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Initiated

good candidates for a 
measure of the 

ecological status of 
freshwater 
ecosystems

Taxonomic 
composition

Functional 
composition

Benthic 
macroinvertebrates

operational indicators
of ecosystem health

First international 
survey of the benthic 
invertebrate fauna of 

the Meuse river

1998in

2000, 2001, 2004, 2005
4 additional 
campaigns in : 

Invertebrates as ecological indicators :

http://www.region-online.de/home/haeusser/images/ancylus.jpg
http://www-personal.umich.edu/~mjwiley/www311/tubifex.jpg
http://www.luc.ac.be/dierkunde/polyten.jpg
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http://images.google.fr/imgres?imgurl=www.lrca.org/Macroworm1.jpg&imgrefurl=http://www.lrca.org/Macroworm.htm&h=296&w=464&prev=/images%3Fq%3Dnaididae%26svnum%3D10%26hl%3Dfr%26lr%3D%26ie%3DUTF-8%26sa%3DG
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Central objectives :

Assessing the « river health » using benthic 
macroinvertebrate communities as indicators of 
ecological variation in space and time

Checking for a relationship between longitudinal and 
spatial changes in faunal communities and river 
abiotic features

Identifying a set of (pollution -sensitive) taxa , 
potentially indicating specific ecological conditions

Evaluating the importance and spatio -temporal 
distribution of invasive species in benthic communities
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Goncourt

Brixey

St Mihiel

Inor

Donchéry

Ham/M euse

France
(6 sites)

r

Verdun

Charleville

Belgium
(7 sites)

Anvers

The Netherlands
(3 sites)

Kinrooi

Lanaken

Belfeld

Keisersveer

Eijsden

Hermalle

Chokier

Namèche

Lustin

Heer

Gives

Lixhe

Sampling programme :

16 sites

each sampling site = an area covered by
the width of the main channel with a total length of about 1 km.

No Sites 1998 2000 2001 2004 2005

7 Heer (B) X X X

8 Lustin (B) X X X X

9 Namèche / Gives (B) X X X X

10 Chokier (B) X X

11 Hermalle / Lixhe (B) X X

12 Eijsden (NL) X X X X X

13 Lanaken (B) X X X X X

14 Kinrooi (B) X X X X X

15 Belfeld (NL) X X X X X

16 Keizersveer (NL) X X X X X

1

2

3

4

5

6

Goncourt (F) X X X X X

Brixey (F) X X X X X

Saint -Mihiel (F) X X X X X

Inor (F) X X X X X

Donchery (F) X X X X X

Ham -sur -Meuse (F) X X X X X

5 campaigns

= no sample
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Sampling design (1):

Different biotopes were sampled : 

5-8 samples

(depth < 1 m)

Littoral
zone

« Stones » 
in the near -
shore zone

« Aquatic 
vegetation »

« Littoral
bottom »

Hand 
net

Surber 
sampler

mesh size: 500 mm

I I
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Sampling design (2):

Different biotopes were sampled : 

3 samples

« profundal »
bottom

GrabDredge

(according to 
particule size)

II

I I

Profundal
zone

n 1 n 3
n 2
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Sampling design (3):

Different biotopes were sampled : 

II

I I

Intermediate
zone

2 samples

« artificial 
substrate »

IIIIII

Pieces of brick (4 -8 cm)

Polyethylene netting (4 litres)

Colonization period: 28 1 days
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Faunal data basis :

Macro - invertebrate sampling was undertaken in spring
(2001 , 2005 ) or summer (1998 , 2000 , 2004 ) .

Taxa were identified mainly at óspecies ô
or ógenus ôlevels (except for Diptera and
Oligochaeta) .

A taxonomic adjustment of
macroinvertebrate site - lists
was made for data analys es.

Mainly 
ógenus
levelô

70 site samples

Faunal data

(abundances)

203 taxa

16 sites
5 years

Main Groups involved in fieldwork :
- G.R.E.B.E. (Groupe de Recherche et dôEtude Biologie et Environnement, France)
- Centre de Recherche de la Nature, des Forêts et du Bois, Direction Générale  des 
Ressources Naturelles et de lôEnvironnement (R®gion Wallonne, Belgique)
- Vlaamse Milieumaatschappij(Région Flamande, Belgique)
- Institute for Inland Water Management and Waste Water Treatment/RIZA and Vallenduuk
team (the Netherlands)
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Data analyses :

Changes and transition zones in longitudinal
assemblages were investigated using 3 basic approaches :

1 ï A Correspondence Analysis (CA) to compare the
taxonomic structure of faunal assemblages in sites

2 ï A combination of metrics to evaluate the biotic
integrity of benthic communities

3 ï Two Fuzzy Correspondence Analyses (FCA) to
discriminate among functional structure of faunal
assemblages

Between -sites faunal differences are directly analysed in 
terms of  differences in trait combinations of benthic 
communities
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What are functional traits?

Trait : a well -defined, measurable property of organisms, 
usually measured at the individual level and used 
comparatively across species.

In McGILL et al. 2006, TREE 21 (4), p. 178

Functional trait : a trait that strongly influences organismal 
performance.

In McGILL et al. 2006, TREE 21 (4), p. 178

Functional trait : any trait which impacts fitness indirectly 
via its effects on growth, reproduction and survival"

In VIOLLE et al. 2007, Oikos 116, p. 889
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that 
indicate 

ecological 
functions

Life history traits :

(e.g. size, fecundity, life span 
duration, reproduction technique,  
feeding habits, dispersal, etc.)

Maximal 
Potential 
Size

Fecundity

Dispersal

Species/habitat 
relationship descriptors:

(e.g. spatial distribution; 
substrate, current velocity or 

temperature preferences; low pH 

or salinity sensitivity; saprobity; 
etc.)

Substrate
Preferences

« General » 
biological 
attributesé

What are functional traits?
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small ?

large ?

high ?

low ?

aerial ?

aquatic ?

Maximal
Potential
Size 

Fecundity 

Dispersal 

Trait 
category 

utilization 
frequency

Directy and easily translated in 
terms of ecosystem functioning

Comparable at large spatial scale
(even across ecoregions that differ in their 
taxonomic composition )

(e.g. trophic availability, ecological niche 
diversity, stability/unstability, biotic/abiotic 
constraints, etc)

e.g.

« General » 
biological 
attributesé

What are functional traits?
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Taxonomic structure of 
macrobenthic assemblages
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Taxonomic structure of 
macrobenthic assemblages

Trichoptera

Coleoptera
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Mean location of 5 faunal 
groups (solid circles) in F1-F2
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More insects (e.g. EPCTO) in 
the French upper reaches of 

the Meuse River
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Taxonomic structure of 
macrobenthic assemblages

More pollution -
sensitive taxa in the 

French upper reaches
of the Meuse River
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Increasing pollution sensitivity from FIG 1
to FIG 9 (Norm IBGN; NF T90-350, 2004)
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Location of taxa belonging to 
faunal indicator groups (FIG of 
the IBGN ) (solid squares) in F1-F2
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Taxonomic structure of 
macrobenthic assemblages
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Crustacea
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Mean location of 4 faunal groups 
(solid circles) in F1-F2

More crustaceans, molluscs 
and worms in the lower

reaches of the Meuse River
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Taxonomic structure of 
macrobenthic assemblages

More exotic taxa in 
the lower reaches of 

the Meuse River
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adopted in all sites)
= other taxa
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Invasive species

More than 25 invertebrate taxa of 
the Meuse River are exotic

1 10 100 1000 10000 100000

(Cheli)corophium curvispinum
Dikerogammarus (D. villosus and D. haemobaphes)

Gammarus (includ. G. tigrinus and G. roeseli)
Asellus (including A. aquaticus)

Hypania invalida
Echinogammarus

Dreissena polymorpha
Jaera istri

Potamopyrgus (including P. antipodarum)
Dugesia (including D. tigrina)

Corbicula (fluminea and fluminalis)
Anodonta (including A. cellensis)

Cordylophora caspia
Proasellus (including P. coxalis)

Orconectes limosus
Hemimysis anomala

Lithoglyphus naticoides
Orchestia cavimana

Limnomysis benedeni
Atyaephyra desmaresti

Dendrocoelum romanodanubiale
Crangonyx pseudogracilis

Physella acuta
Menetus dilatatus

Caspiobdella fadejewi

Total abundance in samples

Crustacea
Exotic species
Taxa including exotic 
species (not separated)

Exotic species
Taxa including exotic 
species (not separated)

Gastropoda

Bivalvia
Exotic species
Taxa including exotic 
species (not separated)

Other groups
Taxa

(mainly worms)



19

Increasing fragility of the 
autochtonous community
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Sites 7 -9

Sites 15 -16

Sites 7 -9: Heer -Namèche

Sites 15 -16: Belfeld -Keisersveer

Increase in the proportion 
of invasive species

Invasive species

No significant  « between -years » differences in exotic species /individuals 
proportions (excepted between 1998 & 2005, in terms of species)

Nb exotic species

2005 > 1998

(Analyse de Friedman, 
c2r = 10,71, dF = 4,   p 

= 0,03 )




