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ABSTRACT. - The project intended to adapt and standardize to the European 
ichthyofauna a new index of ecological quality assessment based on the altribut
es of fish communities, in order to evaluate the global quality, the conservation 
and restoration of lotie ecosystems in an international river basin (The Meuse). 
The methodology developed during this project could be used as a tooi 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 lntegrity 
methodology previously adapted for Belgium rivers and the Fish-Based Index 
methodology previously developed for Frencb rivers were developed and the 
respective performances of these two newly developed indices are compared. 

1. Introduetion 

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, 
chemica! and biological characteristics for the restoration and mainte
nance 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 
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functional integrity of ecosystems. Furthermore, the WFD introduces 
river basin management throughout Europe, which could han! major 
impacts on the conservalion and restoration of aquatic systems (POLLARD 
& HuXHAM, 1998). Surface water status. according to the WFD. is com
posed of two elements (i.e. "ecological status" and "chemica! status''). 
Conceming the ecological status, four biologica! compartments of the 
ecosystem are taken into account : phytoplankton, macrophytes. bentbic 
invertebrates. and fish communities. All these communities should be 
characterised by their species richness. species composition, and abun
dance. 

If the requirements of the WFD are to be met, effective biologica! 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 differ
ent ecological regions. 

Ecologists have developed biologica! indices to monitor water quality 
beginning with the pioneering efforts of KoLKWITZ & MARSSOK ( 1908, 
1909). Since this early work, the concept of biologica! 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 fora review). 

For aquatic ecosystems, biologica! 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, eco
logical 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 economie 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 com
munities currently available for assessment of river condition in Europe. 
Two major approaches (tools) can be distinguished. Both use the "refer
ence condition approach" which involves testing an ecosystem exposed 
to a potential stress against a reference condition that is unexposed to 
such a stress. 

The fust approach (named here as the trisectien metbod index, TMI) to 
quantify the impact of human activities on the aquatic ecosystem is a 
multimetric index, the Index of Biotic Integrity (IDD. first forrnulated by 
KARR (1981) and later refined by KARR et al. (1986) for use in 
Midwestem USA streams. The mi is basedon the hypothesis that there 
are predictabie relationships between fish assemblage structure and the 
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Table 1 

/BI merriC'.I'jor Mi-clll'estem USA strewns (from KAR/I et al., 
/986 mul MruER et al .. /988) 

Category Scoring Criteriaa 
Metric 5 3 

Species Richncss 
I. Total number of tish species b b 
2. Number of darter species b b 
3. Number of suntish species b b 
4. Number of sucker species b b 

Habitat guilds 
5. Number of intolerant species b b 
6. % individuals as green suntïsh <5 5-20 

Trophic guilds 
7. % individuals as omnivoresc < 20 20-45 
8. % individuals as insectivorous cyprinids > 45 20-45 
9. % individuals as piscivoresd >5 1-5 

Abundance 
10. Number of individuals b b 

Reproduelion & Condition 
11. % individuals as hybrids 0 > 0-1 
12. % individuals with anomaliese 0-2 > 2-5 

113 

b 
b 
b 
b 

b 
> 20 

>45 
< 20 
<I 

b 

> I 
>5 

a Value approximates (5), deviates somewhat (3), or deviates strongly (I) from the 
reference condition. 

b Expected value varies with stream size, region, and basin. 
c Adult diets typically include ~ 25 % plant and ~ 25 % animal materiaL 
d Adult diets usually composed largely of aquatic vertebrates or crayfish. 
e Disease, eroded fins. lesions, tumours, discoloration. excessive mucous, skeletal 

abnormalilies, missing organs, and other extemal symptoms. 

pbysical, cbemical and biologica} condition of stream systems. Tbe IBI 
employs a series of metrics based on assemblage structure that give reli
abie signals of river condition to calculate an index score at a site, wbicb 
is tben compared to tbe score expected at an unimpaired comparable site. 
Classes of metrics in tbe IBI include species ricbness, species composi
tion, tropbic structure, total fisb abundance, and individual fisb condition 
(Table 1). Eacb metric reflects tbe quality of a specific aspect of the fisb 
assemblage tbat responds in a different manner to aquatic ecosystem 
stressors (HuGHES & Noss, 1992). The combination of metrics reflects 
insigbts from individual, population, assemblage, ecosystem and zoogeo
grapbic perspectives. The IBI methodology is outlined in Table 2. Since 
its introduction, tbe IBI bas been modified for use in otber regions and 
types of ecosystems througbout North America (see KARR & CHu, 1999 
for a review). It bas also been modified for use outside North America 
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Tahle 2 

Principlesof fis h assem/Jiage a.u es.mwnt with the /BI 

I. S.:l.:ct a relatively homogenea us region. A region may be an eco-region, basin . or lïsh 
fauna! region that is homogeneaus with respectto a combination of environmental char
acteristics (e.g .. climate. physiography. soil . vegetation) and potential tï sh specit:s. 

2. Oett:rmine the reference condition(s). References may be a set of minimally dis
turbed reference streams. a disturbance gradient. historica! data. paleoecological infor
mation. and professional judgement. Expectations willl ike ly 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. 
Regionat fish texts usually provide this information, at least in developed countries. 

4. Sample fish assemblages. This is best done (a) when they are least variabie yet most 
limited by anthropogenic stressors and (b) in a manner yielding a representative collec
tion of species and proportionate abundance. but that (c) is cost-effective. 

5. Tabulate numbers of individuals collected by species. A lso. delermine the total num
bt:r of individuals collected at each reach. 

6. Calculate values for each candidate !BI metric . Typically these are proportions or 
percents of individuals. or numbers of species in partic u lar categories. 

7. Oevelop 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 (I. 3, 5 or 0. 5, I 0). 

8. Calculate metric scores and add these to obtain an !BI score. 

9. Evaluate metric and index scores. Consider differences between expected and 
obtained scores, compare varianee results from repeated samples, assess responsiveness 
to environmental stressors. Modify or reject metrics that are highly variabie or unre
sponsive, and recalculate if necessary. 

10. Interpret !BI score as indicating an acceptable, marginally impaired. or highly 
impaired fish assemblage ; or as excellent, good, fair. poor. and very poor. 

(see HuGHES & ÜBERDORFF, 1998 for a review) and notably in Europe 
(OsERDORFF & HuGHES, 1992 ; ÜBERDORFF & PoRCHER, 1994 ; D1o1ER, 
1997; BELLIARD et al., 1999; BELPAIRE et al., 2000 ; l<ESMINAS & 
YIRBICKAS, 2000, l<EsTEMONT et al. , 2000). These applications have shown 
that the IBI concept is widely adaptable, but that metrics must be modi
fied, deleted, or added to reflect regional differences in fish distribution 
and assemblage structure (HuGHES & ÜBERDORFF, 1998). The use of the 
IBI in a variety of stream and river ecosystems and in a diversity of geo
graphic areas attests to the utility of the concept (I<ARR & CHu, 1999). 

The second approach (named bere the multivariate model index, MMI) 
originates from a research programme (1996-2000) initiated by the 
French Water Agencies and the Ministry of the Environment to develop a 
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ft~'h-basL'6 index that would be applicable nation-wide. Such aR index had 
to encompass the relative importance of geographic, ecoregional and 
Iocal factors influencing the distribution of riverine fi"sh. 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 natura! 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 investiga
tion. 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 & I<ARR, 1978 : 
ANGERMEIER & SCHLOSSER, 1989; RAHEL & HUBERT, 1991)], and increas
ing stream size [gradient, stream width, discharge, stream-order, catch
ment area (SHELDON, 1968 ; HORWITZ, 1978 ; PALLER, 1994 ; BELLIARD. 
BoËT & TALES, 1997)] can influence not only species richness, but also 
trophic composition (SCHLOSSER, 1982 ; ANGERMEIER & I<ARR, 1983 ; 
ÜBERDORFF et al., 1993). At regionat scales (basins or ecoregions), physi
cal factors such as river size (HUGUENY, 1989 ; WELCOMME, 1990 ; 
GuÉGAN et al. , 1998), geomorphology and elimate (HuGHES et al., 1987 ; 
WHJTTIER et al. , 1988; CHANGEUX & PONT, 1995) are the major detenni
nants 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 natura! stream conditions 
(HoEFS & BoYLE, 1995 ; SMOGOR & ANGERMEIER, 1998). The approach 
relies on statistica! models (ÜBERDORFF et al., 2001) to predict the site
specific fauna to be expected in the absence of major environmental 
stress. Each prediction requires inforrnation on some environmental fea
tures. The predictions are then compared with the fauna observed at the 
similar site, as deterrnined using standardised sampling techniques. The 
methad 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 eiwironmental disturbance 
of Swedish streams (APPELBERG et al. 2000). 

The procedure. detailed for the Fish Biotic Index (FBI) from which 
MMI was inspired is as follow: (1) A variety of metrics basedon occur
rence and relative abundance data and reflecting different aspects of the 
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tish as~-emblage strucrure and function are selected from avail able litera
ture and fortheir potenrial 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 , elirnatic variables. posi
rion within the upstream downstream gradient and local habitat charac
teristics). to elaborate the simplest possible response model that ade
quately explains the observed pattemsof each merriefora given si te. The 
" -response curve- " of a merrie describes the most probable value of the 
merrie as a function of a measured environmental variable. (3) After 
assigning scoring criteria for each metric by analysing distri bution values 
of standardised residuals of each metric model obtained from the first 
data set of reference sites, models are validared using two independent 
data sets of reference and disturbed sites. These procedures allow select
ing the most effective merries in discriminaring between reference and 
disturbed sites. The scores for each merrie are then summed to produce 
the final index. 

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 was an 
urgent need to develop effective tools based on fish assemblages allow
ing the objective development of an effective assessment approach of the 
ecological status of running waters. This was the objective of the present 
study, which was the first international research initialive (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 IDI for portions of this basin, but appropriate eco
logical regions have not been established, nor have merries with basin
wide utility been identified. To be useful at this scale (Meuse Basin 
scale), the index must accomrnodate for potenrial natura! geographic vari
ation in fish assemblages. 

2. Material and methods 

2. 1. COMPARlSON OF FISHING TECHNIQUES 

The fi.rst step was to draw up a list of species of the Meuse Basin and 
their ecological guilds (Annex 1), a list of potenrial merries, and 3 com
mon data files where needed information were compiled (ecological, 
species and merries files) . During the first 18 months, field activities were 
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Fig. I. - Fishing techniques used during the sampling operations in the river Meuse 
bas in (I. electrofishing by boat. 2. electrofishing in wadable rivers, 3. gillnet. 4. trawling). 

conducted in each country and 5 common fishing operations were per
forrned in order to campare efficiency of each technique in the same site 
at the same period. Three main techniques were used : electrafishing in 
wadable rivers and from boat in large rivers, gillnetting and trawling 
(Fig. 1). The complete description of fishing techniques are presented in 
GoFFAUX et al. (2001). 

2.2. DATA PROCESSING 

As electrafishing data represented the most part of the data set, and for 
homogeneity reason, it was decided to work only with those data to 
design the index. The data set contained two kinds of inforrnation con
cerning 698 sites (smalt and large rivers) : 

4 
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- Ecological descrihers (slope. width, altitude, temperature, conductivi
ty, etc .) including water and habitat quality ; 

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

This data set was randomly divided into two independent subsets : 

- The first one named "design" (351 sites) was used for the calibration 
stage, defining thresholds and providing scores ; 

- The second one named "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) 94 sites were selected as 
"reference site". 

2.3 . SELECTION OF ENVIRONMENTAL FACTORS 

- Among several environmental variables 5 were identified as particu-
larly influent on fish community structure : 

- January and July air temperature, reflecting elirnatic influence; 
- slope; 
- synthetic describer (named G) of the position within the longitudinal 

gradient (distance from source) and the river size (width and watersbed 
area); 

- attitude; 
- one regionat variable. 

2.4. SELECTION OF METRICS 

Among the list of potential metrics usually proposed in the scientific 
literature, 11 metrics were selected for both indices. They were chosenon 
the basis of their ability to reflect various levels of degradation (Table 3). 

2.5. DESIGN AND COMPARJSON OF TWO APPROACHES 

Trisection methad (TM/).- This metbod used the whole design data 
set (either degraded or undisturbed sites) and two descrihers of the longi
tudinal gradient (Watershed area WSA and Altitude Alt). lndeed both 
descrihers transfonned by classes were considered as the most synthetic 
parameters to reflect the variations 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 



A FISH-HASF.D INDEX 119 

Tahlc 3 

Selected merries wui code.v 

Metrio dcscriplion Metric code 

Specie~ riohncss NbSp 
Total number of lish caught per unit effort ( 100 m_) Eff 
Total biomass of lish caught per unit effort ( 100 m_) Bi om 
Percentage of lithophilous species minus exotic and tolerant %Sp Litho 
Percentage of rheophilous species %Sp Reo 
Percentage of intolerant species %SpInt 
Percentage of tolerant species %Sp Tol 
Percentage of intolerant iQdividuals %lnd Int 
Percentage of tolerant individuals %lnd Tol 
Percentage of insertivorous individuals %lnd lnv 
Percentage of omnivorous individuals %lnd Omn 

metrics and the WSA or Alt. Then the 1/3 and 2/3 curves were calculat
ed from the previous one. These 3 curves were used to define the thresh
olds in order to attribute scores (1, 3 or 5) for each metric depending on 
the expected variatien of the metric with degradation. 

Multiple regression methad ( MMI). - The second metbod started with 
the selection of the least degraded sites considered as "reference" sites. 
Multiple Iinear 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 predietien of the theoretica! val
ues for each metric at a given site when no degradation occurs. This 
allows the deviation between theoretica! and observed values to be cal
culated. 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. 

3. Results and discussion 

Bath indices (TMI and MMI) were very efficient in discriminating 
over a gradient of anthropogenic perturbations and the overall proportion 
of presumed errors of classification was roughly the same for both indices 
(Fig. 2). TMI and MMI can be considered as broadly based ecological 
indices that assess fish assemblage structure and function at several 
trapbic 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 
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major environmental factors that cause, or at least explain, the patterns of 
assemblage composition and distribution within and among water bocties 
at various spatio-temporal scales under natura! conditions. These restric
tions 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 the scores variability for both indices with 
assemblage variability, low-quality sites being more variabie 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 dis
played a regular increase of the fish index from class 1 to 4 but with a 
lightly decrease between class 4 and 5. Both indices seem consistent over 
time and efficient in discriminating degradations. The TMI systematical
ly 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 to a lesser extent 
("barbel zone") with the higher number of errors conceming the least 
impacted rivers (classes 4 and 5) (Fig. 4). 

Another major concern is related to the absolute quality level of refer
ence sites in the Flemish region. Since the quality of themainriver is rel
atively low, the selection of reference site can be debated. However TMI 
bas a good ability in assessing small rivers and sites from the Walloon 
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region . Concerning MMI no significant dift'erences between the distribu
tion of tï sh integrity classes and global ecological quality classes were 
found. The main deviations (even if not s tatistically significant) relate to 
a tendency in underscoring smalt rivers (trout zone) and O\'erscoring 
rivers from Flanders with the greater proportion of errors conceming 
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 regionat singularities. 
Nevertheless. the application of this index requires the selection of refer
ence sites from water quality and, particularly, from habitat quality crite
ria. with the involvement of appropriate experts advice and I or the appli
cation of a well-defined widely accepted and srandardised index of habi
tat quality (which is Jacicing 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 appli
cation the MMI could be recommended, after further validation in other 
European river basins, while, rhe TMI could be used in a regional context. 
Consictering the significant effect of sampling methodology, these indices 
should be applied exclusively for electrafishing data. 
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