scatters were carry out by D. Goffaux on the regional TV channel (Canal C: 
03/21/99). It  was a short presentation of the project at the regional news. 
 
2000 
 
The project Life – IPIB was presented at the Commission Internationale pour la Meuse 
(CIPM) in Liège, Belgium (March 28, 2000). With participation of N. Roset (CSP, 
France), J. Breine (IBW, Belgium) and D. Goffaux (FUNDP, Belgium). 
 
The first results was presented at the "Séminaire RHP" Lyon, France (March 6 to 8, 
2000)  By N. Roset (CSP, France). 
 
The project Life – IPIB was presented at the "NABS – Determining Good Sites from 
Bad" in Keystone, Colorado USA (May 27 to June 1). By N. Roset (CSP, France) with 
participation of  T. Oberdorff (CSP, France), J. Breine (IBW, Belgium), and D. Goffaux 
(FUNDP, Belgium). 
 
The first results was presented at the "Réunion des gardes pêches du Conseil 
Supérieur de la Pêche – DR3" Marne, France (September 15, 2000)  By N. Roset (CSP, 
France). 
 
The project Life – IPIB was presented at the "Festival du film de la pêche de Verviers" 
Verviers, Belgium (November   , 2000) by D. Goffaux (FUNDP, Belgium). 
 
The project Life – IPIB was presented at the symposium "Referentiebeelden voor Nat 
Nederland. Themadag over buitenlandse referentiegebieden en het gebruik van 
referentiebeelden voor beleid en beheer in Nederland en Vlaanderen" with the  talk 
"Zijn referenties noodzakelijk voor het evalueren van de ecologische waterkwaliteit van 
Vlaamse waterlopen?" in Leyden , The Netherlands (November 14, 2000). By  J. Breine 
(IBW, Belgium). 
 
2001 
 
The project Life – IPIB was presented at the symposium "LIKONA" with the  De 
bevissing van Limburgse waterlopen" in Hasselt , Belgium (January 20, 2001). By  J. 
Breine (IBW, Belgium). 
 
 
Our project is presented on the IBW website http://www.ibw.vlaanderen.be  
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Executive summary 

 
Introduction 

 
In Europe, water policy is currently subjected to considerable change as 

emphasised by the recent European Water Framework Directive (WFD), which requires 
the restoration and maintenance of “healthy” aquatic ecosystems by the assessment of 
their hydromorphological, chemical and biological characteristics. If the requirements of 
the WFD are to be met, effective biological tools are needed to measure the “health” of 
rivers at scales large enough to be useful for management (e.g. river basin scale). These 
tools need to be ecologically based, efficient, rapid and consistently applicable to 
different ecological regions.  

For aquatic ecosystems, biological indicators can be chosen from a variety of 
animal or plant assemblages, but fish are of particular interest because 1) they are present 
in many water bodies, 2) their taxonomy, ecological requirements and life history are 
generally better known than for other assemblages, 3) they occupy a variety of trophic 
levels and habitats, 4) and they have both economic and aesthetic values, and thus help 
raise awareness about the necessity of conserving aquatic habitats. 

There are relatively few suitable ecological tools based on fish communities 
currently available for assessment of river condition in Europe. Two major approaches 
(tools) can be distinguished. 
 
First approach: the Trisection Method Index (TMI) 
 

The first approach to quantify the impact of human activities on the aquatic 
ecosystem is a multimetric index, the Index of Biotic Integrity (IBI) based on the 
hypothesis that there are predictable relationships between fish assemblage structure and 
the physical, chemical and biological conditions of stream systems.  

The IBI employs a series of metrics based on assemblage structure that give 
reliable signals of river condition to calculate an index score at a site, which is then 
compared to the score expected at an unimpaired comparable site. Each metric reflects 
the quality of a different aspect of the fish assemblage that responds in a different 
manner to aquatic ecosystem stressors (Hughes & Noss, 1992). 

 
Second approach: the Multivariate Model Index (MMI) 

 
This approach relies on statistical models (Oberdorff et al., 2001) to predict the 

site-specific fauna to be expected in the absence of major environmental stress. Each 
prediction requires information on some environmental features. The predictions are then 
compared with the fauna observed at the same site, as determined using standardised 
sampling techniques. The method uses the amount of deviation between the expected 
and observed assemblages within sites as an indicator of the site degradation. 
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1.- Fish Monitoring techniques for the Meuse and tributaries 

 
To adapt a Biotic Index based on fish communities in a large river, a representative 
standardised methodology is required. Therefore we compared different fishery methods 
(trawling, electrofishing and gillnets) in wadeable and non-wadeable rivers in the Meuse 
basin. Data on fish communities were collected by the different partners using their own 
techniques in the different countries but also simultaneously at the same site (common 
operations material and methods , 1.3.2. p 61, part 3). This allowed us to assess the 
different methods used and to define the most suitable sampling technique in order to 
obtain data to develop an IBI.  
It was decided to use only the data collected by electrofishing for different reasons: 
- it is the most adequate method for describing the community structure  
- it has the least selectivity for different species 
- this method is commonly used by all partners 
- this method is less harmfull for the fish compared to the others 
- it is the most cost-effective method 
 
2. Compilation of the Meuse data set. 

 
In this chapter we give a detailed description of the study area. Geomorphological and 
hydrological characteristics change along the river course. These characteristics are an 
important feature in the development of an IBI. Human impacts are also considered since 
they change the ecosystem of the river and its tributaries. 
In a spreadsheet an ecological file was compiled, containing several qualitative and 
quantitative parameters (abiotic and biotic) that describe sites characteristics. (2. 2. 1 .1, 
p 82, part 3) 
A second spreadsheet contains data of the collected fish species (2.2.2, p 87, part 3): 
- for each species individual weight and length are recorded, 
- for each species information in literature was collected about its characteristics. The 
studied characteristics contain information about its guilds (feedinghabitat-, 
reproduction-, trophic-, sensitivity-, water velocity requirements and habitat flexibility, 
table 2.2.2.b, p 87, part 3.). These guilds will be used to determine different metrics. 
In a third file variations in metrics used in IBI application are compiled. From literature 
and from expert knowledge a list of eventual usefull metrics is drawn (table 2.2.3.a, p92, 
part 3.).  

 
3.- Preliminary data analysis: regional and geo-morphological characteristics, river 
integrity and fish assemblages 
 
Study of the whole dataset 
 
In this chapter the organisation of fish community in the Meuse basin is studied and its 
regional specificity is pointed out since there is evidence for the longitudinal 
organisation of stream communities. Furthermore it is of special interest to define the 
processes that control patterns of spatial evolution. A particular attention was given to 
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the way in which larger-scale pattern could interact with local phenomena. This 
information will be very helpful to guide the next step which is the development of the 
fish biotic index. 
The dataset containing only data collected with electrofishing was randomly divided into 
two sets. The first one (DESIGN) was used to "design" the index and the second one 
(VAL) to "validate" the methodology.  
Using multivariate analysis (PCA) significant differences among regions were assessed 
using the whole dataset. Variation was principally due to the longitudinal evolution of 
environmental conditions from the source to the confluence or mouth. Independently 
from the position within the gradient, altitudes, and air temperature amplitude were 
globally lower in Flanders than in France or in Wallonia, while cumulated temperature 
was greater. No difference was observed between DESIGN and VAL datasets 
concerning the environmental conditions. 
Correspondence Analysis (CA) was carried out to identify the major patterns in regional 
and zones (as “Huet zones”) species organisation, along the Meuse basin and to identify 
the homogeneity of both datasets. Generally the increasing degradation with the 
longitudinal gradient was obvious. But no difference could be observed between the two 
subsets (VAL and DESIGN), revealing their high homogeneity and comparability, in 
term of river types, quality level or region considered. 
 
Study of reference conditions 
 
Following the basic principles of the biotic index, which consist in the confrontation of 
an observed sample to a reference situation (of course relative), there is a need to 
describe the theoretical structure of fish community for the least degraded sites existing 
in the Meuse basin. 
The relationship between fish organisation and sites characteristics was studied through 
the use of the Canonical Correspondence Analysis Thus, confronting the inertia 
associated with CCA and CA it indicates the extent to which the abiotic variables (i.e. 
geographic and hydro-morphological features) explain the variation in fish species 
composition. Flemish organisation of fish community was a special case apart but there 
was no clear difference between Walloon and French regions in which every type of 
river was represented; while the separation of Dutch samples was only due to the 
gradient factor. 
There was no difference between the two data subsets (VAL and DESIGN), that were 
still very similar for reference situations. 
 
Finally, it seemed possible to resume the spatial patterns of fish organisation in the 
Meuse basin, by the existence of two symmetrical structures, both mainly controlled by 
two distinct combinations of slope and altitude on a one hand, and distance to source 
(Dist), river width (Width) and watershed surface area (WSA)on the other hand. 
Slope (Slop) and altitude (Alt) are the two major factors influencing fish community 
structure of the least impacted sites of the Meuse basin. 
Dist., WSA and Width are all reflecting the stream size and the position within the 
uspstream-downstream gradient in a very similar way. Thus, these three correlated 
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variables could be replaced by a new synthetic variable (i.e. a linear combination of the 
three initial ones). 
These two sets of describers seemed to have a contrasted influence on fish assemblages 
depending on the region considered. Two hypothesis could be proposed to explain this 
difference: either the least degraded sites chosen in the Flemish region were even so 
degraded; or there was a real natural specificity of fish assemblages in this region, that 
was not necessarily fully accounted by the measured environmental parameters. 
Whatever the reason, fish assemblage from Flanders and those from France, Wallonia or 
even the Netherlands, should not be assessed in the same way. 
 
4. Fish Index 

 
In this chapter we first give an overview of existing national and/or regional indices in 
the three countries. 
Secondly each method used to develop an IBI is described and the analysis of the 
obtained results is discussed (general distribution of scores, global sensitivity, accracy of 
the rating, differences between Huet zones, river size and region, temporal study and 
spatial gradient). 
 
From the list of metrics initialy drawn a selection was made of metrics relevant to the 
Meuse basin. First for all metrics models using different describers were developed. 
Using the residuals of the metrics models 11 metrics (table 1.) were selected a posteriori 
with a one-way analysis of variance (ANOVA) and a discriminant analysis (DA).  
 
Table. 1. List of metrics selected for the Meuse basin rivers. 
 
Metrics 
1. Number of species (- exotic species) 
2. % of Intolerant species 
3. % of Litophilic species (- exotic and tolerant species) 
4. % of rheophilic species (- exotic species) 
5. % of tolerant individuals 
6. % of Omnivorous individuals 
7. % of Intolerant individuals (- exotic species) 
8. Logarithm of biomass per 100 m² 
9. Logarithm of effective per 100 m² 
10. % of Invertivore individuals (- exotic and tolerant species) 
11. % of Tolerant species 
 
For all these metrics values for each location were calculated and a result a dataset with 
real values (observed values) for each metric was obtained. This dataset was used to 
define the threshold values using a trisection method or a model enabling us to define for 
each location the different metric values and the IBI score. 
To all locations a global ecological quality score, ranging from 1 (bad) to 5 (excellent) 
was attributed based on water quality and habitat quality. This will be used for the 
validation of the developed IBI. 
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The basic steps in the development of the two approaches are presented below. 
 
1. Multivariate Models Index (MMI) 
 
Using the global ecological quality score we select the best sites (score 4 & 5) in the 
DESIGN dataset. 
In a next step we select via a stepwise multiple linear regression abiotic variables 
(describers) that are explaining variations in the fish assemblage patterns. 
In this case 5 describers were defined: slope, altitude, a longitudinal gradient describer 
(G), temperature and a regional coefficient. 
The minimum set of variables for predicting the different metrics was determined with a 
stepwise procedure resulting in an equation for each metric. 
This equation is used to calculate the expected value of metrics for each location. The 
obtained values are theoretical values as if the locations would be pristine. 
The difference between observed and theoretical values gives us a deviation value that is 
used as an indicator of the degree of degradation. 
For each metric, the distribution of the deviation was divided into 5 equal categories 
ranging from 1 to 5 (reflecting respectively degraded to unimpaired situations) and five 
corresponding thresholds values are obtained. 
 
Validation of the models and results is described in chapter 4.2  
 
2. Trisection Method Index (TMI) 
 
We transform the selected abiotic describers in logarithm and we attribute classes. 
 
Each metric value is plotted against each logtransformed decriber. Using the R² value of 
the best fitted trendline equation through the 95 % values of the maximum value 
observed in each class the best correlated describers are selected. In table 2 we can see 
that only two describers were selected: Log WSA and Log Alt.  
 
Table. 2. List of metrics and corresponding describer for the Meuse basin rivers. 
 
Metrics Describer 
1. Number of species (-exotic species) Log WSA 
2. % Intolerant species Log WSA 
3. % Litophilic species (- exotic and tolerant species) Log WSA 
4. % Rheophilic species (- exotic species) Log Alt 
5. % Tolerant individuals Log Alt 
6. % Omnivorous individuals Log Alt 
7. % Intolerant individuals (- exotic species) Log Alt 
8. Log biomass / 100m² Log Alt 
9. Log effective / 100 m² Log Alt 
10. % of Invertivore individuals (- exotic and tolerant species) Log Alt 
11. % of Tolerant species Log Alt 
 

 20 



Life Env / B / 000419 Executive Summary 

In all cases the bestfitted trendline was a 2nd order polynomial regression curve 
(Maximum Value Linear or MVL). 
We divide the area under the MVL into three sections using the equation of the trendline 
(2y/3 and y/3). For metrics that decreases in value with increasing degradation the MLV 
corresponds with a score or threshold value 5, the 2y/3 line with a score 3 and the y/3 line 
with a score 1. 
Then we add all metric values of samplings in the graph and depending on their position 
vis a vis the lines we attribute the score for that metric to each sampling site. 
The total score is divided by the number of metrics used and gives us the IBI. 
We than assigne each IBI score to an integrity class as decribed in table 3 
 
Table 3. Characteristics of Integrity classes for IBI. 
 

score Integrity classes 
50-55 5: very good 
44-49 4: good 
33-43 3: fair 
22-32 2: poor 
11-21 1: very poor 
…… No fish 

 
5.- Discussion 

 
In this chapter we compare the performances of both indices. 
The main observations are: 
- both indices (Trisection Methods Index - TMI, Multivariate Method Index - MMI) are 
very efficient in discriminating over a gradient of anthropogenic perturbations; 
- the overall proportion of presumed errors of classification is roughly the same for both 
indices with: 

- a significant difference between the distribution of fish integrity classes and those 
obtained from indicator of water and habitat quality for TMI. This discrepancy 
concerns more specifically the Flemish sites and large rivers 
- no significant difference between the distribution of fish integrity classes and 
those obtained from indicators of water and habitat quality for MMI. The main 
deviations (even if not statistically significant) relate to a tendency in underscoring 
small rivers 

- both indices seem consistent over time and efficient in discriminating degradations 
- TMI and MMI are broadly based ecological indices that assess fish assemblage 
structure and function at several trophic levels, are flexible and widely adaptable. The 
selected metrics seem to be sensitive to many types of degradation, including water and 
habitat degradations. 

The MMI seems to be the more appropriate index for an application to the whole 
river Meuse basin. Nevertheless, the application of this index requires the selection of 
reference sites from water quality and, particularly, from habitat quality criteria, with the 
involvement of appropriate experts and / or application of a well-defined widely 
accepted and standardized index of habitat (which is lacking at this moment). 
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The TMI has overall a good ability in assessing anthropogenic perturbations but 
tends to underscore systematically the ecological quality of sites and more specially the 
Flemish sites and large river sites. 

We think that in the frame of an international application, the MMI could be 
recommended, after it is validated in other European river basins, while, the TMI could 
be used in a regional context. 
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Introduction 

 
In Europe, water policy is currently subjected to considerable change as 

emphasised by the recent European Water Framework Directive (WFD), which requires 
the restoration and maintenance of “healthy” aquatic ecosystems by the assessment of 
their hydromorphological, chemical and biological characteristics. Compared to previous 
policies, the WFD gives strong priority to biological quality goals by introducing 
measurements of aquatic biota necessary to identify the structural and functional 
integrity of ecosystems. Furthermore, the WFD introduces river basin management 
throughout Europe, which could have major impacts on the conservation and restoration 
of aquatic systems (Pollard & Huxham, 1998). Surface water status according to the 
WFD, is composed of two elements (i.e. “ecological status” and “chemical status”). 
Concerning the ecological status, four biological compartments of the ecosystem are 
taken into account: phytoplancton, macrophytes, benthic invertebrates, and fish 
communities. All these communities should be characterised by their species richness, 
species composition, and abundance. 

If the requirements of the WFD are to be met, effective biological tools are 
needed to measure the “health” of rivers at scales large enough to be useful for 
management (e.g. river basin scale). These tools need to be ecologically based, efficient, 
rapid and consistently applicable to different ecological regions.  

 Ecologists have developed biological indices to monitor water quality 
beginning with the pioneering efforts of Kolkwitz & Marsson (1908, 1909). Since this 
early work, the concept of biological monitoring has been greatly refined with a general 
trend away from the indicator species concept and/or diversity indices towards an 
integrated, community-based approach (see Fausch et al., 1990 for a review).  

For aquatic ecosystems, biological indicators can be chosen from a variety of 
animal or plant assemblages, but fish are of particular interest because 1) they are present 
in many water bodies, 2) their taxonomy, ecological requirements and life history are 
generally better known than for other assemblages, 3) they occupy a variety of trophic 
levels and habitats, 4) and they have both economic and aesthetic values, and thus help 
raise awareness about the necessity of conserving aquatic habitats. 

 
 There are relatively few suitable ecological tools based on fish 

communities currently available for assessment of river condition in Europe. Two major 
approaches (tools) can be distinguished. Both use the “reference condition approach” 
(Bailey et al., 1998) which involves testing an ecosystem exposed to a potential stress 
against a reference condition that is unexposed to such a stress.  
 
First approach: the Trisection Method Index (TMI) 
 

 The first approach to quantify the impact of human activities on the 
aquatic ecosystem is a multimetric index, the Index of Biotic Integrity (IBI), first 
formulated by Karr (1981) and latter refined by Karr et al. (1986) for use in Midwestern 
USA streams. The IBI is based on the hypothesis that there are predictable relationships 
between fish assemblage structure and the physical, chemical and biological condition of 
stream systems.  
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The IBI employs a series of metrics based on assemblage structure that give 
reliable signals of river condition to calculate an index score at a site, which is then 
compared to the score expected at an unimpaired comparable site. Classes of metrics in 
the IBI include species richness, species composition, trophic structure, total fish 
abundance, and individual fish condition (Table 1). Each metric reflects the quality of a 
different aspect of the fish assemblage that responds in a different manner to aquatic 
ecosystem stressors (Hughes & Noss, 1992). The combination of metrics reflects insights 
from individual, population, assemblage, ecosystem and zoogeographic perspectives. 
The IBI methodology is outlined in Table 2. The primary underlying assumptions of the 
IBI concept are presented in Table 3. Since its introduction, the IBI has been modified 
for use in other regions and types of ecosystems throughout North America (see Karr & 
Chu, 1999 for a review). It has also been modified for use outside North America (see 
Hughes & Oberdorff, 1998 for a review) and notably in Europe (Oberdorff & Hughes, 
1992; Oberdorff & Porcher, 1994; Berrebi dit Thomas et al., 1997; Didier, 1997; Belliard 
et al., 1999; Kestemont & Didier, 1999; Belpaire et al., 2000; Kesminas & Virbickas, 
2000). These applications have shown that the IBI concept is widely adaptable, but that 
metrics must be modified, deleted, or added to reflect regional differences in fish 
distribution and assemblage structure (Hughes & Oberdorff, 1998). Use of the IBI in a 
variety of stream and river ecosystems and in a diversity of geographic areas attests to 
the utility of the concept (Karr & Chu, 1999).  
 
Examples of use in Europe 
 

One of the papers analysed, dealing with French (Berrebi et al., 1997) rivers only 
formulate the preliminary (candidate) metrics that could be used for calculating the IBI, 
but did not test its performance in a stressed situation. The other applications give 
examples of the successful use of the IBI for particular problems. (1) Oberdorff & 
Hughes (1992) and Belliard et al. (1999) report that a modified IBI detects cumulative 
effects of channelisation, agricultural runoff, and urbanisation in the Seine River basin, 
France. (2) Oberdorff & Porcher (1994) indicate that a modified IBI detects effects of 
salmonid aquaculture effluents on small Brittany streams in France. (3) Didier (1997) 
and Kestemont et al. (2000) find close agreement between scores of a modified IBI and 
independent rankings from an organic pollution index for tributaries of the Meuse river 
basin. It should be noticed anyway than none of these studies (except Belliard et al. 
1999) truly validated the methodology with independent datasets of both disturbed and 
reference sites. 
 

 
Second approach: the Multivariate Model Index (MMI) 

 
The second approach comes from a research programme (1996-2000) initiated by 

the French Water Agencies and the Ministry of the Environment to develop a fish-based 
index that would be applicable nation-wide. Such an index had to encompass the relative 
importance of geographic, ecoregional and local factors influencing the distribution of 
riverine fish. In fact, adapting such an index over a broad geographic area (i. e., France) 
required a detailed understanding of both the patterns of assemblage composition and 
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distribution within and among water bodies under natural conditions, and the nature of 
the major environmental gradients that cause, or at least explain, these patterns (Lyons, 
1996). Patterns of assemblage richness and composition are strongly influenced by the 
spatial scale of investigation. On a local scale (within a site), previous studies of stream 
fish assemblages have shown that habitats [as a function of depth, current velocity, 
temperature, substrate (Huet, 1959; Gorman & Karr, 1978; Angermeier & Schlosser, 
1989; Rahel & Hubert, 1991)], and increasing stream size [gradient, stream width, 
discharge, stream-order, catchment area (Sheldon, 1968; Horwitz, 1978; Paller, 1994; 
Belliard, Boët & Tales, 1997)] can influence not only species richness, but also trophic 
composition (Schlosser, 1982; Angermeier & Karr, 1983; Oberdorff, Guilbert & 
Lucchetta, 1993). At regional scales (basins or ecoregions), physical factors such as river 
size (Hugueny, 1989; Welcomme, 1990; Guégan, Lek & Oberdorff, 1998), 
geomorphology and climate (Hughes, Rextad & Bond, 1987; Whittier, Hughes & 
Larsen, 1988; Changeux & Pont, 1995) are the major determinants of assemblage 
richness and composition, thereby regulating the importance of local-scale factors. Thus, 
before assemblage response can be useful in the assessment of stream condition and/or in 
the comparison of stream condition within an aquatic system (and from one region to 
another), using indices such as the IBI, it is essential to take into account the way 
assemblage attributes are related to natural stream conditions (Hoefs & Boyle, 1995; 
Smogor & Angermeier, 1998). 

The approach relies on statistical models (Oberdorff et al., 2001) to predict the 
site-specific fauna to be expected in the absence of major environmental stress. Each 
prediction requires information on some environmental features. The predictions are then 
compared with the fauna observed at the same site, as determined using standardised 
sampling techniques. The method uses the amount of deviation between the expected 
and observed assemblages within sites as an indicator of the site degradation. A similar 
approach has been recently applied to assess environmental disturbance of Swedish 
streams (Appelberg et al. 2000).  

  
The procedure detailed in Oberdorff et al. (in prep.) is as follow : (1) A variety of 

metrics based on occurrence and relative abundance data and reflecting different aspects 
of the fish assemblage structure and function are selected from available litterature and 
for their potential to indicate degradation. (2) Logistic regression procedures are applied, 
using a data set of reference sites fairly evenly distributed across rivers and defined by 
some easily measured regional and local characteristics (i.e. hydrographic units, climatic 
variables, position within the upstream downstream gradient and local habitat 
characteristics), to elaborate the simplest possible response model that adequately 
explains the observed patterns of each metric for a given site. The “ -response curve- ” of 
a metric describes the most probable value of the metric as a function of a measured 
environmental variable. (3) After assigning scoring criteria for each metric by analysing 
distribution values of standardised residuals of each metric model obtained from the first 
data set of reference sites, models are validated using two independent data sets of 
reference and disturbed sites. These procedures allow selecting the most effective 
metrics in discriminating between reference and disturbed sites. The metrics are then 
summed to produce the final index. 
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Examples of use in Europe 
 

The FBI has been recently developed for French rivers and is not yet validated 
outside France. However, as it was possible to develop a single prediction system for 
France despite its complex and heterogeneous geology and climate, we feel confident 
that the model may be appropriate for rivers in other European countries. 
 
Description of the program 
 

As detailed above, the assessment of environmental degradation using fish 
communities has received little attention throughout Europe. Thus, in accordance with 
the Water Framework Directive (WFD) there is an urgent need to develop effective tools 
based on fish assemblages allowing the objective development of an effective 
assessment approach of the ecological status of running waters. This is the objective of 
the present LIFE project, which is the first international research initiative (3 countries) 
in Europe focusing on standardising and adapting a fish-based index for an entire 
European river basin. Kestemont et al. (2000) and Belpaire et al. (2000) developed an 
IBI for small portions of this basin, but appropriate regions have not been established, 
nor have metrics with basin-wide utility been identified. To be useful at this scale 
(Meuse Basin scale), the index must accommodate for potential natural geographic 
variation in fish assemblages. This programme addresses main objectives: 

 
Chapter 1 
(١) To test and compare techniques of the four partners 
(٢) To define the most suitable technique to sample a representative proportion of 

fish assemblage 
 
Chapter 2 
(٣) Description of study area 
(٤) To compile the data of partners in file including ecological and fish 

characteristic of sites 
(٥) to select a variety of metrics based on occurrence and relative abundance data 

and reflecting different aspects of the fish assemblage structure and function 
from available literature and for their potential to indicate degradation 

(٦) to determine how metrics vary naturally among the basin (i.e. in the absence 
of anthropogenic perturbation) in order to elaborate the simplest possible 
response model that adequately explains the observed patterns of each metric 
for a given site; 

(٧) to select the most effective metrics in discriminating between reference and 
disturbed sites using a second data set of disturbed sites; 

 
Chapter 3 
(٨) Divided the files in two subset , one to design the indices (Design data set) 

and one to validate and test indices (validation data set 
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(٩) Applying the “reference condition approach” (which involves testing a fish 
assemblage exposed to a potential stress against a reference condition that is 
unexposed to such a stress), to define a data set of reference sites evenly 
distributed across the Meuse Basin; 

(١٠) to examine effects of natural environmental factors on species composition 
of fish assemblages using  this data set of reference sites; 

(١١) to determine environmental factors who have influence in the fish 
assemblage 

(١٢) to study organisation of fish assemblage et point out of regional 
specificity; 

(١٣) to develop new indices following the two major approaches detailed 
above; 

(١٤) to validate and assess the capacity of the indices in assessing 
anthropogenic perturbations using two independent data sets of reference and 
disturbed sites; 

(١٥) to discuss the advantages and limitations of each approach and to suggest 
the most appropriate method(s) for assessing the ecological status of the 
Meuse Basin. 
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Table 1. IBI metrics for midwestern USA streams (from Karr et al. 1986 and Miller et al. 1988). 
            
Category       Scoring Criteria a  
 Metric     5  3  1 
Species Richness 
 1. Total number of fish species b  b  b 
 2. Number of darter species  b  b  b 
 3. Number of sunfish species  b  b  b 
 4. Number of sucker species  b  b  b 
Habitat guilds 
 5. Number of intolerant species b  b  b 
 6. % individuals as green sunfish <5  5-20      >20 
Trophic guilds 
 7. % individuals as omnivoresc <20  20-45    >45 
 8. % individuals as insectivorous 
  cyprinids   >45  20-45    <20 
 9. % individuals as piscivoresd >5  1-5  <1 
Abundance 
 10. Number of individuals  b  b  b 
Reproduction & Condition 
 11. % individuals as hybrids  0  >0-1  >1 
 12. % individuals with anomaliese 0-2  >2-5      >5 
            
aValue approximates (5), deviates somewhat (3), or deviates strongly (1) from the 
reference condition. 
bExpected value varies with stream size, region, and basin. 
cAdult diets typically include >25 % plant and >25 % animal material. 
dAdult diets usually composed largely of aquatic vertebrates or crayfish. 
eDisease, eroded fins, lesions, tumors, discoloration, excessive mucous, skeletal 
abnormalities, missing organs, and other external symptoms. 
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Table 2. Principles of fish assemblage assessment with the IBI 
___________________________________________________ 
1. Select a relatively homogeneous region. A region may be an ecoregion, basin, or fish 
faunal region that is homogeneous with respect to a combination of environmental 
characteristics (e.g., climate, physiography, soil, vegetation) and potential fish species. 
 
2. Determine the reference condition(s). References may be a set of minimally disturbed 
reference streams, a disturbance gradient, historical data, paleoecological information, 
and professional judgement. Expectations will likely differ for water body size, gradient, 
temperature or other naturally limiting variables. 
 
3. List candidate metrics and assign species to trophic, tolerance, and habitat guilds. 
Regional fish texts usually provide this information, at least in developed countries. 
 
4. Sample fish assemblages. This is best done (a) when they are least variable yet most 
limited by anthropogenic stressors and (b) in a manner yielding a representative 
collection of species and proportionate abundances, but that (c) is cost-effective. 
 
5. Tabulate numbers of individuals collected by species. Also, determine the total number 
of individuals collected at each reach. 
 
6. Calculate values for each candidate IBI metric. Typically these are proportions or 
percents of individuals, or numbers of species in particular categories. 
 
7. Develop scoring criteria. These are based on previously available information from 
step 2 or from fish data collected at minimally disturbed sites in step 4. Scoring criteria 
may be continuous (0-1 or 0-10) or based on classes (1, 3, 5 or 0, 5, 10). 
 
8. Calculate metric scores and add these to obtain an IBI score. 
 
9. Evaluate metric and index scores. Consider differences between expected and obtained 
scores, compare variance results from repeated samples, assess responsiveness to 
environmental stressors.  Modify or reject metrics that are highly variable or 
unresponsive, and recalculate if necessary. 
 
10. Interpret IBI score as indicating an acceptable, marginally impaired, or highly 
impaired fish assemblage; or as excellent, good, fair, poor, and  very poor.  
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Table 3. Assumed effects of environmental degradation on fish assemblages (from  
Fausch et al. 1990, and Hughes and Noss 1992). 
            
 
Number of native species, and of those in specialised taxa or guilds, declinesa 
Number of sensitive species declines 
% of trophic and habitat specialists declines 
Total number of individuals declinesa 
% of large individuals and the number of size classes decrease 
% of tolerant individuals increases 
% of trophic and habitat generalists increases 
% individuals with anomalies increases 
            
aIn some waters, especially oligotrophic cold water systems, increased nutrients and 
temperatures often result in additional species and individuals. 
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1.- Fish Monitoring techniques for the Meuse and tributaries 

1. 1. – General introduction 
 

Since the first version of IBI in North America (Karr et al., 1981), some scientists 
in different countries have tested and / or adapted the IBI concept over the world (for 
review, see Miller et al., 1988; Simon & Lyons, 1995; Hughes & Oberdorff, 1998). In 
upper and medium size wadeable rivers, reliable data can be obtained with appropriate 
fish sampling techniques. On the other hand, little attention has been paid to IBI 
utilisation in large and deep rivers (Hughes & Gammon, 1987; Ohio EPA, 1987 a, b; 
Hoefs and Boyle, 1992; Simon, 1992). 

 
To adapt a Biotic Index based on fish communities in a large river, a 

representative standardised methodology is required. The open nature of a large river 
ecosystem, its diversity of physical habitat types, the differences in fish behaviour and 
environmental conditions (often extremely variables) contribute to inaccuracies in 
quantitative sampling of fish populations (Malvestuto & Meredith, 1989 in Casselman et 
al. 1990; Penczak & Jakubowski 1990). There is a lack of detailed information on fish 
sampling methodologies for large rivers. A single type of gear cannot be considered 
suitable for quantitative sampling in all large river habitats and it was considered that 
sampling methods are less developed than those used in other freshwater systems 
(Casselman et al. 1990). Among the large choice of existing gears, each collecting 
method is likely to have some bias on selectivity for different taxa or size ranges (Harvey 
& Cowx, 1996; Rulifson 1991; Growns et al., 1996; Pulsey et al., 1998):  

 
 Acoustic methods provide information on total biomass but yield little 

data on species composition, presence of benthic species or population characteristics 
(Harvey & Cowx, 1995a). The full potential of hydroacoustic as a fish-sampling device 
for large rivers has not been determined yet (Casselman et al., 1990). 

 
 Netting methods are generally not suitable for flowing waters, where 

there obstructions in the river, or where extensive weed growth occurs. Slow-flowing or 
static systems netting techniques can be efficient with high catches of fish; however, fish 
mortalities often occur and the method is manpower intensive (Cowx et al. 1990). 
Although gillnets are widely used as a research tool to sample fish populations, they are 
very selective (Hamley, 1975) and net tend to underestimate those species that have 
reduced external projection or hard structure, exhibit a more sedentary life-style and 
smallest individuals of given species (Rulifson, 1991). 

 
 One of the advantages of trawling methods is that it indicates the 

presence of juvenile and subadult finfish and shellfish. The minimal time cost spent is 
another advantage but there are disadvantages that cannot be neglected: limitations to 
areas in the creeks of inadequate dimensions, exclusion of shoreline and vegetated 
habitats and underestimation of many larger and adult finfish species (Rulifson, 1991). 
Moreover, this method is expensive and requires heavy equipment. 
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 Monitoring of angler's catches although not manpower, intensive suffers 
from a bias towards the angler's target species and is seriously influenced by the fish 
behaviour (Cowx et al., 1990). Furthermore, little attention is available on small fish, 
which are a major element in predicting future fish stocks. 

 
 Electrofishing may be applied successfully in the small streams / rivers 

but in a large rivers a disproportionately large amount of effort is required to make small 
catch of fish (Hickley & Starkie, 1985). The efficiency of electrofishing gear decreased 
markedly with increasing depth (Casselman et al. 1990). Although this method was 
commonly used, electrofishing was not without bias: galvanotaxic and galvanonarcotic 
response vary among species and classes within species (Pusey et al., 1998), but 
electrofishing can also vary with physical or chemical characteristics of streams e.g. 
conductivity (Hill & Willis, 1994), temperature, voltage, direction of target species 
within electric field, stream width (Kennedy & Strange, 1981 in Pusey et al., 1998). 
Studies have shown that high proportions of sampled fish sustain skeletal injuries, 
reduced fertility, physiological and behavioural disturbance. But the incidence and 
severity of electrofishing damage is partly related to the type of equipment chosen and 
the waveform produced. This constitutes, however, the less harmful method of fish 
sampling, compared with gillnet or trawling. 

 
But, even if the choice of gear is very important, we must take in account that fish 

behaviour and distribution are important aspects when considering sampling 
methodologies and their efficiencies. Entanglement or impoundment gears sample 
schooling species, pelagic or benthic fish most efficiently, whereas solitary inactive fish 
are sampled most efficiently by electrofishing. Trawls sample benthic fish more 
efficiently than any of the other types of gears. Electrofishing samples non-migratory 
fish more efficiently than migratory fish, however the opposite is also true for the 
entrapment gear. Nevertheless, fish biologist had considerably more experience with 
active gear than with passive one in large river systems (Casselman et al., 1990). 

 
 Nevertheless, a lot of authors consider electrofishing as the most adequate 

method for describing the community structure (Zalewski & Cowx, 1989; Casselman et 
al., 1990; Persat & Copp, 1990; Growns et al., 1996; Wiley & Tsai, 1983 in Pusey et al., 
1998; Simons & Sanders, 1999). Although multiple sampling gears are not warranted to 
accurately depict a great river fish community, the most efficient method employs a 
combination of gears involving electrofishing (Casselman et al., 1990; Simon & Sanders, 
1999).  

 
In the frame of this project, the four partners recorded a lot of data on fish 

communities of the river Meuse and its tributaries. Each partner used some techniques 
according to their experience in sampling strategy and river type. Nevertheless, all 
partners used always electrofishing in wadeable and /or non-wadeable rivers, but some 
differences between partners occurred in large rivers, mainly due to the combination of 
electrofishing with other techniques. 
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The indices presented in this project were designed and validated with 
electrofishing data only. It is, however, interesting to indicate eventual differences 
between these techniques and what information is missing when only electrofishing was 
used. 
1.2. – National monitoring program and methodology 

1.2.1. Wadeable rivers 
 

In small and shallow rivers, all partners used only electrofishing. According to 
width, the differences between Institutes concern:  

 
- number of anode 
- number of hand-dipnet 
- length of transect 
- fishing equipment (generator) 
 

Characteristics of fishing methods are summarised in table 1.2.1a. 
 

Table 1.2.1.a. Methods used by the different partners to obtain field data in small and shallow rivers. 
 

 River width 
 (m) 

Number of  
hand-dipnetter 

Nb of anode Distance 
 prospected (m) 

Fishing 
equipment 

Number of 
passage 

IBW  
< 1.5 
1.5-4 
4-6 
6-8 

  
1 
2 
3 
4 

 
100 
100 
100 
100 

Deka 700 (300-500 
V) 
Deka 3000 back-
pack (300-600 V) 
Electro Pullman 
(420 V) 

 
1 
1 
1 
1 

FUNDP 
and RW 

0.8-7.6 
5.3-19.7 

12.3-47.1 
27.1-65 

1-2 
2-4 
4-6 
7-9 

1 
2 
3 
4 

150 
150 
150 
150 

 
Deka (output 

voltage 150-450 
V) 

2 
2 
2 
2 

CSP 
continous 
sampling 

 
Whole river 

 width 

  
1 or 2 

  
Heron (200V) 

 
1 

CSP 
Ambiance 
sampling 

 
Variable (but 

measured) 

  Depending on 
homogeneity of 

area and 
proportion in the 

station 

 
 

Heron (200 V) 

 
 

Min 10 
"ambiances" 

(habitats) 
RIVO    500 Deka 7000 (300-

500 V) 
 

 
 

The total transect surface was fished in upstream direction and depending on the 
team, one (CSP, IBW and RIVO) or two passages (FUNDP, RW) were carried out. 
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Fish biometry 
 

All, partners identified and listed the sampled species. Then fish were measured 
and weighed individually (FUNDP, CSP, IBW for the first hundred fish per species) or 
in set (RIVO only total catch). 

When the density of species high (particularly for the smallest fish) all partners 
proceeded by set, and the largest and smallest fish of each species were selected and 
measured while the whole sample was counted and weighed. 

1.2.2. – Non-wadeable rivers 
 

For the main course of the river Meuse, the four partners displayed different 
sampling methodologies. CSP and IBW used only electrofishing along the banks while 
RIVO and FUNDP combined two sampling techniques: electrofishing along the banks 
and trawling in the central part of the river (RIVO) or electrofishing along the banks and 
gillnet in the central part of the river (FUNDP and RW). 
 
1.- CSP – French team 
 

Since 1993, the « Délégation Régionale du Conseil Supérieur de la Pêche in 
Metz” has been conducting every year a monitoring program for fish communities 
survey, named “Réseau hydrobiologique et Piscicole (RHP)”. Every year CSP prospects 
once (at the end of summer), twice (in spring and end of summer) and sometimes three 
times a year, more than 100 stations in the region, including three large river basins: the 
Seine, the Rhine and the Meuse. 
 
Traditional sampling methods 

 
Electrofishing is the unique method used in this region. CSP uses continuous 

current with adjustable power, usually 1Kw, that correspond to a current of about 200V 
and 5A, which is provided by an electric generator unit and modified by a “Heron” type 
electric system. This method can be managed with different protocols according to the 
river type and the objective of the operation:  

 
 In large river, the depth and the variety of habitats make not feasible the 

exhaustive sampling. That is why CSP usually prospects the two banks from a boat 
(Sillinger 5 meters long), by fishing continuously all along the station (which is 200 to 
500 meters long). In this case, only one anode and one hand-net (rarely two) are used . 

 
Thus, in order to be more cost-effective, but still get a good estimation of the 

species richness and community structure, CSP has been testing for two years a stratified 
sampling method proposed by the CEMAGREF (Malavoi, 1989; Pouilly, 1994 and 
Capra, 1995). It consists in sampling different microhabitats named “AMBIANCE”, 
define as an area ranging from about 10 to 100 m² that takes into account simultaneously 
morphological characteristics (depth, flow velocity and substrate size) and ecological 
conditions (aquatic vegetation, roots, snags canopy cover, bank morphology, riparian 
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structure, undercutting...) and the position in the stream (mid-channel, bank, side - 
arm…). The aim of this method is to prospect all microhabitat types, in order to reflect 
the species richness and the type of assemblages of a given reach. This technique is also 
useful to account for fish-habitat relationships at the station scale. Therefore, this can 
increase the knowledge of fish habitat preferences, particularly in large rivers. 
 
The new “ambiance” electrofishing method:  
 

First, all “ambiances” representative of the river section are identified and 
described in terms of : water velocity (flow meter), water depth and heterogeneity of the 
water depth, dominant and accessory substrate size, position in the stream, flow type 
(riffle, run and pool), bank slope (high, medium, low), canopy cover (%), vegetation type 
(floating or submerged hydrophytes, helophytes…), snag and undercutting (presence and 
growth). 

 
The width and length of each “ambiance” are measured and their position is 

plotted on the map of the station in order to find them again at the next sampling date. 
The size of the microhabitat samples depends on the extent of its homogenous area and 
on the proportion of this habitat type in the whole section. All “ambiances” present in a 
station must be prospected, but some replicates of the dominant types are recommended 
rather than to sample areas greater than 100m². Moreover, the selection of sampled 
habitat depends on the number of fish caught, since one of the aims of this method is to 
reduce the fishing effort. A minimum of 10 microhabitats must be sampled, but more 
than 15 habitats in large river become too time-consuming. During the prospect, the time 
used to fish in each microhabitat must be noted, in order to estimate the fishing effort. 
 
Fish biometry  

Fish biometry is similar to the one described for wadeable rivers. 
 
2.- IBW – Flemish team 
 
Sampling method 

In the frame of their study activity, IBW recorded a lot of data concerning the fish 
community of the river Meuse and its tributaries. For such studies, IBW uses 
electrofishing that constitutes a standardised method suitable for different types of 
watercourses. According to the width and depth of the watercourse, fishing is managed 
by wading or by boat. The number of anodes used also depends on the river type. The 
following table describes the method used in function of the river width. 
 

River width Distance prospected Method 
<1.5 m 100 m Wading-1 anode 
1.5-4 m 100 m Wading-2anodes 
4-6 m 100 m Wading-3 anodes 
6-8 m 100 m Wading-4 anodes 
>8 m 250 m at both bank Boat-2anodes (+ fykes and/or gill nets) 
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The material often used for electric fishing is a Deka 700 type composed by a 9 
PK Honda fuel engine and a self-regulating generator with output voltage of 300-350-
400-500V adjustable (power output D.C. 5kW and power A.C. output 12.5 kW, pulse 
frequency 480 Hz). Two other systems can be used: DEKA 3000 (back pack, voltage 
adjustable at 300, 400, 500 and 600V, power output 72W and pulse frequency 30-80Hz) 
and Electro Pulman (Bernard fuel engine, Electro Pulman generator, output voltage 
420V). 

For the Meuse river several stations (3 to 4) of 250 m on both riverbanks are 
prospected upstream by boat every 2 Km. 

 
The stations prospected are described through different parameters indicating the 

location of the station, some physical-chemical and morphological characteristics. 
 
Fish biometry 

 
The first hundred specimens of each species are individually measured and 

weighed. Then the remaining fish are weighed by sets and counted. The annexes 3 and 4 
contain the different forms for fish registration. 
 
3.- RIVO – Dutch team 
 

The Netherlands Institute for Fisheries Research (RIVO-DLO) is involved in a 
monitoring program of fish population in the river Meuse. According to the width and 
depth of the river, the usual method for such monitoring is the trawl, in combination with 
boat electrofishing (on the riverbank and shallow water zones). When the station is not 
deep enough to trawl only, electrofishing is used.  

In spring, four stations of the Grensmaas (Ohé en Laak, Berg/Urmond 1 and 2, 
and Borgharen) are sampled by boat electrofishing, at both sides of the river bank. About 
1000m on both riverbank are sampled, mostly in upstream direction. The fishing 
equipment used is a DEKA 7000 with Honda GX 270 fuel engine (9Kw). The generator 
produces an electric current with adjustable voltage (250-350-400-500V), 10A intensity 
and 480Hz frequency. 

In autumn, the river Meuse (main river and side waters) is prospected from Lith 
to Kerkdriel with a ship about 21meters long (“The Schollevaar”) hauling a 3 meter wide 
and 0.5 meter high trawl. The net has the end mesh-size of 20 mm. During sampling, the 
trawl is towed over the bottom. Trawl haul duration is usually 10 minutes in upstream 
direction (approximately to 1000 m). Three hauls are usually done at the same height in 
each station, two near both riverbank and one in the middle. Sometimes, (between Km 
202 and 212) 4 hauls are carried out.  

The trawls are complemented with electrofishing using a smaller boat following 
the method and material described above (upstream direction), but reducing the sampling 
length to 500 m along the two riverbanks. 

In some parts of the river Meuse, some data coming from professional fishermen 
and recording using fykes and nets can be included.  
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Fish biometry 

 
Whatever the method used, the station can be identified (location) and the habitat 

type described (eco-code). Some information about weather, physical-chemical 
parameters (T°, Depth, Turbidity…), location (X and Y co-ordinates), methods of 
sampling (time, direction, voltage, amperage, engine) and sample number are noted. 

All fish are identified. The larger ones are measured in centimetres while the 
smaller in millimetres, but only the total catch is weighed per species. If the catch is too 
big, a sub-sample containing no less than 50 fish is taken.  

Results provided by fishermen using fykes are presented in a particular form.  
 
4.- FUNDP and RW – Walloon team 
 

In large rivers (Meuse and Sambre), a combination of two techniques was used: 
electrofishing and gillnetting (with horizontal bottom gillnets), used in two types of site: 
just downstream of the dam and in still water (the rest of the reach which was not 
influenced by eddies caused by the dam, only since 1998). 

 
Boat electrofishing (used only by FUNDP) is conducted in an upstream direction 

along the bank with one hand-held electrode, two dipnetters and one boat driver; the 
cathode is floating at the rear of the boat. Electrofishing is used in two ways: 

- downstream of the dam: electrofishing is carried out, along each bank, over a 
200m sector  

- in still water : 12 habitats of 50 m length, representative of the reach diversity. 
All these habitats are described in terms of water flow (Flo-Mate, Marsh-McBirney Inc.), 
substrate size, mean depth, turbidity (Secchi disk), temperature (air and water), snags, 
bank slope and substrate, vegetation cover, dissolved O2 (ISI58 ISI Inc, Oxymeter), pH 
(WTW pH95 pH-meter), conductivity (WTW LF91 conductivitymeter). The different 
habitats are inventoried and described at the beginning of each sampling period. 

The material often used for electrofishing is a Deka with output voltage of 150-
450 V adjustable (power output D.C. 5kW and power A.C. output 12.5 kW). 

 
Gillnetting is carried out with an array of 7 gillnets (height: 2m, length: 50 m for 

50, 60 and 70 mm mesh size; length: 45 m for 40 mm mesh size; length: 35 m for30 mm 
mesh size and length 25 m for 20 and 15 mm mesh size, yarn size varies between 0.14 to 
0.25 mm) which is used at each sampling site. 

- downstream dam: gillnets are settled one by one during 15 minutes (25 
samplings between 1993 and 1997) and 30 minutes (18 samplings between 1998 and 
1999) in order to reduce fish quantity and  damages to fish. This reduced sinking time is 
taken into account by calculating a capture per unit effort (CPUE). 

in still water: 7 gillnets were settled concurrently during two hours. 
 
Sennes (used only by RW) are sometimes used in straight canals with width 

inferior to 30 m. Sennes with mesh-size ranging from 10 to 14 mm are usually settled 
crosswise. 
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Biometry 

 
Fish biometry is similar to the one described for wadeable rivers. 
Whatever the sampling method used, species are identified and fish measured 

(total length),  weighted individually and the presence of parasites or wounds noted. The 
smallest are weighed by sets. 
 
1.3. Comparison of sampling methods 

1.3.1. Gear comparison 
 
1.3.1.1 – Electrofishing vs. Gillnetting – Walloon combination method 
 

Although when using gillnets species richness using gillnets was mostly less than 
half that observed by electrofishing, and trawls intermediate between gillnets and 
electrofishing techniques (Simon & Sanders, 1999), a combination of electrofishing and 
gillnetting techniques was chosen to sample in the Walloon part of the river Meuse. 
Indeed, the slow-flowing and the static system provide the possibility to use the netting 
method as described by Cowx et al. (1990). Moreover, the number of dams on this short 
part of the river (15 dams on 186 km long) and the presence of big stones and wastes on 
the river bottom, did not allow the use of trawling method. 

Horizontal bottom gillnets were settled according to Nuttens (1997), since most 
fish are usually present within the two meters close to the bottom. 
 
1.- Material & Methods 
 

From 1993 to 2000, 113 samplings were conducted in the River Meuse. During 
this period, fish were caught by electrofishing from a boat (54 samplings) and by 
horizontal bottom gillnets (59 samplings). (Table 1.3.1.1.a). 
 
Table 1.3.1.1.a Number of samplings performed per category between 1993 and 2000. 
 

year Electrofhish
ing 

Gillnet Total 

1993 2 5 7 
1994 10 11 21 
1995 12 3 15 
1996 1 - 1 
1997 - 12 12 
1998 10 9 19 
1999 13 11 24 
2000 6 8 14 
Total 54 59 113 

 
 
 
 

 41 



Life Env / B / 000419 Final Report 

Table 1.3.1.1.b.  number of fish caught by both techniques by set or individually. 
 

 Electricity  Gillnet  
Number fish weighed by set 11.300 0 
Number fish weighed individually 5.735 4.858 
Total 17.035 4.858 

 
For the 11 main species, size-class frequency histograms were drawn up, based 

on fish measured individually (table 1.3.1.1.b.).  
COrrespondence Analysis (COA) was performed with these 11 common species 

(including sets). All specimens were divided into three size-classes. For the smaller 
species (gudgeon Gobio gobio, bleak Alburnus alburnus and ruffe Gymnocephalus 
cernuus) the classes were: 
 

Class 1: 1 - 80 mm  
Class 2: 81 - 160 mm  
Class 3: > 160 mm. 

 
 For the larger species (chub Leuciscus cephalus, bream Abramis brama, barbel 

Barbus barbus, roach Rutilus rutilus, perch Perca fluviatilis, nase Chondrostoma nasus, 
silver (white) bream Blicca bjoerkna and pike-perch Sander lucioperca) these 3 classes 
corresponded to:  
 

Class 1: 1 - 100 mm; 
Class 2: 101 - 200 mm  
Class 3: > 200 mm. 

 
The statistical analyses (COA) of data were conducted using ADE software (Réf). 
 
2.- Results 
 

Species richness (max = 25 species) was higher by electrofishing than by 
gillnetting method (max = 18 species). The main difference was due to the rare species 
represented sometimes by one individual only. These species were generally smaller  (e. 
g. river bleak Alburnoides bipunctatus, bitterling Rhodeus sericus, three-spine 
stickleback Gasterosteus aculeatus, minnow Phoxinus phoxinus  and  loach Cobitis 
taenia), never caught by gillnet eel (Anguilla anguilla) or pass for migration brown trout 
(Salmo trutta). 

 
The 11 common species were the same in both sampling methods (Table 

1.3.1.1.c.) and represented: 
 

99.05% of species captured by gillnet 
95.13 % of species captured by electricity 
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Table 1.3.1.1.c. Percentage of the main species caught by electrofishing and gillnetting. 
 

Species Electrofishing Gillnetting 
Chub 17.14 % 2.06 % 
Bleak 16.18 % 15.12 % 
Bream 0.87 % 13.01 % 
Barbel 1.06 % 1.71 % 
Roach 31.16 % 33.31 % 
Ruffe 0.42 % 4.49 % 

Gudgeon 20.43 % 4.51 % 
Perch 3.31 % 3.85 % 
Nase 3.93 % 2.71 % 

Silver (white) 
bream 

0.37 % 15.99 % 

Pike-perch 0.26 % 2.31 % 
Total 95.27 % 99.05% 

 
Roach (31.16 %, of the total captures, by electrofishing and 33.31 % by gillnet) 

and bleak (16.18 % and 15.12 % respectively) were captured most frequently by both 
techniques. Chub (17.14 % and 2.06 % respectively) and gudgeon (20.43 % and 4.51 % 
respectively) were frequently caught with electrofishing while bream (0.87 % and 13.01 
% respectively) and silver (white) bream (0.37 % and 15.99 % respectively) by gillnet. 
Catches for barbel and perch were similarly by both techniques. 

 
Considering the most common species, the main difference concerns the size. 

Indeed, table (1.3.1.1.d.) shows that more than 20 % fish were bigger than 300 mm with 
gillnet versus only 3.36 % with electricity. If we exclude the data from fish measured by 
set (11.300 individuals) this percentage rises 10 %. 
 

Table 1.3.1.1.d. Percentage of individuals in each size-class. 
 Electricity 

(including 
set) 

Electricity 
(without set) 

Gillnet 

% of individuals > 300 mm 3.36 9.99 20.64 
% of individuals > 400 mm 1.30 3.85 9.94 
% of individuals > 500 mm 0.63 1.88 2.31 
% of individuals > 600 mm 0.27 0.82 0.33 
% of individuals > 700 mm 0.11 0.33 0.06 

 

This size difference can be observed on the size-class frequency histogram 
(Fig.1.3.1.1.a.). For each species the smaller size-classes were captured only by 
electricity. In contrast, large barbel, bream, nase, silver bream and roach specimens were 
captured only with gillnet. Large ruffe, gudgeon, bleak, chub and perch specimens were 
caught by both methods. 

The profiles of distribution with both techniques were different between species. 
Some species show an unimodal distribution. Silver bream (mode = 211-220, mean by 
electricity = 196, mean gillnet = 237 ), ruffe (mode = 101-110 , mean by electricity = 
95,21, mean gillnet = 110,47), Gudgeon (mode = 121-130, mean electricity = 94, mean 
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gillnet = 119) and bleak (mode=101-110 , mean electricity = 89, mean gillnet = 116)  
with the first part of the mode representing smaller classes captured only by electricity.  
Barbel, perch, nase, bream, roach and chub displayed a bimodal distribution and the two 
modes of Barbel were well-separated by missing classes. For each bimodal distribution 
species, the first mode corresponded to the electricity mode and the second one to the 
gillnet mode. Pike -perch had no mode distribution. However, the classes 1, 2 and 3 were 
sampled by electricity only, electricity and gillnet and mainly gillnet respectively. 

 
These size-frequency histograms were performed from individual data. The full 

set of for the 11 dominant species distributed in three size-classes was analysed by a 
multivariate analysis (COA) (Fig 1.3.1.1.b.). 

The first axis reflects the methodology distribution (Fig 1.3.1.1.c.). Electricity 
captures are on the left side of the figure and gillnet captures are on the right side. Except 
for ruffe (fig. 1.3.1.1.b.), which have these three classes on the centre of the figure, the 
smaller classes (1) are on the left, while the larger classes (3) are mainly on the right. 
Chub and gudgeon have their larger classes on the centre of the figure.  Most Chub were 
captured by electricity, but some fish (only larger individuals) were caught by gillnet. 
Only 2 large gudgeons were caught by electricity. 

The second axis explains the temporal influence. Indeed, the data were 
represented by their sampling year (Fig. 1.3.1.1.d.). We can observe that the early 
samplings are below and the later are above. Both points on the centre (8 and 11) are two 
years with only few samplings (2 and 1 respectively). On the left side of the figure 
1.3.1.1.b., among the smaller size, we observe a large range along the second axis 
between Ppe1 and Nas2 versus SBr1. These three groups were not abundant and thus 
outlying on the figure by the COA. The first group was essentially captured during 1999-
2000 and the second one during the period 1994-1995.  

 
The case of Pike -Perch is of particular interest, the three classes are well 

separated in the three parts of the figure (left, centre and right). The greatest proportion 
of the fish was captured by gillnet but it was principally the third class which is the most 
represented. 
 

3.- Discussion 
 

Among the number of works on the comparison of method, few of them concern 
electricity vs. gillnet samplings (Growns et al. 1996). It is, indeed, not simple to compare 
a passive and an active method, however the need to use multiple sampling gears is 
required to get a representative view of fish community (Simon & Sanders 1999) and as 
Rulifson (1991) emphasised, "the use of different gears ensured that most size classes 
and species were sampled". As described by many authors (Zalewski & Cowx 1989, 
Casselman et al. 1990, Growns et al. 1996, Hutagalung et al. 1997, Wiley & Tai 1983 in 
Pusey et al. 1998, Simon & Sanders 1999) electricity was the best method to describe the 
community structure because the method is less selective and more cost-effective than 
the other methods available, at least in small and medium streams. Moreover, 
electrofishing is also capable of sampling inactive fish as well as actively swimming 
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individuals, while the gillnets are generally limited to sampling swimming fish (Growns 
et al. 1996). 

 
In the present study, the mean number of fish species caught by electrofishing 

was greater than that collected with gillnet (maximum 25 and 18, respectively). 
However, as Growns et al. (1996) mentioned, the extra species collected by 
electrofishing were usually the smaller species of the community (Alburnoïdes 
bipunctatus, Rhodeus sericus, Gasterosteus aculeatus, Phoxinus phoxinus  and Cobitis 
taenia) which generally did not occur in large numbers. The principal difference was the 
size class, with the mean length of those fish species captured with gillnet were generally 
greater than those of the same species caught by electricity. 

Some species or size-classes use mainly the bank as habitat (Tans, 2000) and 
were not captured by gillnet. However, the smallest mesh size of gillnet was 10 mm and 
we can suspect a selectivity for  some species and size classes which were in the main 
channel of the stream but were to small to be caught by this gear. In contrast, as young 
fish grow, they become less susceptible to capture by active gear but remain capturable 
by passive gear (Rulifson, 1991). Indeed, sometimes we observed big fish that can avoid 
the electric field (pike, pike-perch, chub). As described by many authors (Ainsle et al. 
1998, Kershner & Marshall 1998, Muller & Hubert 1998, Pusey et al. 1998), electricity 
efficacy was directly influenced by physical characteristics of stream (water 
transparency, conductivity, depth) and fish (size, abundance, species). A good example is 
the chub, which was mainly captured by electricity. But when caught by gillnet it 
considered, mainly bigger specimens. The pike -perch, which do not display a "modal 
distribution", are well-separated between the three parts of the COA-graph. We can 
explain that if the two techniques captured the three classes of this species, the smaller 
class were mainly captured by electricity, the bigger by gillnet and the intermediate by 
both techniques. Aside the selectivity, another disadvantage of gillnet is the dammage it 
causes to fish mainly to the skin, operculum and gills, regardless of fish size.  

As different species and size-class of same species are occupying a different 
habitat, it was interesting to combine several methodologies. However, electrofishing 
can be considered as the most appropriate technique to obtain qualitative information 
(species richness, size-class) and is considered as the best method to use for describing 
community structure. 
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1.3.1.2. – Electrofishing vs. Trawling – Dutch combination method 
 
 

Fish monitoring programmes in the River Meuse have different histories in 
different parts of the Meuse. As the character of the River Meuse changes with the 
distance from the spring, different methods and techniques have been developed for a 
representative sampling of the fish fauna. Water depth and surface area largely determine 
which technique can be used. In the lower parts of the Meuse in the Netherlands, where 
the river is deep and wide, two techniques are frequently used: (1) trawling with a large 
vessel in the main stream and (2) electrofishing with a small boat near-shore and in 
shallow areas. As both techniques are to some extent species and size specific, and the 
techniques are used in different habitats, samples of trawling and electrofishing represent 
different parts of the fish fauna. In chapter 1.3.1.3., the results of contemporary fishing 
events with different techniques are described. In this chapter, the results of fishing with 
both techniques in the Dutch part of the Meuse are compared for the whole database in 
different areas of the river and over several years. The main focus is on the performance 
of both techniques on estimating species richness and relative abundance of ecological 
guilds, as these parameters are used for most IBI metrics. 
 
1.- Material & Methods 

 
Data and sampling sites 

Data are available between 1992 and 1999 of river sections in The Netherlands 
sampled by both trawling and electrofishing. The areas under study are stretches of the 
main channel, typically 75-200 m wide (up to 500 m), and some additional back waters 
(20-150 m wide). The main channel is usually 4 to 10 m deep with shallower shore 
zones. The main stream river was divided in 5 larger river stretches (“regions” of 20-100 
km) with different river characteristics. Along the Belgium-Dutch border (Grensmaas-
Zuid) the main channel is shallow (usually < 2 m) running over gravel banks. Further 
north (Grensmaas-Noord), the river is more than 75 m wide and 4-5 m deep. Between 
Belfeld and Lith, the river is regulated through a series of sluices of which some have 
hydropower stations and few have fish passages. The shoreline mainly consists of man-
made stone structures. From Lith to Kerkdriel the Meuse is to some extent under the tidal 
influence. Relatively strong meanders, some back-waters, and sandy shores enrich the 
fish habitat perspectives. Further downstream to Lage Zwaluwe, the Meuse becomes a 
wider river (> 300 m) with (reduced) tidal aspects. Except for sluices, the river has a 
continuous character with little changes of habitat and little variation in water quality. 

Habitat quality was predetermined on local assessments of the fraction of 
stretches of natural shoreline (sand or vegetated, no man-made stony shore structures), 
irrespective of whether these elements were isolated or not, and qualified as good (score 
5), intermediate (score 3) or poor (score 1). These qualifications were usually arbitrarily 
because the potential effects of back-waters and natural shore structures on the fish 
community could not be assessed. Water quality in the Dutch part of the Meuse was 
considered as indifferent (score 3) among sites, because no sources for major changes in 
water quality were found and the continuous water flow through the main channel levels 
of potential differences. Each fishing event (a sample) was carried out over several 
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hundred meters (both for trawling and electrofishing, see below). Samples were 
distributed over river stretches of several kilometres and later (either or not) aggregated 
to the regions mentioned above. 

 
Trawl 

The trawl is a 3 m wide, 0.6 m high and 10 m deep bottom net with stretched 
mesh size of 20 mm. A 20 m long vessel (240 hp) tows the trawls for 10 minutes per 
haul (ca. 1000 m). Hauls were made in the main stream or near-shore areas of at least 2 
m deep and deep back waters in open connection to the main stream. The main stream of 
the Meuse between the Belgium border and the weirs at Linne could not be sampled by 
trawl due to low water tables. Within regions, typically several hundreds of ha were 
sampled per year (Table 1). 
 
Electrofishing 

Shorelines of the main stream, back waters and shallow parts of the main stream 
were sampled from a small boat by electrofishing (direct -current, ca. 4 kW, 6 A, 350 V). 
Stretches of variable length (~ 200-1000 m) are fished by aggregated point abundance 
sampling (ca. 0.7 m2 per m river stretch). Within regions, typically several tens of ha 
were sampled per year (Table 1). 
 
Table 1.3.1.2.a. Total surface areas (ha) sampled per river stretch per year for trawling and electrofishing 
 

 year GZ GN BL LK KLZ 
electro 1992 56.8 85.6    

 1994 23.4 45.9    
 1996 8.4 27.3    
 1997 26.7 64.4 0.2 12.5  
 1998 38.7 87.4 2.9 41.8  
 1999 22.7 71.4 0.0 16.3 4.1 
       

trawl 1992  341.8 103.5 58.4 227.8 
 1994  325.1 173.6 76.7 245.2 
 1996  107.5 7.5 12.5 365.9 
 1997    160.4  
 1998    176.4 67.6 
 1999    102.3  

 
GZ=Grensmaas-Zuid; GN=Grensmaas-Noord; BL=Belfeld-Lith;  
LK=Lith-Kerkdriel; KLZ=Kerkdriel-Lage Zwaluwe 
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2.- Results 
 
Performance of metrics at the level of samples 

As a first approximation of the performance of IBI metrics, metrics were 
calculated per sample, the lowest level of data aggregation. Analogous to studies on the 
performance of metrics in other chapters, metrics are plotted against a measure of the 
river continuum. The water shed area (WSA) used in other chapters is replaced here with 
the distance to the spring, which corresponds better to the channel-like nature of this part 
of the Meuse (the limited number of affluent side streams in the Dutch part of the Meuse 
would yield a discrete distribution in WSA rather than a continuum). 

 Among the IBI metrics selected for electrofishing data in the whole 
Meuse basin, the metrics total number of species, % rheophilics, and % intolerant 
individuals are the most discriminating (Chapter 4.2.1.). Total number of species is not 
discussed in this section because the number of species cannot be assessed on the level 
of samples, see subsequent sections dealing with more aggregated data for detailed 
analyses. 

The percentage rheophilic individuals was high in the Grensmaas (electrofishing 
data with short distance to spring) and lower in other areas further downstream (Fig. 1; 
ANCOVA on arcsine√-transformed percentages, P<0.05). In the trawl data, the 
percentage of rheophilics was much more variable with many zero observations and 
occasional high percentages. The percentage rheophilics was not related to distance to 
spring (ANCOVA, P>>0.05), with only a weak quadratic correlation (log(distance) 
squared, P<0.05). There was no correlation between percentage rheophilics and 
predetermined habitatscores, both in electrofishing data and trawl data (ANCOVA, 
P>>0.05). Similar results were found for the percentage individuals that are intolerant 
(i.e. sensitive) to water quality and the percentage individuals that are intolerant to 
habitat quality. 

 The relationships of metrics with distance to spring were weak and seem 
to reflect major characteristics in regions (hydrological and habitat deviate in Grensmaas 
and Lith-Kerkdriel from other river stretches) that are not related to the river continuum. 
There were no significant differences in the percentages rheophilics, water intolerant, 
and habitat intolerant individuals, respectively, between electrofishing and trawling, 
although the higher percentages in Grensmaas sampled only through electrofishing 
suggest  otherwise (see following sections for pairwise comparisons of river stretches). 
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Fig. 1.3.1.2.a. Examples of metrics against log(distance to spring) based on electrofishing (left panels) and 
trawling (right panels). Metrics were calculated per sample per year (not aggregated over river stretches or 
regions). 
 
Pairwise comparison of river stretches 

The river stretches ‘Grensmaas-Noord’ and ‘Getijdenmaas Lith-Kerkdriel’ were 
sampled sufficiently by both electrofishing and trawling to allow a pairwise comparison 
of the abundance (and probability of catching) of species in the same stretches of river. 
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This largely excludes longitudinal habitat effects, but still includes transversal habitat 
differences between trawling (main channel) and electrofishing (shoreline). 

 The relative abundance of the 10 most dominant species in both river 
stretches clearly demonstrates the variation in distribution of the species over the main 
channel and shore zone, respectively (Fig. 2). 
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Fig. 1.3.1.2.b. Relative abundance of main species in 2 river stretches (pooled data over years). 
 

Main stream species (ruffe, bream, pike -perch, bullhead) frequent the trawl 
catches, while shoreline species (ide, 3-spined stickleback) are relatively more abundant 
in electrofishing samples. The catchability of species like eel is highly enhanced by 
electric currents. This can explain the high relative abundance of eel in the electrofishing 
catches (in addition to possible habitat effects). 
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Metrics based on number of species 

Many metrics are based on (estimates of) the number of species, either or not per 
ecological guild. In large water bodies like lowland rivers, where only relatively small 
fractions of the total area can be sampled (see Karr, 1981, for discussion), the number of 
species observed highly depends on the sampling area. This phenomenon is well-known 
in the literature on biodiversity as the so-called ‘species-area curve’ (e.g. Gaston, 1996). 
Since species richness cannot be determined at the level of single samples, samples were 
aggregated over river stretches per sampling year (see Methods). Even on this relatively 
high aggregation level (i.e. large total sampling effort), species area curves were obvious 
for both sampling gears (Fig. 3). The rate of increase of species number with total 
surface area fished is similar in both fishing techniques, although electrofishing tends to 
encounter a little more species than trawling. The variance around the trend lines 
(expressed as 1-R2) is lower in trawling data (0.25) than in electrofishing data (0.41). 
Thus, species number is more robustly assessed for a given standardised sample area, 
through trawling than through electrofishing. It must be noted, however, that part of the 
variance in electrofishing is due to occasional catches of rare species that might be 
indicative for habitat or water quality (see following sections). 
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Fig. 1.3.1.2.c. Species-area curve for river stretches of the lower Meuse, the Netherlands. Each data point 
represents the number of species encountered per river stretch per year. 
 
Number of species per ecological guild 
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Several IBI metrics are based on the number of species within a certain 
ecological guild. Hence, the power of the IBI depends on the accuracy of assessing 
species number (see previous section) and the discriminating power of different 
ecological guild metrics. In the Dutch part of the Meuse, many species represent 
different ecological guilds. Among the 4 intolerant species observed, 3 species also 
represent rheophilic and lithophilic species (Table 2). Similarly, among the 8 rheophilic 
species, 7 are also representing the ecological guild of lithophilic species. Thus, the 
different metrics based on ecological guilds are widely overlapping. 
 
Table. 1.3.1.2.b. Species observed in the Dutch Meuse that belong to one or more ecological guilds 
representing habitat characteristics. 
 

species Lithophilic 
reproducer 

rheophilic intolerant 

smelt +   
pike   + 
asp + +  
dace + + + 
ide  +  
chub + +  
nose carp + + + 
barbel + + + 
gudgeon + +  
stone loach + +  

 
 

The implications of species overlap for the discriminating power of the metrics 
were further explored by plotting the number of species within an ecological guild 
against the total sample area per region (aggregated over years, see Fig. 4). Only in 2 
regions was the number of rheophilics different (by the presence of ide, see Table 2) 
from the number of lithophilic species. All three metrics showed similar patterns of 
(relative) difference over the regions. Therefore, including all three metrics in the IBI 
appears to add little to the discriminating power of the IBI for river stretches in the Dutch 
part of the Meuse.  

As mentioned before, the strong dependence of the sampling effort on the number 
of species observed in the data is a complicating factor in using species number in 
metrics. Simply correcting for sampling area is not an option, because the relationship 
between the number of species in an ecological guild and sample area is not straight 
forward. With limited sampling effort, the common species that are usually weakly 
sensitive to habitat degradation are overrepresented (“caught first”) while the rarer 
species (intolerant, rheophilics) are found relatively more in large samples (Fig. 4 and 5). 
The rate of increase of number of species with sample size is therefore higher when these 
habitat sensitive species are included relative to the rate of increase of tolerant species 
only (Fig. 5). Therefore, metrics based on number of species in ecological guilds are 
only powerful in (highly) aggregated data. This holds both for electrofishing and 
trawling data. 
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Fig.1.3.1.2.d. Relationship between number of species of an ecological guild and sample 
area. In the lower Meuse (The Netherlands) rheophilic and lithophilic species are the 
same species (except for asp). Hence, both metrics represent the same ecological 
conditions. Each data point represents a Meuse region sampled between 1993-1999. 
E=electrofishing, T=trawling, rheo=rheophilic species, lith=lithophilic species, 
int=species intolerant to habitat quality. 
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Fig. 1.3.1.2.e. Relationship between number of species and sample area. Intolerant species are rare and 
hence found only in large samples. Note diverging lines indicating the increasing fraction of rare intolerant 
species. Each data point represents a Meuse region sampled between 1993-1999.  E=electrofishing, 
T=trawling, tol=species tolerant to habitat quality, int=species intolerant to habitat quality. 
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Comparison of abundance estimates 

In addition to metrics based on the number of species observed, some metrics are 
based on abundance, e.g. the number (or %) of individuals of certain species groups. The 
accuracy of abundance estimates depends on the species, habitat and sampling variation. 
Effects of sampling variation on annual estimates of abundance are explored through an 
analysis of variance (ANOVA) on log-transformed abundances (Catch per Unit of Effort, 
CPUE) with the explaining factors year (for development of metrics over years) and 
region (unit of area for which the ecological quality is to be assessed). The coefficient of 
variation (CV, %) of the residuals of this model is an estimate of the contribution of 
sampling variation to the abundance estimates. Low CVs result in more accurate 
estimates and better assessments of developments of IBI metrics over time. 

Estimates of abundance are more accurate in trawl data for lamprey, bream, white 
bream, smelt, bullhead, ruffe, pikeperch and flounder, while for species like eel, bleak, 
asp, barbel, chub, ide, pike, and perch, electrofishing data are preferred (Table 3). 
 
 
Table. 1.3.1.2.c. Coefficients of variation (CV) based on samples from trawling and electrofishing, 
respectively, in 1992-1999. CVs are calculated from the residuals of an  ANOVA-model with year, region 
and habitat (main channel, shoreline or backwater) as explaining variables. The sampling technique with 
the lower CV (bold) is preferred for estimating (trends in) abundance.  
 

  CV trawl CV electrofishing 
Lamprey Lampetrus fluviatilis 495 823 
Eel Anguilla anguilla 196 94 
Bream Abramis brama 52 148 
White bream Blicca bjoerkna 93 347 
Bleak Alburnus alburnus 412 154 
Asp Aspius aspius 641 231 
Barbel Barbus barbus 444 262 
Nose carp Chondrostoma nasus i.d. 382 
Gudgeon Gobio gobio 175 168 
Chub Leuciscus cephalus i.d. 137 
Ide Leuciscus idus 257 90 
Dace Leuciscus leuciscus i.d. 282 
Roach Rutilus rutilus 81 75 
Pike Esox lucius 819 231 
Smelt Osmerus eperlanus 214 429 
Bullhead Cottus gobio 376 412 
Ruffe Gymnocephalus cernuus 111 195 
Perch Perca fluviatilis 164 96 
Pike -perch Schizostedion lucioperca  74 254 
Flounder Platichthys flesus 115 216 

  i.d.=insufficient data 
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3.- Discussion 
 
Data aggregation: metrics of species number 

Fish stock assessment in large water bodies is notoriously complicated (e.g. 
Bagenal, 1978; Buijse & Dekker, 1996; Coles et al. 1985; Hickley, 1996; Hickley & 
Starkie, 1985). In large lowland rivers, the sample unit (a trawl haul or stretch of river 
shoreline sampled by electrofishing) is, inevitably, small relative to the total area of the 
river stretch under study. Owing to species (and size) specific distribution over 
(micro)habitats in a river stretch, the abundance and species composition per sample is 
highly variable in addition to unaccounted variance resulting from (unknown) gear 
selectivity. Aggregation of data including several to many samples can overcome 
problems with replication, though not systematic, but unknown, deviancies from 
absolute abundances of fish. In a comparative way, both trawling (Hickey, 1996) and 
electrofishing (Harvey & Cowx, 1996) appear, however, powerful methods used in large 
rivers. 

 Estimates of species richness and abundance benefit from aggregation of 
samples. High levels of aggregation, on the other hand, level off potential differences in 
local, small-scale habitat quality. The appropriate level of aggregation is a matter of 
discussion. In lowland rivers consisting of broad main channels, there are no clear 
ecological boundaries and the spatial aggregation level is therefore highly arbitrarily 
chosen. Assessment of species richness further complicates determination of aggregation 
level, because of the ever -increasing number of species observed with increasing 
aggregation level (‘species-area curves’). 

 The data shown for stretches of river of about 10-100 km and sampling 
frequencies of more than 100 (ca. 10-350 ha) demonstrate that it is illusory to record all 
species. Thus, data aggregation is not a simple solution to improve the estimate of 
species richness. Moreover, the fraction rare species increased with sampling effort (Fig. 
5). 

Therefore, metrics based on number of species in ecological guilds are only 
powerful in (highly) aggregated data. This holds both for electrofishing and trawling 
data. Metrics of species richness, therefore, should be used only for aggregated data of 
standardised effort, appreciating that species richness is a relative measure in large water 
bodies. Because trawling and electrofishing have (1) different units of sampling area 
(swept area versus aggregated point abundance), (2) different selectivity's for species and 
sizes, and (3) sample different habitats (main stream versus shore), their performance on 
measuring species richness is trivial. However, within the current data set and 
monitoring program, electrofishing appears to record slightly more species than trawling. 
 
Habitat quality 

The relationships of metrics with distance to spring were weak and seemed to 
reflect major characteristics in regions, e.g. Grensmaas-Zuid (sampled only by 
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electrofishing) contains relatively large numbers of rheophilics or lithophilic 
reproducers, due to the occurrence of extensive gravel banks in contrast to the other 
areas. Also, the region Lith-Kerkdriel appeared to deviate from other regions, possibly 
due to nearby back waters along this part of the river. On the level of samples, there were 
no clear differences and no relation at all with predetermined habitat characteristics, both 
in electrofishing and trawling data. This is partly due to a too low level of aggregation of 
data resulting in large variance of metric results. More importantly, it is highly 
questionable whether the fish community can respond to local conditions defined on 
spatial scales of less than 1 km. As mentioned earlier, there are no clear ecological 
boundaries in the lowland parts of the Meuse. Most species of fish need very different 
habitats for different phases of their life cycle, but also within seasons or even days, may 
move over different habitats. Hence, local samples do not reflect local conditions. 
Therefore, different habitat requirements should be integrated over functional units of 
area that are, to some extent, meaningful to temporal and spatial distributions of fish. Not 
only should data on fish community in large, lowland rivers be aggregated for 
methodological reasons, but also for reasons of ecological functionality.  

 Electrofishing in the shore zone and trawling in the main channel are, 
therefore, complementary rather than alternative sampling techniques. 
 
Metrics of abundance 

In contrast to species richness, which intrinsically increases with effort and area 
sampled, estimates of abundance follow no trend with increasing effort. However, the 
accuracy of the estimate does depend on effort (or level of aggregation). The replicative 
and comparative power increases when sampling variation (expressed by CV) is lower. 
Comparing trawling and electrofishing data, 8 species showed lower CVs in trawling 
data, and 10 species showed lower CVs in electrofishing data. It, follows, that depending 
on the species included in an IBI metric of abundance, either trawling or electrofishing 
data are favoured. The metrics including rheophilic or lithophilic species or species 
intolerant to environmental quality, primarily include species with the lower CVs in 
electrofishing data. In the current set of metrics chosen in the IBI study for the Meuse, 
electrofishing data result in the best parameters. It should be noted, however, that when 
metrics are developed including more species that can be better sampled by trawling, 
both trawling and electrofishing results should be used in combination. 

The Water Framework Directive (WFD) of the EU states that in the near future 
the quality of river basins will be assessed inter alia on fish data including species 
composition, abundance and size structures. This will have implications for the selection 
of metrics and fish community assessment methods. 
 
4.- Conclusion 
 
Both electrofishing and trawling can be used to assess metrics for an IBI. 

Electrofishing and trawling sample different parts of the fish community: 
electrofishing mainly the species occurring near-shore and trawling those species that 
occur in the main stream. This influences the relative abundance, but only to little extent 
species richness. 
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In current monitoring programmes in the Netherlands, electrofishing results in 

little more species than trawling. 
 
Metrics based on ecological guilds (% rheophilics, % lithophilics, and % 

intolerant species) are widely overlapping. Therefore, including all three metrics in the 
IBI appears to add little to the discriminating power of the IBI for the large, lowland 
river stretches in the Dutch part of the Meuse.  

 
Metrics based on the number (or percentage) of species strongly depend on 

fishing effort. IBI’s in lowland rivers can only be assessed on aggregated data which are 
obtained from highly standardised spatio-temporal monitoring data. 

 
The accuracy of abundance estimates is gear-specific on the species level. 

Electrofishing data are preferred for most metrics of abundance based on ecological 
guilds, identified as good parameters for an IBI in this study. 
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1.3.2 Multiple comparison based on common operations 
 
1.3.2.1. Wadeable streams 
 
The Vimbe at Laveau (Belgium) 
 
1. Study site 
 
The Vimbe is a 6 meters wide, second order stream that runs with a medium slope (3.8 
‰) across grasslands. It is classified as “Grayling zone” following the Huet zonation 
(1949). Habitat is composed for 70% of “running” (0.3 m deep, high water flow) and 30 
% of “plat” (0.6 m deep, medium water flow). 
 
2. Material and Method 
 
The goal of the operation was to compare the effect of operators and material (electric 
features) of a French (Team 1) and a Belgium team (Team2), using respectively a “Heron 
type” and a “DEKA type” electric generator. Two contiguous and homogenous stretches, 
respectively 130 and 150 meters long, separated by a crosswise net were sampled. 
Wading dowstream to upstream with two handled anodes has prospected the total width 
of each stretch. 
 
3. Results 
 
Table 1.3.3.1: Overall results for the Wimbe 

 
 Team1 (France) Team2 (Wallonia) 

Fishing effort (m2) 910 1050 
Species richness 11 14 

CPUE (Ind./100m2) 50 86.05 
CPUE (Weight :g/100 m2) 644 1139 

 
Species richness in Sample 2 (14 species) was higher than in Sample1 (11species). 

This difference mainly concerned very rare species, which constituted less than 1 % of 
the samples (in term of number of individuals). For example, eel, brook lamprey, 
grayling, roach and perch have been caught exclusively by Team 2, while Pike and 
Three-spined Stickleback were only caught by Team 1 (Fig3.3.3.1). 
The same trend was observed for total Catch Per Unit Effort (CPUE), as the sample from 
Team 1 was smaller than from Team 2, either for relative abundance (50 Ind/100 against 
80 Ind. /100m² for Team 2) and biomass (644 g/100 m² against 1139 g/100m²) (Table 
1.3.3.1). This difference between samples was stressed by the comparison of the relative 
abundance of the species caught: Minnow and Stone Loach densities were strongly 
higher in sample 2, while Gudgeon and Stream bleak densities were higher in sample 1. 
Nevertheless, if we considered the fish structure in term of the proportion of the different 
species (Fig. 3.3.3.1), the difference between the two samples was very small. Indeed, if 
we considered the 10 species which represented more than 95 % of the captures, the 
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greater difference concerned the proportion of Stream Bleak (10 points difference) while 
differences for others species were not greater than 5 points. 
 
4. Discussion 
 

Considering the list of species caught by both teams, which were using different 
electrical equipment, the difference of fish community structure given by the two samples 
was greater than expected for this type of river. A significant difference of densities was 
also highlighted, particularly for a small group of species. Various hypothesis can explain 
these differences. 

The first one is independent from the “operator and material effect” tested, but 
could rather be related to the spatial variability of streams habitat and the mode of 
distribution of fish within those habitats (patchiness). Although we took care of choosing 
two contiguous and roughly homogenous stretches in terms of habitat representativeness, 
it was quite impossible to expect the same fish composition in both stretches of the 
stream. It is particularly true for solitary species which probability to be captured become 
very low. This could explain why Perch and Pike, which presence is moreover very 
marginal and unprobable in these types of streams, have been only recorded in one of the 
two samples. But this very low frequency of species considering stream characteristics 
(slope, distance from source, altitude) is undoubtedly the main cause of difference 
between the two list of species. Indeed, the more abundant is a species at a given site, the 
more probable is its capture by samplers. We could have reduced the spatial variability if 
the second team had fished the same stretch few days after the first one, as we proceeded 
for the Semoy at Haulmé. But even in this case a transient event such as a rainy day 
occurring just before the operation could modify the stream discharge and then affect the 
reproducibility. Another way to improve the precision of fish assemblage assessment 
would have been to prospect by multiple electrofishing passes (Seber & Whale, 1970, 
Pusey et al. 1998). 

A significant part of the difference between CPUE could be explained by the 
contrasted sampling effort (1050 m² prospected by Team 2 against 910 m² for Team 1), 
as it has been proved that an increasing effort often lead to a greater number of species 
and individuals captured (Paller, 1995). 

The difference of total CPUE and densities of species is probably more related to 
the “operator and material effect”. Indeed, the strongest differences concern benthic 
and/or smallest species (3-spined sticklebacks, minnow, stone loach, stream bleak and 
gudgeon). It has been already observed (Halsband 1967, Regis et al. 1981, Balayev, 
1980.) that species had contrasted response depending on the nature of electric stimulus 
(voltage, intensity and type of current). For example, our experience tells us that with the 
“Heron system”, small benthic species often remain tetanized at the bottom of the stream. 
It is also well known that species like eel and brook lamprey has a longer latent period 
after electric stimulation. But this phenomenon is quite difficult to quantify.  
Human factor  
Human influence is known to be a significant factor of bias in the results of electric 
fishing, as this method supposed an active prospection of the potential habitats for fish 
(Chancerel 1992). Thus, whatever the electric equipment used, the experience, attention 
and skills of operators, particularly the handnet-men, have a great influence on the 
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results. This is particularly the case for small species or individuals that can be easily 
missed.  

But even if fish samples are somehow different in terms of total CPUE and 
densities of the species, those differences weakly affect the whole assessment of fish 
community structure represented by the proportions of species (% of total abundance) 
and more synthetic describers (number of rheophilic species, % of intolerant 
indivivuals…). Then the main features of fish community structure are roughly robust to 
operator influence and the material used. 

It was also necessary to test the influence of the prospection method. Because it 
ensures the prospection of every habitat and thus leads to the catch of about every species 
present in their representative proportions (i.e. not far from reality), continuous electric 
fishing has been recognize as the most efficient sampling method for a long time. But 
when fishes are very abundant and when the river is too wide or deep to allow a complete 
prospection, this method can become very time consuming. Given the patchy distribution 
of fish within the potential habitats of streams and the strong link between species and 
their habitat for feeding, reproducing or protecting, a new discrete method has been 
successfully used in France for monitoring fish in large rivers. It consists of sampling 
every habitat type represented in the studied stretch of the river in a discrete way. These 
habitats (called “ambiances” to point out the overall conditions of the environment) 
which constitute sub-samples are identified by a combination of physical (flow, depth, 
substrate size) and ecological characteristics (situation within the stream, vegetation 
cover, anthropic construction, shelters…). The surface prospected is proportional to the 
river type and ranges from 20 to 100 m². The number of repetition for a given 
“ambiance” is proportional to its importance in the section of the river. Since this method 
has been use to collect a significant part of the samples from French data set, it was 
important to check the similarity between this new method and more usual one. To reach 
this goal it was necessary to choose a wide (where the method proposed is of interest), 
but not to deep river to allow an exhaustive sampling that will constitute the reference in 
term of community structure. The Semoy at Haulmé looked suitable for this experiment. 

 
The Semoy at Haulmé (France) 
 
1. Study site 
 

The Semoy rises in Belgium and runs across the Ardennes massif to flows into the 
river Meuse in France. At Haulmé (few kilometers upstream from the confluence), it is a 
25 meters wide river, with 1.2 % slope, classified as “Barbel zone” following Huet 
zonation. Habitat is composed for 70 % of “Plat Courant”, 10 % of riffle and 10 % of a 
pool. A 200 meters long stretch representative of this section of river has been studied. 

 
2. Material and method 
 
The whole target area, say the section of river studied (about 10-fold the river width), is 
divided into homogenous units in terms of habit type. A brief map representing those 
habitats, their distribution and respective proportion in the station, was outlined prior to 
the operation, in order to define and plot the “ambiances” to be prospected. An 
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“ambiance” is then defined as a sub-sample of the habitat, and it corresponds to restricted 
zones, 20 to 80 m² (exceptionally 100 m²) depending of the surface of the homogenous 
unit it represents. On the basis of this work, 11 “ambiances” have been identified and 
prospected. The prospection of each “ambiance” consisted in electrofishing continuously 
the total surface previously delineated.  
Three days after that previous operation (time supposed to be sufficient enough for fish to 
recover their original condition), a second fishing expected to bring the most realistic 
picture of fish assemblage was implemented. It consisted in sampling continuously the 
whole surface of the section studied. Since the aim was to be as exhaustive as possible, it 
involved 7 anodes-operators assisted by 16 hand-nets carriers, equally distributed over 
the width of the streams, who moved together upstream. Due to the station length and for 
other practical reasons, we preferred to implement this single but heavy sampling effort, 
rather than several repeated. 
 
3. Results 
 

Table 1.3.3.2 Overall results for the Semoy 
 

 Ambiance (sample1) Exhaustive (sample2) 
Fishing effort (m2) 4750 702 
Species richness 17 17 

CPUE (Ind./100m2) 67.6 118.1 
CPUE (Weight(g)/100 m2) 1279 1078 

 
Whatever the method used, seventeen species were captured in the studied section 
(Table1.3.3.2). But total CPUE are quite different: Total Biomass was somewhat higher 
in “ambiance sample” (1279 g/100m² against 1078 g/100m²) while Total Abundance was 
2 times greater in “exhaustive sample” (118.1 Ind./100m² against 67.6 Ind./100m²). This 
apparent contradiction will be discussed later.  
As a rule, the relative abundance of dominant species was greater in the “exhaustive 
sample” than in “ambiance sample” which is consistent with the previous result. 
Nevertheless, for roach, pike and bleak, the relative abundance was greatest in “ambiance 
sample”. The greater deviation concerned minnow and at a lesser extend stone loach, 
barbel and roach, while the differences for other species were very weak.  
Comparing the proportion of species (i.e. % of total abundance) the differences between 
samples remained important except for rare species (Fig. 1.3.3.2). Both samples were 
dominated by minnow but its proportion in the assemblage was greater in “exhaustive 
sample” (44 %) than in “ambiance sample” (27 %). A strong difference between the 
samples was also noticed for stone loach which proportion was greatest in sample 2. 
Conversely, some species like roach (11 %) and pike (7 %) looked overestimated by the 
“ambiance method” since those species represented less than 1% in exhaustive sample. 
 
4. Discussion 
 
It is interesting that despite a considerably reduced effort for the “ambiance method” (702 
m² and 4 operators for fishing against 4750 m² prospected by 23 operators), both methods 
lead to the same list of species. Nevertheless, it was obvious that Total Abundance and 
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Biomass (i.e. CPUE) and respective abundance of the dominant species seemed 
underestimated, particularly for the small benthic species; or conversely overestimated by 
the “ambiance prospection” for roach, bleak and pike. Some hypothesis related to the 
characteristics of the mode of prospection “by ambiance” could explain those results. 
First this method particularly aims at capturing every species present in the stretch 
through the prospection of every habitats represented. Considering the species richness, 
there is no doubt that the method is efficient to reach this goal. Secondly, the deviation 
observed for densities of benthic species could result from the high frequency of these 
species within the stretch with a low specificity to a given habitat. Since these species are 
very abundant in quasi every habitat in the studied stretch, they are abundantly sampled 
by the “exhaustive method” and less caught by the ”ambiance method” which gives a 
greater importance (relatively to their representativness in term of surface) to particular 
habitat types, expected to bring rare species. This last remark also explains the usual 
overestimation of rare and more solitary species like pike, or gregarious species like 
bleak or roach. Indeed, for the former one, pike-specific habitat (side arm and/or 
macrophytes) was very restricted at Haulmé in term of surface ratio (<1% for this 
station), whereas this specific habitat represented one “ambiance” over the eleven 
“ambiances” really prospected (i.e. about 10% of the sample). Thus the overestimation of 
Pike (in term of abundance) within the fish community was not surprising. Furthermore, 
if a particular habitat neither dominant in the station, but which enclose a shoal of Bleak 
or Roach (or other gregarious species) was represented at least once in the prospected 
habitat, this will also overestimate the contribution of those species in the whole 
assemblage.  

Thus the question of the relative importance of the discrete habitats (i.e. 
“ambiance”) prospected constitutes the major drawback of this method. That’s why 
special attention should be given to the stage of habitat description and “ambiance” 
choice. 

Beyond the particular deviations between both methods, observed for some 
species at this site, the global structure of fish assemblage was roughly similar. This is 
confirmed by the study of the candidate metrics to be used in the fish based index we 
will propose, as only few metrics over twelve (CPUE(dens), %TOL and at a lesser 
extend % INV) was really affected by the method effect (Cf Annex). Then mixing data 
recorded with these different methods should not affect the homogeneity required to 
design a fish-based index by the way of synthetic and functional describers (i.e. metrics). 

It is also important to note that the use of a “stratified discrete method” is 
especially of interest in the case of non-wadeable stream. It was used experimentally in 
this river to enable the comparison. 
 
1.3.2.2. Large rivers 
 

The study of fish taxocenoses in large rivers through the assessment of species 
densities is recognised as one of the most difficult problem in current ichtyology (Persat 
& Copp 1990, Penczak & Romero, 1990). When rivers become too wide and/or deep to 
allow a complete and efficient sampling, several gears (trawl, traps, gillnets, electric 
fishing, echosounding) and methods (continuous electric fishing, repeated successive 
sampling, point sampling method, “Ambiance method”..) have been proposed to get the 

 65 



Life Env / B / 000419 Final Report 

most realistic sample of species assemblage possible. But whatever the method used, it is 
widely admitted that estimating absolute fish density and biomass is thoroughly illusory. 

Nevertheless, depending on the objective of the study (e.g. population vs. 
community approach) and the river type, each of those methods may have its own 
advantage which legitimates its use in the National monitoring programs in which the 
partner of the project are involved. In order to clarify the differences between the most 
usual methods and to specify their respective advantages in the frame of fish community 
survey and river quality assessment, a significant effort has been allocated to this 
question. Two problems were particularly stressed: To what extend the monitoring 
methods used by the partner to sample fish communities are different? Which method is 
the most efficient, robust and cost effective to be proposed to build and use a fish-based 
index in the Meuse basin? 

 
1. Study sites 

RQ : Two fisheries were not considered in this paragraph due to bad conditions during sampling or 
lack of homogeneity of data. Indeed, at Amerzoden, in the Netherlands, bad weather and reduced time 
disturbed the achievement of the stratified sampling by habitat. Moreover the continuous electric fishing 
method used by the FUNDP team at Chooz, was somehow different (reduced effort and unique sample) 
from that usually used by IBW. It has therefore been decided not to include those results in the comparison 
for large rivers. But results are shown in annex number? 
 

Practically, six operations in the downstream part of the river Meuse were carried 
out:  

 
The Meuse at chooz (France) 
The Meuse at Chooz is located 480 km from the source. It is a large (70 meters wide), 
pseudo-natural meandering river with low slope (0.3 ‰), which abandoned side arms and 
small islands along its course. The hydromorphology of the river is dominated by a 2 
meter deep lenitic channel for 65 % and runs (0.5 m deep) for 25 %, separated by narrow 
riffles (10 %). 

 
The Meuse at Aubrive (France) 

This reach is located 470 kilometres from the source. It is a large (60 meters wide) 
navigated reach with low slope (0.3 ‰) limited by two dams. The hydromorphology of 
this 3.5 kilometres long reach, is far dominated by a lenitic channel (2 meters deep). 
However, the dam foot artificially represents a lotic habitat. Macrophytes beds composed 
by Waterlily and Pondweed and large woody debris are the main fish covers. The riparian 
vegetation and bank structure are variable in this reach. 

 
The Meuse at Namur (Belgium) 

Some kilometres upstream Namur, the Meuse is a very large (100 meters) 
navigated river, located 570 km from the source, in a built-up area. Even so some 
preserved zones (e.g. a small island and patchy distributed habitats) are represented. The 
reach about 4 kilometres long, is limited upstream by a dam. Except for this dam, the 
main part of the reach is dominated by slow water flow and deep channel, but a variety of 
riparian structures and bank condition offer an interesting diversity of habitat.  
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The Meuse at Liège (Belgium) 
This stretch of the river Meuse located at Herstal, few kilometres upstream Liège in an 
industrial context, strongly suffered from heavy anthropic influences, which are 
characterised by an obvious water pollution and a significant alteration of habitat quality 
as indicated by the high proportion of embankment and enrocked banks. 
 
The Meuse at Maastricht (Frontier) 

In the region of Maastricht, the river Meuse constitutes a natural frontier between 
Belgium and the Netherlands. It looks like a wide (80 meters) and deep (>2m) navigated 
channel laterally delimited by dykes. But regularly, backwaters, side arms or haven more 
or less connected to the main stream reflect the former meandering regime of the river. 
The selected stretch 6 kilometres long was located around Ohé-en-laak, a village situated 
few kilometres downstream Maastricht. 
 
2. Material and method 
The aim of the study was to compare several approaches for sampling fish communities 
in large rivers, employed by the partners of the IBIP project in their national monitoring 
programs.  
In a first step we compared two techniques of electrofishing at four locations, sampled 
simultaneously by two teams using respectively a stratified method by habitat type 
developed in France and a systematic method usually employed in Belgium.  
 
Electrofishing 
The first electrofishing technique consisted in sampling every habitat type represented in 
the reach, that were considered of particular interest for fish and representative of the 
river in the area. Indeed, besides the relative homogeneity of such low gradient rivers, say 
low water flow, thin bottom substrate and high depth, it was possible to identify during a 
preliminary stage of marking off, various habitats types. They could be differentiated 
through a standardised list of criteria relative to the position within the reach (mid-
channel, bank), hydro-morphologic features (riffle, pool, run), instream cover (boulders, 
macrophytes, undercut banks, woody debris), substrate size, characteristics of riparian 
vegetation and bank condition, as well made-man influences (dam, weir, haven, 
effluents). Then a brief map representing those habitats, their distribution and respective 
proportion in the station, was outlined prior to the fishing, in order to plot the habitats to 
be prospected. As they reflect the surrounding environmental (ambient) conditions that 
really influence physiological functions and behaviour, at an intermediate scale between 
micro-habitat and meso-habitat (e.g. morpho-hydraulic unit such as riffle and pool) 
reflecting probably more realistically the permanent constraint for fish, these habitats 
were called “ambiances”. An “ambiance” could then be defined as a sub-sample (or 
quadrates), with fuzzy contours and variable dimension ranging from 20 to 100 m², 
depending on the river type and the importance that habitat type within the reach. Each 
“Ambiances” must be prospected at least once, but the most typical ones were sampled 
twice or three-times to account for their relative proportion in the reach. On the basis of 
this work, about thirteen “ambiances” in average (eleven to sixteen) have been identified 
and fished according to the diversity of the site. The prospection of each “ambiance” 
consisted in electrofishing continuously the overall surface previously delineated, by 
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handling a single anode and two hand-nets from a boat. Fish were processed (i.e. 
identified to species level, measured and weighted) directly on the boat and immediately 
released afterward if “ambiance” were far enough from each other, or otherwise at the 
end of the operation. 
The second electrofishing technique consisted in sampling three stretches 250 meters at 
both banks, regularly distributed within the studied reach. A 2 meters wide strip along 
both banks was continuously prospected from a boat with two anodes supplied by a net. 
After a stretch had been sampled, the fish caught were processed by the second team 
remaining on the bank, and released in the river afterwards. 
Whatever the mode of prospection used, the limits of the reach to be studied should be 
objectively defined and in a standardised manner, particularly because it has a great 
influence on the total density and weight (Paller, 1995). 
In a second step, we compared four techniques carried out at three locations: the two 
electrofishing methods previously described, gillnets and trawling. 
 
Gillnets 
Gillnets are usually used by FUNDP to complement electrofishing. Seven gill-nets 25 to 
50 meters long, with various mesh-size ranging from 15 to 70 mm were settled parallel to 
the river flow and left during 2 hours.  
 
Trawling 
Trawling, usually used by RIVO, was implemented with an aluminium boat, 8x2.5 
meters, equipped with a 60Hp motor, witch hauls a beam-trawl, 3 meters wide and 0.6 
meters high. The mesh size decreases progressively until the end of the mesh size is ). Six 
to ten hauls (i.e. transects), were carried at a speed of about 6 km per hour, usually for a 
period of 10 minutes. The number and the duration of hauls depend on the weight of fish 
caught and the amount of problems met, due to hooking at the bottom. Fish were 
processed onboard and released to the river afterwards. 
R.Q.: As the RIVO-DLO operators and ship could not be free at those dates, AQUATERRA-Inc. has been 
requested to implement the trawling operations using the same methodology. 
 
Data analysis 

The comparison of sampling methods has been implemented through different 
ways. First we compared the list of species caught with a particular emphasis to the 
ecological significance of these species considering the river type and their relative 
proportion (i.e. percentage of the total abundance). We therefore focused on the 
proportion of the most dominant species.  

The comparison of sampling methods according to the overall structure of fish 
communities has been analysed through Corespondance Analysis (Hotelling, 1993). 
Species with low occurrence (i.e. species that were only caught at one site by one 
sampling method) were removed from the data set to overcome for trivial results due to 
high inertia of extreme values. In the same way, abundance of species (CPUE) were Log-
transformed (log X+1 due to the presence of 0 in the data) to homogenise the variance 
and enhance the normality of the data. In order to examine the respective influence of 
station variability and sampling method effect on the variability of fish communities, and 
to focus on one particular aspect, Between or Within group analysis (Dolédec & Chessel, 
1987, 1989 & 1991) were carried out. The choice between those methods depended on 
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the part of the variability initially explained by the respective effects. These methods of 
data analysis were preferred to the more classical “Discriminant Analysis” due to the low 
number of samples. A Monte-Carlo permutation test (Manly, 1991) was also 
implemented to study the statistical signification of the method effect. 

Finally several global describers of a fish community, have been selected to 
summarise the comparison of samples: Species richness, total abundance (CPUE) and 
other global metrics used in the “Meuse Fish Index” (% of Intolerant individuals, % 
Omnivorous individuals, % Litophilous species and % Rheophilic species). When 
possible, i.e. when the variables used met the conditions of comparability (e.g. sampling 
effort), the robust Friedman’s statistic test for paired samples was run to study the 
differences between methods. 

 
3. Results 
 
Comparison of four sampling methods: two electrofishing techniques, gillnets and 
trawling 
Species caught 

Four species (Acipenser sturio, Carassius auratus, Leuciscus idus, and Silurus 
glanis) which were only caught at one location by a sole gear, could be considered as 
casual or rare species (Fig1. 3.3.2-1). At a lesser extend brown trout (Salmo trutta fario) 
also seemed to be sporadic. roach (Rutilus rutilus) was the unique species sampled by 
every gear at all sites, but other species such as bream (Abramis brama), bleak (Alburnus 
alburnus), perch (Perca fluviatilis) and ruffe (Gymnocephalus cernuus) were caught by 
almost every gear when they were well established (i.e. abundant) at a site. It is important 
to note that even if they were frequent, as attested by some other results, given gear never 
captured some species. Indeed, stone loach (Barbatulus barbatulus), nase (Chondrostoma 
nasus), and barbel (Barbus barbus) were never caught neither by gillnets (Net) nor by 
trawling (Traw). Furthermore eel (Anguilla anguilla), gudgeon (Gobio gobio) and dace 
(Leuciscus leuciscus) were never found in “Net” nor chub (Leuciscus cephalus) in 
“Traw”. It is also interesting to stress the fact that bitterling (Rhodeus sericeus amarus) 
was the only species to be caught by a unique method (“Syst”) at two locations.  

The contrasted occurrence of other species in a sample or another was probably be 
more connected with sites features, or could further concern the relative abundance of 
species, studied in the following paragraphs. 
The study of the similarity (sites average) between methods was a good way to synthesise 
those previous results (Fig 1.3.3.2-2). The Jaccard’s index (in Legendre & Legendre 
1979), which gives a greater importance to occurrence criteria , clearly pointed out the 
highest similarity between electrofishing methods (mean >0.7), while the mean similarity 
between “Net” and “Traw” samples was strongly lower (S=0.45). Furthermore this last 
was not significantly different from other combinations (Amb/Net, Syst/Net, Amb/Traw 
and Syst/Traw ranging from 0.28 to 0.4) expected to be logically lower. Furthermore, a 
greater account for the relative abundance of species was allowed by the use of Sorensen 
index (Legendre & Legendre, ). Fig. 1.3.3.2-2 shows that “ambiance” method (“Amb”) 
was not significantly closer to “Syst” (S=0.32) method than to “Net” and to “Traw” 
(respectively 0.31 and 0.33), and not clearly different from “Net/Traw” similarity 
(S=0.4). In contrast “Syst” sample seemed farther from “Net” and “Traw” (respectively 
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0.17 and 0.22). And as a rule, whatever the electrofishing method considered, the 
structure of fish assemblage looked closer to “Traw” than to “Net” one, despite the fact 
that this difference was not statistically different (p=0.15). 

Abundances of the most frequent species 
Due to the contrasted sampling efforts and the resulting heterogeneity between the 

four methods employed, it seemed hazardous to compare the densities of species 
expressed through CPUE (number of individual per 100m²), but the results of log-
transformed densities is given in Annex 1.3.3.2. However, it was more robust to study 
even so abundances, expressed as the percentage of total abundance, which fairly depicts 
the main features of the fish community structure. The results for the four most dominant 
are displayed in Fig. 1.3.3.2-3. As previously mentioned, the opposition of two groups of 
methods, electrofishing methods in one side and gillnets and trawling in the other side, 
was confirmed for bream. Indeed, its proportion was higher in “net” and “Traw” samples 
than in electrofishing methods (p=0.04). The proportion of bleak was highest in Trawling 
samples, but surprisingly, the value for “Ambiance” methods was also high. Whereas for 
Perch, the proportion from Gillnet method was significantly higher than from others 
(p=0.04). Considering roach which is undoubtedly the dominant species in the fish 
community, even if the graph suggested that “Syst” leads to a greater proportion than the 
three other methods, this difference was not statistically significant (p=0.14).  

Functional describers 
The results based on several candidate metrics for the final Biotic Index brought 

new evidence of the clear segregation suspected between the two groups of methods 
(Fig.1.3.3.2-4). Concerning the metrics relative to species richness, a significantly greater 
(p=0.04) number of species was recorded by electrofishing methods (About 17 against 
less than 10 for “Net” and “Traw”). The same difference was noted for the proportion of 
species as Intolerant (%SpInt), litophilous (%SpLit), rheophilic (%SpReo) and bentic 
(%SpBent). Considering the metrics based on abundances, CPUE in “Syst” sample 
looked higher than in the others (but with a high variability between sites) while 
abundance for trawling looked very lower. However, the results were not statistically 
significant (p=0.12). A greater proportion of Tolerant and Omnivorous individuals in 
“Net” and “Traw” samples can also be outlined, even if the last one was not statistically 
significant (p= 0.05 and 0.12 respectively). There was no significant difference between 
methods for Simpson’s Index of diversity, which combined occurrence and distribution 
of abundance within taxa, and the high variability suggested a greater “site” effect”.  

Community structure as a whole 
The first two axis of the simple Correspondence Analysis on the log-transformed 

data of species abundance (CPUE), which explained 58% of the total variability were 
retained (Fig. 1.3.3.2-5A. The first factorial plan (axis 1 and 2) of samples could be 
analysed through two contrasted points of view (Fig. 1.3.3.2-5B). The first one described 
the samples plotted at the centre of gravity of sites while the second plotted the samples 
at the centres of gravity of methods. These graphs pointed out the predominance of the 
methodology effect on the axis 1 which separated electrofishing methods situated on the 
negative side, from trawling and gillnets on the positive side. However, the location 
effect was still important on the axis 2, which represented 22 % of the variability and 
consequently a strong interaction between space and method is probable. To further focus 
on the comparison of methods only, we used a Between-group (methods) 
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Correspondence analysis to answer the following question: What in the structure of fish 
community depends only on the methods used? The main difference between methods 
was described by the axis 1, which explained 71 % of the between-group variability (Fig. 
1.3.3.2-6A). This difference principally reflects the contrasted fish assemblages collected 
by electrofishing methods and both gillnet and trawling previously observed (Fig. 
1.3.3.2-6B). Samples given by the last two methods were characterised by a greater 
importance of a group of species composed by bream (AbraBra), ruffe (GymCer), White 
bream (BliBjo) and pikeperch (StiLuc) located on the left side, far from the centre of the 
map (Fig. 1.3.3.2-6C). On the other hand, fish samples collected by the electrofishing 
methods were more influenced by the abundance and/or the occurrence of dace (LeuLeu), 
stream bleak (AlbBip), stone loach (BarBus), minnow (PhoPho), barbel (BarBar) and 
three-spined stickleback (GasAcu) and at a lesser extend chub (LeuCep), all located 
closely to the axis-1 on the right end. Moreover two other groups of species were 
discriminated along the axis-2 representing 20 % of the between-group effect. The first 
one, gathering bitterling, rudd, gudgeon (GobGob) and nase (ChoNas), all situated at the 
top of the map, describe the particularity of “Syst” samples, while bulhead (CotGob), 
bleak (AlbAlb), brown trout (SalFar) and eel, located on the negative part of the map, 
mostly discriminated “Amb” samples from the others. However, it should be noticed that 
a significant part of this axis was due to the high influence (inertia) of a particular site 
prospected following “Syst” method. As they were located around the centre of the map, 
Roach (RutRut), and Chub represent the most common species to every sampling 
methods. 
Focusing on two electrofishing methods: spatial variability and methodology effect  

Species caught 
Considering the list of species caught at the four comparable sites (Cf. Fig. 1.3.3.2-

7), it was possible to identify different categories of species according to their frequency. 
As they were caught only once (i.e. one location and one sampling method), some species 
could be considered as casual or rare. Over 30 species potentially capturable, considering 
the whole sample, 10 species belonged to that group. It was the case for crusian carp 
(Carassius carassius), goldfish (Carassius auratus), common carp (Cyprinus carpio), 
pike (Esox lucius), pumpkinseed (Lepomis gibbosus), moderlieschen (Leucaspius 
delineatus), catfish (Silurus glanis), pikeperch (Sander lucioperca) and rudd (Scardinius 
erythrophtalmus) that seemed randomly captured by a method or the other.  

Even if they seemed especially restricted to one or two locations, other casual 
species like Alburnus bipunctatus, ruffe (Gymnocephalus cernuus), Three-spined 
Stickleback (Gasterosteus aculeatus) and Minnow (Phoxinus phoxinus), were caught by 
both methods.  

Almost every dominant species was caught in every site by both teams : gudgeon 
(Gobio gobio), chub (Leuciscus cephalus), eel (Anguilla anguilla), roach (Rutilus rutilus) 
and perch (Perca fluviatilis). At a lesser extend, bleak (Alburnus alburnus), barbel 
(Barbus barbus) and dace (Leuciscus leuciscus), could also be considered as typical in 
these low order stream, were represented in about every sample, except once (at two sites 
for “ambiance” method and one site for “systematic” method). If bleak and dace were 
absent from samples, one can verify that it is due to their low representation (i.e. 
probability of capture) at that location, as attested by the low proportion recorded by the 
other method. 
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Bitterling was the only species that never occurred in “ambiance” samples while it 
was caught by “systematic” methods in two locations. The “ambiance method” also 
missed twice the Nase (Chondrostoma nasus), but this species was captured elsewhere 
using this method.  

Other differences between both methods could be mentioned, but they rather 
concern the sporadic presence or absence of a species probably due to site factors. 
Abundance of the most frequent species  
Focusing on the differences between methods concerning the proportion (i.e. the 
percentage of the total abundance) of the most dominant species, it was difficult to 
display a prominent trend (Fig.1.3.3.2-8). There was no clear difference between methods 
for roach, perch, dace, eel and bream. The proportions of gudgeon and nase recorded by 
“Systematic” method were slightly higher than for “Ambiance” ones ; while it was the 
opposite for bleak, chub and at a lesser extend for barbel. But these differences were not 
statistically different (Friedman’s test, p>0.05). 

Functional describers (Fig. 1.3.3.2-9) 
The main differences between both methods that could be noticed, through the 

study of the mean of several synthetic describers of fish community, concern the 
percentage of Omnivorous individuals (%Omn), the percentage of Tolerant species 
(%SpTol), the percentage of Intolerant species (%SpInt) and at a lesser extent the total 
abundance of individuals (CPUE). The two last are greater for “Syst” sample while the 
two former describer are greater for “Amb” one. But Friedman’s test indicated that those 
means were not significantly different between methods (p>0.05), except for %SpInt 
(p=0.045). 

Whole community structure  
The first two axis of the Correspondence analysis (CA) explaining about 62% of 

the whole variability were selected (Fig 1.3.3.2-10A). This variability can be divided into 
two main components : space and sampling method. As we proceeded in the previous 
paragraph, the position of samples in the factorial map was grouped by sites and by 
methods to examine the relative influence of these effects, before enhancing the study of 
sampling methods. In this representation (Fig. 1.3.3.2-10B), the samples from a given site 
were plotted at the centre of gravity of the methods and conversely, samples from a 
sampling method were plotted at the centre of gravity of sites. The plan (1-2) of the 
factorial map of samples shows a strong discrimination of sites according to both axes: 
the main difference concerned the separation of Liege (Lieg) along axis 1 while the axis 2 
described a gradient from Aubrives (Aub) in the positive part of the axis (at the top of the 
map) to Maastricht (Maa) in the negative part (at the bottom). Considering the samples 
grouped by methods, the difference was clearly weaker than previously. So the factorial 
map of species (Fig. 1.3.3.2-10C) mainly explained the spatial characteristics : Lieg was 
separated from other stations due to the general lower abundance of most species and the 
greater presence of Bitterling (RhoSer) and Three-Spined Stickleback (GasAcu), while 
the gradient from Aubrive to Maastricht was described by the successive replacement of 
species. A community characterised by a group of rheophilic species like Stream bleak 
(AlbBip), Minnow (PhoPho) Barbel (BarBar) and Dace (LeuLeu), was progressively 
modified by an increasing importance of lowland stream species such as White Bream 
(BliBjo) and Ruffe (GymCer). The study of the total inertia decomposition displayed that 
the difference between sites that accounted for 70 % was greater than the difference 
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between methods (no more than 10 %). A Monte-Carlo permutation, test stressed that the 
between-sites difference was highly significant, while the difference between methods 
was not. In order to focus even so on the comparison of method we scheduled, we chose 
to rather remove the difference between sites by the way of a within-sites CA than 
focusing on a non-significant effect. Doing so, we aimed to answer the following 
question: What in the samples of fish communities does not depend on the location 
features? Or, what main traits of the difference between methods are underlined in every 
site?  

The first two axis of the within-sites CA explained 70 % of the within site 
variability (Fig. 1.3.3.2-11A). As indicated by the factorial map of samples (Fig. 1.3.3.2-
11B) plotted at the centre of gravity of methods, the best separation of “Amb” and “Syst” 
was depicted by the axis-2 (22 %). “Amb” samples was characterised by a greater 
occurrence and/or abundance of the white bream (BliBjo) and at a lesser extend bleak 
(AlbAlb), tench (TinTin), brown trout (SalFar) and three-spined stickelback (GasAcu), 
while “Syst” samples recorded many more nase (ChoNas), ruff (GymCer), eel (AngAng) 
and at a lesser extend stream bleak (AlbBip) (Fig. 1.3.3.2-11C). The species most 
commonly caught by both methods were plotted around the centre of the map. It was 
particularly the case for roach (RutRut), minnow (PhoPho) and chub (LeuCep).  

 
4. Discussion 
 
Interaction with spatial variability 

The spatial aspects of the study of fish community structure did not belong to our 
issue, which essentially concerned the comparison of sampling methods. But it does 
appear as a strong interaction disturbing our goal. Indeed a major problem of field 
ecology and particularly of fish ecology was met namely the selection of real replicates. 
It can be expressed as follows: How much comparable are some reaches of rivers? 
Answering this question is indeed difficult because the answer is linked to the describer 
one is based on. Their high capabilities to move, their advanced and complex behaviour 
(e.g. migratory instinct), and the quasi impossible exhaustive sampling (without injuries 
caused to fish and consuming efforts in terms of time, people and money) give fish a 
high spatial and temporal variability (Bohlin et al., 1989, Holcik, 1979). Even if a high 
variability is usually recognised in large rivers, as illustrated by the heavy sampling 
design achieved by IBW-team on a 20 km long reach upstream Maastricht (Cf. Annexe 
1.3.3.3), this phenomenon is not only restricted to large river, but even affects smaller 
streams as attested by the results of the Wimbe.  

When fishing in large river (Chooz, Aubrives, Namur, Liège, Maastricht and 
Amerzoden), some of these drawbacks, e.g. the variability between two contiguous 
sections or the effect of few days gap, have been overcome by fishing all together the 
same day, within the same section of river divided in several zones. But in this situation, 
there is still a low probability for these zones to be totally identical, since the type and 
distribution of habitat is not completely homogenous. Consequently whatever the 
sampling design devised, the spatial variability within a section of river always remain 
high. This influence of the contrasted types of habitat prospected was supported by the 
greater abundance (or frequency) of species strongly linked to a particular micro-habitat 
type (e.g. Brown trout, Tench, Bleak) in the “ambiance” collection, whereas more 
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unpredictable species such as Bitterling (Rhodeus sericeus amarus) were caught by the 
“systematic” procedure, as the greater effort (e.g. surface) increases the probability to 
collect low-frequency species. The only way to reduce this influence is to repeat such 
operations several times, but this considerably increases the cost of operations and could 
not be followed in the frame of our work.  

Another source of spatial variability came from factors working at a superior 
scale such as the position of the selected reaches into the upstream-downstream gradient. 
Indeed, even every study reaches were considered as low-gradient rivers, similar in term 
of width, depth and slope, the comparison of fish community structure through 
correspondence analysis gave evidence to a slight but significant longitudinal gradient 
effect (axis-2 of the CA, Fig. 1.3.3.2-10). The combination of micro-habitat and regional 
or gradient and factors was illustrated by the presence of more rheophilic species (Brown 
trout, Stream Bleak, Barbel Dace) at Aubrives, while Maastricht and Liège were more 
characterised by species known to be sharply linked to lentic conditions (e.g. White 
bream, Ruffe). Moreover the degree of degradation of the study sites (Cf. axis-1 of the 
factorial map) could be added to the two natural previous effects. Indeed, Liège was 
obviously a more degraded place than Aubrives, Namur and even Maastricht as showed 
by the lower abundance of quasi every species (Fig. 1.3.3.2-10B & C). And while 
species richness was identical at Aubrives and Namur, it became more and more 
different with the degree of degradation. It seems that the more degraded the reach, the 
greater the difference between the modes of prospection. 

The cumulated effects of spatial heterogeneity at several scales mostly explains 
the high range of variation observed for almost every variables studied (Cf. Fig.1.3.3.2-8 
& 9), which lead to the low signification of statistical tests and anyway to a high 
interaction between effects. 

In addition to these drawbacks more random factors such as the meteorological 
condition, which prevented the completion of “Ambiance” and “Gillnets” methods in 
Amerzoden or engine problems met in Maastricht and Chooz, somehow disturbed our 
program of comparison. 

Anyway, despite the lack of repetition and the shortcomings of the experimental 
design, that heavily restricted the statistical interpretations of the results, it was possible 
to outline robust information that depicted the main difference between sampling 
methods. The used statistical methods such as Within and Between group analysis was 
then particularly helpful to remove or conversely to focus on a given effect. 

 
Probability of capture of fish and selectivity of gears 

Concerning the study of the four sampling methods, the main results outlined the 
separation of electrofishing methods on one side from gill nets and trawling on the other 
side. Furthermore it was clearly showed that the difference between both electrofishing 
methods or between Gillnets and Trawling, were greatly lower than the difference 
between the two groups of methods. Several species illustrated very well this 
discrimination and reflect the biases of each method and their complementarity.  
Bream is one of the most characteristic species. Its higher abundance in Trawling and 
Gillnet samples is explained by its preference for lentic (deep and low flow) mid-channel 
habitats and its gregarious behaviour. This species probably moves frequently near the 
riverine zones where it was caught by gillnet. The pelagic nature of Bleak also explains 
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its abundance in trawling samples, but surprisingly the proportion in Gillnets lower. 
Comparing with Bream, the elongated shape of this species could explain this difference, 
as individuals (particularly younger ones) could easily slip through the wider meshes of 
the net. Furthermore due to its higher rheophilic nature, this species has also been 
significantly collected in lotic habitats prospected with “ambiance” method.  
The highest abundance of Perch in Gillnet is also very typical of the link between gear 
feature and habitat preferences of species. This species prefer to stand in quite and 
sheltered zones and it is usually hidden into the bank covers or woody debris from where 
it moves around the bank to capture preys. Moreover the morphology of fin and scales 
increase their capturability in nets. 
Then to resume the difference between electrofishing methods and the other ones, its 
appears that pelagic and lentic species are clearly underestimated by electrofishing 
methods while more rheophilic and benthic species are strongly underestimated by 
Gillnets and trawling. Electrofishing looked often closer to trawling than to gillnets, but 
this last method frequently bring exclusive information about specific population. The 
different results gave also evidence that electrofishing methods undoubtedly provided the 
most relevant picture of fish communities, particularly if we consider species richness 
and the proportion of species, but ones should be aware of their drawbacks.  

Concerning the trawling method, apart from the ichtyological aspects this method 
has several drawbacks that concern logistical (i.e. a ship equipped with material and 
technicians) and practical (i.e. navigated stretch deep enough and with a “clean” bottom) 
aspects.  
The complementarity between gears is also obvious, but their respective advantages 
greatly depend on the river type and the species considered, even within the group of 
electrofishing methods. For example, respectively to “Systematic” collection, the 
consistency of the “ambiance” sample was particularly bad at Liège. The absence of 
Chondrostoma nasus, Barbus barbus, Abramis brama and Alburnus alburnus, that could 
be considered as well established species, fairly illustrated the problems in this location. 
In such a hardly degraded site, the distribution of fish is far from homogenous. More than 
usually (i.e. the natural patchiness of habitat and aggregative distribution of individuals of 
most species in the patches of high attractivity), species, are supposed to be regrouped 
into few refuges where conditions are more favourable. As the number of “ambiances” 
prospected is often limited to less than fifteen habitats represented in the study site (and 
not only the habitat where fish are expected to hide!), the probability to miss such refuges 
in a 3 to 5 kilometres long stretch is high. This hypothesis of refuges is consistent with 
the high densities of species captured by the “systematic” method, as if school of fish was 
regularly crossed. Those results highlighted the main drawbacks of this stratified method. 
Particularly, the choice of the “ambiance” to be prospected has a sharp influence on the 
results, and the “operator” effect become greater than for “systematic” prospection. 
Indeed, as the total number of individuals caught is usually low, accounting or not for a 
given habitat sub-sample can radically change the structure of fish assemblage, especially 
if that ambiance constitutes a very attractive habitat. Then there is an imperative need to 
accurately identify the potential ambiance, define their status (as typical or anecdotal) and 
fairly respect their respective proportion in the reach. Systematic method is probably the 
method that led to the most relevant sample in term of species richness and density. But 
confronting the surfaces prospected (almost twice as larger in “Systematic” as in 
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“Ambiance”) the time necessary for fishing and for the biometry work, “ambiance” 
method beyond some drawbacks, is very cost-effective. Indeed focusing to these two 
electrofishing methods make it difficult to point out significant differences. And anyway, 
these contrasts are maybe lower than spatial effects. 

One another (despite the case of Liège previously commented) missed few species 
that are considered as really typical for that kind of river, and the results for many 
describers of fish assemblages were roughly identical. We can merely stress the high 
efficiency of “ambiance” method for small species (e.g. Gasterosteus aculeatus) and 
more generally every species which habitat preference is well-known (Salmo truta fario, 
Tinca tinca). But according to the importance allocated to a given sub-samples (i.e. 
habitat type) on the whole collection, there is greater risk to overestimate the proportion 
of some species (Alburnus alburnus, Anguilla anguilla or Barbus barbus) by giving 
artificially a greater importance to their favourite habitat, whereas those can be 
considered as casuals on the studied reach (e.g. dam foots often shelter barbel, which is 
never captured elsewhere). For Blicca bjoerkna there are few reasonable explanation for 
their greater importance in the “ambiance” collection. 
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2. Compilation of the Meuse data set. 

2.1 The Meuse general description 
 

The River Meuse originates 409 m above sea-level in Pouilly-en-Bassigny on the 
Langres plateau in north-eastern France. It flows through three countries: France (492 
km), Belgium (194 km), of which 45 km on the boundary between Belgium and the 
Netherlands and 290 km in the Netherlands. It mouths via the Hollands Diep into the 
Haringvliet where it mixes with the Nieuwe Merwede, a lateral branch from the Rhine. 
The total length of the Meuse is approximately 900 km (CIPM, 1997). It is a typical 
sedimentary river with few erosive stretches. Principal tributaries in France are: the 
Chiers, the Semois and the Viroin, in Belgium the Lesse, the Sambre and the Ourthe, 
and, in the Netherlands the Jeker, the Geul, the Roer and the Niers.  

 
The Meuse has a catchment area of about 36.011 km² spread over 5 countries 

(France, Belgium, the Netherlands, Germany and Luxembourg) (Micha & Borlee, 1989). 
Initially the Meuse had a general slope of 0.45 ‰ (i.e. 0.45 m per km). Adaptations have 
been carried out in the river Meuse and its tributaries before Roman times and 
increasingly in the last two centuries. These adaptations are mainly for navigation, to 
protect people against flooding and to mine gravel and sand. Based on its 
hydromorphological characteristics we distinguish 4 or 5 different parts (CIPM, 1997, 
Micha and Pilette, 1988): 

2.1.1 Geomorphological characteristics 
 
2.1.1.1 The upper Meuse: The Lorraine Meuse from its spring till Sedan where the Chiers 
discharges into it 
 

This section has few tributaries and flows through "the massif Vosgien". Its basin 
is long (150 km) and narrow, only 15 to 40 km (corridorshaped). Near the spring the 
gradient is steep but soon flattens (Stenay 0.4 ‰). This is not in conformity with the 
conception of salmonid watercourses. It crosses the canal de la Marne au Rhin at 
Troussey. At this spot the north deviation of the "Canal de l'Est" joins. This canal and the 
Meuse flow parallel till Sedan. The main part of the soil of this basin is calcareous and 
quite permeable. Erosion and meandering is still natural in this part of the Meuse 
(Dijkman and Pedroli, 1994). 
 
2.1.1.2. The MiddleMeuse (depending on the authors considered as one or two sections).  
 

The middle Meuse flows from Sedan till Eijsden (the Netherlands). Several small 
islands are within the river. The basin is very hilly having forest on it, the planes are used 
for agriculture. The soil is hard and impermeable and the slope is important (0.23 ‰). 
The middle course is canalised with several dams to neutralise the slope. Here the basin 
spreads up to a width of 180 km (Namur). Few industrial activities occur in that part, 
however the nuclear centre at Chooz nearby the Belgian border and at Tihange 
discharging warm cooling water into the Meuse.  
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Micha and Pilette, (1988) divide the Middle Meuse in two parts: 
- the middle superior Meuse from Sedan till Namur 
- the middle inferior Meuse from Namur till Liège 

The Belgian Meuse is canalised i.e. all natural banks have been straightened with 
the building of vertical concrete banks. Therefore the river no longer can overflow its 
banks nor can it deposit sediment on its alluvial plain (Lemin et al., 1987). 
 
2.1.1.3. The lower Meuse from Liège till Lith. 
 

This part contains the Meuse mitoyenne (border or common Meuse) from Visé 
till Ophoven-Kessenich (Breine et al., 1998). This part contains no dams and has a 
relative steep slope (0.4 ‰). The basin is narrowed to 70 km (Maastricht). Boat traffic is 
not existent but parallel to it the canal Juliana assures boat transportation. Due to human 
impact the banks are rarely natural having steep intermediate banks and a low diversity 
of plants (Van Acker et al., 1998). On the Belgian side the alluvial plain is limited by 
winter-dykes while the Dutch side is augmented quays. Both banks are natural. The river 
here is rather winding with many constrictions, pools and riffles. In the riverbeds we 
have coarse sediments (gravel) in the lower parts while higher up coarse gravel and 
boulders form the soil (Helmer, 1989). From Stevensweert the Meuse encounters its first 
dam at Maasbracht. From there we have a succession of 6 dams till Lith. This part is 
called the "Gestuwde Maas" or controlled Meuse (OVB/(SVSM, 1997). Here the Meuse 
has the appearance of a plain type river having a gentle slope of about 0.08 ‰ and a 
sandy riverbed. The flow rate is maintained in function of the navigational purposes. 
Downstream Mook dykes are constructed to prevent overflow. 
 
2.1.1.4. The inferior Meuse or tidal Meuse: subjected to the tidal movement. 
 

From Lith onwards, the Meuse is subjected to tidal movements. Through the 
Berghse Maas and Amer it reaches the Holland Diep where it joins the outflow of the 
river Rhine (Nieuwe Merwed). The river mouths via the sluice of Haringvliet into the 
North Sea. Since 1970 the river is separated from the North Sea by a dam possessing 
evacuation sluice valves. Eventhough there is no entry of salty water the Meuse shows 
characteristics of an estuary.  

2.1.2. Hydrological characteristics 
 

The Meuse is a river with a temperate zone rainfall regime: the flow is highest in 
winter and lowest in summer (Micha and Borlee, 1989). Important flows are due to the 
impermeable soil in the hilly part (middle Meuse) where rainwater from its basin joins 
the Meuse at a fast rate.  The absence of water reservoirs causes a relative low flow in 
summer. Breukel et al. (1992) stated that the average flow varies between 2000 m³/s in 
winter and about 0 m³/s in summer. In Borgharen a record flow of 3047 m³/s was 
recorded in 1993 (OVB/SVSM, 1997). Water is also withdrawn from the Meuse, causing 
changes in the natural flow of the river: 
 
- Canal towards Rhine and Seine: 0.8 m³/s 
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- Nuclear power station at Chooz: 1.5 m³/s 
- Nuclear power station at Tihange: 2 m³/s 
- Tailfer: 3m³/s for the production of potable water (Brussels and part of Walloon 

region) 
- Lier: 3.3 m³/s for the production of potable water 
- Broechem: 1.4 m³/s for the production of potable water 
- Canal Albert: 20 m³/s , Antwerp gets its potable water from it 
- Zuid-Willemsvaart (the Netherlands) and some canals in Belgium: 16 m³/s part of this 

water rejoins the Meuse 
- Juliana canal: 16 m³/s, all water rejoins the Meuse 
- Biesbosch: 6 m³/s for the production of drinkable water for Rotterdam, Den Haag and 

the South east of the Netherlands 
- The Claus power plant near Maasbracht 
- The power plant near Buggenum 
- The "Amer" power plant 
- Brakel: 2.4 m³/s for drinkable water 
 
Canalisation has also its impact on the water flow. In the Netherlands water level can 
increase to 3 m in a period of several hours (Leemans, 1988). 
 
2.1.2.1 The Lorraine Meuse 

 
Few tributaries join the Meuse: Flambart, Mouzon, Anger and Vair. The 

discharge fluctuations are small (12 to 1500m²/s). 
 
2.1.2.2 Ardennes Meuse 

 
Many tributaries join the Meuse in this stretch: Chiers, Semois, Viroin, Sambre, 

Mehaigne, Lesse, Bocq, Hoyoux, Ourthe, Amblève, and Vesdre. There are reservoirs on 
many of these tributaries used for power supply, drinkable water supply and flood 
protection. Downstream Sedan the canal des Ardennes joins the Meuse. The wide 
drainage basin in combination with the hilly slopes and rocky soil are responsible for 
high floods in the winter. Water from the river Sambre causes an increase of the water 
temperature and a decrease of the water quality. 
 
2.1.2.3 Common Meuse 
 

Small tributaries mouth into this part of the river Meuse. In Flanders we have 
Jeker, Ziepbeek, Kikbeek, Rachelsbeek, Vrietselbeek, Kogbeek, Zanderbeek, Bosbeek, 
Witbeek, Itterbeek, Abeek, Berwijn and Voer. Abeek and Bosbeek are the most 
important tributaries. The Berwijn, Voer and Jeker have another substrate than the other 
tributaries. The most important tributary is the Geul.  
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2.1.2.4 Controlled Meuse 
 

Tributaries are Roer, Swalm, Niers, Dieze and Dommel. There are some 
important canals: canal Linne-Buggenum, Zuid-Willemsvaart, canal Wessem-
Nederweert and the canal Meuse-Waal. The river receives cooling water from two power 
plants in Maasbracht and Buggenum  
 
2.1.2.5 Tidal Meuse 
 

Here the Meuse joins the Rhine, no important tributaries are present. The "Amer" 
power plant discharges cooling water in the Meuse. 

2.1.3 Human activities 
 

In France one quarter of the catchment area is taken up by forests, while 
cultivation and pasture account for the remainder (George, 1972). Industry in the Chiers 
basin is declining (Micha and Borlee, 1989). In Belgium the catchment area is 
distributed between forests of deciduous trees and spruce (Ardennes), intensive farming, 
pasture and orchards. Along the Sambre (downstream Charleroi) and the Meuse (around 
Liège) industrial activity occurs. Here too a decline is observed. In the Flemish part 
(Common Meuse) the catchment area is mainly occupied by farmland. In the 
Netherlands, gravel industry and accompanying industry are still active in the "gestuwde 
Maas". In South Limburg the catchment area is occupied with heavy industry. 
Agricultural activities are also important and take place in the winter bed and the area 
between Meuse and Waal. 

Human activities on the Meuse have also an impact on its flow: canalisation, 
alteration of the bed. The ecosystem is changed due to alterations in the habitat  
 
2.2 The Meuse data description 
 

Out of 1000 locations, 537 were retained corresponding with 698 operations 
having a complete set of parameter data. 290 locations are situated on the main stream. 
There are 27 locations in the Netherlands (36 operations), 204 locations in Flanders (217 
operations), 96 in Wallonia (153 operations) and 141 locations in France (292 
operations). The data-file was divided into two sub-files: an ecological file and a species 
file. The division was done at random but so that each file contained an equal number of 
operations for each partner. Further a quality score based on habitat quality and water 
quality was attributed to each location. Both files possess an equal proportion of different 
quality locations. 

2.2.1 The ecological file 
 

The ecological file contains several qualitative and quantitative parameters that 
describe sites characteristics.  
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2.2.1.1 Abiotic parameters 
 

These parameters are: name watercourse, location, location- and fishery number, 
date, Lambert co-ordinates, transect length and width, average river width and depth, 
slope, distance to source, watershed surface area, altitude, average depth, water type 
(Huet, 1949), average air temperature in July of the concerned year, average air 
temperature in January of the concerned year, water temperature, dissolved oxygen 
concentration, pH, conductivity, number of passages, fishing efficiency, water quality 
and habitat quality score. The latter were based respectively on oxygen concentration 
and the presence of pools and riffle pattern, natural shelters, meandering (Schneiders et 
al., 1993). 
 
1.- Name watercourse 
 

This parameter caused no problems, however sometimes different names are 
given to the same watercourse; e.g. the Geer in Wallonia is called the Jeker in Flanders. 
Although a code system is developed in Belgium there is no accordance between the 
Flemish and Walloon code system. In total 165 different watercourses were studied. 
 
2.- Location 
 

This parameter gives a short description of the location that was sampled. E.g. 
Lommel, close by junction channel indicates that the sampled location is nearby a town 
(Lommel) and nearby the spot where the channel joins the location. This parameter can 
help to find the location in the field when re-sampling is needed. 
 
3.- Location number 
 

Each station gets a unique number. In France and Belgium a uniform numbering 
system is used. E.g. Flanders the Meuse in nearby the Teggerse Plas (pole 59) has 
location number 922 19025BV developed by the COI (Centrum voor 
Overheidsinformatiek). Only the first 5 figures are maintained with in addition 3 extra 
figures increasing from spring to mouth.  Each number is unique and corresponds with 
one location only. The first figure stands for the basin, all Flemish rivers have a location 
number starting with 9 (the Meuse basin). The next two figures define the river, these 
three figures give the AWP zone corresponding with a sub-basin. The next two figures 
are 0 if it concerns the main stream if not the first figure indicates if the tributary joins 
left (uneven number) or right (even number) into the main stream. The last three figures 
explain the position from the spring: the higher the figure, the further from the spring 
(Van Thuyne and Belpaire, 1997). BV stands for Belgium Vlaanderen. The French use a 
similar method of indicating locations. The first two numbers indicate the basin, the next 
three the river and the final two the location on the river. The Dutch system was changed 
so that it would fit in the data file. 
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4.- Fishery number 
 

For the Flemish data, each operation is expressed with a unique number based on 
the location number and the year of operation. The Prinsloop was sampled on the 4th of 
April 2000 at location 93167200BV and this operation gets number 9316720000. The 
Walloons indicate the operation with a number based on the year e.g. FUN 93.001, there 
is no relationship with the location number which is 442001-1680. However the 001 
indicates it is the first operation in 1993. In France too, the fishery number is not related 
with the location number e.g. 00330200005 represents a fishery the 10th of June 1987 in 
location 02080027 on the Alyse. The Dutch represent a fishery with one number based 
on the year of action e.g. the Meuse on location 8 was sampled the 29th of October in 
1998 and is indicated with number 98001707. 
 
5.- Date 
 

The day, month and year express the date. The date varies from 1985 till 2000. 
 
6.- Lambert co-ordinates 
 

These are expressed as distance km from Paris. They give the exact position of a 
location.  These co-ordinates are obtained by using the GIS package with topographical 
maps 1/10 000 (on CD-ROM). The Lambert co-ordinates differ for the partners, but 
could be tuned. 
 
7.- Transect length 
 

This is the real distance over which fish were sampled. It is expressed in m. 
Transect length varies from 20 till 2500 m. In Flanders the distance fished in a 
watercourse depends on its dimensions and is standardised (Vanthuyne and Belpaire, 
1997). The stretch length was measured in the field. 
 
8.- Transect width  
 

Average transect width varies from 0.4 m up till 160 m. The average transect 
width was obtained using GIS system (1/10 000) or was measured in the field. 
 
9.- Transect surface 
 

The product of the previous parameters gives the transect surface. This parameter 
is used to calculate the biomass per ha. Transect surface varies from 40 m² till 16650 m². 
The average transect surface area is 1020 m². 
 
10.- Number of passages and method 
 

Certain locations were sampled only once other twice the same day. This was 
recorded, as it is a characteristic of the fishery. The method indicates if the fishery 
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occurred from a boat or through wading and if the total width of the watercourse was 
sampled. 
 
11.- River width 
 

Average river width varies from 0.4 m till 500 m. Average river width is 37 m. 
There are 103 locations (19 %) having a river width of 100 m. The average river width 
was obtained using GIS system (1/10 0000) or was measured in the field. 
 
12.- River depth 
 

The average river depth varies from 0.1 till 3 m. The prospected depth is on 
average not more than 2 m. The depth was measured in the field. 
 
13.- The slope (SLOPE) 
 

The slope varies from 0.1 till 150 ‰. The latter is a location on the Gire in 
France. The average slope is 3 ‰. The greater part of the locations (426 or 79 %) has a 
slope less than 1 ‰. The slope combined with the river width allows us to classify the 
location to one of the zones (Huet, 1949). The slope was defined using topographical 
maps (1/25 0000), it therefore reflects more the theoretical slope based on the 
geomorphological conditions than real slope measured in the field that could account for 
possible modification due to dam construction for example. 
 
14.- Distance to source (DIST) 
 

Distance to source is expressed in km. It was measured using topographical maps 
(1/25 000) in combination with a GIS application (1/10 000). The shortest distance (0.6 
km) was a location on the river Lesse (Recogne) and the longest was on the river Meuse 
in Ammerzoden (896 km). 
 
15.- Watershed surface area (WSA) 
 

The drainage basin was obtained via literature and by using the GIS application 
(1/10 000). It varies from 0.000219 km² (Kleine Fossé in Lommel, Flanders) till 30 
806.3 km² (river Meuse in Ammerzoden, the Netherlands). The average drainage basin is 
3 560.4 km². 
 
16.- Altitude (ALT) 
 

The altitude for each location was obtained using topographical maps (1/25 000). 
Altitude ranges from 3 (Meuse in Ammerzoden and Heusden) to 475 m (Lesse in 
Recogne). The highest location on the mainstream has an altitude of 323 m in Choiseul. 
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17.- Average depth 
 

This parameter was rejected since for too many locations the depth was missing. 
 
18.- Water type 
 

Based on the classification proposed by Huet (1949), the locations were allocated 
to different zones. The river width and the slope define the zone.  
 
Table 2.2.1.1.a. Distribution of locations according to the Huet zonation. 
 

Water type Trout Grayling Barbel Bream 
France 37 56 195 110 
Wallonia 34 44 25 50 
Flanders 8 8 112 89 
The Netherlands 0 0 23 13 

 
19.- Average air temperature in January and July 
 

For each year concerned the average air temperature (°C) for the months January 
and July were obtained for different locations from the different national weather 
forecast institutes. For each location the average temperatures of the nearest weather 
station (National Institute of Meteorology) were used. The lowest average air 
temperature for January was recorded in Belgium: -4.1 °C (Flanders), -2.5 °C 
(Wallonia). In France 0.5 °C was the lowest average temperature recorded. In the 
Netherlands 1.8 °C was the lowest recorded average month temperature. The average 
maximal air temperatures (July) were 17.5 °C for France, 22.2 °C for Belgium and 18.6 
°C for the Netherlands. These recordings above are not necessarily of the same year, they 
only are given here as an illustration of the possible fluctuations. 
 
20.- Water temperature (°C) 
 

Water temperature was measured at the spot. Expressed in °C it gives a value for 
the temperature of the water surface, about 10 cm deep. For too many locations this data 
was missing and therefore this parameter was not withheld. Even if water temperature is 
known to be a crucial factor in the Medio-European zone for decades, its measure is not 
so easy. Its periodicity requires a daily frequency and that could not be conceivable in 
the frame of this program. That’s why meteorological conditions and water temperature 
were assessed through the use of the January (supposed to be the coldest month) and July 
(supposed to be the warmest one) monthly mean air temperature. 
 
21.- Conductivity (µS/cm²) 
 

Measured at the spot it gives an indication of pollution. Average values in the 
different countries are: 512 µS/cm² for France. But here 5 locations on 3 watercourses 
Faux (Mazures) Othain (Grand-Failly andNouillonpont)and Houille (Landrichamps and 
Givet) extreme high concuctivity values were recorded ranging from 3000 to 6600 
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µS/cm². Disregarding these locations the average value for France is 456 µS/cm². This 
value is higher than for Wallonia and Flanders (365 and 451 µS/cm² respectively). In the 
Netherlands the average conductivity is 549 µS/cm². For the French Meuse the highest 
conductivity was measured in Bassoncourt (940 µS/cm²). The highest conductivity of the 
Meuse in Wallonia was recorded in Argenteau (755 µS/cm²). The common Meuse 
(Flanders-the Netherlands) recorded its highest conductivity in Terhagen (482µS/cm²). 
720 µS/cm² was the highest record in the Netherlands (Borgharen). 
 
22.- Water quality and habitat quality score: ecological score 
 

This group of parameters brings global information about the ecological quality 
of reaches, given the consideration of a list of criteria encompassed into two coded 
indicators of water and habitat quality. The calculation of such indices was not 
standardised as it involves more qualitative parameters than quantitative ones. It should 
be considered as an “expert advice” based on previous knowledge of the study sites, and 
the events that could have affected the geomorphological integrity (sinuosity, 
longitudinal and lateral connectivity, bank structure and vegetation cover, water flow 
velocity, substrate size…) and water quality (nutrient load, organic matter, pH, oxygen 
rate, temperature, etc…). For France, the information from the national standardised 
survey program (Agence de l’eau 1995.) was used when available. In Flanders the 
dissolved oxygen concentration (± 0.1 mgl-1) measured in the field was considered to 
evaluate the water quality. The habitat quality was allocated conform Schneiders et al., 
1993. In Wallonia, the IPO and IBGN (DGRNE - division de l'eau) was calculated close 
to each sampled station and the habitat quality was evaluated with an expert advise. For 
each location a score ranging from 1, 3 to 5 was attributed for both quality parameters. 
These two scores were finally combined (averaging) into a more synthetic parameter 
(ecological parameter) to discriminate three degrees of degradation. The evaluation 
method was not homogenous among the partners. It must be considered as an initial 
classification to be used as a preliminary working hypothesis. It will be used for the 
selection of the less degraded sites in the “Modelling approach” and to test the overall 
accuracy and pertinence of the proposed Fish-Index.  
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2.2.2 The species file 
 

For each location the total number and total weight (± 0.1g) per collected species 
were recorded. The total biomass (kgha ) was calculated on the basis of these data. In 
total 47 different species were considered. They are given with the used abbreviation in 
the next table. 

-1

Table 2.2.2.a. List of collected fish species and their correspondent abbreviation. 
 

Latin name 

 

Abbréviation 
Lampetra planeri LAM.PLA. 
Anguilla anguilla ANG.ANG. 
Abramis brama ABR.BRA. 
Blicca bjoerkna BLI.BJO. 
Alburnus alburnus ALB.ALB. 
Alburnoides bipunctatus ALB.BIP. 
Barbus barbus BAR.BAR. 
Carassius carassius CAR.CAR. 
Carassius auratus CAR.AUR. 
Carassius auratus gibelio CAR.AUR. 
Chondrostoma nasus CHO.NAS. 
Cyprinus carpio CYP.CAR. 
Gobio gobio GOB.GOB. 
Leucaspius delineatus LEU.DEL. 
Leuciscus cephalus LEU.CEP. 
Leuciscus idus LEU.IDE. 
Leuciscus leuciscus LEU.LEU. 
Phoxinus phoxinus PHO.PHO. 
Pseudorasbora parva PSE.PAR. 
Rhodeus sericeus RHO.SER. 
Rutilus rutilus RUT.RUT. 
Scardinius erythrophthalmus SCA.ERY. 
Tinca tinca TIN.TIN. 
Cobitis taenia COB.TAE. 
Misgurnus fossilis MIS.FOS. 
Barbatula barbatula BAR.BUS. 
Ameiurus nebulosus AME.NEB. 
Esox lucius ESO.LUC. 
Umbra pygmaea UMB.PYG. 
Oncorhynchus mykiss ONC.MYK. 
Salmo trutta SAL.TRU. 
Lota lota LOT.LOT. 
Gasterosteus aculeatus GAS.ACU. 
Pungitius pungitius PUN.PUN. 
Cottus gobio COT.GOB. 
Lepomis gibbosus LEP.GIB. 
Gymnocephalus cernuus GYM.CER. 
Perca fluviatilis PER.FLU. 
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Sander lucioperca STI.LUC. 
Salvelinus alpinus SAL.ALP. 
Salmo trutta fario SAL.FAR. 
Salvenius fontinalis SAL.FON. 
Salmo salar SAL.SAL. 
Thymallus thymallus THY.THY. 
Aspius aspius ASP.ASP. 
Ictalurus punctatus ICT.PUN. 
Platichtys flesus PLA.FLE. 
Osmerus eperlanus OSM.EPE. 

 
For each species information in literature was collected about its characteristics. 

The studied characteristics contain information about its guilds and are represented in the 
tables below. 
 
Table 2.2.2.b. Guilds for common freshwater cyclostoms and fishes 
1. after Persat & Keith (1997). A = Native species, E = Exotic species. 
2 after Michel & Oberdorff (1995 ); Pont et al. (1995). INV = Invertivores ; OMN = Omnivore species ; 
HER = Herbivore species ; PAR = Parasites ; PIS = Piscivore species. 
3 after Balon (1975) ); Philippart & Vranken (1993). LITHO = Lithophils ; PHYTO = Phytophils; PHYLI = 
Phyto-lithophils ; OSTRA = Ostracophils ; ARIAD = Ariadnophils.  
4 after Verneaux (1981); Philippart & Vranken (1993), . Low values = narrow range of tolerance; I = 
Intolerant species, T = Tolerant species; - lack of information. 
5 after Pouilly (1994); Schiemer& Waidbecher (1992). R = Reophilic species, L = Limnophilic species, E = 
Eurytopic species. 
6.after Grandmottet (1983). 
Low values = narrow range of acceptable habitats, high values = wide range of acceptable habitats; - lack 
of information. 
 
Species (code) Origin

1 
Trophic

2 
guilds 

Reproductive
3 guilds 

Feeding 
habitat 

Coef4 sensitivity 
(water quality 

Water5 

velocity 
requirements 

Coef6 

Habitat 
flexibility 

Lampetra planeri N PLA LITHO B - - - 
Lampetra fluviatilis N PAR LITHO - - - - 
Salmo trutta fario N INV LITHO P 5.5 R 0.12 

Salmo salar N INV LITHO P I R - 
Oncorynchus mykiis E INV LITHO P - R - 
Salvelinus fontinalis  INV LITHO P 3 R 0.13 
Salvelinus alpinus E INV LITHO P I R - 

Thymallus thymallus  INV LITHO P 3 R 0.19 
Esox lucius N PIS PHYTO P 5.5 E 0.11 

Rutilus rutilus N OMN PHYLI P 8 E 0.54 
Leuciscus cephalus N OMN LITHO P 7 E/R 0.62 
Leuciscus leuciscus N OMN LITHO P 4.5 R 0.37 

Leuciscus idus N OMN PHYLI P I L/R - 
Leuciscus soufia N OMN PHYLI B 4 R 0.21 
Leucaspius delineatus N INV PHYTO P - L - 
Barbus barbus N OMN LITHO B 5 R 0.09 
Alburnoides 
bipunctatus 

N INV LITHO P 5 R 0.26 
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Alburnus alburnus N OMN PHYLI P 7.5 E 0.54 
Abramis brama N OMN PHYLI B 7 E 0.26 
Blicca bjoerkna N OMN PHYTO B - L/E 0.29 
Carassius carassius) N OMN PHYTO B T L - 
Carassius auratus N OMN PHYTO B T L - 
Cyprinus carpio N OMN PHYTO B 6 L 0.16 
Chondrostoma nasus  N HER LITHO B 6 R 0.17 
Gobio gobio  N INV LITHO B 5.5 E 0.26 
Phoxinus phoxinus  N OMN LITHO P 4.5 E 0.23 
Scardinius 
erythrophtalmus  

N OMN PHYTO P 6 L 0.11 

Rhodeus sericeus  N HER OSTRA P 5.5 L 0.14 
Tinca tinca  N OMN PHYTO B 6.5 L 0.19 
Pseudorasbora parva E OMN ? P - L - 
Barbatula barbatula N INV LITHO B 7 R 0.12 
Cobitis taenia N INV PHYTO B - E - 
Misgurnus fossilis N INV PHYTO B T L - 
Silurus glanis N PIS PHYTO B - L - 
Ictalurus melas E INV LITHO B 6.5 L 0.09 
Anguilla anguilla N INV - B T E - 
Lota lota N PIS LITHO B 4 R 0.19 
Gasterosteus aculeatus N OMN ARIAD P T L - 
Pungitius pungitius N OMN ARIAD P - L - 
Perca fluviatilis N PIS PHYLI P 5 E 0.24 
Sander lucioperca E PIS PHYTO P 7 E 0.27 
Gymnocephalus 
cernuus 

N INV PHYLI B 7 E 0.46 

Lepomis gibbosus E INV LITHO P 5.5 L 0.30 
Micropterus 
salmonides 

E PIS LITHO P 4.5 L 0.14 

Cottus gobio N INV LITHO B 3 R 0.09 
 
Table 2.2.2.c Species and their score for Tolerance guild 
 

Species Abbreviation Score Tolerance 
guild 

ACIPENSERIDAE   
Acipenser sturio L. ACI.STU. 4 
ANGUILLIDAE   
Anguilla anguilla L. ANG.ANG. 2 
CLUPEIDAE   
Alosa alosa alosa L. ALO.ALO. 4 
Alosa fallax fallax Lacepede ALO.FAL. 4 
CYPRINIDAE   
Abramis brama L. ABR.BRA. 1 
Abramis brama X sp. ABRA.HYB. no information 
Alburnoides bipunctatus Bloch ALB.BIP. 5 
Alburnus alburnus L. ALB.ALB. 2 
Aspius aspius L. ASP.ASP. no information 
Barbus barbus L. BAR.BAR. 4 
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Blicca bjoerkna L. BLI.BJO. 2 
Carassius auratus L. CAR.AUR. 1 
Carassius carassius L. CAR.CAR. 2 
Carassius auratus gibelio BL. CAR.AUG. 1 
Chalcalburnus chalcoides Guldenstädt CHA.CHA. no information 
Chondrostoma nasus L. CHO.NAS. 4 
Ctenopharyngodon idella Valenciennes CTE.IDE. 1 
Cyprinus carpio L. CYP.CAR. 2 
Cyprinus carpio X sp. CYP.HYB. no information 
Gobio gobio L.  GOB.GOB. 3 
Leuciscus cephalus L. LEU.CEP. 4 
Leucaspius delineatus L. LEU.DEL. 3 
Leuciscus idus L. LEU.IDE. 4 
Leuciscus leuciscus L. LEU.LEU. 4 
Leuciscus soufia L. LEU.SOU. 4 
Phoxinus phoxinus L. PHO.PHO. 5 
Pimephales promelas PIM.PRO. 1 
Pseudosrabora parva Schlegel PSE.PAR. 1 
Rhodeus sericeus amarus Bloch RHO.SER. 4 
Rutilus rutilus L. RUT.RUT. 1 
Scardinius erythrophtlamus L. SCA.ERY. 4 
Tinca tinca L. TIN.TIN. 3 
Vimba vimba L. VIM.VIM. no information 
COBITIDAE   
Cobitis taenia L. COB.TAE. 3 
Misgurnus fossilis L. MIS.FOS. 3 
Barbatula barbatula L. BAR.BUS. 3 
GADIDAE   
Lota lota L. LOT.LOT. 4 
ICTALURIDAE   
Ameiurus nebulosus Le Sueur AME.NEB. 1 
Ameiurus melas Rafinesque AME.MEL. 1 
Ictalurus punctatus Rafinesque ICT.PUN. no information 
GASTEROSTEIDAE   
Gasterosteus aculeatus L. GAS.ACU. 2 
Pungitius pungitius L. PUN.PUN. 2 
COTTIDAE   
Cottus gobio L. COT.GOB. 5 
CENTRARCHIDAE   
Lepomis gibbosus L. LEP.GIB. 1 
PERCIDAE   
Gymnocephalus cernuus L. GYM.CER. 2 
Perca fluviatilis L. PER.FLU. 2 
Sander lucioperca L. STI.LUC. 2 
PLEURONECTIDAE   
Platichtys flesus L. PLA.FLE. 2 
PETROMIZONIDAE   
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Lampetra fluviatilis L. LAM.FLU. 5 
Lampetra planeri Bloch LAM.PLA. 5 
Petromyzon marinus L. PET.MAR. 5 
ESOCIDAE   
Esox lucius L. ESO.LUC. 4 
COREGONIDAE   
Coregonus lavaretus L. COR.LAV. 3 
Coregonus oxyrhynchus L. COR.OXY. 3 
Coregonus peled L. COR.PEL. no information 
SALMONIDAE   
Oncorhyncus mykiss Walbaum ONC.MYK. 3 
Salvenius fontinalis Mitchill SAL.FON. 3 
Salvelinus alpinus L. SAL.ALP. no information 
Salmo salar L. SAL.SAL. 5 
Salmo trutta fario L. SAL.FAR. 5 
Salmo trutta trutta L. SAL.TRU. 5 
OSMERIDAE   
Osmerus eperlanus L. OSM.EPE. 4 
SILURIDAE   
Silurus glanis L. SIL.GLA. 2 
MUGILIDAE   
Chelon labrosus Risso CHE.LAB. 1 
THYMALLIDAE   
Thymallus thymallus L. THY.THY. 5 
UMBRIDAE   
Umbra pygmaea De Kay UMB.PYG. 1 

 
 

The final scores were obtained from the compilation of scores given by different 
authors for habitat quality (Grandmottet, 1983, Phillipart & Vrancken 1983a, Williot, 
1991, Vanden Auweele, 1995, Berrebi et al., 1998 and Vandelannoote et al., 1998) and 
water quality (Van Aelbroeck, 1910, Lee, 1971, Verneaux, 1981, Phillipart & Vrancken 
1983b, Werkgroep graskarper NRLO, 1984, Nijsen & De Groot, 1987, OVB, 1988, 
Reitsma, 1992, Vanden Auweele, 1995, De Nie, 1996, Mann, 1996, OVB, 1997 and 
Vandelannoote et al., 1998) 
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2.2.3. The metrics file 
 

A dataset with variations in metrics used in IBI application was first compiled. 
Table below gives an overview from this compilation. 
 
Table 2.2.3.a. Use of IBI metrics by various authors adapted to local ecological circumstances (1. Karr 
(1981), 2. Fausch et al. (1984), 3. Leonard & Orth (1986), 4. Karr et al. (1987), 5. Steedman (1988), 6. 
Bramblett & Fausch (1991), 7. Oberdorff & Hughes (1992), 8. Osborne et al. (1992), 9. Minns et al. 
(1994), 10. Oberdorff & Porcher (1994), 11. Shields et al. (1995), 12. Lyons et al. (1995), 13. Hay et al. 
(1996), 14. Lyons et al. (1996), 15. Hugueny et al. (1996), 16. Paller et al. (1996), 17. Hall et al. (1996), 
18. Didier & Kestemont (1996), 19. Toham & Teugels, 1999)). 
 

Category - Metric 

1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

15
 

16
 

17
 

18
 

19
 

Species composition and richness                    
number of species  * * * *  * * *  * *   *  * * * 
number of darter and sculpin species     *           *   
species richness and composition of 
sunfish  

* *  *    *   *    * *   

number of shiner species                *   
number of native species      *    *   * *      
benthic species individuals (%)        *   *  * *    *  
number of species in water-column       *     *     *  
number of centrarchid species      *   *          
number of cyprinid species      *   *          
species richness and composition of 
darters 

* * * *    *   *        

species richness and compostion of 
suckers 

* *  *    *   *        

% of individuals as sculpin (intolerant 
species) 

         *         

% of individuals as eel and roach (tolerant 
species) 

         *         

% of expected number of total species               *    
% of expected number of native minnow 
species 

              *    

% of expected number of piscivorous 
species 

              *    

% of expected number madtom and darter 
species 

              *    

percent native minnows               *    
number of mormyrid species              *     
number of cichlid species              *     
number of (large) benthic siluriform 
species 

             *    * 

proportion of green sunfish * * * *               
% of sample as Rhinichtihys spp.     *         *     
presence/absence of brook trout     *              
presence/absence of Cyprinodontidae                  * 
number and composition of                  * 
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Characiformes and Cypriniformes 
number of sunfish of trout species     *              
number of sucker or catfish species     *              
% individuals rheophilic species             *     * 
% individuals preferring vegetated areas             *      
% as roach       *            
presence of intolerant species * * * *   *  *  * *  *  * * * 
tolerant species individuals (%)      *   *  * *  *  * * * 
year classes in species dominant & 
intolerant 

                * * 

Trophic composition                   
proportion of omnivores * * * * * * * *  * * * *   * *  
proportion of insectivores      *         * *   
proportion of individuals as pioneering 
species (%) 

               *   

proportion of insectivorous cyprinids * * * *    *   *        
% piscivore biomass     *   * *  *  *      
% of individuals as omnivores       *   *   *    * * 
% of individuals as invertivores                  * 
% generalist biomass         *          
% specialist biomass         *          
proportion of top carnivores * *  *   *       *   * * 
% individuals herbivores             *      
carnivores/non-carnivores                   
Fish condition and abundance                   
biomass of natives (kg)         * *       *  
number of native individuals         *          
number of individuals in sample * * * *    *       *   * 
catch per unit effort     * * *   * * *    *   
average number of fish sampled in nets 
with variable mesh size 

            *      

brown trout year classes          *         
trout or pike year classes       *            
proportion with disease, tumors, fin 
damage and other anomalies 

* * * * * * *   * * * *  * * * * 

proportion of hybrid individuals * *  *       *  *      
% individuals as simple lithophilic species                *   
native livebearing species individuals (%)            *       
% of individuals as gravel spawners       *            
% of individuals as phytolithophil 
(ubiquitious) 

                *  

% of individuals as lithophil or phytophil                 *  
exotic species individuals (%)      *      *       

 
Out of these metrics a selection was made of metrics relevant to the Meuse basin. 

In total 12 metrics were selected: Total number of species minus the exotic species, the 
number of fish caught per 100 m (log transformed), the biomass per 100m² (log 
transformed), % rheophilic specimens (minus the exotic specimens), % of intolerant 
species, % of lithophilic species (minus exotic and tolerant species), % tolerant 
specimens, % omnivorous species, % intolerant specimens (minus exotic specimens), % 
invertivorous specimens (minus exotic and tolerant specimens), % tolerant species and % 
rheophilic species (minus exotic species). 
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For all these metrics values for each location were withdrawn from the fish file. 
Depending on the metric these values of the concerned species were added, subtracted or 
filled into a formula taking into account the criteria in tables 2.2.2.2 and 2.2.2.3. As a 
result a dataset with real values for each metric were obtained. This dataset was used to 
define the threshold values using a trisection method or a model enabling us to define for 
each location the different metric values and the IBI score. 
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3.- Preliminary data analysis: regional and geo-morphological characteristics, river 
integrity and fish assemblages 
 

Developing a system for the assessment of river quality based on fish community 
requires a good knowledge of their theoretical organisation and key-determinants, and an 
accurate understanding of the processes that lead to the modification of its structure, 
when natural events or man-induced degradation occur. The aim of this chapter is to 
study the organisation of fish community in the Meuse basin and to point out its regional 
specificity.  

Evidence for the longitudinal organisation of stream communities in response to 
the downstream evolution of abiotic conditions due to the unidirectional flow of water, 
have been provided for years (Vannote et al., 1980, Verneaux, 1980). The successive 
replacement of fish assemblages along the gradient has been given a particular focus 
(Huet, 1949, Verneaux, 1981, Schlosser, 1982), and the recurrent discussion between the 
supporters of a continuous evolution and the advocates of a discrete pattern induced by 
the existence of natural break, is still open.  

But more interesting should be the understanding of the processes that control 
such patterns of spatial evolution. What is the respective influence of abiotic and biotic 
factors? What are the dominant factors controlling this organisation? The complexity of 
these questions is increased by the interaction of processes that take place at different 
spatial and temporal scales. A particular attention was given to the way in which larger-
scale pattern could interact with local phenomena. Recently, several studies focused on 
that non-random distribution of fish and the opportunity to predict species richness, 
species composition or other attributes of fish assemblages through statistical models 
based on local hydraulic and morphological parameters (Bovee, 1982, Lamouroux et al. 
1999), or involving regional scale variables (Belliard et al., 1997) or a combination of 
both (Oberdorf et al., 2000). Considering the complexity of interaction between fish and 
their habitat, the use of a multivariable and multiscale approach is widely recommended. 

On a local scale, numerous studies have shown the high influence of depth, flow 
velocity and substrate size on the composition and abundance of species (Gorman & 
Karr, 1978; Lamouroux, 1999; Changeux and Pont, 1995; Bovee, 1982). At a regional 
scale, river size, geomorphology and climate are recognised as the major determinants of 
assemblage composition (Hugueny, 1989; Welcomme, 1990; Hughes & Larsen, 1988). 
But recent approaches gave evidence to the strong interaction between scales and the 
probable control of local factors by larger scale ones (Hugueny & Paugy, 1995, 
Oberdorff et al. 1998, 2000). 

The aim of this chapter is to give an overview on fish community structure of the 
whole Meuse basin. More precisely, we will focus first on the specificity of this basin in 
term of geomorphology related to species distribution. A particular attention will be 
given to the difference between regions and to the identification of the key-factors that 
mostly explain these spatial organisation of community structure. Based on this reference 
situation, we will attempt to describe the effect of degradations on the previous 
theoretical structure. This information will be very helpful to guide the next step which is 
the development of the fish biotic index. 
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3.1- Study of the whole data set: total data set of 698 operations 
(VAL+DESIGN) 

Environment parameters 
A nPCA on the whole data set was run to explore the main axis of variation due 

to environmental characteristics (SLOP, WSA, DIST and WID were previously log-
transformed). More precisely we aimed to test whether there was a significant difference 
between regions, and to verify that there was no difference between the two subsets 
(VAL and DESIGN) to be used in the next stages of the study. The main source of 
variation, accounting for 54 % of the total variance in the data, was described by the first 
axis of the PCA (Cf Fig. 3.1.1-A). It was principally due to the longitudinal evolution of 
environmental conditions from the source to the confluence or mouth. This well-known 
general trend consisted in a simultaneous decrease of SLOP, while WID., as well as 
WSA. and DIST. increased (Cf. Fig. 3.1.1-B). This logical opposition particularly 
explained the clear separation of the Dutch samples from the other ones, as they were all 
located in the downstream zone of the Meuse main stream (high DIST, WSA and WID at 
the same time). Contrarily, samples from France, Wallonia and Flanders covered the 
wide range of stream types from upstream to downstream types (Cf. Fig. 3.1.2-C). 

Despite its lesser importance (17 % of total variance) and its questionable 
legitimacy (it was not significantly different from the following axis, which still 
represent 12%), it was interesting to already remark that the second axis reflected a 
regional singularity. Thus, independently from the position within the gradient, altitudes 
(ALT), and air temperature amplitude (JUI_JAN) were globally lower in Flanders than 
in France or in Wallonia, while cumulated temperature (JANJUI) was greater (Fig. 3.1.1-
B & C). 

Moreover no difference could be observed between DESIGN and VAL datasets 
concerning the environmental conditions (Fig. 3.1.1-C).  

Fish community structure 
This section is a preliminary stage of the data analyses which aimed to explore 

the various source of variations contained in the “699 sites x 46 species” cross-table. The 
main question to be answered is: What kinds of site features are revealed through species 
assemblages?  

Correspondence Analysis (CA) was carried out to study the simultaneous 
ordination of samples and fish species along the Meuse basin. This multivariate analyses 
particularly aimed to identify the major patterns in regional and zones (as “Huet zones”) 
species organisation, as well as to verify the homogeneity of data sets (VAL and 
DESIGN) and finally the capabilities of fish to discriminate between several ecological 
quality units. The use of a multiway plot for representing the partition of sites according 
to the different effects was particularly useful to study the interaction between those 
effects, that should be accounted in further stages. 

Species abundance was previously transformed into five classes of abundance to 
homogenise the variances and improve the normality. For each species the mean value of 
the abundance (CPUE) constitute the inferior limit of the fourth class. The limits for 
upper and lower classes are then calculated through a second order geometrical 
progression (Verneaux 1981, Benzécri 1972). Species which occurrence was lower than 
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1 % were excluded from the analysis to overcome trivial effects, resulting in a 699/39 
reduced matrix. 

Results of the CA (Cf. Fig. 3.1.2-A) revealed a strong structure in the data, 
synthesised by the first two axes of the CA, which accounted for 20% of the total 
variance. The first axis (10.8%) obviously reflects the longitudinal organisation of fish 
assemblages characterised by a successive dominance of species (Fig. 3.1.2-B). This 
succession could be interpreted as a zonation since the factorial map of samples grouped 
by zones (following Huet, 1949) displayed a significant separation of the four zones 
along the axes1 ((Fig. 3.1.2-C). The axis2 relied more to a regional effect. As a group of 
species mainly composed by Gasterosteidae (Pungitus pungitus and Gasterosteus 
aculeatus) Umbra pygmea, Leucaspius delineatus and Carassius auratus, was located on 
the negative part of axis2, just like the centre of gravity of the samples from the Flemish 
region (Fig. 3.1.2-B & C). 

However, the multiple points of view for representing the samples plot, gave 
evidence for different interactions between region, zones and “integrity level” patterns of 
fish assemblage. For example, there was a high redundancy between the “Bream” status 
and the membership of the Dutch set; as between Flemish samples and high-degradation 
state (Classes 1 and 2). More generally the increasing degradation with the longitudinal 
gradient was also obvious. 

This was consistent with many studies on this topic, since most of the authors 
pointed out the strong relation between global tolerance and the most probable position 
of a species within the gradient, resulting from a equilibrium between the degree to 
which a given species is linked to a particular set of environmental conditions 
(preferendum and ecological amplitude concepts). Thus most of the low order species 
(e.g. Salmo trutta fario, Cottus gobio) are often considered as “sensible” while most of 
high order stream are usually defined as tolerant and/or ubiquitous (Alburnus alburnus, 
Abramis, brama, Rutilus rutilus, Leuciscus cephalus). Reasons for these relationships 
and the actual distribution of fish community should be found in the hypothesis of 
historical refugia and the dispersal processes that occurred after the glacial period. Thus, 
Salmonids and Bulhead are considered as cold-water species which probably persisted in 
central Europe during the glaciation, while many others, and particularly Cyprinids, may 
have reinvaded from Danube refugia (Moyle & Herbold, 1987). 

As mentioned by Mayden (1987) and recently recall by Matthew (1998) 
understanding the present-day fish occurrence in a local assemblage, entails to consider 
overriding and global influence of historical events and zoogeography concepts. Thus 
designing an index of biotic integrity should consist in separating natural and degraded 
characteristics of fish community, encompassing the factors controlling natural 
distribution: historical, regional and local, i.e. accounting for the natural longitudinal 
evolution of species and assessing the degree of integrity through the comparison of an 
observed fish assemblage versus the expected one in the absence of degradation (Cf. the 
following paragraph). 

On the other hand, no difference could be observed between the two subsets 
(VAL and DESIGN), revealing their high homogeneity and comparability, in term of 
river types, quality level or region considered. 
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3.2- Study of reference conditions 
 
The previous chapter underlined several key-points: fish assemblages constitute a 
relevant tool for the assessment of stream integrity, but there is an embarrassing 
interaction between longitudinal evolution of fishes, ecological quality of rivers and 
maybe regional singularities that could trouble and distort the discernment of stream 
quality via assemblage structure. 
Thus, following the basic principles of the biotic index, which consist in the 
confrontation of an observed sample to a reference situation (of course relative), there is 
a need to describe the theoretical structure of fish community for the least degraded 
sites existing in the Meuse basin (i.e. 185 sites on the 698). Thus it will be particularly 
possible to clarify the regional singularities suspected in Flanders, and enhance the 
identification and the hierarchical classification of the factors controlling such 
organisation of fish species, when little degradation occurred.  

In a first step, preliminary analyses have been carried out as described previously. 
A CA was run on the species abundance matrix, after species with very low occurrence 
(<1%) were excluded in order to reduce the “noise” in species data; while a PCA on the 
correlation matrix (nPCA) of abiotic parameters was carried out. As previously 
mentioned, some parameters have been Log-transformed (natural Log) to improve for 
normality, and the correlation option of PCA was preferred due to the high heterogeneity 
of units (meters, °C, Kilometres, %…). 

The relationship between fish organisation and sites characteristics was studied 
through the use of the Canonical Correspondence Analysis (Ter Braak, 1986). This 
method constrains the axis of the classical Correspondence Analysis, one of the 
ordination method based on the χ2 metric (Hill, 1974, Gaush, 1982) to be a linear 
function of external explanatory variables associated with prospected sites. Thus, 
confronting the inertia associated with CCA and CA it indicates the extent to which the 
abiotic variables (i.e. geographic and hydro-morphological features) explain the variation 
in fish species composition. A Monte-Carlo permutation test can then be used to assess 
the statistical relationship between both groups of describers. 

Fish community structure  
The first two axes of the correspondence analysis accounted for about 28% of the 

total inertia (Fig. 3.2.1-A). The factorial map of species showed a strong structure in fish 
species organisation, with a clear “Guttman effect” indicating that axes 1 and 2 were not 
totally independent. Despite this well-known “artefact”, classical Correspondence 
Analysis was preferred to the Detrended option, considered as arbitrary in unigradient 
situations (Wartenberg et al., 1987) and because it could give a variety of results (Jakson 
& Somer, 1991).  

The positive part of axis 1 corresponded to the typical assemblage of “Salmonid 
streams” (Fig. 3.2.1-B), dominated by Salmo trutta fario (SalFar) and Cottus gobio 
(CotGob) association (Trout zone”) progressively replaced by Thymallus thymallus 
(ThyThy) and Phoxinus phoxinus (PhoPho) association (“Grayling zone”), and more or 
less diversified with Barbatula barbatula (BarBus) or Lampetra planeri (LamPla). This 
progressive enrichment of the fish assemblage and simultaneous disappearance of the 
most specialised species (i.e. with a very strict habitat preference), continued till the left 
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part of the factorial map which was characterised by Abramis brama (AbraBra), Blicca 
bjoerkna (BliBjo), Tinca tinca (TinTin), Rutilus rutilus (RutRut), Perca fluviatilis 
(PerFlu), Anguilla anguilla (AngAng), Leuciscus idus (LeuIde) that are typical of the 
“Bream Zone” and even smelt (Osmerus eperlanus) which indicated the first estuarine 
influences. In the centre of the map (projection on axis 1) a group of species mainly 
composed by rheophilic species such as Barbus barbus (BarBar), Chondrostoma nasus 
(ChoNas), Alburnus bipunctatus (AlbBip), Leuciscus leuciscus (LeuLeu) and at a lesser 
extend Alburnus alburnus (AlbAlb), Lota lota (LotLot), were typical of the intermediate 
streams classified as “Barbel Zone”. Then, axis 1 essentially described the longitudinal 
distribution of species as showed by the corresponding map of locations plotted at the 
centre of gravity of “Huet Zones” (Fig.3.2.1-C). But it is clear that there were no real 
barriers or discontinuity and in a given context several possible combinations of species 
can be met depending on local environmental conditions. 

The second axis reflected the singularity of fish assemblages in the Flemish zone 
(Fig. 3.2.1-C), characterised by a group of species composed among others by Pungitius 
pungitius (PunPun), Umbra pygmaea (UmbPyg), Carassisus carassius (CarCar), 
Carassius auratus (CarAur) and at a lesser extend Lepomis gibbosus (LepGib) and 
Gasterosteus aculeatus (GasAcu). 

The position of some species was somehow surprising comparing with classical 
knowledge. For example the “position” of Lampetra planeri (LamPla) as well as 
Oncorhyncus mykiss (OnkMyk) was expected to be closer to Trout (SalFar) while 
Barbatula barbatulus (BarBus) was usually “accompanying” Minnow (PhoPho) and 
Grayling (ThyThy). For these two species, there was a high influence of the Flemish 
specificity. In this region, there were no (or no more?) typical “Salmonids streams” 
(Trout or Grayling type) and river belonging to the theoretical Barbel zone were clearly 
different from those in France or in Wallonia. In the Flemish region, everything 
functioned as if there was a contrasted assemblage for every type of rivers. For example 
Oncorhyncus mykiss (Rainbow trout) and Lampetra planeri (Brook Lamprey) seemed to 
replace the Trout-Bulhead association in the upper-streams. 

Furthermore, if Flemish organisation of fish community was a special case apart, 
there was no clear difference between Walloon and French regions in which every type 
of river was represented; while the separation of Dutch samples was only due to the 
gradient factor. 

Finally, there was no difference between the two data subsets (VAL and 
DESIGN), that were still very similar for reference situations (Fig. 3.2.1-C).  

 
RQ.: there was no reason for waiting a special difference between degraded and reference sites for 

abiotic parameters, that is why we won’t comment the results for the corresponding nPCA 

Relation with environmental conditions 
Following the Chessel et al., (1987) version of CCA, a biplot diagram is 

generated to display the main pattern of variation in community composition, accounted 
by the environmental variables. More precisely, the biplot illustrates the linear 
combination of the variables from Principal Component Analysis of the environmental 
variables that maximises the variance of the column means from the Correspondence 
Analysis of species (Chessel et al., Op.cit.).  
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The seven environmental variables explained about 26 % of the total inertia in 
fish fauna distribution. Eighty-three percent of the variance due to species-environment 
relationship was accounted by the first two axes of the CCA (respectively 55% and 
28%)(Fig 3.2.2-A). 

The first axis was negatively correlated with high slopes and altitudes, while the 
second axis was strongly related to the river size (LnWidth and LnWSA) and the 
position within the upstream-downstream gradient (LnDist). The two variables 
accounting for the climate influence (JanJui and Juil_Jan) had a very low contribution to 
these two axes, but could probably bring a significant contribution to the following axes, 
even if their overall influence remained weak (Fig 3.2.2-B). 

Fig. 3.2.2-B& C shows the relationship between environmental conditions and 
species distribution. Looking simultaneously to species and sites plots, make it possible 
to understand the main processes of fish community organisation in the Meuse basin: 
two symmetrical ordinations of sites and three gradient in species distribution, could be 
identified (Fig.3.2.2C &C’). 

The main ordination of species and sites from the left to the right side of the map 
was described on the axis 1 by both the slope and altitude decrease (Fig. 3.2.2-B&C). 
These factors explained the ordination of species from rheophilic, rather located in the 
negative part of the axis (SalFar, CotGob, ThyThy, LeuLeu, BarBar, AlbBip) to the most 
limnephilic ones plotted in the right side (RhoSer, BliBjo, PerFlu, TinTin, MisFos, 
AbraBra…). The second axis was highly correlated with stream size and position within 
the gradient (say independent from slope and altitude). It led to the distinction of two 
ordinations of species and sites, that included the regional specificity. A first group of 
species among which StiLuc, GymCer, AlbAlb and LeuIde characterised assemblages 
from large rivers (i.e. sites located far from the source), while at the opposite, sites with 
similar slopes and altitudes but with low WSA, DIST and Width contained fish 
assemblages dominated by UmbPyg, PunPun, CarAur, GasAcu, CypCar, CarCar and 
ScaEry. 

Then in terms of spatial structure this should be interpreted as two patterns of fish 
distribution. The axis1, revealed the strong influence of Altitude and Slope, which 
indirectly controlled fish distribution through their preference in term of water-flow 
velocity. This constituted a sort of average pattern common to every region.  

According to the river size, essentially due to region specificity, this pattern of 
species distribution is modified. In France, Wallonia and the Netherlands, as the river 
becomes larger and the location farther from the source, there was a successive increase 
of the abundance of ThyThy, BarBar, LotLot, AlbAlb, GymCer, StyLuc and LeuIde. 
Whereas in Flanders OncMyk, GasAcu, CypCar, LepGig, Sca Ery, PunPun and UmbPyg 
successively influenced the initial structure. 

 
Finally, it seemed possible to resume the spatial patterns of fish organisation in 

the Meuse basin, by the existence of two symmetrical structures, both mainly controlled 
by two distinct combinations of Slop and Alt on a one hand, and Dist, Width and Wsa on 
the other hand. Further data analysis and particularly the development of the fish-based 
index should encompass the following key-points: 

Slope (Slop) and altitude (Alt) are the two major factors influencing fish 
community structure of the least impacted sites of the Meuse basin; 
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Dist., WSA and Width are all reflecting the stream size and the position within 
the uspstream-downstream gradient in a very similar way. Thus, these three correlated 
variables could be replaced by a new synthetic variable (i.e. a linear combination of the 
three initial ones). 

As suggested in the early stage of data analysis (see previous section), these two 
sets of describers seemed to have a contrasted influence on fish assemblages depending 
on the region considered. Two hypothesis could be proposed to explain this difference: 
either the least degraded sites chosen in the Flemish region were even so degraded; or 
there was a real natural specificity of fish assemblages in this region, that was not 
necessarily fully accounted by the measured environmental parameters. Whatever the 
reason, fish assemblage from Flanders and those from France, Wallonia or even the 
Netherlands, should not be assessed in the same way. 
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4. Fish Index 

4.1. Direct application of existing national index 

4.1.1. French “Fish Biotic Index” (Oberdorff et al. submitted) 
 
4.1.1.1. Principles 
 

The method described in the next paragraph has been tightly inspired by the 
French national method (Oberdorff et al 2000 and Oberdorff et al., submitted). The 
adaptation of these principles to the Meuse basin and our data set, required several 
modifications both in the statistical aspects and the scoring process (thresholds, 
scores…). The main differences between the original method developed in France and its 
adaptation for the Meuse international context are resumed below: 

Originally, the models were performed on 650 sites considered as reference and 
representing the various situations and regional contexts encountered in France. 

The metrics describing species composition, were not expressed as percentage of 
the total species richness as we did for the adaptation on the Meuse system. Moreover, 
for each metric (for example the number of intolerant species) the theoretical value 
represents the sum of the probabilities for the species matching the category considered 
(i.e. “intolerant” in this example) to be present at a given site. Those probabilities came 
from logistic models that computed the probability of a species to occur as a function 
of several environmental conditions, representing both regional and local scales. These 
abiotic describers introduced into the models were somewhat different from the 
parameters we used: 

the mean width, slope and depth were transformed into an average indicator of 
stream flow: V= log (Width)+ log (Depth) + log (Slop) – (log (Width+ 2* Depth) 

altitude was introduced in the models as: A= log (alt) +15 
the gradient (G) was a linear combination (nPCA) of the distance to source (Dist) 

and the watershed area (WSA). 
The metrics concerning fish abundance (for example % of Rheophilic 

individuals), were modelled in the same way, using logistic regressions, whereas we 
used linear models for adapting the method to the Meuse program. 

Furthermore, the attribution of scores for each metric was done using the 
reference data set. Working on the distribution of normalised residuals coming from 
the regression models, the samples belonging to the lower 25% interval (for a metric 
expected to decrease with the degradation), were considered as even degraded situation. 
Then this interval was divided into five categories, representing the situations ranging 
from few altered to very disturbed. A score ranging respectively from 0 to 4 was affected 
to these sub-intervals. The threshold values separating those categories are to be used to 
assess the integrity of new samples. On the other hand, the upper 75 % of the distribution 
were considered as conform to the reference, consequently all these samples were given 
5 as conformity score. 

The final score is the sum of the scores given to each metric. As 13 metrics have 
been selected, the total score ranges continuously from 0 to 65. 
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4.1.1.2. Results 
Even if the Meuse data set was almost independent from that used to design the 

French “Fish Biotic Index”, we studied the performance of this method on the “VAL” 
data set only to allow the comparison with other methods.  
General distribution of scores  

The study of the overall distribution of the total scores revealed that beside the 
relative “bell-shape” distribution of the scores, which would reflect the expected 
situation characterised by a few number of both very degraded sites and at the opposite 
really undisturbed situations, we must remark a questionable high density of the scores 
which ranging from 55 to 60 (Fig. 4.1.1-1). This lead to a “left skewed” distribution of 
the scores reflecting a certain inclination to overestimate the number of good and very 
good situations. The new version of the FBI that is still investigating will remedy this 
drawback. 

This problem was still occurred in the distribution of fish integrity classes, but 
was partially overcome by the use of the intervals of classes proposed by the author to 
rate the sampling sites (Oberdorff et al., submitted): Excellent [60-65]; Good [50-59]; 
Fair [40-49]; Poor [30-19] and Very Poor <30.  
Global sensitivity 

There was a regular increase of the mean of FBI scores from class 1 to class 4 of 
ecological quality, with a slight inflection of the slope between class 3 and class 4 (Fig. 
4.1.1-2). Surprisingly, there was a decrease of the mean score between class 4 and class 
5. The one-way ANOVA revealed a significant difference for the mean scores between 
ecological quality classes (p<<0.0001). Furthermore the Bonferoni’s a posteriori test 
indicated that the pairwise differences concerned the class 1 with every others and the 
class 2 with classes 3 and 4. 

Accuracy of the rating 
Proportion of errors 

Considering that one class difference does not reflect a significant divergence, 
and that 2 classes deviation and more represents presumed errors; for 74.35% of the 
samples the rating based the fish integrity classes (authors intervals) was conform with 
the expected ecological quality, against 25.75 % of presumed errors (Table 4.1.1-3 
below). Furthermore, a perfect match with the expected ecological quality was observed 
in 29.1 % of the cases (VAL data set). And in the majority of the cases (45.2 %) one 
class deviation was observed, while for very few samples the deviation was high (5.8 % 
and 0.6 % of respectively 3 and 4 classes difference). 

Table 4.1.1-3 

Type of deviation Proportion (%) 
No deviation 29.1 

1 class deviation 45.2 
2 classes deviation 19.3 
3 classes deviation 5.8 
4 classes deviation 0 

Conform/Error 

The study of the distribution of errors (Fig. 4.1.1-3A) indicates that there was a 
little tendency for the fish index to overestimate the quality of the rivers for fish, since 
for each class of errors (principally classes 1 and 2), positive values were higher than 
negative ones. 
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Distribution of fish integrity classes versus expected ecological classes 
Considering the distribution of the fish integrity classes into each class of expected 

ecological quality (Fig. 4.1.1-3B), A systematic overestimation of the class 4 was 
observed was, as a high proportion of this category was still represented in classes 3, 2 
and even 1 of ecological quality. Class 5 of ecological integrity showed a high number of 
presumed errors, as the proportion of classes 2, 3, 4 and 5 was roughly similar. 
Moreover, surprisingly a greater proportion of class 2 of fish integrity than class 3 in that 
category of expected ecological quality was observed. For the class 3 of ecological 
quality, the rating was not very satisfying as we expected at least the dominance of class 
3 of fish integrity. Instead of those results, the class 4 exhibited the higher proportion, 
and the class 2 was also important. 

The rating was better in class 1 and class 4 of ecological quality, as a majority of 
samples were judged as respectively “bad” or “very bad” and good or very good. At a 
lesser extend the class 2 of ecological quality exhibited almost consistent results. 
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4.1.2. Index of Biotic Integrity for running waters in Wallonia (Kestemont et al., 
2000) 
 
4.1.2.1 Principe 
 

The Walloon strategy for designing a fish based index was developed on the basis 
concept that was originally proposed about two decades ago by Karr (1981) for streams 
in the US Middle West. This Index of Biotic Integrity (IBI) was a multiparametric index 
including three broad categories (species composition and richness, trophic composition, 
individual abundance) and originally twelve fish metrics selected to integrate 
information from individual, population, assemblage, ecosystem and ichthyogeographic 
levels.  

Ideally, environmental conditions at the site in question are compared with the 
attributes expected in undisturbed streams or rivers of similar size and habitat type 
located in a similar geographic region. When there are no undisturbed sites, the least 
impacted regional sites can be used as standard. A rating of 5, 3 or 1 is then assigned to 
each metric (12), according to whether its value approximates (5), deviates moderately 
from (3) or strongly from (1) the value expected at the reference sites. The IBI is the sum 
of the 12 ratings and varies from 12 to 60 in 5 quality classes: excellent, good, fair, poor 
and very poor. A classification of "no fish" is assigned when repeated samplings find no 
fish. 
 
IBI metrics and ecological guilds 

 
The 12 originally metrics were basically retained in the present adaptation with 

some modifications required for application in the Meuse basin or from Simon & Lyons 
(1995) and Hughes & Oberdorff (1998) (Table 4.1.2.1.a). The IBI was calculated for 
each sampling site according to methods modified from Fausch et al. (1984), Karr et al. 
(1986) and Oberdorff & Hughes (1992). For a given sampling site, each metric received 
a score ranging from one to five points, according to the level of similarity (low=1, high 
= 5) of its value to that expected for a fish assemblage experiencing little human 
influence. The total IBI score was the sum of the 12 metric scores and range from 12 
(worst) to 60 (best). 
 
Table. 4.1.2.1.a. Scoring criteria for metrics used to calculate the index of biotic integrity for wadeable 
streams and rivers of the Meuse basin. 
 

Scoring criteria Metrics 
5 4 3 2 1 

Species richness and composition      
1. Number of native species Varies with stream size 
2. Number of benthic species Varies with stream size 
3.Value of intolerant species 1 (Vis)* Varies with stream size 
4. % of intolerant individuals 1 Varies with stream size 
5. Shannon – Weaver diversity index (H')2 <0.05 - - >0.1 0.05-1 
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6. Presence of fry, juveniles and adults 3 a b, c d e, f g 
7. Bullhead/ bullhead+loach ratio >0.8 0.6-0.8 0.4-0.6 0.2-0.4 <0.2 
Trophic composition      
8. % of ind. as omnivores <5 - 5-10 - >10 
9. % of ind. as piscivores and piscivores-invertivores >20 - 10-20 - <10 
Fish health and abundance      
10. Estimate biomass (kg ha-1) 4 Varies with stream size 
Reproductive function      
11. % of ind. as specialised spawner >67 - 33-67 - <33 
12. % of ind. as non specialised spawner  <5 - 5-10 - 
1 to water quality degradation (* Vis= nsp5*1+nsp4*0.8) 
2 for non-resident species and individuals. 
3 in the dominant species among the intolerant ones. 
4 Captured biomass when based on one passage only. 
 

Before computing IBI scores, each species collected was assigned to appropriate 
ecological guilds using our own expertise backed up with references from the scientific 
literature (Kestemont et al., 2000) (table 4.1.2.b).  
 
Table 4.1.2.1.b. Ecological guilds for common freshwater cyclostomes and fishes of the river Meuse basin. 
For references, see list of authors in the Material & Methods, section IBI metrics and ecological guilds. B = 
benthic species, WC = water column species, I = invertivore, P= piscivore, PA = parasite, FF = filter 
feeder, O = omnivore, H = herbivore, Li = lithophilic, Ph = phytophilic, Ph-Li = phyto-lithophilic, Ps = 
psammophilic, Os = ostracophilic, SS = specialized spawner, NS = non specialized spawner 
 

Families Benthic/water column Trophic guild Reproductive guild 
Species    
Anguillidae     
Anguilla anguilla B I/P   
Petromyzontidae     
Petromyzon marinus L. (E) B PA Li SS 
Lampetra fluviatilis L. (E) B PA Li SS 
Lampetra planeri Bloch B FF Li SS 
Acipenseridae     
Acipenser sturio L. (E) B I Li SS 
Clupeidae    
Alosa alosa L. (E) WC I   
Alosa fallax Lacepede (E) WC I   
Gasterosteidae    
Gasterosteus aculeatus L. WC I   
Pungitus pungitius L. WC I   
Cottidae    
Cottus gobio L. B I Li SS 
Percidae    
Perca fluviatilis L. WC I/P Ph-Li NS 
Sander lucioperca L. WC P   
Gymnocephalus cernuus L. B I  NS 
Cobitidae    
Cobitis taenia L. B I  SS 
Barbatulus barbatulus L. B I Ps SS 
Misgurnus fossilis L. B I  SS 
Gadidae    
Lota lota L. (E’) B I/P Li SS 
Salmonidae    
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Salmo trutta fario L.  WC I/P Li SS 
Salmo salar L. (E) WC I/P Li SS 
Salvelinus fontinalis L. WC I/P Li SS 
Oncorhynchus mykiss Walbaum WC I/P Li SS 
Salvelinus alpinus L. WC I/P Li SS 
Hucho hucho L. WC I/P Li SS 
Ictaluridae    
Ictalurus melas Rafinesque B I  SS 
Centrarchidae    
Lepomis gibbosus L. WC I   
Micropterus salmoides Lacepede WC I/P  SS 
Coregonidae    
Coregonus lavaretus L. B/WC I Li SS 
Coregonus peled L. WC O Li SS 
Thymallidae    
Thymallus thymallus L. B/WC I Li SS 
Esocidae    
Esox lucius L. WC P Ph SS 
Cyprinidae    
Cyprinus carpio L. B O   
Barbus barbus L. B I  SS 
Gobio gobio L. B I Ps  
Tinca tinca L. B O   
Phoxinus phoxinus L. WC I Li SS 
Blicca bjoerkna L. WC I Ph  
Abramis brama L. B I/FF  NS 
Scardinius erythrophthalmus L. WC O   
Alburnus alburnus L. WC I  NS 
Alburnoides bipunctatus Bloch WC I Li SS 
Rhodeus sericeus Bloch WC H Os SS 
Chondrostoma nasus L. B/WC H/O  SS 
Leuciscus cephalus L. WC O Li SS 
Leuciscus leuciscus L. WC I Li SS 
Rutilus rutilus L. WC O Ph-Li NS 
Leuciscus idus L. WC O Ph-Li NS 
Carassius carassius L. WC O Ph  
Carassius auratus L. WC O Ph  

 
 
 
 
Calculation of IBI metrics 

 
Several metrics vary substantially with stream size and were scored from 

Maximum Values Lines (MLV), using the approach of Fausch et al. (1984) in which 
potential species richness for the sample appears as a function of catchment area 
(Maximum Species Richness Lines). Species richness or fish abundance values were 
plotted against Log10 catchment area. Because only few undisturbed reaches can be 
sampled in Belgium, the highest metric value which was usually obtained at the least 
square linear or 2nd order polynomial regression curve (MVL) between the log10 
catchment area (X) and the metric (Y), depending on how accurately the regression 
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curve fitted the data. The area under the MLV was divided into five sections and used to 
rate the corresponding metrics. 

Since many species disappeared more or less recently from the Belgian section of 
the River Meuse basin due to dam construction, and also to organic and industrial 
pollution, the extinct species were added, if applicable, when drawing up the MVL for 
the metrics depending on species richness (number of native species, number of benthic 
species and value of intolerant species). The absence of these species is an indication of a 
degraded status of the river Meuse and its tributaries, in terms of the free circulation and 
biodiversity of fish. 

Based on historical data of species distribution within the Belgian section of the 
Meuse basin (Philippart & Vranken, 1982) Atlantic salmon Salmo salar L. and river 
Lamprey Lampetra fluviatilis L. were added to the maximal recorded values for 
catchment areas from 0 to 320 km², while Lota lota L. was added for the catchment areas 
from 320 to 1780 km² and 4 species (Alosa alosa, Alosa fallax, Acipencer strurio and 
Petromyzon marinus L.) for the catchment areas larger than 1780 km². The number of 
individuals belonging to extinct species was not considered, since it is not possible to 
know the expected abundance of each extinct species. 

In the River Meuse basin, no direct relationships were found when plotting the 
trophic composition or reproductive function metrics according to the log catchment area 
(Didier, 1997). These metrics that varied apparently less with watershed area and stream 
size were scored by comparing their scores with those for the same metrics when they 
occurred at sites having the maximum number of species and maximum value of 
intolerant species. This approach, although relatively arbitrary, was also used by Karr et 
al. (1986) and Oberdorff & Hughes (1992).  

Principal Component Analysis (PCA) was used to determine the contribution of 
the 12 metrics to the IBI variations and to identify one or several factorial axes 
integrating the highest percentage of the total variation in the samplings sites containing 
fish. The distribution of the sampling site along the two main factorial axes was then 
interpreted by examining site scores for other physical, chemical and biological indices. 

The index of Organic Pollution (IPO; Leclercq & Maquet, 1987), was chosen in 
this study. The IPO integrates the influence of 4 variables (biological oxygen demand 
BOD5, orthophosphate, ammonia and nitrite concentrations) in a classification with 5 
scores (5 = very high pollution, 1 = no or very low pollution). The Global Biotic Index 
(IBGN), a macroinvertebrate index, assigns a score ranging from 0 (highly degraded) to 
20 (excellent) (AFNOR 1992). Data of IBGN and IPO were provided by the Water 
Division of DGRNE (Vanden Bossche 1993a, b) from routine monitoring conducted 
from 1990 to 1994 in stations very close to the samplings sites of this study. 

In order to select and balance the importance of the initial IBI metrics without 
any significant lack of information, initial metric scores were modified according to the 
factor-loading matrix. Among the 12 metrics initially proposed to assess the ecological 
quality of wadeable streams and rivers from the Meuse basin, 6 metrics were selected 
(Table 4.1.2.1.c). These metrics belong to three categories: the first category refers to 
descriptors of species richness (numbers of native species, number of benthic species), 
the second category refers to indicators of water quality (% individuals as intolerant and 
bullhead/bullhead+loach ratio), and the third category refers to indicators of physical 
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habitat quality (% individuals as specialised spawners and presence of fry, juveniles and 
adults). 
 
Table 4.1.2.1.c. Selected metrics and scoring criteria of IBI to evaluate the ecological quality of wadeable 
streamsand rivers of the Meuse basin. 
 

Scoring criteria Metrics 
5 4 3 2 1 

Indicator of species richness      
1. Number of native species Varies with stream size 
2. Number of benthic species Varies with stream size 
Indicators of water quality  
3. % of intolerant individuals 1 Varies with stream size 
4. Bullhead/ bullhead+loach ratio >0.8 0.6-0.8 0.4-0.6 0.2-0.4 <0.2 
Indicators of physical habitat quality      
5. % of ind. as specialised spawner >67 - 33-67 - <33 
6. Presence of fry, juveniles and adults 3 a b, c d e, f g 

 
 
4.1.2.2. Application on validation data set 
 

The 5 metrics of the Walloon Index were assessed at the validation data set, 
excepted 102 samplings corresponding at the main course of the river Meuse and 
Sambre. 

As the Walloon Index was adapted on the small rivers of the Meuse basin, 102 
samplings, corresponding to the main course of the river Meuse and the river Sambre 
were deleted. The validation data set was assessed by the Walloon Index, excepted the 
metric "Presence of fry, juveniles and adults" (too many samplings had no information 
about fry and juveniles). The total score was attributed on 25 points and the Integrity 
classes were modified in respect to the initial distribution (Table 4.1.2.2.a). 
 

Table 4.1.2.2.a: distributionof scores in Integrity Classes 
score Integrity classes 
23-25 5: very good 
19-22 4: good 
15-18 3: fair 
10-14 2: poor 

5-9 1: very poor 
…… No fish 

 
Expected global quality versus observed (Integrity class) 
 

In addition to fish index, based on fish community, each sampling of the whole 
data set was scored by a global quality, based on general ecological conditions, 
considered here as the expected quality. 

As showing in figure 4.1.2.2.a, actual site distribution between fish integrity 
classes was relatively different that the one expected.. Indeed, we observe a lowest 
density in class 3 (48 versus 87) and a highest density in class 1 and 2 (57 versus 19 and 
102 versus 68, respectively), (Fig. 4.1.2.2.a.). 
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Fig. 4.1.2.2.a. Distributions of the 246 stations in their quality classes and fish classes. 
 

 
Global sensitivity 
 

The mean of total score for each quality class presented in the figure 4.1.2.2.b 
shows a regular increase of fish index from class 1 to class 4 with a slight decrease 
between class 4 ( = 16.4) and class 5 ( =15.8). Although, the increasing seems very 
clear from class 1 to class 4 (p<0.05). However, t-test (with equal variance) showed that 
class 1 ( =8.05) was different from class 2 ( =11.5), 3 ( =13.6) and 4 ( =16.4) and t-test 
that class 2 was different from class 3 and 4 and class 3 was different from class 4. The 
index can discriminate between very degraded, degraded and fairly situations between 
each of and between good and very good situations but can not discriminate between a 
good and a very good situation. 
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Fig 4.1.2.2.b. Mean of total scores in the 5 quality classes. 

 
 
 
 
Accuracy of the rating 
 

We calculated the overall correspondence between observed fish-classes and 
expected quality classes and we assessed how many samples showed respectively a 
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perfect match (deviation 0) or 1, 2, 3 classes of deviation. It was found that 75 % of the 
fish-scores were consistent with expected quality based on general ecological conditions, 
while 25 % could be considered as a significant shift. More precisely, respectively 33 % 
and 42 % of the samples match perfectly or exhibit one class difference (considered to be 
a reasonable threshold given the unavoidable incertitude concerning the initial ecological 
classification), while 19 % and 6 % of the samples have respectively  2 or 3 classes of 
deviation between the ecological and fish classes (Fig. 4.1.2.2.c.). 
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Fig 4.1.2.2.c. Distribution of errors in absolute values. 
 

 
Moreover, the analysis of error distribution underlined a tendency of 

underestimation. Indeed, there were more negative errors (class -3, -2 and –1) than 
positive ones (2 and 1) (Fig. 4.1.2.2.d). Nevertheless, as mentioned above, considering 
the overall absolute values, we observed that 1-class deviation was much more frequent 
than 0, 2 and 3 respectively. 
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Fig. 4.1.2.2.d. Distribution of errors in relative values. 

 
If we focused on the most evident errors, it would appear that classes 1 and 2 

were rather well scored. However this repartition was less appropriate for the other 
classes. We found stations expected in class 3 scored in class 2, stations expected in class 
4 belonging in classes 2 and 4 and the bigger differences were for the station ranked in 
quality class 5, in which most of them were scored in integrity class 1.  It would seem 
that we under-score the classes 3 and 5 and in a lesser extent the class 4 if we considered 
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a deviation of 0. If we accepted a deviation of 0 or ±1,  class 5 was wrongly scored (70.6 
%) and in a lesser extent class 4 (44.4 %). This deviation decreased in classes 3, 2 and 1 ( 
20.7%, 10.3 % and 0 %, respectively), (Fig. 4.1.2.2.e.). 
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 Fig 4.1.2.2.e. Distribution of integrity classes in each quality classes. 
 
Differences between zones, river type and region  
 
Region versus zonation 

As mentioned before, the stations in the main course of the river Meuse and 
Sambre were removed. As the Rivo have only stations in this part of the river, no station 
where scored by our fish-index. 

The distribution of integrity classes according to the region showed a different 
pattern between France, Wallonia and Flanders. Indeed, although only Wallonia 
presented the five classes with a maximum of the fourth one, France presented only four 
on the five classes with a maximum of the second class and the Flanders presented only 
three classes with a maximum of the two first ones. These three regions have different 
types of river, according to the Huet zonation.  

 
However, we can observe a similar pattern with these three regions and three 

Huet zonations. The distribution in Wallonia would be similar to the trout zone, France 
to the barbel zone and Flanders to the bream zone. Only grayling zone has a bell-shaped 
distribution that can not be found in these three regions.  

Although it was difficult to explain the differences between France and Wallonia, 
even if they have principally small or medium rivers being less degraded, it seems that 
the relationship between Flanders and bream zone can be explained by the fact that they 
were principally river of plain and largely altered, as if they have also "Barbel zone". 
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4.1.3. Index of Biotic Integrity for running waters of the bream and barbel zone in 
Flanders. 
 

In Flanders a multimetric fish Index of Biotic Integrity (IBI) was composed to 
assess the biotic integrity of water bodies (Belpaire et al., 2000). Huet’s typology (1959), 
based on riverbed slope and cross section, was used to classify fishing localities of 
running waters. As fish communities differ substantially between running waters of the 
bream zone and running waters of the barbel zone, 8 candidate metrics for each of these 
water types or zones were identified, representing three major classes of biological 
attributes. These are species richness and composition, fish condition and abundance, 
trophic composition. The metrics were tested and modified when needed.  

Relations between the individual metrics and between the metrics and the total 
IBI score were measured using correlation analysis (Pearson correlation coefficient). The 
significance of the correlation (p value) was tested with the Students-t test (two-tailed 
test). 

To define threshold values of the selected metrics reference sites had to be 
selected. Accurate historical data on fish populations in undisturbed reference sites in 
Flanders are scarce. For the bream zone rivers in the Nete basin (De Backer, 1972; 
Bruylants, 1978) were selected and for the barbel zone the Herk river in the Demer basin 
(Timmermans, 1957), the Abeek and Warmbeek (Maas basin) (Gilson et al., 1994a and 
b) were chosen as reference sites.  

For each water type metrics belonging to 3 categories (1. Species diversity; 2. 
Trophic composition; 3. Fish biomass and condition) were defined following the general 
IBI concept (Karr, 1981). Scores for each metric range from 1 (poor) to 5 (excellent) (see 
Table 4.1.3.a). 
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Table 4.1.3.a. Definition of metrics and scores for the calculation of the IBI for Flandrian water bodies of type C2 (river habitat corresponding to the bream zone) 
and type C3 (river habitat corresponding to the barbel zone). 
* score is obtained by taking the mean of the species scores in italics 
**: + recr. and - recr. stand for the presence and absence of natural recruitment. (Belpaire et al., 2000) 
 

Metric Type C2 Type C3 
Score           5 4 3 2 1 5 4 3 2 1
       
Total number of species           

River width < 3m ≥7 6        5-4 3-2 1 ≥5 4 3 2 1
River width 3-6.4m ≥12 11-9       8-6 5-3 ≤2 ≥7 6 5-4 3-2 1
River width 6.5-8.9m ≥13 12-10      9-7 6-4 ≤3 ≥10 9-8 7-6 5-4 ≤3 
River width ≥ 9m ≥14 13-10      9-7 6-4 ≤3 ≥12 11-9 8-6 5-4 ≤3 

Mean tolerance ≥2.4 2.39-2        1.99-1.6 1.59-1.2 <1.2 ≥2.4 2.39-2 1.99-1.6 1.59-1.2 <1.2
Mean typical species value ≥3.3 3.29-3        2.99-2.7 2.69-2.4 <2.4 ≥3.1 3.09-2.8 2.79-2.5 2.49-2.2 <2.2
Type species* ≥4.5 4.49-3.5        3.49-2.5 2.49-1.5 <1.5 ≥4.5 4.49-3.5 3.49-2.5 2.49-1.5 <1.5

% Gasterosteus aculeatus          <3 3-4.9 5-6.9 7-8.9 ≥9 
% Barbatula barbatula          ≥11 10.9-9 8.9-7 6.9-5 <5
% Leuciscus cephalus**      >20 

(+ recr.) 
20-5 

(+ recr.) 
<5 

(+ recr.) 
≥25 

(- recr.) 
<25 

(- recr.) 
% Rutilus rutilus 10-25       25.1-35

7.5-9.9 
35.1-45 
5-7.4 

45.1-55 
2.5-4.9 

≥55 
<2.5 

% Scardinius 
erythrophtalmus 

≥10 5-9.9         2-4.9 1-1.9 <1

% Tinca tinca** ≥15 
(+ recr.) 

10-14.9 
(+recr.) 

<10 
(+ recr.) 

≥15 
(- recr.) 

<15 
(- recr.) 

     

Total biomass (kg/ha) 
 
 

100-349    350-499
75-99 

500-649 
50-74 

650-799 
25-49 

≥800 
<25 

250-349 350-449
100-249 

450-549 
60-99 

550-649 
20-59 

≥650 
<20 

Weight % of non-native 
species 

<1        1-3.99 4-6.99 7-9.99 ≥10 <1 1-3.99 4-6.99 7-9.99 ≥10 

Trophic composition* 5-4.3 4.29-3.5 3.49-2.5 2.49-1.7       <1.7 5-4.3 4.29-3.5 3.49-2.5 2.49-1.7 <1.7
% omnivorous species <1  1-5  >5 <1  1-5  >5 
% invertivorous species >45  45-20  <20 >45  45-20  <20 
% piscivorous species 3-5  2.9-1 

5.1-7 
       <1

>7 
3-5 2.9-1

5.1-7 
<1
>7 

Natural recruitment (%) ≥85 84.9-70        69.9-55 54.9-40 <40 ≥85 84.9-70 69.9-55 54.9-40 <40
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Total number of species 

 
The number of fish species supported by an undisturbed aquatic ecosystem 

decreases with environmental degradation, as intolerant species will disappear with 
increasing disturbance (Karr et al., 1986). The upstream-downstream gradient influences 
species richness, therefore the influence of stream spatial location on this metric was 
investigated. 4 stream width classes (0-2.9 m, 3-6.4 m, 6.5-8.9 m and over 9 m) were 
defined. The adopted discrimination boundaries are similar to the divisions suggested 
earlier by Bruylants (1978) and Vriese et al. (1994). Trendline regression (EXCELL 97, 
polynome y=-mx²+nx on k percentile of data with k=0.95) was used on both types of 
water to define the scores corresponding to each width class. As an example figure 
4.1.3.a shows the effect of stream width on the total number of species and the derived 
scores for this metric in the barbel zone. 
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Fig. 4.1.3.a. Scoring procedure for the metric 'Total number of species' (for C3 waters), determined by the 
stream width (width class 1 = 0-3 m, 2 = 3-6.5 m., 3 =6.5-9 m. and 4 = ≥ 9 m.) (Belpaire et al., 2000) 
 
Mean tolerance value 

 
To each fish species tolerance values for water quality and habitat quality scoring 

from 1 (very tolerant) to 5 (very intolerant) were assigned based on information from 
literature (OVB, 1988a; Reitsma, 1992; Oberdorff & Hughes, 1992; Oberdorff & 
Porcher, 1994) (Table 4.1.3.b). The individual tolerance value is the mean of the water 
quality and habitat quality tolerance scores. The final score for the mean tolerance value 
is calculated as the mean of the tolerance value for each species.  
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Table 4.1.3.b. Mean tolerance, typical species values and origin for the different fish species in Flandrian 
water bodies as used in the IBI (WQ = water quality, HQ : habitat quality, numbers indicate high (= 5), 
medium (= 3) or low (= 1) demands towards HQ or WQ. Typical species for a specific zone score high (= 
5), untypical species score low (= 1), ? indicates no data available. ° Non-native species). (Belpaire et al., 
2000) 
 

 Mean 
tolerance 

Typical species 
for bream zone 

Typical species for 
barbel zone 

 WQ HQ   
     
Lampetra planeri 5 5 1 

1 3 3 
1 1 5 

Blicca bjoerkna 1 1 3 3 
Alburnus alburnus 1 1 3 3 
Alburnoides bipunctatus 5 5 1 3 
Barbus barbus 3 5 1 5 
Carassius carassius 1 3 1 1 
Carassius auratus° 1 1 3 3 
Carassius auratus gibelio° 1 1 3 1 

3 5 ? 5 
Cyprinus carpio 1 3 3 3 
Gobio gobio 3 3 1 5 
Leucaspius delineatus ? ? 1 1 
Leuciscus cephalus 3 3 3 5 
Leuciscus idus 3 5 3 5 
Leuciscus leuciscus 3 5 1 5 

3 1 
1 1 ? 
1 1 1 

Rhodeus sericeus 5 3 3 3 
Rutilus rutilus 1 1 5 3 
Scardinius erythrophthalmus 3 3 5 3 
Tinca tinca 3 5 5 3 
Cobitis taenia 5 1 3 3 
Misgurnus fossilis 1 5 3 ? 
Barbatula barbatula 3 3 1 3 
Ameiurus nebulosus° 1 1 ? ? 

3 5 
Umbra pygmaea° 1 1 ? ? 
Oncorhynchus mykiss° 5 5 1 1 

5 5 1 3 
3 3 3 3 

Gasterosteus aculeatus 1 1 3 3 
Pungitius pungitius 1 1 3 3 
Cottus gobio 5 5 1 ? 
Lepomis gibbosus° 1 1 3 3 
Gymnocephalus cernuus 1 1 5 3 
Perca fluviatilis 1 1 5 3 
Sander lucioperca° 1 1 5 3 

1 
Anguilla anguilla 3 
Abramis brama 3 

Chondrostoma nasus 

Phoxinus phoxinus 5 3 
Pimephales promelas° ? 
Pseudorasbora parva° 3 

Esox lucius 5 3 

Salmo trutta 
Lota lota 
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Mean typical species value 

In a pristine watercourse, typical and accompanying species should be present. 
Different species are considered to be typical of the bream or barbel zone due to 
adaptations to different stream velocities and structural characteristics of the river. 
Typical species (score 5) are considered to be limited to one single zone. Accompanying 
species (score 3) are abundant in one zone, but are also often found in other zones. 
Atypical species for the concerning zone score 1. The metric score is calculated as the 
mean of the scores for each occurring species (Tables 4.1.3.a and b). 

For each type of water 3 typical species were selected: for bream waters roach, 
rudd and tench (Tinca tinca) (OVB, 1988b, Bruylants, 1978) and for barbel waters three-
spined stickleback (Gasterosteus aculeatus), stone loach (Barbatula barbatula) (Gilson 
et al., 1994a, b) and chub (Leuciscus cephalus) (OVB, 1988b). Scores were attributed 
according to relative abundance classes expressed in % of total biomass (Table 4.1.3.a). 
For species that are regular restocked natural recruitment was taken into account. The 
final score for this metric was calculated as the mean of the individual scores for each 
type species (see also Table 4.1.3.a). 
 

 

Fish assemblages are considered to be biotically integer if no disturbance 
occurred. The presence of non-native fish species is considered as a disturbance factor 
(Lyons et al., 1995, Elvira, 1995, Wichert & Rapport, 1998). Consequently, the index of 
biotic integrity should be negatively correlated with the quantity of non-native fish 
species present. The presence of non-native species is expressed in weight percentage of 
the total fish biomass. 

The ability of the species to recruit naturally is essential for stable biotic integrity. 
Natural recruitment was considered positive when O
combination with individuals of other year classes. The optimum percentage of 
recruitment (score 5) was defined when 85 % of the collected species were considered 
positive for this metric (Table 4.1.3.a). 
 
 

 
 

 
Type species 

Total biomass 
For bream and barbel waters, optimal biomasses were chosen: respectively 100 to 

350 kg/ha (Bruylants, 1978) and 250 to 350 kg/ha (Timmermans, 1957). Biomasses 
higher or lower than the defined optimal biomass are an indication of suboptimal 
conditions. The metric is therefore bi-directional, reducing the scores for biomasses too 
high or too low compared to the optimal biomass (Table 4.1.3.a). In some cases 
restocking activities may affect this metric either in a positive or negative way. 

Weight percentage of non-native species 

 
Natural recruitment  

+ fish of a species were present in 
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Trophic composition  
The metric ‘trophic composition’ was based on Karr (1981) and Oberdorff & 

Hughes (1992). Three different levels are distinguished, i.e. the percentage of individuals 
of omnivores, invertivores and piscivores. The final score is the mean of the three levels 
(see Table 4.1.3.a). A higher omnivorous level is a measure of increasing degradation 
(<1 scores 5; 1-5 scores 3; >5 scores 1). The invertivorous level decreases with 
degradation (>45 scores 5; 20-45 scores 3; <20 scores 1) whilst the optimum for the 
piscivorous level is set at 3 to 5 % (Miller et al., 1988, Steedman, 1988, Schields et al., 
1995). The top of the food chain is represented by the amount of predators, this 
constitutes the piscivorous level which also is sensitive to degradation. 

 
The overall IBI score for a given site was calculated as the mean of scores for all 

metrics. IBI classes ranging from 9 (no fish present) to 1 (excellent conditions) were 
defined. Each IBI score was assigned to an IBI class (as shown in Table 4.1.3.c). In case 
only stickleback (Gasterosteus aculeatus or/and Pungitius pungitius) is present, the IBI 
is overrated due to the high scores for natural recruitment and the absence of non-native 
species. In this case an IBI class of 7 (poor, see Table 4.1.3.c) was assigned. In case no 
fish is collected an IBI score of 0 or integrity class 9 (dead water) is attributed. 

Table 4.1.3.c. Quality-classes of the generalised definitions of ecological quality using the Index of Biotic 
Integrity classes (modified after Karr, 1981) with indication of the IBI class ranges. 

IBI Score Class description 

 

EQ 
High Excellent 

(class 1) 
 
to 
 

(class 2) 

>4.5-5 
 
 

 
Very good 

 

>4-4.5 

'Comparable to the best situations without 
influence of man; all regionally expected species 
for the habitat and stream size, including the 
most intolerant forms, are present with full array 
of age and sex classes; balanced trophic 
structure.' 

 

 

(class 4) 

 
 
 

>3-3.5 

 

 
Critical-bad 

>2.5-3 

 
 

>2-2.5 

'Dominated by omnivores, pollution-tolerant 
forms, and habitat generalists; few top 
carnivores; growth rates and condition factors 
commonly depressed; hybrids and diseased fish 
often present.' 

(class 7) 
 

 
Very poor 
(class 8) 

 
 
 

1-1.5 

'Few fish present, mostly introduced or very 
tolerant forms; hybrids common; disease, 
parasites, fin damage, and other anomalies 
regular.'  

(class 9) 
0 

Good Good 
(class 3) 

to 

Reason-able 

>3.5-4 

 

'Species richness somewhat below expectation, 
especially due to loss of most intolerant forms; 
some species with less than optimal abundance 
or size distribution; trophic structure shows some 
signs of stress.' 

Fair Critical 
(class 5) 

to 

(class 6) 

 

 

Poor Poor 

to 

>1.5-2 

 

Bad Dead No fish found 
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4.1.4. Index of Biotic Integrity in running waters in the Netherlands 
 

The Dutch parts of the River Meuse and River Rhine are monitored annually as 
part of research programs of the Ministry of Transport and Public Works (water 
management) and the Ministry of Agriculture, Nature Management and Fisheries (fish 
stock and fisheries management). Fish sampling includes trawling in the main channel of 
the rivers and electrofishing in shallow areas and shore zones. The standardised annual 
surveys are used to identify trends in fish communities (based on abundance, CPUE per 
species) and qualitative assessments of fish stocks. Ecological qualification indices based 
on fish surveys have been developed for small streams and small lakes (IBI) in the 
Netherlands. Due to technical complications of fish surveys in large water bodies and 
lack of well-defined reference conditions for lowland rivers, the development of IBI’s for 
large rivers and lakes is lagging behind, but has received increasing attention and priority 
in recent years. An alternative method named Amoebe (after a Dutch acronym) and 
based on relative abundances of key species against reference values of abundance, has 
been earlier developed for describing and evaluating ecosystems. Because of the limited 
number of species included and lack of quantitative appreciation of deviations from the 
reference conditions, this method is gradually overtaken by IBI-related indices.  
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4.2. Design of a Meuse specific index testing two different approaches 

General aspect 

 

 

4.2.1. Multivariate Models Index (MMI) based on reference sites 
 
4.2.1.1. Principles 
 

The French strategy for designing a fish based index was inspired from the 
method recently developed in France for standardising a Fish Biotic Index usable nation 
wide (Oberdorff et al., 2001 and Oberdorff et al., in press). Following the IBI 
foundations, this method is based on the “reference condition approach” to quantify the 
impact of human activities on the aquatic ecosystem using fish assemblages described by 
several metrics (Cf. §2.2.2). Even if the absolute significance of the reference concept is 
still questionable and frequently gives rise to infinite and more philosophical than 
scientific debates, it is recommended where possible by most specialists (Bailey et al., 
1998). It consists in testing an ecosystem exposed to potential stress against a reference 
situation that is unexposed to such a stress. It is admitted that reference sites are neither 
pristine nor totally intact ones, but should rather be viewed as the least impacted sites 
within a region (Hughes 1995).  

The foundation of the approach is the prediction of fish community in the absence 
of degradation (Oberdorff et al., 2001). The aim is to predict the characteristics of fish 
assemblages at a given site as a function of a set of variables reflecting natural conditions 
at different scales, from local to regional (Cf. § 2.2.3). This strongly differs from the 
usual IBI approach that adjusts metric criteria on the basis of the empirical relationships 
between metrics and a single describer of the longitudinal gradient. In fact the use of a 
unique environmental variable often appears insufficient to account for the complex 
influence of both local and regional factors acting on fish assemblage structure. 

The method aims to predict the values of each metric to be expected in the 
absence of major environmental stress. Thus the deviation between observed and 
expected feature is calculated for each metric on the “DESIGN” data set. 

The different step of this method are resumed in Fig. 4.2.1.1 

Statistical analysis 
Data selection 

The first step was to select the least degraded sites of the “DESIGN” data set. To 
avoid a subjective choice of the reference condition, the selection of reference sites has 
been achieved on the basis of a global indicator of ecological quality (Cf. § 2.2.1-22). 
Due to the lack of standardised method to quantify water and habitat quality over the 
countries involved, we used a qualitative approach, which aimed to homogenise and 
guide the “expert advice”. Thus each sites was given a score ranging from 1 to 5 to 
reflect water and habitat quality from very degraded to fairly unimpaired. For both water 
and habitat quality, this judgement was based on former punctual studies, more recent 
survey programs or historical knowledge of field regional specialists. Then, we decided 
that sites which ecological quality was superior or equal to 4, should be considered as the 
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least impacted sites of the Meuse basin and could be used as reference situation. They 
represented about one third of the samples which appears as a realistic proportion. 

 
Method and parameters involved  

Stepwise multiple linear regressions were used to analyse the relationships 
between each metric and the explanatory variables. These regressions were run on the 
“DESIGN” data set restricted to the 94 locations considered as “reference”. Five abiotic 
variables easy to measure and recognised as major determinants of fish assemblage 
patterns both in the literature and in the previous step of data analysis, were introduced in 
the models as dependant variables.  

(RQ. : Log are natural logarithms) 

Several transformations were tested to improve the normality of altitude (ALT), 
but none with significant success. Thus it remained un-transformed as its density 
distribution was not far from bell-shape. 

JANJUI = T°Air January + T°Air July  which could be interpreted as an 
indicator of annual amount of thermic energy ; 

Considering the obvious singularity of the Flemmish region, suggested by the 
preliminary data analysis and confirmed by the study of the evolution of metrics with 
some environmental parameters for the reference situation (Cf. § 3.2), a supplementary 
regional variable was entered into the regression as dummy variable.  

 

A Principal Component Analysis on the correlation matrix (nPCA) was 
previously used to eliminate the high colinearity previously observed between DIST, 
WSA and WIDTH, all reflecting the position within the upstream-downstream gradient 
(Cf. ACP-Mil §3.1). The first axis of the PCA that explains 98% of the variance, was 
retained as a synthetic describer of the longitudinal gradient. This variable called G, 
was expressed as follow:  

G= 3.0109 – 0.463 LogWIDTH – 0.201 LogWSA – 0.332 LogDIST  

Slope (SLOP) was log-transformed before introduction into the models to 
minimise the effect of non-normality and to increase the linearity of the relation. 

Two variables were used as indicators of climatic conditions : January and July 
mean daily temperatures. Due to their high colinearity, they were transformed into two 
independent variables as follow (Sokal & Rolf, 1995): 

JUIL_JAN = T°Air July - T°Air January which represent the maximum 
temperature range 

All the environmental parameters and their square values were introduced into 
the models to account for a possible quadratic relationship between metrics and the 
explanatory variables. 

In order to determine the minimum adequate set of variables for predicting the 
different metrics, a stepwise procedure was applied to automatically add and remove 
the terms of the of the General Linear Model in a step-by-step way. Thus variables 
were entered or removed from the model one at a time. The forward option used began 
with no variables in the model. At each step, the variables having the highest correlation 
and F-values, thus increasing significantly the variance explained (with a 5% confidence 
level), were added to the model (Sokal & Rolf op.cit.). Such a procedure is particularly 
recommended when intrinsic correlation between variables is suspected. 
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Metrics selection 
 

The objective of the program was to construct an integrative multimetric index 
following the IBI concept (Karr, 1981). Consequently several candidate metrics were 
calculated for their potential inclusion in the final index, based on the review made by 
Hughes & Oberdorff (1998), and with concern of the specificity of European fish 
community and the first trials of adaptation of IBI’s principles in this regional context 
(Didier 1997; Kestemont et al. 2000; Belpaire et al. 2000). But if one of the main 
interests of IBI is the complementarity between metrics, it is also probable that the 
greater the number of metrics accounted into the index, the lesser the sensitivity. Indeed, 
involving too many metrics may lead to an overall averaging of stream quality 
assessment. For this reason it was decided to select the most relevant, least redundant 
and most complementary metrics for potential inclusion in the final index. To do so, it 
was necessary to previously take into account the natural evolution of the metrics with 
environmental parameters. To reach this goal which used the residuals of the metrics 
models (RQ. the residuals represents the part of the variation, which does not depend on 
the parameters integrated into the models. That is why this selection of metric was 
proceeded a posteriori. Thus, working on the residuals, several ways to test the relevance 
of the metric were possible, whether the aspect considered was rather the ability of the 
metric to discriminate different degree of degradation or the redundancy between 
metrics. Consequently, two complementary methods were used. First a one-way analysis 
of variance (ANOVA) was run for all metrics (as dependant variables) to test the 
difference of the residuals means between 5 levels of ecological quality (as factor). It 
was completed by a “Bonferroni’s post hoc comparison”. Second, a discriminant 
analysis (DA) was implemented to identify the most redundant metrics among the most 
discriminant ones. 

To fit with the statistical condition of normality, homogeneity of variance and 
linearity, required for using GLM, some of the metrics were transformed prior to the 
analysis, after the study of their distribution. Thus total abundance and biomass metrics 
have been Log-transformed while for several metrics expressed as percentage the 
“Square root” (SQR) or “Arcsinus-Square root” (ARC) transformation were applied. 

 
Deviation and scoring 
 

Based on the reference situation of the “DESIGN” data set, the previous models 
led to the prediction of the theoretical values of the metrics as a function of 
environmental conditions. Using the DESIGN data set (representing a wide range of 
situations from highly impaired degraded to roughly intact situations), the deviation 
between observed and expected values of each of the metric model was used as indicator 
of the degree of degradation. For each metric, the distribution of residual values was 
divided into 5 equal categories ranging from 1 to 5 (reflecting respectively degraded to 
unimpaired situations) and five corresponding thresholds values. We used five scores to 
keep the index consistent with the expected quality classes fixed initially and the five 
“Ichtyological quality” classes requested by the Water Framework Directive 2000. 
Overall, this should increase the accuracy of the discrimination between several levels of 
degradation.  
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Depending on the expected variation trend of each metric as a function of 
degradation, two symmetric scoring systems were used. For the metrics expected to 
increase with degradation (%OMN, %TOL, and %SpTol), the higher the deviation 
values, the stronger the degradation. Conversely, for the metrics expected to decrease 
with degradation, the lower the values, the stronger the degradation. 
The method for assigning scores is resumed in Fig. 4.2.1.1 

 

4.2.1.2. Results (DESIGN) 
 

Surprisingly, only 6 models integrated G whereas it is often considered as the 
main determinant of assemblage structure. It was particularly related to Total abundance 
(LogEff) and Species richness (NbSp_Ex) which is consistent with usual ecological 
concepts. Only two metrics (NbSp_Ex and %SpIntRot) were significantly influenced by 
ALT. This lower participation was not so much surprising as the CCA (§ 3.2.2) pointed 
out the relative correlation of this parameter with the temperature and slope parameters, 
already accounted in most of the models. This fairly illustrates the advantage of the 
stepwise procedure over the classical CCA (as well as simple multiple regression) in the 
case of a high correlation between variables. In the stepwise procedure, if one of these 
correlated variables was entered to the model at a given step, the second variable would 
be also included at the next step only if it explained a significant supplementary amount 
of variance. 

Preliminary results 
Statistical models 
 

Results of the models for 20 metrics are presented in Table 4.2.1.2-1. Over the 20 
models, 17 involved SLOP, thus confirming the high influence of this factor on fish 
assemblage organisation. This was particularly expected for Lithophilous or Rheophilous 
guilds for which the relation with the slope was ecologically intuitive, and/or 
demonstrated for decades. Moreover, 13 metrics were significantly related to the regional 
factor (REG), which supported our hypothesis about the necessity to account for such a 
particularity. Temperature (i.e. JANJUI or JUIL_JAN) was also confirmed as a major 
factor of fish distribution, given its contribution to 9 of the models. 

Considering the quality of the linear adjustment, judged through the variance 
explained and the statistical significance of the models, three groups of metrics can be 
noticed. Six models were considered as very efficient owing to the highest values of R2 
(>0.6), especially the metrics that described the sensitivity to degradation (%SpIntROT, 
%INTROT, ARC%TOL with R2 values of respectively 0.72, 0.82 and 0.75). Few metrics 
had a very low R2 (<0.4). It is the case for “Benthic” describers and overall for Total 
biomass. The high variability of that metric due to its sensitivity to spatio-temporal and 
methodological effect, could explain the clear lack of fit (R2=0.05). Nevertheless this 
absence of a clear linear trend does not necessarily affect the sensitivity of that metric to 
degradation. It could underline only the absence of a general linear trend. Other metrics 
(LogEff, NbSp_Ex, %LITO1, %SpLito1, %SpReo, %INV and %OMN) had a medium 
predictability with R2 ranging from 0.4 to 0.5. 

 130 



Life Env / B / 000419 Final Report 

Validation of the models  
 

If the models designed on the reference sites from DESIGN data set are valid, we 
expect no significant difference between observed and predicted values for un-altered 
sites from the VAL data set. The results of this test, displayed in Fig. 4.2.1.2-1 were 
really explicit: on the independent data set, none of the metrics showed a significant 
difference between observed and predicted values for reference situations at the 
confidence level of 5%, except %SpLito2. This means that the regression models 
constitute a relevant approach for comparing an observed situation against what it should 
be when no degradation occurs.  

Now the most suitable metrics to be used in the final index must be selected. 
 

A posteriori selection of metrics (metric performance) 
 

Two complementary methods were used to select the most efficient metrics to 
discriminate several levels of degradation. 
ANOVA 

One-way ANOVA was run for each metric on the “VAL” data set with “Qual5” 
(global ecological quality expressed through 5 classes) as factor. Results of the test for 
the difference between levels of ecological quality are summarised in Table 4.2.1.2-2. 
Those results suggested the high sensitivity of several metrics, particularly those 
reflecting “Tolerance” and “Intolerance” criteria, either expressed as percentage of total 
species richness and percentage of total abundance (individuals). Indeed, the difference 
for these metrics were highly significant (p<<0.0001) and led to the discrimination of 
several categories of ecological quality. Thus, these four metrics should be included in 
the index. For a few metrics the difference between the classes of degradation was not 
significant (%BENT1 and %BENT2), suggesting their limited interest in such 
assessment tools. For most of the metrics, the difference between quality levels was 
significant (p<<0.0001 for every metrics except %INV1 and %INV2 with respectively 
p=0.04 and p=0.0012) and lead to a contrasted way of discrimination (e.g. 1≠4-5 and 
2≠4-5 for %INV2) as shown by the Bonferoni’s post hoc test. It is interesting to note that 
if wherealmost every metric was efficient to differentiate the most degraded situations 
(i.e. quality classes 1 and/or 2) from the least impacted ones (quality classes 4 and/or5), 
very few metrics were able to significantly discriminate category 1 from 2, 2 from 3 or 3 
from 4 (%Spreo, %SpInt, %INTROT, %TOL, %Lito2 for the two first contrasts and 
%SpTol for the third one), thus potentially increasing the sensitivity of the index. But 
none of the metrics were capable to discriminate the class 4 from class 5. This is not 
really surprising as these last two classes corresponded to the reference condition 
initially defined.  

 
Discriminant Analysis 

Discriminant analysis (DA) aimed to focus on the redundancy and 
complementarity of the metrics, in their capacity to classify the stations from very 
degraded to roughly intact ones. The effect of environmental factors (at least the 
interaction) was partly eliminated since we worked on the residuals of the models. The 
first two axes of the DA explained more than 95% of the difference between quality 
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classes, on which 90% was accounted by the first axis of the DA (Cf. Fig. 4.2.1.2.3). 
Even if it represented only 5% of the total inertia, the second was retained as it might 
provide the complementary information targeted (i.e. independent metrics), beside the 
numerous metrics correlation expected to be highly correlated. 

The majority of the metrics that were highly correlated with the negative values 
of the axis 1, characterised the separation of the least impaired sites, while few metrics 
were representative of the degraded situations on the positive side of axis 1. The metrics 
with the higher contribution to this axis were those reflecting the degree of Sensitivity 
and Tolerance to degradation, particularly the metrics related to the abundance: for 
example, %INTROT on the negative side was symmetrically opposed to %TOL on the 
positive side. If %SpIntROT was very correlated to %INTROT, %SpTol appeared as 
more complementary to %TOL. However these four metrics were strengthened as central 
parameters of the evaluation. Beside those, some correlated but less efficient metrics 
took place among which %LITO1, %REO and LogBiom. Another group of metrics 
especially related to species richness (NbSp_Ex) and habitat characteristics (%SpLito2, 
%SpLito1, %LITO2, %SpReo) were also complementary to the first group. By contrast, 
several metrics among which %BENT2, %SpBent2, %SpBent1 and LogEff had a very 
low contribution to the discrimination of quality levels. With a higher contribution on the 
axis 2, %INV1, %INV2 and %BENT1 on the negative part were opposed to %OMN and 
%SpTOL. This second axis seemed to reflect a complementary trophic-based 
discrimination.  

Thus at least five groups of very correlated metrics were identified among which 
we should select the parameters that will constitute the final index. To ensure the best 
complementarity between metrics, the selection should account for the different groups 
of describers (i.e. abundance, richness, habitat preference, spawning requirements and 
degree of tolerance/sensitivity to global degradation). Even if LogEff did show the 
expected decrease with degradation, this relationship was not statistically significant. 
Nevertheless, following Karr (1998) suggestion that excessive dependence on the 
outcome of statistical tests can obscure meaningful biological signification, we decided 
to conserve this metric, all the more because it is also recommended by the recent 
European Water Framework Directive. 

Following this advice, and the results of previous analyses, a list of eleven 
metrics is proposed in the table below for constructing the index, mentioning their 
preliminary transformation: 
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Metric description Metric code Transformation 

Species richness NbSp 

 

Total biomass of fish 

caught per unit effort 

(100 m²) 

Biom 

 

Logarithm 

%Sp Lito 

 

No transf. 

Percentage of rheophilous 

species 

%Sp Reo 

 

 

Square root 

Percentage of intolerant 

species 

%Sp Int 

 

No transf. 

%SpTol Square root 

Percentage of intolerant 

individuals 

%Ind Int No transf. 

 

%Ind Tol Arc sinus square 

Percentage of 

invertivorous  individuals 

%Ind Inv 

 

No transf. 

Percentage of omnivorous 

individuals 

%Ind Omn Arc sinus square 

No transf. 

Total number of fish 

caught per unit effort 

(100 m²) 

Eff Logarithm 

Percentage of lithophilous 

species minus exotic and 

tolerant 

Percentage of tolerant 

species  

Percentage of tolerant 

individuals  

 
 

 

 
 
Final index 

Finally, 11 metrics have been retained to compose the final index. The sum of the 
11 scores produced a continuous scoring index ranging from 11 to 55. This range of 
values could be transformed into five equal classes of fish integrity to rate the sampling 
sites as follow: 
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Designation Interval 
Very Degraded [11-20] 

Degraded [21-28] 
Modified [29-38] 

Sub-Conform [39-47] 
Conform [48-55] 

 

We used this designation rather than that usually used in the literature, to stress 
the fact that the scoring system proposed is relative, and should be viewed as a tool to 
compare an observed sample with a current reference situation (fixed), which is not 
pristine nor absolute. We adopted a regular division with nearly equal classes, because 
we thought that it was the only way for establishing an objective (neutral) base to 
confront the different approach tested. But it is recognised that to increase the protection 
and rehabilitation of rivers in Europe, one could decide to restrict the interval of the least 
impacted situations (class 5). The study of the index and especially the tests for its 
sensitivity were conducted on the “VAL” data set, which was independent from 
“DESIGN” one, that has been used for the models adjustment and the scoring 
calibration. 

 
4.2.1.3. Validation (“VAL” data set) 

General distribution of scores 
 

 

 

 
RQ. The expected global quality was previously defined in the paragraph 2.2.1.1-22 
 

Figure 4.2.1.3-1 shows the distribution of total scores. It looked homogenous and 
the scores ranged regularly from 10 to 55 with a nearly bell-shape distribution: there was 
a majority of intermediate situations (scores ranging from 30 to 40) while undisturbed 
(around 50) and conversely very degraded (10 to 20) sites were more rare. This seemed 
consistent with what we already knew about the quality of the Meuse basin. 

Considering the distribution of “fish quality” classes, one can observed the clear 
similarity with the expected distribution based on global quality classes. The non-
parametric Wilcoxon’s Rank test confirmed that there was no statistical difference 
between the “Global expected” and the “Fish-based observed” distribution of quality 
classes (p=0.39) (Cf. Fig 4.2.1.3-2 below) 
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A box and whisker plot (Fig. 4.2.1.3-3) shows a regular increase of the fish-index 
scores from class 1 to class 5. This was confirmed by the one-way ANOVA which 
revealed a highly significant difference between means of the fish index (p<<0.0001) and 
a continuous increase of the fish index scores from class 1 to class 5. 

 

Class  
 

*** 
4 
5 * 

 

 

Error 

Global sensitivity  
 

 A “Bonferoni’s” a posteriori test (Table 4.2.1.3-1) showed that several pairs of 
classes were significantly different: classes 1 and 2 were significantly different from 
every others, and class 3 was significantly different from class 5. Those results indicated 
the high sensitivity of the index. 

Table 4.2.1.3-1: Bonferoni’s pairwise comparison matrix 

   
1 1   
2 * 1   
3 ** 1  

*** *** ns 1 
*** *** ns 

* p<0.05, **p<0.01, ***p<0.001, ns=not significant 

Accuracy of the rating 

This analysis directly uses the fish integrity classes (Cf previous paragraph). 
First we analysed the overall conformity between “fish integrity classes” and 

“global ecological quality” classes (Cf. §2.2.1.1-22) to assess how many samples showed 
respectively a perfect match (deviation=0), 1, 2, 3 or 4 units of deviation. With a 
tolerance of one class difference (considered as a reasonable threshold given the 
incertitude concerning the initial ecological classification; and the intensity and swiftness 
with which fish should respond to degradation), it was found that more than 82 % of the 
samples exhibited a consistent rating between fish and ecological assessment, while less 
than 18 % could be considered as a significant shift (Table 4.2.1.3-2). More precisely, 
respectively 34 % and 48% of the samples matched perfectly or exhibited one class 
difference, while for respectively 16 % and 2 % of samples, a strong difference was 
observed (2 or 3 classes difference respectively). 

 
Table 4.2.1.3-2 Conformity to the expected quality 

AbsDeviation NbAbs % Deviation Conform 

0 118 34,01 Nb=61 Nb=286 
1 168 48,41 %=17,58 %=82,42 
2 55 15,85   

3 6 1,73   

4 0 0,00   
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Moreover, the study of the errors distribution (Fig. 4.2.1.3-4) underlined the 
equilibrium between the various types of errors. There was an equal amount of 
overestimation and underestimation, i.e. as much as –3, -2 and –1 deviation than 
respectively 3, 2 and 1. This means that there is no systematic tendency to overestimate 
and conversely underestimate the quality of the rivers by the fish index. Considering the 
overall absolute values, we observed that 1-class deviation was greater than respectively 
0, 2 and 3. 

Furthermore, it was particularly interesting to study the distribution of fish 
integrity classes into the expected quality classes, focusing on the strongest errors. Figure 
4.2.1.3-5 represented the consistency of the classification. This accuracy was judged by 
studying to what extent the fish-based quality classes differed from global ecological 
quality. It was obvious that into each quality class there was an overall dominance of the 
corresponding fish integrity class. For example, respectively in the class 1, 3 and 4 of 
ecological quality, there was a dominance of classes 1, 3 and 4 of fish integrity. This was 
not so true for classes 2 and 5 of ecological quality, but in those cases, the sum of fish 
integrity 1 and 2 on one side and 4 and 5 on the other side was far dominant.  

To enhance the quantification of the presumed errors, it was possible to study the 
proportions of those greatest differences between “expected ecological” quality and “fish 
observed” integrity. Thus respectively 7.1 % and 17.6 % of the samples expected to be 
very degraded or degraded (classes 1 or 2 of ecological quality) were considered as 
“Conform” or “Sub-conform” by the fish-index, that is to say about 0.6 % and 4.6 % of 
the total 347 samples from the “VAL” data set. At the opposite, 17.8 % of the locations 
initially considered as roughly unaltered (class 4 of ecological quality) were judged as 
“Degraded” or “Very degraded”, representing 3.7 % of the whole data set. Anyway none 
of the stations expected to be un-impacted (class 5 of ecological quality) were rated as 
“Degraded” or “Very degraded” and in the same way, none of the stations expected to be 
strongly impaired were judged as “Conform” or “sub-conform” by the fish index. And 
finally, 11.8% of the intermediate sites (Class 3) were estimated as “Very degraded” or 
at the opposite “Conform”, according to fish community structure, that is to say 4.6 % of 
the whole data set.  

Then it is interesting to notice that the various types of errors were almost 
counterbalanced and that the extreme errors were very rare. 

Nevertheless, there could be a regional, river size (G), and river type (Huet zones) 
influence on the accuracy of the fish index. Consequently we checked for the supposed 
judgement errors for each region, zones and river type.  

 

 
Differences between Huet zones, river size and region  

Beside the need for the index to be usable and comparable in the whole Meuse 
Basin, the principles for assessing fish integrity should not be different depending on 
whether the river is located in France or in Belgium, in the Trout or in the Bream Zone, 
or belongs to a high or low gradient type (i.e. reflecting river size). Thus it becomes 
justified to wonder if the assessment of fish integrity differs from zones, river size and 
region?  

 

 136 



Life Env / B / 000419 Final Report 

Distribution of quality classes 
 

The fourth class of fish integrity had a greater density in the Flemish region, and 
at a lesser extent in the French region; in the Trout and Barbel zones and in the G2 river 
type. In the same way, the density of the class 2 of fish integrity was higher in the 
Grayling and Trout zones and in G2. At a lesser extend, there was a high density of the 
first class of fish integrity in the G1 river type. Whereas in other categories, the 
distributions were more bell-shaped. To conclude about these cases of potential errors of 
assessment, it was necessary to study the distribution of expected quality at the same 
time.  

In some cases, the questionable high densities previously noted were consistent 
with the distribution of expected global ecological quality (e.g. for class 1 and class2 in 
G1 and G2 gradient types; and class 4 in Trout zone and class 2 in the Grayling zone). In 
those cases, the concordance of the distribution of fish integrity and ecological quality 
classes was a positive aspect in term of relevance of the index. 

Looking at the distribution of fish integrity classes, no obvious influence of zones 
(Huet classification), river type (described through the study of G, which is a synthetic 
describer of the gradient, transformed into 4 classes) and region (studied through the 
countries limits, reflecting both geo-morphological features and somehow different ways 
of sampling and monitoring fish) could be underlined. However, some differences 
appeared in some cases comparing to the general pattern of ecological quality classes 
(Fig. 4.2.1.3-6). 

In other cases, a discordance was observed between the distribution of fish 
integrity and ecological quality classes (for example a greater number of stations 
belonging to the class 4 was actually expected in the Grayling zone and in the Walloon 
region). The cause for such discordance should be studied separately. For the right-
skewed distribution of fish quality classes observed in the Flemish region, there was 
probably a bias due to our specific manner of considering the Flemish streams, that has 
been justified by the observation of a “natural” difference in fish community structure 
(Cf. § 3.2.1). If we had not used such contrasted reference system, it would have lead to 
a systematic more severe scoring for these streams, since it has been previously 
recognised that Flemish streams housed more frequently a greater proportion of 
omnivorous and tolerant species than in other regions. Thus, a greater proportion of 
classes 1 and 2 of fish integrity would have been observed.  

However, if there was no doubt about the specificity of the fish assemblage in the 
flemish region for the high gradient rivers, discriminating Flemish large rivers 
(particularly the main stream of the Meuse basin), was not so justified. Then they should 
have been judged with the same reference. The use of the models is particularly suitable 
for the management of this problem, because depending on the case it is possible to refer 
or not to the flemish specificity, through the use (or not) of the region coefficient. In 
those conditions, we believe that the supposed overestimation of fish quality in several 
cases would be reduced. 

Anyway, when a significant deviation occurred between fish and ecological 
quality, two hypothesis could be put forward: or the fish index does not reflect faithfully 
the presumed ecological quality, or the initial classification was not as much as accurate 
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and sensible as it should be. Then further study may provide evidence in favour of one 
hypothesis another. 

 
Number and distribution of errors 
 

Looking at the deviation between observed fish integrity classes and expected 
ecological quality classes, that was called “presumed error”, very weak region, river type 
and zone effects could be observed. Moreover, these differences never really 
contradicted the overall tendency (more than 82% of conformity and less than 20 % of 
presumed errors).  

In the same way, a “normal shape” distribution of deviations was observed in the 
Barbel zone, representing the balance between negative and positive values, which is 
conform to the general result. Conversely, a noticeable asymmetry was recorded in the 
distribution of the deviation in other zones. In both Tout and Grayling zones, there was a 
higher number of negative values (i.e. fish integrity is lower than expected), while in the 
Bream zone, fish integrity was more frequently greater than the general index of stream 
quality (i.e. fish integrity is higher than expected). 

 
Region effect: 

Considering the overall results (Fig. 4.2.1.3-7B), the highest conformity between 
ecological and fish assessment (deviation=0 or 1) concerned Dutch samples (88.9 %); 
but this was probably biased by the low number of sites considered (n=18). The 
proportion of errors was similar in France and Flanders (around 17 %) while it was the 
highest for the Walloon data (22.4 %). More precisely, the highest proportion of perfect 
matches and 1 class deviation was recorded respectively in the Netherlands and in 
France, while the highest proportion of 2 and 3 classes shift concerned Walloon samples. 

 

Nevertheless, it is interesting to study more precisely these differences (Cf. Fig. 
4.2.1.3-7) 

 
River type: 

The greatest concordance was recorded for stations belonging to the “Barbel 
zone” (86.1 %) and the lowest concerned the Trout zone (76.3 %) (Fig. 4.2.1.3-7A), 
while it was similar in the “Grayling” and “Bream” zones (about 83 %).  

Furthermore, studying the distribution of errors it is interesting to study the sign 
of the deviation. It was obvious that in France, the difference was systematically 
positive, indicating that fish integrity classes were often higher than ecological ones (e.g. 
33.8 and 12.4 % for 1 and 2 classes of errors, against respectively 15.8 and 2.1 % for –1 
and –2 deviation classes). Whereas for Wallonia, Flanders and the Netherlands, the 
deviation was more often negative, which means that the fish based assessment gave 
lower scores than ecological indicator. But for the greatest errors (i.e. 3 or –3 deviation), 
there was a better symmetry between negative and positive values whatever the region 
considered. 
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River size 

The gradient (G) is probably a more suitable and integrative describer than the 
Huet zones for studying the influence of the river type on the assessment. However, the 
results were close to those presented in the previous paragraph. Indeed, the worst 
correspondence between fish index and expected ecological quality was observed for 
samples belonging to the G1 type (27.5 % of the deviations superior to 1 class), while the 
greatest conformity was recorded in the G4 type (87.3 % of correspondence). For G2 and 
G3 types, no significant difference with the general trend (about 82 % of conformity and 
about 18 % of strong deviations) were observed (Fig. 4.2.1.3-7C). 

More precisely, the greatest proportion of 2 and 3 classes deviation was observed 
respectively in the G1 and G2 type, while the greatest proportions of 0 and 1 class 
difference was recorded respectively in the G3 and G4 types. 

Considering the distribution and particularly the sign of the presumed errors, 
there was a fair balance between negative and positive values in G1 and G3 as showed 
by the bell shape distribution, while it was more unbalanced in G2 and G4 type. For G2, 
the shift concerned the higher proportion of –1 deviation comparing to +1, while for G4, 
the dominance of positive values was general. But comparing with the discordance 
previously observed between “Huet zones” the asymmetry was globally shorter. 

 
It is important to remark that there is probably a high interaction between zone, 

region and river size. For example, a great proportion of the Walloon samples belong to 
the Trout and Grayling zones and represents small rivers of the Ardennes, and most of 
the Flemish samples belong to the Barbel zone. That is why some kind of errors seemed 
to be repeated.  

In fact, the main drawback of our method reflect by the errors presented above 
concerned the probable under-scoring of small rivers as shown by the lower efficiency 
recorded in type G1, Trout zone and Walloon region. Thus we think that there is a 
unique cause for these simultaneous results, which is the natural low productivity of the 
Ardennes streams. Indeed this lead to lower values as expected for at least two metrics 
(abundance and biomass) and could explain why these streams get exceptionally the best 
scores.  

As we did for the Flemish region (i.e. include a nominal variable into the 
models), we could improve our index by accounting for such geologic particularities in 
the models. 

 
Temporal study 
 

The temporal analysis was realised using sites from the French monitoring 
network, sampled annually (one to four times a year) over the six/year period from 1993 
to 1999. 

 
Interannual variability 
 

There is no doubt that the first quality of a biotic index should be the sensitivity 
to degradation. But conversely, a biotic index should not answer excessively to very 
weak variations of the fish composition, due to potential causes like sampling artefact or 
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natural variability (monthly, seasonal, yearly…). Thus it was important to verify that the 
fish index damps out the lowest variations (i.e. the “noise” in the data), but changes with 
the greatest evolutions. In other words the variation of the index score should increase 
proportionally to the variations of fish assemblage variations, but with a lesser intensity.  

We used the coefficient of variation (CV) to compare the variability of fish 
assemblage (CvCom) and the variability of fish index score (CvScor). First we selected 
sites which were sampled at least five years (during the same season). Following 
Grosman et al. (1990), the variability of the assemblage was computed as the mean value 
of the coefficient of variation of populations (i.e. assemblage members) occurring in at 
least 50 % of the annual censuses in a site (Grosman, op.cit.). The regression (Fig. 
4.2.1.3-8) between the variability of the index (CvScor) and the variability of fish 
community log10-transformed (CvCom) indicated a significant relation (r²=0.94, 
p<0.0001). This strong relation means that that the variability of the fish score increased 
proportionally with the variability of fish communities, but the logarithmic nature of the 
relation suggested that for a large increase of fish community variation, there was a 
shorter increase of the fish index. In other words, the scale of variability of the fish score 
was lower and more restricted than fish community ones. For example, for the lowest 
values of CvCom (even so 50 %), the corresponding value for the CvScor was inferior to 
5 %. Moreover, for the highest values of fish assemblage variability (140 %), the 
variability of the index score remained relatively low (less than 25 %).  

Those results underlined the high capacity of the fish index for buffering the 
temporal fluctuations of fish community, indicating a high robustness to the variability 
without loss of sensibility. 
 
Between year evolution 
 

Because each station has its own way of temporal evolution and is differently 
exposed to several sources of disturbance, the year to year evolution of the index should 
be studied case by case. And the relevance of the fish index can be assessed by the 
comparison with other indicators such as water quality or invertebrate biotic index 
(IBGN). To carry out this study 14 sites were selected in the temporal data set. The 
results are presented in Fig. 4.2.1.3-9. 

For three sites (Alyse, Vair and the Meuse at Domrémy), the fish index was very 
stable which is consistent with the relative stability of the community. The Alyse river is 
considered as a roughly undegraded site, but the naturally low productivity could explain 
the score lower than expected. Between 1997 and 1999, an increase of the water quality 
was recorded, without a simultaneous increase of fish integrity. At the opposite, for the 
river Vair which is considered as one of the most impacted sites of the French part of the 
Meuse basin for years, due to a chronic pollution, the water quality class varies between 
class 2 and 3 without perceptible effect on the fish community. The Meuse at Domrémy 
is one of the only station to exhibit a quasi perfect correspondence in the temporal 
pattern until 1993: after a slight decrease, both water quality and fish integrity remained 
stable before increasing since 1997/98. 

For almost every study sites, there was a weak simultaneity in the temporal 
evolution of the three indicators. However, in several cases, a good correspondence in 
the temporal pattern could be underlined, but never during the whole period of study. For 
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example, the Meuse in Bassoncourt showed a simultaneous decrease of every indicators 
since 1994, and an increase of the ecological quality since 1998, even if the evolution is 
less obvious for fish. But in many cases, it was only possible to observed simultaneous 
maxima or minima or short periods of similar tendency. For example, the quality of the 
river Bar at Brieulles, the river Chiers at Tetaigne, the river Meuse at Chooz, Remilly 
and Han, increased in the same way in respectively 1992, 1994 and 1998, 1997, 1994, 
and 1995. Whatever the indicator considered, a maximum was simultaneously recorded 
for the river Meuse at Remilly in 1994, the river Chiers in 1999, the Meuse et Sassey in 
1998, or with one year gap for the river Givonne (1994/95), the river Bar (1992/93), the 
River Loison (1998/99), the Meuse at Chooz (1998/99), Givet (1995/96). I the same way, 
a simultaneous minimum was clearly observed in for the Meuse at Chooz in 1997/98 and 
at Han in 1994. 

If their respective temporal variability were similar, the correspondence of the 
temporal pattern for the different indicators was more questionable. In many cases, the 
fish index was more stable than other indicators. But considering the large scale temporal 
trends, the results from fish, water and invertebrates became more consistent.  

Anyway, even if the concomitance between temporal pattern of several describers 
was not clear, some evidence of the temporal robustness of the index were given, 
suggesting that the fish index does not systematically responds to an anecdotal and/or 
slight variation of environmental conditions, but its variation are almost always due to 
strong environmental variations. The correspondence between fish and other describers 
of river integrity will be further studied in paragraph 4.2.1.3-7. 

 

 
 

Seasonal effect 
 

The general trend is presented in Fig. 4.2.1.3-10A. The Box and Whisker plot 
regrouped results from several years, for every station that has been sampled twice to 
four times a year. The graph shows that overall, the fish index scores corresponding to 
autumn samples seemed to be slightly higher than those coming from end of spring 
(Spri2). Moreover, the scores recorded for early spring samples were the lowest. 

As the seasonal evolution may be different depending on the river type, and 
particularly the position within the longitudinal gradient, the effect of sampling period 
has been studied for each of the four classes of G previously computed from distance to 
source, river width and watershed area (Fig. 4.2.1.3-10A). 

For stations belonging to G2, the seasonal pattern was very different from the 
general trend: the scores seemed to be slightly greater in summer (Sum) and at the end of 
spring than in autumn. Whereas for G3 to G5 the general trend previously observed was 
confirmed (i.e. scores from autumn samples were greater than spring and at a lesser 
extent than summer ones). More precisely, no difference were observed between early 
and late autumn as we could have suspected, while in several case, the scores tended to 
increase from early spring (Spri1) to summer. 

However, according to results from the ANOVA test for seasonal effect, no 
significant differences were observed between seasons, except for G5 rivers. 
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Spatial gradient 
 

In several situations, samples of fish communities have been collected upstream 
and downstream from an identified source of disturbance. Moreover, in most cases, it 
was also possible to characterise the alteration in term of intensity and type. Thus it was 
interesting to discuss the efficiency of the index in those situations, focusing on the 
expected decrease of the fish index proportionally to the intensity of the degradation and 
the expected increase as far as far as we move away from that source. Among several 
case studies involving a sampling procedure that described a spatial gradient, we chose 
six situations reflecting very typical and contrasted situations:  

 

The “river Goutelle”, the “river Vence” and the “St-Jean brook” illustrate the 
numerous typical situations characterised by an increase of the impact of human, either 
on the whole longitudinal gradient (cumulative degradations) or between upstream and 
downstream a punctual source of pollution (Fig. 4.2.1.3-11A).  

Longitudinal degradation gradient 
 

The “Goutelle” thoroughly illustrates the fast change (within some kilometres) of 
fish community structure due to traceable source of pollution, as pertinently revealed by 
the fish index: around the source, the fish assemblage was not totally unimpaired due to 
the farming activities in this area, but the fish score of 45 was still acceptable, and was 
consistent with water (WaterQual.=4) and invertebrates (IBGN=13) information (Fig 
4.2.1.3-11A). As far as we moved downstream, the influence of farming became clearer 
as revealed by the simultaneous decrease of the fish and invertebrates score and water 
quality upstream Neufmanil. The impact of the cumulative effect of the chronic pollution 
and the domestic effluent of Neufmanil on fish communities was then obvious. This 
example underlined the great capacity of the index to reflect both the general decrease of 
stream integrity from upstream to downstream due to the increase of non-point source 
pollution, and the particular impact of a punctual effluent and the resulting cumulative 
effect.  

Complementary, the “river Vence” allowed to enhancing the characterisation of 
the pollution effect through a further study of upstream and downstream samples. As for 
the “Goutelle brook”, a similar decrease of the fish score was recorded to reflect the 
impact of Poix-Terron village effluent and paper mil. But it was interesting to note that 
this pollution seemed to be partly “assimilated” by the river as the score increased again 
within few kilometres. Nevertheless, a new source of degradation reduced that 
improvement due to the self-purification and lead to a slight decrease of the fish index 
between “Touligny farm” and Francheville.  

The case of the “St-Jean brook is similar to the situation of the “river Vence” as 
the fish index reflected accurately the impact of Hautes-rivière village on the fish 
integrity. The evolution of fish community consisted in a decrease of Trout and Bulhead 
abundance and a simultaneous increase of Minnow and Loach ones, considered as less 
sensible.    
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Degraded context 
The “Val de Meuse” constitutes a very degraded context in the upstream zone of 

the Meuse, which is under the influence of several sources and intensities of 
degradations: the main course of the Meuse river, some kilometres downstream the 
source is affected by the presence of ponds. In parallel, the “Bocheret brook” which is 
strongly altered (organic pollution) by a “Fries Factory” joins the Meuse river 
downstream the influence of ponds (Fig. 4.2.1.3-11B). The fish index was successful in 
discriminating and classifying hierarchically the different sources of pollution: the 
influence of ponds was judged as less disturbing (score of 23) than the organic pollution 
(score of 17). The fish index was also successful to display a well-known phenomenon in 
the impact of organic pollution on aquatic biota: the impact was greater (no fish in 
station 112) some kilometres downstream the effluent, as the microbial processes 
oxygen-consuming lead to the constitution of a drifting desoxygenised plug (not 
immediately but some minutes later). However, far away from the pollution source, the 
quality increased again (Fish score=26 at Station 113) and even became higher than in 
other stations. It seemed that the stream partially assimilated the organic pollution 
through the transformation through microbial processes and the exportation via the 
trophic chain.  

 
Unaltered context 

A quite undisturbed stream (the river March), belonging typically to the grayling 
zone, was studied through three samples displaying very weak contrasts. The upstream 
station of Margny suffered from the influence of a pond which led to the worst fish index 
(Fig. 4.2.1.3-11C). The slight increase of fish integrity recorded at Sapogne and Moiry 
mainly expressed the increase of Grayling density even if the well-known heavy angling 
pressure in those locations was probably the factor involved in the limitation of fish 
integrity. Nevertheless, this example highlighted the capacity of the index to discriminate 
and classify hierarchically different situations in a globally unimpaired context. 

Influence of ponds 
 

Finally we observed the contrasted influence of ponds depending on the existence 
of a previous degradation (in the case of the “Bairon creek”) or not (in the case of the 
“Murée creek”). Indeed, the case of the Murée (and the previous case of the river Marche 
river) fairly illustrates the influence of ponds that negatively modify the assemblage 
equilibrium (Fig 4.2.1.3-11D). There are two modes of action: either directly by 
supplying species that are not expected in such upstream parts of rivers, or indirectly by 
modifying the ecological conditions (temperature, nutrient load, filling in and plugging 
due to the increase sedimentation of fine particles…) that endangered the most intolerant 
species and reinforce the first consequence. By contrast the “Bairon creek” is a small 
stream suspected to be fairly polluted by farming practices as revealed by the low water 
quality (WatQual=3, IBGN=12), and this offers reduced habitat conveniences. In this 
case of existing upstream degradation, contrary to the usual belief illustrated by the 
precedent examples, the pond seemed to improve the structure of fish community, as if 
the pond would balance the poor state of the habitat and the pollution of water (self-
purification processes improved in the pond?). The most probable interpretation for that 
original situation is the role of “species pool” (i.e. diversity reserve) of fishes played by 
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the pond. However, the fish score at “LeChesnes station” still reflected a degraded 
situation; indicating that the fish structure even if was better than at “Louvergny station”, 
remained far from the theoretical one (FishScore=35). 

 
Correspondence with other biotic or abiotic indicators 
 

We studied the concordance between fish assemblages and invertebrates 
community as two biotic methods for assessing river integrity. To carry out the 
comparison with the proposed fish index (MMI), we used the IBGN method (AFNOR, 
1992) to account for invertebrates, an index of water quality developed by the French 
Water Agency (InterAgence, 1997) based on several parameters describing the degree of 
water pollution, and the classes of ecological integrity defined initially for the Meuse 
data set including an indicator of habitat quality. 

 
Relation between fish vs. invertebrates 

The study of the relation between invertebrates and fish scores revealed that there 
was no strong relation between both indices (Fig. 4.2.1.3-13A), except for the extreme 
situations (i.e. very degraded or roughly intact ones) as indicated by the one-way 
ANOVA (p=0.002754) using IBGN classes as Factor. Indeed the fish integrity scores 
were only significantly different between the most degraded sites (classes 1 and 2 of 
IBGN), and roughly intact (class 5) ones. But for intermediate situations (class 3 and 4), 
the scores given by both methods were not so concordant (Fig. 4.2.1.3-13B). In other 
words, the fish scores were not different between class 3 and 4 of IBGN. 
Respective sensitivity of fish and invertebrates 

Then it became interesting to study the relative performance of both biotic indices 
for discriminating several levels of water pollution and general ecological integrity. A 
one-way ANOVA was used successively with water quality and ecological quality 
classes as factor. First, considering water quality classes, the test carried out on 104 
French locations for which fish, invertebrates and standardised water quality information 
were available, revealed that there was a significant difference (and a linear increase) 
between the means of IBGN scores (p<<0.0001), while for fish the difference was far 
less significant (p=0.05) and was only effective between strongly degraded and 
unimpaired locations (Fig. 4.2.1.3-14A).  

However, when the whole ecological integrity was considered, involving habitat 
quality assessment, fish became more efficient in discriminating the five quality classes. 
Indeed, the ANOVA carried out on 104 sites where fish and invertebrates have been 
collected simultaneously, showed a significant difference (and a linear increase) between 
fish score means (p<<0.0001), while for invertebrates, the difference was lesser 
(p=0.001) and concerned exclusively the extremes situations. The higher sensitivity of 
fish to the whole ecological condition (including habitat) was confirm by the same study 
carried out on a greater sample (n=183) for which water quality and fish sampling were 
available (Fig. 4.2.1.3-14B). 

Those results suggested that invertebrates had greater skills to discriminate 
between several degree of water pollution, while fish became more efficient when 
accounting for habitat condition. 
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Nevertheless, whatever the method used, very degraded and conversely few 
disturbed locations could be identified in a similar way by both biotic indices. But the 
information provided by the various indicators seemed to be different and 
complementary, as it is probable that the efficiency of the indicator depends on the 
degradation type, its intensity, and the river size. Indeed, because of their respective 
behaviour and biological traits, there is no reason for fish to react exactly as invertebrates 
in every situation, and no more reason for fish to react linearly to the variation of water 
quality. Concerning this last point, the previous results suggested that the impact of water 
quality degradation on fish community is probably gradual, i.e. that the answer of fish 
community exhibits thresholds of tolerance (i.e. by stage response).  

Anyway, those results stress the fact that fish constitutes a very favourable tool 
for assessing river integrity as a whole, particularly due to its remarkable efficiency 
(probably more than invertebrates) to account for habitat aspects. These capacities will 
be increased again by improving the sensibility of the index in small and naturally low 
productive of Ardennes. 

 

4.2.1.4. Influence of sampling method 
 

Small wadeable streams: The Wimbe at Laveau (Belgium) 
For the “Wimbe river”, despite the relative difference of fish community structure 

in the samples from CSP and FUNDP teams, no differences concerning the total score 
nor the integrity class was observed (Fig. 4.2.1.3-12A). 

Intermediate stream size: The Semoy at Haulmé (France)  
For the Semoy, besides the strong difference of fishing efforts, the difference in 

Fish Score (3 points) was very weak, which is consistent with the similitude observed in 
fish community. But that difference was sufficient to lower of one class the integrity of 
“Ambiance ” sample (Fig. 4.2.1.3-12A).  

 

- In Maastricht, the “Ambiance” sample lead to a lesser total score of respectively 
8 and 5 points than “Systematic” ones, either from RIVO and IBW collection. But this 

As methodologies used for fish monitoring were somewhat different depending 
on the region considered, it was also important to study to what extent sampling gears 
and techniques of electrofishing could modify the assessment of fish integrity. To reach 
this goal, we used the results of common fisheries implemented at the beginning of the 
program to compare the sampling methodologies between countries. Results from large 
rivers were regrouped and considered as replicates, while other situations have been 
studied individually. 

 

 

Large rivers 
Looking at the results for the Meuse at Chooz, surprisingly the ”Ambiance” 

sample was given a higher score than “Continuous” and “Net” samples, and the 
difference was similar for integrity classes. This could be explained by the probable too 
low effort applied for the continuous sampling along the bank, for this type of large river 
(Fig. 4.2.1.3-12A). 
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does not significantly change the integrity assessment for this location (class 3). It is also 
interesting to note that a very heavy sampling procedure (several days) did not lead to a 
higher score as one could expect, but a contrario to a lower score (Fish Score=32) than 
one day sampling (Fig. 4.2.1.3-12A). 

- Concerning large rivers as a whole (Fig. 4.2.1.3-12B), the results clearly 
underlined a strong difference of scores between electric methodologies and other 
methods (gill net and trawling). Both the scores and the integrity classes attributed to the 
“electricity samples” were significantly higher than “gillnets” and “trawling ones” 
(Kruskall-Wallis test, p=0.019).  

 

Furthermore, while no difference could be pointed out among electric techniques, 
the scores and the integrity classes affected to “gillnets samples” were rather higher than 
“trawling samples”. Then it is possible to conclude that the proposed fish index was 
robust to differences among the panel of electrofishing techniques (continuous vs. 
discrete prospection, and systematic vs. “by habitat”), whereas other gears gave very 
different results.  

Consequently, the use of this index must be restricted to electrofishing 
samples, unless one quantify the relation between scores from electrofishing and another 
gear, with a proposition of a new scale of integrity. 
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4.2.2. Trisection Method Index (TMI) – Karr approach 

The Belgian strategy for designing a fish based index was developed on the basic 
concept originally proposed by Karr (1981). It has been modified for use in others eco-
regions in North America (Karr & Chu, 1999) and over the world (Hughes and 
Oberdorff, 1998).  

4.2.2.2. Results 

When the 11 metrics were selected (see chap 4.2.1), we calculated the value of 
each metrics for all samplings in the design set. Then, for each describer (watershed area 
(WSA), slope, altitude (Alt), distance from source), we calculated the logarithm (Log
and we divided the obtained values into classes. The metrics were plotted against each  
logtransformed describer and those presenting the best correlation with metrics were 
selected (table 4.2.2.2.a.). 
 
Table 4.2.2.2.a. List of metrics and corresponding describer. 

 
4.2.2.1 Principle 
 

As described in Chap 4.1.2., this Index of Biotic Integrity is a multiparametric 
index including three broad categories (species composition and richness, trophic 
composition, individual abundance) and, in our case,11 fish metrics (chap 4.2.1) selected 
to integrate information from individual-, population-, assemblage-, ecosystem- and 
ichthyo-geographic levels. 

Ideally, environmental conditions at the site in question are compared with the 
attributes expected in undisturbed streams or rivers of similar size and habitat type 
located in a similar geographic region. When there are no undisturbed sites, the least 
impacted regional sites can be used as standard. A rating of 5, 3 or 1 is then assigned to 
each metric (11), according to whether its value approximates (5), deviates moderately 
from (3) or strongly deviates from (1) the value expected at the reference sites. The IBI is 
the sum of the 11 ratings and varies from 11 to 55 in 5 quality classes: excellent, good, 
fair, poor and very poor. A classification of "no fish" is assigned when repeated sampling 
finds no fish. 
 

 
In the first step, the complete data set (698 samplings) was randomly divided into 

two data sets. The first one was used to "design" the index (351 samplings) and the 
second one to "validate" the methodology (347 samplings).  

10) 

 
Metrics Describer 
1. Number of species (-exotic species) Log WSA 
2. % Intolerant species Log WSA 

Log WSA 
4. % Rheophilic species (- exotic species) Log Alt 
5. % Tolerant individuals Log Alt 
6. % Omnivorous individuals 

Log Alt 
8. Log biomass / 100m² Log Alt 
9. Log effective / 100 m² Log Alt 

3. % Litophilic species (- exotic and tolerant species) 

Log Alt 
7. % Intolerant individuals (- exotic species) 
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10. % Invertivorous individuals (- exotic and tolerant species) Log Alt 
11. % Tolerant species Log Alt 

 

  
 

The area under the MVL was then divided into three sections (2y/3 and y/3) and 
used to rate (i.e. defining the threshold values of) the corresponding 
metrics.(Fig.4.2.2.2.c)  

 

Since only few undisturbed reaches can be sampled, the 95 % of the highest 
metric values which were usually obtained at the least disturbed sites were used as 
estimates of the reference condition to draw up the 2nd order polynomial regression curve 
(MVL) between the Log10 of the describer (X) and the metric value (Y) (Fig. 4.2.2.2.b). 

design Nb Sp-Exo max values

y = -0,0158x2 + 0,7406x + 6,5514
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Fig. 4.2.2.2.b. Relationship between the 95 % of maximum number of species (-exotic species) and 
watershed area.  
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Fig. 4.2.2.2.c. Relationship between the number of species (- exotic species) and the Log10 of watershed 
area. 
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Once the threshold values for all 11 metrics were attributed, the total score (/55) 
was calculated (Annex 4.2.2.2) And each score was assigned to an integrity class as 
described in the table 4.2.2.2.b. 

Integrity classes 

 
Table 4.2.2.2.b. Characteristics of Integrity classes for IBI. 
 

score 
50-55 5: very good 

4: good 
33-43 3: fair 
22-32 2: poor 
11-21 1: very poor 
…… 

44-49 

No fish 
 
4.2.2.3. Validation 
 

 

Fig 4.2.2.3.a. Distribution of  the stations in the  Expected Quality Classes and Observed Fish Classes. 

General distribution of scores 

The figure 4.2.2.3.a. shows the distribution of the expected global quality and the 
observed fish classes. The first one presented a nearly bell-shape distribution with a 
majority of the intermediate situations (scores ranging from 30 to 40) while undisturbed 
(around 50) and disturbed (10 to 20) sites were more rare. It was different for the 
observed fish classes, where the distribution was disproportional for the second class. 
Moreover, the undisturbed situations (around 50) were less represented and the disturbed 
situations (10 to 20) were more presented. The non-parametric Wilcoxon's Rank test 
confirmed that there was statistical difference between these two distributions (p<0.001). 

Global expected ecological 
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Global Sensitivity 

The figure 4.2.2.3.b. illustrates the mean of total score distribution in each quality 
class, showing a regular increase of the fish index from class 1 to class 4 but with  a 
lightly decrease between class 4 (  = 37.2) and 5 (  = 36.9). A one-way ANOVA 
revealed a highly significant difference between means of the fish index (p << 0.0001). 
A t–test showed a significant difference between each class but not between class 4 and 
class 5 (p = 0.45). The fish index had a special skills for discriminating very degraded 
(class 1; = 25.5), degraded (class 2; =29.4), intermediate (class 3; = 32.5) and the 
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others, but not between good and very good (class 4; =37.2 and class 5; = 36.9). The 
fish index scores exhibited a continuous increase from class 1 to 4. 
 

Global sensitivity
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Figure 4.2.2.3.b. Distribution of the mean scores in each class 

 
Accuracy of the rating 
 

 

 

We calculated the overall conformity between fish observed quality and global 
expected ecological quality classes to assesse how many samples showed respectively a 
perfect match (deviation 0) or 1, 2, 3, 4 units of deviation. It was found that 80.2 % of 
the samples exhibited a consistent rating between fish and ecological assessment, while 
19.8% could be considered as a significant shift. More precisely, respectively 34.6 % and 
45.5 % of the samples match perfectly or exhibit one class difference (considered to be 
reasonable threshold given the unavoidable incertitude concerning the initial ecological 
classification), while 16.4 %, 3.2 % and 0.3 % of the samples have respectively  2, 3 or 4 
classes of deviation between the ecological and fish classes (Fig. 4.2.2.3.c.). 
 

Proportion of errors
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Fig 4.2.2.3.c. Distribution of absolute classes of deviation 
 

Moreover, the study of the error distribution underlined a tendency of 
underestimation. Indeed, there were more negative errors (class –4, -3, -2 and –1) than 
positive ones (3, 2 and 1) (Fig. 4.2.2.3.d.). Nevertheless, as mentioned above considering 
the overall absolute values, we observed that 1-class deviation was greater than 
respectively 0, 2, 3 and 4. 
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Distribution of errors
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Fig. 4.2.2.3.d. Distribution of classes of errors 
 
Furthermore, it was of particular interest to study the distribution of fish integrity 

classes into the expected quality classes, focusing on the most evident errors. Figure 
4.2.2.3.e. represents the consistency of the classification. This accuracy was judged by 
studying extent to what the fish-based quality classes differed from global ecological 
quality. Respectively, in the classes 2 and 3 of ecological quality, there was a dominance 
of classes 2 and 3 of fish integrity. This is no true for classes 1, 4 and 5 of ecological 
quality where there was a dominance of classes 2 of fish integrity for the first class, and 
classes 2 and 4 of fish integrity for the both last classes (4 and 5). Nevertheless, in these 
cases, the sum of fish integrity classes 1 and 2 in the first classes, 4 and 5 in the fourth 
classes were far dominant. While, it is important to note that there was not a fifth class of 
fish integrity in the fifth class of ecological quality. 
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Fig. 4.2.2.3.e. Distribution of fish classes into ecological classes. 
 
To enhance the quantification of the presumed errors, it was possible to study the 

proportions of those greatest differences between expected ecological quality and 
observed fish integrity. Respectively 5.36 % and 36.9 % of the very good classes were 
considered as very degraded and degraded classes. Considering the total data set, they 
represented 0.3 % and 2 %. While 3.6 % of very degraded and 8.8 % of degraded 
situation were considered as good quality, they represented respectively 0.3% and 2.3 % 
of the whole data set (347 stations). 
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It was interesting to note that less than 5 %, of the whole data, were considered as 
extreme errors. 
 

Distribution of quality classes 

Number and distribution of errors 

Differences between river type (Huet zonation), river size (G) and region (country) 

There was a need to study if there could be an influence of the region, the river 
type or the river size on the accuracy of fish index. The principles for assessing fish 
integrity should not be different depending on whether the river was located in France or 
in Belgium, in trout or in the bream zone, or belongs to a high or low gradient type.  
 

 
Looking at the distribution of fish integrity classes, no particular influence of 

river type (corresponding of Huet zonation), river size (corresponding to G, which is a 
synthetic describer of the gradient, transformed into 4 classes) and region (corresponding 
to the country limits, reflecting both geo-morphological features and somehow different 
ways of sampling and monitoring fish) could be underlined. However, some differences 
appeared in some cases comparing the general pattern of ecological quality classes.In 
overall, the general tendency was an under-scoring of the stations (Fig. 4.2.2.3.f.). This 
was clearly illustrated in the distribution of Flemish region, bream and barbel zone and 
G1 and G4 type. Indeed in each of these distributions, we observed that the class 2 was 
over-estimated and the class 3 was under-estimated. Moreover in the distribution of G4 
type and bream zone, the classes 4 and 5 were completely absent. These differences can 
be explained by the fact that rivers in the Flemish region belong principally to the barbel 
and bream zones. Conversely, the grayling zone presented too many classes 3 and 4 in 
comparison with classes 1 and 2 and trout zones have a lack of class 2. 

When a significant deviation occurred between fish and ecological quality, 
several hypothesis could be put forward: either the fish index does not reflect faithfully 
the presumed ecological quality, or the initial classification was not as much as accurate 
and sensible as it should be. Further study may provide evidence in favour of the first or 
second hypothesis. 
 

Looking at the deviation between observed fish integrity classes and expected 
ecological quality classes, that was called “presumed error”, very weak region, river type 
and zone effects could be observed. Moreover, these differences never really 
contradicted the overall tendency (more than 80 % of conformity and less than 20 % of 
presumed errors).  

Nevertheless, it is interesting to study more precisely these differences. 
 
Region effect 

Considering the overall results, the highest conformity between ecological and 
fish assessment (deviation 0 or 1) concerned the Walloon samples (93.4 %). The 
proportion of errors was similar in France and The Netherlands (around 11 %) while it 
was the highest for the Flemish data (43 %) with 1 % of 4 classes deviation (Fig. 
4.2.2.3.g). 
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Furthermore, it was obvious that, in Flanders, the difference was systematically 
negative, indicating that the fish integrity classes were smaller than ecological ones and 
that we underestimate the Flemish samplings (e.g.  34.3 % and 32.4 % for class -1 and -2 
against 0.9% and 8.3% for class 1 and 2). On the other hand, the difference was 
principally positive (e.g.  26 % and 7 % for class 1 and 2 against 21 % and 3 % for 
classes -1 and -2) for France. Wallonia and the Netherlands have principally a small 
underestimation (e.g. 28 % and 72%, respectively, for the class -1 against 16 % and 0 % 
for the class 1). As already suggested above, it seems that the main discordance between 
both assessments was due to the data obtained in the Flemish region. 
 

River Type effect 
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Fig. 4.2.2.3.g. Distribution of errors (absolute  and relative values) of the four regions. 

 

The greatest conformity were found for stations belonging to the "trout" and 
"grayling" zones (> 84%) with a majority of perfect match (about 48 %) while the lowest 
were found for stations belonging to the "barbel" (77 %) and "bream" (78 %) zones with 
a majority of 1 class deviation (46 and 49 %, respectively) (Fig. 4.2.2.3.h.). 

The analysis of the sign of deviation is interesting. It is obvious that, for the 
"barbel" and "bream" zones, the deviation was in majority negative, indicating an 
underscoring of these zones. On the other hand, no tendency for both other zones was 
observed. 
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Fig. 4.2.2.3.h. Distribution of the errors (absolute  and relative values) of the four river types. 
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River size 

The gradient (G) was probably a more suitable and integrative describer than 
Huet zones for studying the influence of the river type on the assessment.  

Considering the overall results, the highest conformity between ecological and 
fish assessment (deviation 0 or 1) concerned G3 samples (90.3 %). The proportion of 
errors was similar in G1 and G2  (about 20 %) while it was the highest for the G2 data 
(31 %) (Fig. 4.2.2.3.i.). 

There is no doubt that the first quality of biotic index must be sensitive to 
degradation. But conversely, a biotic index should not answer excessively to very weak 
variations of the fish assemblages (fish sampling, natural variability independently of 
stream habitat and water quality). The variation of the index score should increase 
proportionally to the variations of fish assemblages, but with a lower intensity. 
Following the method of Freeman et al., 1988, we used the coefficient of variation (CV) 
to compare the variability of fish assemblage and the variability of fish index score. The 
figure 4.2.2.3.j. show that there was a significant linear correlation (r = 0.64) between the 
variability of the index (CV score) and the variability of the fish assemblages (CV fish 
assemblages  

Furthermore, it is interesting to study the sign of the deviation to know the 
tendency of under- or over- scoring. It was obvious that in G2, G3 and G4, the difference 
was negative, indicating that we underestimated systematically these samplings (e.g. 51 
%, 33 % and 59 % respectively for classes -1, -2 and -3 against 23 %, 19 % and 11 % for 
classes 1, 2 and 3). On the other hand no tendency exist (e.g.  35 %  for classes 1 and 2 
against 32.5 % for classes -1 and -2) for G1.  
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Fig. 4.2.2.3.i. Distribution of the errors (absolute  and relative values) of the four river sizes. 

 
Temporal study 

The temporal analysis was realised using sites from the French network sampled 
annually (one to four times a year over the six-year period from 1993 to 1999. 

 
Interannual variability 

The variability of the index increased proportionally with the variability of the 
assemblages, but less rapidly. 
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Fig. 4.2.2.3.j. Distribution of Coefficient of Variation (CV) of fish scores and fish assemblage. 

 

Except for the Givonne, the best stations (Alyse and Loison) have the smallest 
variation in fish-index scores. The variability of the water quality increased with the 
variability of the Fish-index. Only the Meuse at Domremy and Han presented a similar 
evaluation between water quality and Index curves. Only one station presented a 
"contradiction" between the water quality and Index curves. Indeed, while the fish index 
increased progressively from 94 to 99, the water quality curves decreased strongly from 
95 to 96 and increased strongly from 96 to 98 and decreased lightly from 98 to 99. 

Between year evolution 
 

In order to assess the evolution of the index with the year, 13 stations were 
selected. In each station, between 6 to 9 years were sampled and the index score was 
calculated. Only few of them, presented the water quality indications which can be 
compared with the Fish-index evolution to assess the relevance of fish index. 

Five of them presented a stable evolution with a max of six points of range (Alyse  
at Fumay, Meuse at Domrémy, Meuse at Givet, Meuse at Sassey and Crusnes at 
Joppecourt). Although the river Alyse is considered as a rather undegraded site, but 
naturally low productive, TMI show scores varied between 49 and 51. The Meuse at 
Domrémy is one of the only station  to exhibit a nearly perfect correspondence in the 
temporal pattern. Conversely, The Meuse at Sassey and Givet shows a stable pattern for 
the fish index with a more variable water quality especially in Sassey. 

 
Seasonal effect 

In order to assess if the season of sampling has an importance on the fish index, 
the results of 18 stations sampled twice to four times a year (at different season) during 
several years were compared.  
 

Table 4.2.2.3.a. Distribution of the months into seasons 
 

Season Month 
Spring 1 April 
Spring 2 May, June 
Summer July, August 
Autumn 1 September 
Autum2 October 
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The figure 4.2.2.3.a. presents the mean value for each season and shows that the 

general evolution of the index increased progressively from spring 1 to early autumn 1 
and decreased in autumn 2. The variability of the index was higher in spring 1 and 
minimum in spring 2 and autumn 2. 

As the seasonal evolution may be different depending on the river size, and 
particularly the position within the longitudinal gradient, the effect of sampling period 
has been studied for each of the four classes of G previously computed from distance to 
source, river width and watershed area. 

For the stations belonging at G2, the general pattern was very different from the 
general trend, with the maximum value of the index for the summer and spring 2. The 
variability was the higher and the score varied between poor to intermediate integrity 
classes (depending on the division of integrity classes). The stations belonging to the G3 
presented a very slight variation with a maximum in autumn 2. 

 

The two last river type, G4 and G5, respected the general tendency with the 
evolution of the scores from spring 1 to autumn 2. 
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Fig. 4.2.2.3.l. Seasonal variation of the fish. 

 
Spatial gradient 
 

In several situations, samples of fish communities have been collected upstream 
and downstream from an identified source of disturbance. Moreover, in most cases, it 
was also possible to characterise the alteration in term of intensity and type. Thus it was 
interesting to discuss the efficiency of the index in those situation, focusing on two 
aspects: 

 

there was no reason for the index to decrease systematically with the gradient if 
no clear degradation occurs; 

the index was expected to decrease strongly proportionally to the intensity of the 
degradation immediately downstream the incriminated point of disturbance, and may 
increase again downstream as far as we move away from that source.  
 
Longitudinal degradation gradient 

The “Goutelle river” and the “St-Jean brook” illustrate the numerous typical 
situations characterised by an increase of the impact of human, either on the whole 
longitudinal gradient (cumulative degradations) or between upstream and downstream a 
punctual source of pollution (Fig. 4.2.2.3 m).  

The “Goutelle” thoroughly illustrates the fast change (within some kilometres) of 
fish community structure due to traceable source of pollution, as pertinently revealed by 
the fish index: around the source, the fish assemblage was not totally unimpaired due to 
the farming activities in this area, but the fish score of 47 was still acceptable, and was 
consistent with water (WaterQual.=4) and invertebrates (IBGN=13) information (Fig. 
4.2.2.3 m). As far as we moved downstream, the influence of farming became clearer as 
revealed by the simultaneous decrease of the fish and invertebrates score and water 
quality upstream Neufmanil (fish score= 29). The impact of the cumulative effect of the 
chronic pollution and the domestic effluent of Neufmanil on fish communities was then 
obvious. This example underlined the great capacity of the index to reflect both the 
general decrease of stream integrity from upstream to downstream due to the increase of 
non-point source pollution, and the particular impact of a punctual effluent and the 
resulting cumulative effect.  

Complementary, the “river Vence” allowed enhancing the characterisation of the 
pollution effect through a further study of upstream and downstream samples. As for the 
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“Goutelle brook”,  a similar decrease of the fish score was recorded to reflect the impact 
of Poix-Terron village effluent and paper mil. But it was interesting to note that this 
pollution seemed to be partly “assimilated” by  the river as the score increased again 
within few kilometres. Nevertheless, a new source of degradation reduced that 
improvement due to the self-purification and lead to a slight decrease of the fish index 
between “Touligny farm” and Francheville.  

The case of the “St-Jean brook" is similar to the situation of the “Vence river” as 
the fish index reflected accurately the impact of Hautes-rivière village on the fish 
integrity. The evolution of the fish community consisted in a decrease of Trout and 
Bulhead abundance and a simultaneous increase of Minnow and Loach ones, considered 
as less sensible.    

The “Val de Meuse” constitutes a degraded context in the upstream zone of the 
Meuse, which is under the influence of several sources and intensities of degradations: 
the main course of the river Meuse, some kilometres downstream the source is affected 
by the presence of ponds. In parallel, the “Bocheret brook” which is strongly altered 
(organic pollution) by a “Fries Factory” joins the river Meuse downstream the influence 
of ponds (Fig 4.2.2.3 n). The TMI judged this site less strictly than the MMI, and the 
organic pollution was judged as less disturbing (score of 35) than the influence of ponds 
(score of 31). Nevertheless, it is surprising that the site 112 in the main course of the 
Meuse was without fish. The MMI explains that by the fact that the microbial processes 
oxygen-consuming led to the constitution of a drifting desoxygenised plug (not 
immediately but some minutes later). However, at this site this pollution was diluted in 
the Meuse. Indeed, far away from the pollution source, the quality increased again (Fish 
score=39 at Station 113) and even became higher than in other stations. It seemed that 
the stream partially assimilated the organic pollution through the transformation through 
microbial processes and the exportation via the trophic chain. The site 112 without fish, 
presented perhaps an other source of disturbance oreffect of sampling methodology. 

 
Degraded context 

 
Unaltered context 
A rather undisturbed stream (the river Marche), belonging to the grayling zone, was 
studied through three samples displaying very weak contrasts. The upstream station of 
Margny suffered from the influence of a pond, which led to the worst fish index (Fig 
4.2.1.3 m). The slight increase of fish integrity recorded at Sapogne and Moiry mainly 
expressed the increase of Grayling density even if the well-known heavy angling pressure 
in those locations was probably the factor involved in the limitation of fish integrity. 
Nevertheless, this example highlighted the capacity of the index to discriminate and 
classify hierarchically different situations in a globally unimpaired context. 
 
Influence of ponds 
Finally we observed the contrasted influence of ponds depending on the existence of a 
previous degradation (in the case of the “Bairon creek”) or not (in the case of the “Murée 
creek”). Indeed, the case of the Murée fairly illustrates the influence of ponds that 
negatively modify the assemblage equilibrium (Fig 4.2.2.3 m). There are two modes of 
action: either directly by supplying species that are not expected in such upstream parts of 
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rivers, or indirectly by modifying the ecological conditions (temperature, nutrient load, 
filling in and plugging due to the increase sedimentation of fine particles…). Both 
endanger the most intolerant species and reinforce the first consequence. By contrast the 
“Bairon creek” is a small stream suspected to be fairly polluted by farming practices as 
revealed by the low water quality (TMI= 33,WatQual=3, IBGN=12), and it overall offers 
reduced habitat conveniences. In this case of existing upstream degradation, contrary to 
the usual belief illustrated by the precedent examples, the pond seemed to improve the 
structure of fish community, as if the pond would balance the poor habitat and the 
pollution of water (self-purification processes improved in the pond?). The most probable 
interpretation for that original situation is the role of “species pool” (i.e. diversity reserve) 
of fishes played by the pond. However, the fish score at “LeChesnes station” still 
reflected a degraded situation; indicating that the fish structure even if was better than at 
“Louvergny station”, remained far from the theoretical one (FishScore= 41). 
 
Correspondence with other biotic or abiotic indicators 
 

We studied the concordance between fish assemblages and invertebrates 
community as two biotic methods for assessing river integrity. To carry out the 
comparison with the proposed fish index (TMI), we used the IBGN method (AFNOR, 
1992) to account for invertebrates, and the classes of ecological integrity defined initially 
for the Meuse data set including an indicator of habitat quality. 

 
Relation between fish vs. invertebrates 

 

The study of the relation between invertebrates and fish scores revealed that there 
was no strong relation between both indices (Fig. 4.2.2.3.p), except for the extreme 
situations (i.e. very degraded or roughly intact ones) as indicated by the one-way 
ANOVA (p=0.002754) using IBGN classes as Factor. Indeed the fish integrity scores 
were significantly different only between the most degraded sites (classes 2 and 3 of 
IBGN), and roughly intact (class 5) ones. But for intermediate situations (class 3 and 4), 
the scores given by both methods were not so concordant (Fig. 4.2.1.3.q). In other words, 
the fish scores were not different between class 3 and 4 of IBGN. 

Fig. 4.2.2.3.p. Relation between fish and invertebrates as indicators of stream integrity 
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Respective sensitivity of fish and invertebrates 

Conversely of the MMI, when the whole ecological integrity was considered, 
involving habitat quality assessment, invertebrate became more efficient in 
discriminating the five quality classes. Indeed, The invertebrate discerned the class 1 and 
2, 2 and 3,and, 4 and 5 but not the intermediate classes 3 and 4. While fish discerned 
only the four first classes and the fifth. However, the number of sites used in this 
comparison were very small (only 55 sites against 104 for the MMI comparison) and 
information about water quality were absent (figure 4.2.2.3.q). 

Fig. 4.2.2.3.q. Comparison of the sensibility of fish and invertebrates indices to global ecological quality. 

 

 

   

In both cases, these scores were not very high and never rise more than 43 
(electrofishing sampling). The amplitude between minimum and maximum for each 
methodology were the same (26 points) but the minimum and maximum values for 
electrofishing and gillnetting were different (17 to 43 and 13 to 39, respectively) Fig 
4.2.2.4.a. 
 

Then it became interesting to study the relative performance of both biotic indices 
for discriminating several levels of general ecological integrity. The test carried out on 
55 locations for which information on fish and invertebrates was available.  
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4.2.2.4. Effect of sampling methodology (electrofishing or gillnetting) on trisection fish-
based index. 

The data set of electrofishing and gillnetting samplings (54 and 59 samplings, 
respectively) is tested with the Index of Biotic Integrity. The total score of 11 metrics for 
each sampling is 55 points, and these scores were divided into 5 Integrity Classes (IC). 

The total score obtained in stations sampled by electrofishing were significantly 
(p < 0.05) higher than those obtained in stations sampled by gillnet. Indeed, the mean 
score for electrofishing ( elect) and gillnetting ( gillnet) sampling were 29.67 and 23.17, 
respectively.  
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Fig 4.2.2.4.a.. Distribution of scores according to fishing  methodology. 

 
The highest integrity classes (4 and 5) were lacking for both fishing methods 

(29% of class 1; 47 % of class 2 and 22 % of class 3). The distribution in each class was 
different if we analysed both methods separately (class 1: 47.5 %, class 2: 45.8 % and 
class 3: 6.8 % for gillnet and class 1: 9.3%, class 2: 51.8 % and class 3: 38.9 %) 
(Fig.4.2.2.4.b and c). 
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Fig 4.2.2.4.c. Distribution of integrity classes in electricity and gillnet sampling methodologies. 
 
The value of each metrics were significant different between electrofishing and 

gillnet. 
Except Log biomass, Log effective and % of invertivorous individuals, each 

metric presented significantly differences between scores for electrofishing and gillnet 
samplings (Table 4.2.2.3.a and 4.2.2.3.b).  
 
Table 4.2.2.4.a. Mean values of each metrics for both methods. 
 

 
metric 

Mean 
value for 
Gillnet 

Mean value 
for 

Electrofishing 

 
p 

 Nb Species 6.42 9.39 4.94 10-5 
 % Rheophilic species 9.95 17.20 3 10-3 
 % Intolerant species 18.76 1.11 1030.68 -5 

3.58 2.95 2.19 10-7 
 % Tolerant individuals 88.23 64.50 3.06 10-5 

75.78 59.76 1.16 10-6 
 % Omnivorous individuals 83.29 71.16 1.1 10-3 
 % Invertivorous individuals 0.20 2.02 

9.23 28.78 3.6 10-6 

 Log Biom / 100m² 

 % tolerant species 

0.02 
 % Intolerant individuals 
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 % Lithophilic species 16.82 28.85 5.79 10-6 
 Log eff / 100m² 21.99 33.39 0.037 

 
Table 4.2.2.4.b. Scores of each metrics for both methods. 

  
Metrics 

Mean 
value for 
Gillnet 

Mean value 
for 

Electrofishing 
p 

 score of Nb Species 2.45 3.55 1.66 10-5 
 score of % Rheophilic species 1.07 1.41 4.4 10-3 
 score of % Intolerant species 2.76 3.78 6.2 10-4 
 score of Log Biom / 100m² 4.89 4.74 0.18 
 score of % Tolerant individuals 1.27 1.85 8 10-3 
 score of % tolerant species 1.51 2.18 3 10-4 
 score of % Omnivorous individuals 1.24 1.70 9.6 10-3 
 score of % Invertivorous individuals 1.00 1.04 0.30 
 score of % Intolerant individuals 1.31 2.26 2 10-4 
 score of % Lithophilic species 2.49 3.74 2.09 10-5 
 score of Log eff / 100m² 3.17 3.41 0.33 

 
 

Only 52 samplings were sampled in the same time, in the same station with 
electrofishing (26 samplings) and gillnet (26 samplings) and have information about 
general quality (habitat and water quality). The stations were situated in the Belgian 
Meuse were the habitat is strongly modified. 

Table 4.2.2.4.c. Biotic integrity with gillnet and electricity 

As a whole, the general quality (habitat and water quality) was low in these 
stations with 15.38 % of them having a score 2 and 84.62 % having a score 3. 

In this case, the difference between electrofishing and gillnet samplings was also 
confirmed, the total score and Integrity Classes (IC) of electrofishing ( score: 32.31 and 

IC: 2.62) were significantly (p<0.05) higher than with gillnet ( score: 24.77 and IC: 1.73). 
 

The comparison between Integrity Classes (IC) and Quality Classes  (QC) in each 
station indicates that the Biotic Index is stricter than Quality Class (score 3: 65.38 % of 
the IC against 84.62 % of QC). But, for a given station, the biotic Index applied to data 
obtained by gillnet samplings, underestimated the quality of the station  Table 4.2.2.4.c. 
 

Integrity classes Frequency for electrofishing sampling Frequency for gillnet samplings 
1 3.85 30.77 
2 30.77 65.38 
3 65.38 3.85 
4 - - 
5 - - 

 

If  we analyse in term  this difference in term of repartition of each Integrity 
classes in the quality classes, it is clear that 96.15 % of the stations sampled  by 
electrofishing differ by 0 or 1 unit from score of quality against 69.23 % of the stations 
sampled by gillnet and the main difference is in the thirty class of Quality (Fig 4.2.2.3.d). 
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Fig. 4.2.2.4.d. Repartition of integrity classes in quality classes for electrofishing and gillnet techniques 
 

The score of the Fish Biotic Index confirmed the low quality of the Meuse 
stations. However, the quality determined by the fish based index appears generally 
lower than the one determined by the other indices. Effect of the methodology on the fish 
index was confirmed with the lower score obtained when the stations were sampled by 
gillnet. Indeed, the species richness and abundance were lower, and most of the metrics 
were significant higher by electrofishing. However, fish caught by gillnet were bigger 
(chap 1.3.1.1) and biomass was higher and produce better scores than by electrofishing 
for the metric about Log biomass. If we use a metric related to fish biomass, it would be 
interesting to use gillnet, in addition to electrofishing and to calculate the index from 
accumulate data. 
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5.- Discussion 

The objective of this program was to develop and validate a multimetric index 
based on fish assemblages, which could serve as a practical technical reference for 
conducting cost-effective biological assessments of rivers in the Meuse basin. We 
developed two new indices based on the two major approaches detailed in the 
introduction, namely the Index of Biotic Integrity methodology previously adapted for 
Belgium rivers (Belpaire et al., 2000, Kestemont et al., 2000) and the Fish-Based Index 
methodology previously developed for French rivers (Oberdorff et al., 2001, Oberdorff 
et al., submitted). We will discuss here about the respective performances of these two 
newly developed indices (Trisection Method Index, TMI and Multiparameter Models 
Index, MMI) in quantifying the ecological quality of rivers belonging to the three 
countries situated along the Meuse Basin.  

This discussion focusses on: 

(١٦) the validation of the capacity of both indices in assessing anthropogenic 
perturbations; 

(١٧) the temporal variability of the two indices; 
(١٨) the comparison of their predictive power against other available biotic 

indices (i.e. IBGN (Afnor 1992)); 
(١٩) some recommendations about the limits of application of the two indices 

particularly concerning the appropriate sampling methodology to be used; 
(٢٠) the advantages and limitations of each approach;  
(٢١) a proposition of the most appropriate method for assessing the ecological 

status of the Meuse Basin. 
 

Validation of the capacity of both indices in assessing anthropogenic perturbations 
Sensitivity to anthropogenic perturbations 

 Both indices (TMI, MMI) are very efficient in discriminating over a 
gradient of anthropogenic perturbations. TMI statistically discerns the first four classes 
of ecological quality but fails in discriminating between class 4 and class 5 (Figure X), 
while MMI statistically discerns every classes except one (between 3 and 4), but 
conforms with the expected general tendency (Figure Y). There is no way, at this stage, 
to definitively privilege one method instead of the other.  
 
Analysis of the conformity of fish integrity classes with global ecological quality 

The overall proportion of presumed errors of classification (perfect match or one 
class deviation) is roughly the same for both indices.  

Concerning the TMI we noticed a significant difference between the distribution 
of fish integrity classes and those obtained from indicator of water and habitat quality 
(considering nevertheless only habitat and water quality). The TMI systematically 
underscores the quality of rivers, which are usually considered of low or medium quality. 
This discrepancy concerns more specifically the Flemish sites and large rivers (“bream 
zone” and at a lesser extent “barbel zone”) with the higher number of errors concerning 
the least impacted rivers (classes 4 and 5). Another major concern is related to the 
absolute quality level of reference sites in the Flemish region. Since the quality of the 
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main river is relatively low, the selection of reference site can be debated. However TMI 
has a good ability in assessing small rivers (G2, G3 and “trout zone”) and sites from the 
Walloon region. 

Concerning MMI no significant difference between the distribution of fish 
integrity classes and global ecological quality classes was found. The main deviations 
(even if not statistically significant) relate to a tendency in underscoring small rivers 
(trout zone) and overscoring rivers from Flanders with the greater proportion of errors 
concerning classes 2 and 4. 

These results prevent us to be enthusiastic in applying TMI in its actual form 
throughout the Meuse basin. 
 
Temporal variability of the two indices 

 
A useful index should be consistent over time at a site if no change in quality 

occurs during the sample period and should be able to detect  an increase or a decrease in 
the ecological quality at a site. Concerning the ability of the two proposed in reflecting 
the impact of known habitat and / or water quality perturbations, the answer is yes as 
previously detailed above (see also results in annex 1). Thus, the main question here is: 
do the two indices rank a set of sites consistently through time if no change of quality 
occurs during the sample period? Or, in other words, are low - quality sites more variable 
than high-quality sites? Indeed, we found a linear increase of the scores variability for 
both indices with assemblage variability, low - quality sites being more variable through 
time than higher ones.  

In summary, both indices seem consistent over time and efficient in 
discriminating degradations. 
 
Recommendations about the limits of application of the two indices 
 

As illustrated in the literature and detailed in paragraph 1.3, fishing with 
electricity appears as the best method to sample and describe a local assemblage 
structure. Both electrofishing methods (continuous or by ambiance) seem to be adapted 
to collect a fish assemblage within a site. Effectively, as mentioned in chap 4.1.2.4., no - 
or very weak - differences of total scores or integrity classes were recorded between 
these two electrofishing techniques. Conversely a strong difference of scores was 
observed between electrofishing sampling and gillnet or trawling sampling. 
Nevertheless, electrofishing presented several limits in large rivers, and additional 
methods (as gillnet or trawling) allow a more exhaustive and complementary sampling of 
ichtyofauna, as far as fish size is concerned. 
 
Advantages and limitations of each approach 
 
TMI 
Advantages 

 The TMI has several advantages. Firstly, the TMI is a broadly based 
ecological index that assesses both assemblage structure and function at several trophic 
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levels. Secondly, the TMI is flexible and widely adaptable. Thirdly, TMI metrics seem 
sensitive to many types of degradation, including water and habitat degradations.  

 
Disadvantages 

 A drawback of this method is that it does not implicitly integrate all major 
environmental factors that cause, or at least explain, the patterns of assemblage 
composition and distribution within and among water bodies at various spatio-temporal 
scales under natural conditions; making the process of establishing appropriate, sensitive 
metric expectations difficult (Lyons, 1996; Smogor & Angermeier, 1998). Metric criteria 
were established here on the basis of empirical relations between river size or site 
elevation and metric value. Such adjustments are may be not sufficient to accurately set 
metric criteria for geologically, climatically and hydrological complex areas such as the 
Meuse basin (Smogor & Angermeier, 1998).  
 
MMI 
Advantages 

 The MMI has the same advantages that those listed for the TMI. 
Furthermore, this multimetric index incorporates many possible sources of intra region 
variation in metrics (i.e. stream size, stream gradient, elevation, temperature, and 
hydrological units). This strategy allows for the objective development of an effective 
indicator and overcomes some limitations in the TMI methodology particularly those for 
establishing metric criteria, that are sometimes subjective. The index obtained, based on 
relevant ecological criteria, is responsive to general types of degradation, including 
habitat alterations and water quality alterations. The index should then be able to 
quantify the biological effects of human activities on aquatic ecosystems.  

 

 The main disadvantage of this method is that it adds some complexity in 
metric scoring interpretation. In addition, it is important to underline the need to select 
reference sites from water quality and, particularly from, habitat quality criteria, with 
involvement of appropriate experts and / or application of a well-defined widely 
accepted and standardized index of habitat (which is lacking at this moment). However, 
it also substantially improves the ecological accuracy of the index compare to the TMI 
methodology.
 

Disadvantages 

 

Conclusion 
 

According to these results, the MMI seems to be the best index for an application 
to the whole Basin. The TMI has overall a good ability in assessing anthropogenic 
perturbations but tends to systematically underscores the ecological quality of sites and 
mores specially the Flemish sites and large rivers sites ("bream zone" and at a lesser 
extent "barbel zone"). 
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To conclude, in the frame of an international application, the MMI could be 
recommended, to validate in rivers belonging to other western European countries, 
while, the TMI could be used in a regional context. 

 
Further testing and refinement can be already envisaged to test and improve the 

index. 
These are: 
 

a) to enlarge the scope of the reference sites whilst excluding any sites at which 
further analysis of the fauna could suggest that the site was environmentally stressed or 
under sampled; 

b) to test additional metrics such as the ones describing the ichtyofauna 
composition in term of size-class distribution (fry, juvenils, adults) as well as those 
describing the health of individual fish which seem sensitive to many types of toxic 
pollution (Sanders et al., 1999); 

c) to evaluate its general responsiveness to disturbance against other potential 
stressors (e.g. destruction of riparian vegetation, flow perturbations, obstruction to 
migration, siltation…). 

 
These improvements would only be met through increased regional - scale, 

government-sponsored research and monitoring by both public and private institutions. 
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Advantages Disadvantages 

TMI MMI TMI MMI 
Flexible and 
adaptable 

Flexible and 
adaptable 

Do not implicitly 
integrate all major 
environmental 
factors that cause, or 
at least explain, the 
patterns of 
assemblage 
composition. Metric 
criteria were 
established here on 
the basis of 
empirical relations 
between river size or 
site elevation and 
metric value 

Can add some 
complexity in metric 
scoring 
interpretation 

sensitive to many 
types of degradation 

sensitive to many 
types of degradation 

 Requires 
standardized 
methods and expert 
to assess habitat 
quality 

many 
possible sources of 
intra-region variation 
in metrics, that can 
affect fish 
distribution 

   incorporates 
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1.- User Guide of Trisection Method Index (TMI) 
 
1.- Data must be collected only by electrofishing along the bank, by boat in a large 
river or wadding in a small river 
 
2.- Data collected must be transformed as value per 100 m² of sampling area. 
 
3.- Calculate for each site, the Watershed area in km² (on map or computer) and the 
altitude in m (on map) and transform each value in Logarithm in order to attribute in 
the good class (annex 1) 
 
5.- Calculate for each site the value of the 11 metrics (metrics 2, 3, 4, 5, 6, 7, 8, 11 
refer to ecological guilds provide in annex 2). 
 
 
Metrics  
1. Number of species (-exotic species)  
2. % Intolerant species  
3. % Litophilic species (- exotic and tolerant species)  
4. % Rheophilic species (- exotic species)  
5. % Tolerant individuals  
6. % Omnivorous individuals  
7. % Intolerant individuals (- exotic species)  
8. Log biomass / 100m²  
9. Log effective / 100 m²  
10. % of Invertivore individuals (- exotic and tolerant species)  
11. % of Tolerant species  
 
6.- Attribute the score (1, 3 or 5) to each metric with the appropriate graph (annex 2) 
 
7.- To addition the value of each metric to obtain the total score (/55) for each site 
Rm.: If the info is lacking for one of more metrics, final IBI score is obtained by 
dividing the sum of all scores the number of metrics used. 
 
8.- Attribute for each total score the integrity class corresponding  
 

score Integrity classes 
50-55 5: very good 
44-49 4: good 
33-43 3: fair 
22-32 2: poor 
11-21 1: very poor 
…… No fish 
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Annex 1      
       
Watershed Area: Classes of logarithm   Altitude: Classes of logarithm  
       
 Log min Log max   Log min Log max 
Class 1  <-0,75  Class 1 < 0,75  
Class 2 -0,75 -0,51  Class 2 0,76 1 
Class 3 -0,5 -0,26  Class 3 1,01 1,25 
Class 4 -0,25 -0,01  Class 4 1,26 1,5 
Class 5 0 -0,24  Class 5 1,51 1,75 
Class 6 0,25 0,49  Class 6 1,76 2 
Class 7 0,5 0,74  Class 7 2,01 2,25 
Class 8 0,75 0,99  Class 8 2,26 2,5 
Class 9 1 1,24  Class 9 > 2,51  
Class 10 1,25 1,49     
Class 11 1,5 1,74     
Class 12 1,75 1,99     
Class 13 2 2,24     
Class 14 2,25 2,49     
Class 15 2,5 2,74     
Class 16 2,75 2,99     
Class 17 3 3,24     
Class 18 3,25 3,49     
Class 19 3,5 3,74     
Class 20 3,75 3,99     
Class 21 4 4,24     
Class 22 4,25 4,49     
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Annex 2 
 
Guilds for common freshwater cyclostoms and fishes. 
 
1. after Persat & Keith (1997). A = Native species, E = Exotic species. 
2 after Michel & Oberdorff (1995 ); Pont et al. (1995). INV = Invertivores ; OMN = Omnivores species ; HER = Herbivores species ; PAR = Parasites ; PIS = Piscivores 
species. 
3 after Balon (1975) ); Philippart & Wranken (1993). LITHO = Lithophils ; PHYTO = Phytophils; PHYLI = Phyto-lithophils ; OSTRA = Ostracophils ; ARIAD = 
Ariadnophils.  
4 after Verneaux (1981); Philippart & Wranken (1993). Low values = narrow range of tolerance; I = Intolerant species, T = Tolerant species; - lack of information. 
5 after Pouilly (1994); Schiemer& Waidbecher (1992). R = Reophilic species, L = Limnophilic species, E = Eurytopic species. 
6.after Grandmottet (1983). Low values = narrow range of acceptable habitats, high values = wide range of acceptable habitats ; - lack of information. 
 
Familly 
Species (code)   Origin 1 Trophic2 Reproductive3 Feeding  Coef4  Water5 Coef6     
     guilds  guilds  habitat   sentitivity        velocity Habitat flexibility 
            (water quality)    requirements 
Petromyzontidae 
Lampetra planeri (Lap)  N  PLA  LITHO  B  -  - - 
Lampetra fluviatilis (Laf)  N  PAR  LITHO  -  -  - - 
Salmonidae 
Salmo trutta fario (Sat)  N  INV  LITHO  P  5.5  R 0.12 
Salmo salar (Sas)  N  INV  LITHO  P  I  R - 
Oncorynchus mykiis (Onm) E  INV  LITHO  P  -  R - 
Salvelinus fontinalis (Saf) E   INV  LITHO  P  3  R 0.13 
Salvelinus alpinus (Saa)   N  INV  LITHO  P  I  R -  
Thymallidae 
Thymallus thymallus (Tht)N  INV  LITHO  P  3  R 0.19 
Esocidae 
Esox lucius (Esl)   N  PIS  PHYTO  P  5.5  E 0.11 
Cyprinidae 
Rutilus rutilus (Rur)  N  OMN  PHYLI  P  8  E 0.54 
Leuciscus cephalus (Lec)  N  OMN  LITHO  P  7  E 0.62 
Leuciscus leuciscus (Lel)  N  OMN  LITHO  P  4.5  R 0.37 
Leuciscus idus (Lei)  N  OMN  PHYLI  P  I  L - 
Leuciscus soufia (Les)  N  OMN  PHYLI  B  4  R 0.21 
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Leucaspius delineatus(Led) N  INV  PHYTO  P  -  L - 
Barbus barbus (Bab)  N  OMN  LITHO  B  5  R 0.09 
Barbus meridionalis (Bam) N  OMN  LITHO  B  I  R - 
Alburnoides bipunctatus (Alb) N  INV  LITHO  P  5  R 0.26 
Alburnus alburnus (Ala)  N  OMN  PHYLI  P  7.5  E 0.54 
Abramis brama (Abb)  N  OMN  PHYLI  B  7  E 0.26 
Blicca bjoerkna (Blb)  N  OMN  PHYTO  B  -  L 0.29 
Carassius carassius)  N  OMN  PHYTO  B  T  L - 
Carassius auratus(Caa)  E  OMN  PHYTO  B  T  L - 
Cyprinus carpio (Cyc)  E  OMN  PHYTO  B  6  L 0.16 
Chondrostoma nasus (Chn) N  HER  LITHO  B  6  R 0.17 
Chondrostoma toxostoma (Cht) N  OMN  LITHO  B  6  R 0.18 
Gobio gobio (Gog)  N  INV  LITHO  B  5.5  E 0.26 
Phoxinus phoxinus (Php)  N  OMN  LITHO  P  4.5  E 0.23 
Scardinius erythrophtalmus (Sce) N  OMN  PHYTO  P  6  L 0.11 
Rhodeus sericeus (Rhs)  N  HER  OSTRA  P  5.5  L 0.14 
Tinca tinca (Tit)   N  OMN  PHYTO  B  6.5  L 0.19 
Pseudorasbora parva (Psp) E  OMN  ?  P  -  L - 
Cobitidae 
Barbatula barbatula (Bab) N  INV  LITHO  B  7  R 0.12 
Cobitis taenia (Cot)  N  INV  PHYTO  B  -  E - 
Misgurnus fossilis (Mif)  N  INV  PHYTO  B  T  L - 
Siluridae 
Silurus glanis (Sig)  N  PIS  PHYTO  B  -  L - 
Ictaluridae 
Ictalurus melas (Icm)  E  INV  LITHO  B  6.5  L 0.09 
Anguillidae 
Anguilla anguilla (Ana)  N  INV  -  B  T  E - 
Gadidae 
Lota lota (Lot)   N  PIS  LITHO  B  4  R 0.19 
Gasterosteidae 
Gasterosteus aculeatus (Gaa) N  OMN  ARIAD  P  T  L - 
Pungitius pungitius (Pup)  N  OMN  ARIAD  P  -  L - 
Percidae 
Perca fluviatilis (Pef)  N  PIS  PHYLI  P  5  E 0.24 
Stizostedion lucioperca (Stl) E  PIS  PHYTO  P  7  E 0.27 
Gymnocephalus cernua (Gyc) N  INV  PHYLI  B  7  E 0.46 
Centrarchidae 
Lepomis gibbosus (Leg)  E  INV  LITHO  P  5.5  L 0.30 
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Micropterus salmonides (Mis) E  PIS  LITHO  P  4.5  L 0.14 
Cottidae 
Cottus gobio (Cog)  N  INV  LITHO  B  3  R 0.09 
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Annex 3 
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2.- User guide of Multivariate Model Index (MMI) 
To use with the software "MMI version 1.0" 
 

Pour calculer les scores par métrique, la note indicielle issue de ces scores, les 
classes de qualité correspondante et l’écart avec une éventuelle qualité attendue, on 
utilise le classeur nommé « Format indice » constitué de 5 feuilles de calcul : 

- Saisi (correspond à la saisi des données brutes, environnementales et 
piscicoles) ; 

- Occ1 (transforme les données d’abondance en occurrence) ; 
- CalcMetr_TransfParamètre (calcul les métriques et transforme les données 

pour répondre aux exigences statistiques des modèles (normalité…)) 
- CalcTeo&Ecart (calcul la valeur théorique et l’écart Obs-Theor pour chaque 

métrique) 
- Scor5&Indice (calcul les scores par métrique et la note final) 

 
Pour l’ensemble des feuilles, les deux premières lignes ne doivent JAMAIS être 

modifiées car elles contiennent les informations nécessaires aux calculs (les 
étiquettes des colonnes et les formules de calcul). Pour éviter encore toute 
modification des paramètres de cette feuille de calcul standard, il est impératif de ne 
JAMAIS l’enregistrer sous son nom d’origine, mais d’enregistrer l’ensemble du 
classeur avec les résultats de l’indice sous un autre nom. 
 

Le principe d’utilisation des feuilles de calcul successives suit la même logique 
(dans l’ordre des opérations) que la mise au point de l’indice lui-même, et les feuilles 
de calcul comportent en résumé, des données à saisir impérativement (cellules 
vertes) et des formules de calcul à copier/coller (lignes rouges). En voici le détail : 

١) Saisi des informations relatives aux descripteurs environnementaux et 
géographiques des stations et des opérations (date, effort de pêche…), 
ainsi que des résultats bruts concernant les effectifs capturés par espèce 
et la biomasse totale. La formule pour le calcul de l’effectif total et de la 
richesse spécifique est à copier. L’absence d’une espèce doit être indiquée 
par la valeur 0 (par opposition à la cellule vide). Pour éviter des erreurs et 
la répétition de la saisi d’un grand nombre de résultats, il est préférable de 
préparer un fichier des données brutes au format de la feuille de calcul 
(c’e.a.d respectant l’ordre des colonnes).  

La région intervient pour l’instant dans le modèles pour différencier les 
particularités des peuplements piscicoles de la région flamande (à l’avenir 
une différenciation des cours d’eau Ardennais est envisageable également). 
Elle est calculée à partir d’un code correspondant à l’institut qui a récolté les 
données, mais décrit en réalité une zone (bio ?)géographique distincte. On 
saisi le code de l’institut en respectant parfaitement l’orthographe et le 
format (majuscule) à savoir : CSP, FUNDP, IBW ou RIVO représentant 
respectivement les régions française, wallonne, flamande et néerlandaise 
du bassin de la Meuse. 
 

Après cette étape et le calcul initial automatiser de l’effectif total et de la 
richesse spécifique, il suffit par la suite de copier les formules (c’e.a.d. la ligne 
rouge) de chacune des autres feuilles de calcul en respectant leur ordre (car 
chaque feuille de calcul utilise l’information de la précédente) : 
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٢) Occ1=transformation des données d’effectif en données d’occurrence par 
espèce, qui permettra le calcul automatique des valeur des métriques 
d’occurrence dans la feuille de calcul suivante (dans cette feuille la liste 
des espèces est répétée autant de fois qu’il y a de métrique d’occurrence 
correspondante et chacune est matérialisée par une couleur différente pour 
permettre au besoin une identification aisée) 

٣) La feuille « CalcMetr_TransfParamètre » permet de calculer à la fois les 
valeurs des métriques selon les conditions rappelées dans la feuille 
« Saisi » (c’e.a.d. l’appartenance des espèces aux différentes guildes et 
catégories) et les transformations des variables (aussi bien métriques que 
paramètres mésologiques) nécessaires pour répondre aux exigences des 
models statistiques (normalité…). C’est aussi dans cette feuille qu’est 
calculé à partir des résultats de l’ACP la variable synthétique G décrivant le 
gradient comme une composante des trois variables initiales : Distance à 
la source (DIST), Surface du bassin versant (WSA) et largeur du cours 
d’eau (WIDTH). 

٤) La feuille « CalcTeo&Ecart » permet à partir des modèles de calculer les 
valeurs théoriques attendues pour chaque métrique, ainsi que l’écart (D_) 
entre la valeur observée pour une pêche (pour une station dont on veut 
estimer le degré d’intégrité) et la valeur théorique précédemment calculée. 

٥) Les formules écrites dans la dernière feuille « Scor5&Indice » compare 
pour chaque métrique l’écart aux conditions de référence (D) calculé 
précédemment et les valeurs seuils (présentés à titre indicatif dans la 
feuille de calcul « seuils ») matérialisant plusieurs niveaux de dégradation. 
L’ampleur de l’écart à la situation de référence est ainsi quantifiée sous 
forme de scores calculés pour chaque métrique. La somme de ces scores 
constitue la note indicielle finale sur 55. Cette note indicielle est alors 
transformée en classe de qualité piscicole. Dans le cas où une évaluation 
de qualité écologique (classe de qualité globale, de l’habitat, de l’eau ou 
issue d’autres indices biotiques) a été saisi au départ, le calcul de l’écart 
(Error) est automatisé. Comme pour les feuille précédentes, l’ensemble 
des calcul de cette feuille est effectué en copiant la première ligne de 
formule (rouge) à autant de ligne qu’il y a de stations à évaluer. 
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