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1. The importance of microhabitat characteristics for macroinvertebrate microdistribution was studied within a reach of the 
main channel of the Upper Rhône River (France). 9 locations (3 on the left hand side, 3 across the middle, and 3 on the right 
hand side) were sampled twice on two dates (as duplicates in June and July 1982). From 19 variables, including substratum and 
hydraulic parameters, 14 were selected to describe the physical habitat of each location. 47 macroinvertebrate species were col
lected by means of dredging with a modified Rallier du Baty dredge. The habitat-fauna co-structure was studied using co-iner
tia analysis. 

2. The river reach was transversally asymmetrical : shallow on one side (up to 2.80 m) with coarse sediments rich in per-
iphyton, and much deeper on the other side (up to 4.80 m) with a gravel bottom rich in organic particles. In the middle of the 
channel these conditions were intermediate, but the current was stronger. Velocity and the other hydraulic parameters varied 
independently of the substratum characteristics. This independence is a consequence of old man-made impoundments (inheri
ted structures) and perhaps of present paving of the substratum also. 

3. The macroinvertebrate fauna was closely linked to this transverse asymmetry of the reach, with the highest richness and 
abundance to the shallow side of the channel and the lowest species richness in the rapid central part. The most significant fau-
nistic differences were linked i) to water depth, acting on both hydraulic parameters and periphyton (by light transmission), ii) 
to the inherited old bottom substratum, and iii) to a lesser extent, to the present current velocity. 

Importance des caractéristiques du microhabitat sur la microdistribution du macrobenthos d'une portion du Haut-Rhô
ne (France) 

Mots clés : fleuve, Rhône, macroinvertébrés, microdistribution, microhabitats, dragage. 

1. L'importance relative des caractéristiques du microhabitat sur la microdistribution du macrobenthos a été étudiée dans une 
portion du cours principal du Haut-Rhône (France). 9 points ont été échantillonnés 2 fois à 2 dates (juin et juillet 1982). Sur 19 
variables incluant des paramètres granulométriques et hydrauliques, 14 ont été prises en compte pour décrire l'habitat physique 
en chaque point. 47 espèces de macroinvertébrés ont été collectées par dragage (drague Rallier du Baty modifiée). La co-struc-
ture habitat-faune a été étudiée au moyen d'une analyse de co-inertie. 

2. La portion de chenal étudiée présentait une asymétrie transversale avec, un côté peu profond (minimum 2,80 m) à sédiments 
grossiers recouverts de périphyton, et un côté plus profond (maximum 4,80 m) à sédiments graveleux riches en débris organiques. 
Au milieu du chenal, ces conditions étaient intermédiaires mais avec un courant plus élevé. Ainsi la vitesse du courant variait de 
façon indépendante des caractéristiques du substrat. Cette indépendance est une conséquence d'aménagements antérieurs (struc
ture héritée) et, peut-être aussi, d'un pavage actuel du fond. 

3. La faune macrobenthique était étroitement corrélée à l'asymétrie transversale de cette portion du chenal. La richesse et 
l'abondance faunistique étaient plus élevées du côté peu profond et plus faibles au centre du chenal. Les différences faunistiques 
les plus significatives étaient liées i) à la profondeur, qui intégrait les paramètres hydrauliques et à l'abondance du périphyton 
(transmisson de la lumière), ii) au substrat (structure héritée), et iii) de façon moins significative, à la vitesse actuelle du courant. 
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1. Introduction 
Ecological and faunistic changes along the transver

se dimension in floodplain river systems are well do
cumented (e.g. Ward 1988,1989). A recent analysis of 
habitat use by several groups of organisms in the Up
per Rhône River (France) highlighted a faunistic gra
dient of 22 aquatic habitat types from the main channel 
towards the most terrestrial habitats (Dolédec & Statz-
ner 1994). There is, however, less information avai
lable on the transversal dimension within the main 
channel, because of the difficulties of direct investiga
tion in this deep and lotie system, and also because it 
often seemed a priori rather homogeneous when we 
considered the water surface. 

Some studies have examined the distribution of ben-
thic macroinvertebrates in the main channel of a large 
river : Russian Rivers (Zhadin & Gerd 1961), the River 
Tisza in Hungary (Ferencz 1974 a, b), the River St 
Lawrence (Vincent & Vaillancourt 1978), the River 
Mississippi (Wells & Demas 1979, Andersen & Day 
1986), the River Rhône (Gaschignard et al. 1983), the 
River Rhine (Sopp 1983), the River Main (Schleuter & 
Tittizer 1988). The most obvious differences have been 
found between the channel and the riparian systems 
(banks). However, these studies did not demonstrate 
the influence of microhabitat characteristics, and parti
cularly hydraulic conditions, on the microdistribution 
of macrobenthos in the main channel itself. 

In the present study, we examine the relative impor
tance of microhabitat characteristics on the macroben
thos across the main channel of a wide, deep lotie rea
ch of the Upper Rhône River. Hydraulic measurements 
and direct sampling of the river bed using a dredge, 
made it possible to compare benthic conditions and 
macroinvertebrate assemblages. This allowed us to ta
ke into account historical or present-day physical habi
tat features and to search, with appropriate new statis
tical methods, for those which best explain the pattern 
of the transversal microdistribution of macroinverte
brates. 

2. Material and methods 
2.1. The reach and sampling 

The studied reach is in the Upper Rhône, 27 km ups
tream from Lyon, France (Fig. 1A). It is located 
downstream of the confluence with the Ain River, and 
is influenced by the regulating dam of Jons (Fig. IB) 
which reduces the water level variations to less than 
50 cm. Mean annual discharge is 630 m 3 . s _ 1 over the 
period 1920-1990 (data from the Compagnie Nationa
le du Rhône). The steep banks are protected by boulder 

embankments that were built around 1885 (Fig. 1C). 
The embankments are covered with riparian vegeta
tion, particularly Salix and Alnus. The reach is 150 m 
wide and 140 m long with a maximum depth of 5 m. 
Sampling was carried out at 9 locations, three along 
the right bank, three across the middle of the channel 
and three along the left bank (Fig. ID). These locations 
were sampled twice, as duplicates side by side at two 
dates : June 17th and July 22th in 1982 (total of 36 
samples). Summer was chosen because it corresponds 
to a period of high richness and relative stability of the 
benthic fauna in the Upper Rhône River (Perrin & 
Roux 1978, Berly 1989, Tachet et al. 1991). Neverthe
less there were some changes in environmental para
meters between the two dates : for instance, in June 
and July respectively, the water temperature was 15° C 
and 22.5°C, and the mean daily discharge was 796 and 
623 nvV1. 

From a boat, 36 measurements of the current veloci
ty one meter above the bottom ÇV\m) and water depth 
(D) were taken using a Dumas Neyrpic propeller flow
meter. At the same time, 36 macroinvertebrate and se
diment samples were collected using a modified Ral
lier du Baty-style dredge (Boillot 1964). The opening 
diameter of the dredge is 30 cm for a total weight of 
25 kg. An external plastic bag protected a fine net 
(0.5 mm mesh size), which retained both the substrate 
materials and organisms (Fig. 2A, B). The median hea
vy axis and chain enabled the dredge to enter the sedi
ment layer at the correct angle (Fig. 2C). Tests in shal
low water have shown that this dredge sampled a sedi
ment layer of almost 10 cm. From the boat it was im
possible to know the exact length of river bottom 
across which the dredge was pulled. Moreover, the 
maximum quantity of sampled sediment is limited to 
about 10 litres by the inner volume of the net. Thus, all 
quantities were evaluated per volume of sampled sedi
ment. Each whole sample was washed into a basin; all 
the stones except the tiny ones were brushed and the 
washing water was kept cold for chlorophyll evalua
tions. The remaining sediment, organic material and 
associated macroinvertebrates were stored in 10% for
malin. 

2.2. Habitat variables 
2.2.1. Sediment measurements 

After the macroinvertebrates had been hand sorted, 
each sample was washed through different sieves in or
der to separate the different sizes of organic and mine
ral particles. 

Particulate organic material was carefully separated 
by swirling and sieving into four classes : fine particu-
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Fig. 1. (A) Situation of the Rhône River in France. (B) The area on the last kilometers of the Upper Rhône. (C) The Jons area; this 
map is adapted from a map drawn between 1857 and 1866 by the Administration des Ponts et Chaussées (Anonymous, 1857-1866); 
in this braided section, three embankments were built which have modified sedimentation and current direction. (D) The reach wi
th the nine sampling locations and the isodepth curves. RI, R2 and R3 sampling locations at about 5 meters from the right hand 
bank; LI, L2 and L3 idem for the left hand bank; RM, M and RM sampling locations at about 20 m from the right hand bank, in 
the middle of the channel and at about 20 m from the left hand bank, respectively. 

Fig. 1. (A) Le Rhône en France. (B) Les derniers kilomètres du Haut-Rhône. (C) Le secteur de Jons; cette carte est adaptée d'une car
te dressée entre 1857 et 1866 par l'Administration des Ponts et Chaussées (Anonyme, 1857-1866) ; dans ce secteur de tressage, la 
construction de trois endiguements a eu pour effet de modifier la sédimentation et la direction du courant. (D) La portion de che
nal étudiée avec les 9 points d'échantillonnage et les courbes isobathes. Les points RI, R2 et R3 et les points Ll , L2 et L3 sont si
tués à environ 5 m respectivement de la rive droite et de la rive gauche, les points RM et LM sont situés à environ 20 m des rives 
droite et gauche et le point M au milieu du chenal. 

late organic matter (FPOM < 1 mm), medium particu
late organic matter (1 < MPOM < 4 mm) and coarser 
particles (> 4 mm) that were further visually separated 
into wood particles (WOO) and other coarse organic 
matter (CPOM, mainly leaves). Particles were dried at 
60°C for 48 h, and ash free dry weight (AFDW) was 
determined after ashing at 550°C. 

The mineral sediments that remained after collecting 
the POM were separated by sieving according to Went-
worth's classification (Tolkamp 1982). Eight classes 
were determined : cobbles (64-128 mm); large (32-
64 mm) and small (16-32 mm) pebbles; coarse (8-
16 mm), medium (4-8 mm) and fine (2-4 mm) gravel; 
coarse sand (1-2 mm) and finer sand particles (< 
1 mm). This distribution of grain size enabled the sub
stratum roughness (k v) to be evaluated using Winget's 
method (1985), i.e. k v = (5CJ+3C2+C3) / 9, where Ch 

C 2 and C 3 are the coarseness values of the most domi
nant, second most dominant and third most dominant 

substrate types respectively. Coarseness values for C 
refer to substratum size classes. This index k v (in cm) 
is an evaluation of the protrusion of the bottom into the 
water (Statzner et al. 1988). 

From the washing water, the quantity of epilithic al
gae was evaluated by chlorophyll a content (Chi). Al
gal suspension in 100 to 200 c m 3 of prefiltered 
(0.5 mm) washing water was retained on a Whatman 
GF/C 4.7 mm filter by vacuum filtration, according to 
Lorenzen's method (1967). Chlorophyll a was estima
ted spectrophotometrically after extraction in acetone, 
according to the equations of Strickland & Parsons 
(1972). 

2.2.2. Hydraulic parameters 

The mean velocity in the water column ( V m ) was in
ferred from the velocity measured one meter above the 
bottom ( V l m ) . We used the very good relationship, V m 

= 0.974 V l m +1 .273 (r = 0.979 for n = 84), from current 
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Fig. 2. The Rallier du Baty dredge. (A) Longitudinal section through the dredge; a series of bolts screwed on to the cylindrical frame 
holds the net-bag and the protective plastic-bag. (B) Front view of the opening. (C) Side view of the dredge in operation on the ri
ver bed. 

Fig. 2. La drague Rallier du Baty. (A) Section longitudinale de la drague; une série de boulons permet d'attacher le filet et le plastique 
protecteur au cadre cylindrique. (B) Vue frontale de l'ouverture. (C) Vue latérale de la drague en action sur le fond. 

velocity profiles taken in a previous study in the same 
reach with discharges from 150 to 1150 m 3 *s _ 1 (Cellot 
& Bournaud 1984). 

The mean velocity ( V m ) and the depth (D) of water 
column made it possible to calculate several parame
ters that take into account the hydraulic effects of cur
rent (Statzner et al. 1988). The first is the Reynolds 
number, Re = V m . D . v _ 1 (where v = kinematic water 
viscosity, see Smith (1975) for details on the calcula
tion); it provides an indication of free flow turbulence. 
The second parameter is the Froude number, Fr = 
Vm .D-°- 5 .g-°- 5 (where g = acceleration due to gravity); 
it evaluates the streaming or shooting flow, and can be 
used as an indication of the force acting per area on the 
bottom, as well as of the roughness of the water surfa
ce which is generally responsible for the decrease in 
light that reaches the bottom (Statzner et al. 1988). The 
third parameter is the shear velocity, U* = V m / 5.75 
log (12 D / k v ) ; this enables the bottom shear stress to 
be evaluated, using U * 2 (Statzner et al. 1991). The 
fourth parameter is the boundary Reynolds number, 

bRe = U* k v / V, which provides an indication of the 
turbulence close to the bottom (Statzner et al. 1988, 
Quinn and Hickey 1994). 

2.3. Data analysis 
2.3.1. Redundant habitat variables 

Habitat description yielded 19 variables : four for or
ganic sediments (FPOM, MPOM, WOO and CPOM); 
nine for mineral sediments (eight for grain size classes 
from cobbles to fine sand and k v ) and six hydraulic pa
rameters ( V m , D, Re, Fr, U* 2 and bRe). In order to re
duce this number, we examined possible redundancy 
in these variables, especially for the grain size classes 
of mineral sediment and for the hydraulic parameters. 

The weights of the eight classes of mineral sediment 
were transformed into percentages of total weight for 
each of the 36 samples. A Principal Component Ana
lysis (PCA) was carried out on the table centered by si
ze class (Gaschignard & El Hamdi 1984). The samples 
were thus at the conditional mean of the scores of the 
grain size classes in the biplot distance representation 
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Table 1. Principal Component Analysis on 8 sediment size classes in 36 samples in the Rhône River reach : scores of the size classes 
on the F l , F2 and F3 axes, with explained inertia in %. 

Tableau 1. Pourcentage d'inertie d'une Analyse en Composantes Principales sur 8 classes granulométriques pour 36 échantillons pro
venant de la portion de Rhône étudiée : pourcentage d'inertie expliquée pour Fl , F2 et F3, et pour chaque classe granulométrique, 
coordonnées sur Fl , F2 et F3. 

measured grain size classes (mm) F1 F2 F3 Retained Code 
(52,5%) (33,3%) (11,0%) classes 

Cobbles (64-128) -0.036 0.062 0.085 Cobbles Cob 
Large pebbles (32-64) -0.096 0.119 -0.051 Pebbles Peb 
Small pebbles (16-32) -0.06 0.061 -0.032 
Coarse gravels (8-16) -0.012 0.088 -0.004 
Medium gravels (4-8) -0.003 0.055 0.01 "Gravels" Gr 
Fine gravels (2-4) 0.004 0.016 0.008 
Coarse sand (1-2) 0.001 0.005 0.002 
Fine sand (< 1) 0.201 0.044 -0.019 Sand San 

of Gabriel (1971) and Ter Braak (1983). This is a ge
neralization of the triangular representation (Gower 
1967). The procedure shows, on the first three main 
PCA axes, how the grain size classes could be grouped 
together (Table 1). The F l axis separated the fine sand 
(< 1 mm) from all other groups. The F2 axis separated 
the large pebbles and cobbles (> 32 mm), whereas the 
F3 axis highlighted differences between cobbles and 
large pebbles. The other classes, from small pebbles to 
coarse sand, were not distinguished because they had 
the same distribution among the 36 samples and could 
be grouped together. The three axes, which explained 
96.8 % of the inertia in the PCA analysis, therefore 
made it possible to retain only four classes of grain si
ze of mineral sediment variables : Cobbles (Cob, 64-
128 mm), Pebbles (Peb, 32-64 mm), «Gravel» (Gr, 1-
32 mm) jnJJSand (San, < 1 mm). 

The correlations between the six hydraulic parame
ters, four of which (Re, Fr, U * 2 and bRe) were compu
ted mainly using the measurements of D and V m , were 
also calculated in order to determine which were redun
dant. Correlation coefficients between three of them, 
the water velocity ( V m ) , the Froude number (Fr) and 
the shear stress (U* 2), exceeded 0.96. We therefore re
tained only V m . The two Reynolds numbers Re and 
bRe had lower correlations between each other and wi
th the preceding variables (from 0.75 to 0.87). They we
re both retained, as were V m and D, which represent the 
hydraulic conditions at the sampling locations. 

Finally, 14 variables were taken into account in the 
habitat matrix H (Table 2). They included particulate 

organic matter (4 variables), mineral sediments (grain 
size classes : 4, and bottom roughness : 1), chlorophyll 
a (1) and hydraulic parameters (4). 
2.3.2. Separation of sampling effects 

The habitat matrix H was normalized as is usual for 
variables with different units (Carrel et al. 1986). The 
faunistic matrix F, expressed as the number of indivi
duals per 10 litres of sediments given in Table 3, was 
l o g 1 0 transformed to reduce variances and was centered 
in order to take into account quantitative aspects of the 
spatial distribution of the macroinvertebrates (Dolédec 
& Chessel 1991). The inertia of Principal Component 
Analyses (PCA) of these matrices provided a measure
ment of the total variability of these data tables. 

The sampling design dealt with three possible effects : 
the location effect in the reach (nine classes), the du
plicate for each location at a given date (two classes) 
and the sampling date (two classes). Each of these ef
fects has been taken into account by between-classes 
PCA, which analyzed the data cumulated by classes 
(Dolédec & Chessel 1989, 1991). The inertia of these 
analyzes was a measure of the part of the total inertia 
that was linked to the class effect, i.e. the between-
classes variability. Therefore, this procedure made it 
possible to decompose the total inertia of the matrices 
H and F and introduced, at the multivariate level, the 
principles of an analysis of variance (Lebreton et al. 
1991). Using this partition of the total inertia, the rela
tive importance of sampling effects (two dates and two 
duplicates) could be compared and the pertinence of 
the location effect could be tested. 
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Table 2. Habitat variables (mean of two measurements) at sampling locations. FPOM, MPOM, CPOM = respectively Fine (< 1 mm), 
Medium (1-4 mm), Coarse (> 4 mm) Particulate Organic Material; Woo=woody detritus (all expressed in mg AFDW /I of sedi
ment); Cob = cobbles (> 64 mm); Peb = pebbles (32-64 mm); Gr = «gravéis» (1-32 mm); San = sand (< 1 mm); K y = bottom rough
ness; Chi = chlorophyll a; D = water depth; V m = mean current velocity ; Re = Reynolds number; bRe = boundary Reynolds num
ber. For Re the values are multiplied by 10 - 6 and for bRe by 10 - 3 . 

Tableau 2. Variables d'habitat (moyenne de deux mesures) au niveau des points d'échantillonnage. FPOM, MPOM, CPOM = respec
tivement particules organiques fines (< 1 mm), moyennes (1-4 mm) et grossières (> 4 mm); Woo = débris ligneux ( valeurs expri
mées en mg.l"1 de sédiment); Cob = pierres (> 64 mm); Peb = cailloux (32-64 mm); Gr = «graviers» (1-32 mm); San = sables 
(1 mm); K v = rugosité du fond; Chi = Chlorophylle a; D = profondeur; V m = vitesse moyenne du courant; Re = nombre de Rey
nold; bRe = Nombre de Reynold pour la couche limite. Pour Re, les valeurs sont multipliées par 10"6 et pour bRe par 10 - 3 . 

Sampling points 

Habitat June July 

Variables L1 L2 L3 LM M RM R1 R2 R3 L1 L2 L3 LM M RM R1 R2 R3 

FPOM 5.6 5.8 5.8 3.9 4.8 3.1 8.8 4.2 4.1 5.7 6.6 6.2 7.8 5.5 2.6 4.4 4.0 4.4 

MPOM 5.1 5.4 4.7 5.1 5.3 2.9 2.9 4.3 3.8 5.6 5.6 4.9 7.1 5.4 2.4 4.7 4.1 2.9 

CPOM 3.0 1.6 3.1 3.0 4.1 2.7 1.8 2.1 3.0 4.0 3.0 3.1 5.7 4.1 2.3 4.1 1.4 0.4 

Woo 3.5 5.4 5.2 5.6 4.9 0.0 2.4 3.4 1.7 2.4 3.0 3.4 7.1 4.7 2.4 4.8 3.5 0.9 

Cob (%) 6.7 32.2 7.5 0.0 4.0 21.5 4.0 11.2 6.6 1.1 1.5 5.8 0.0 15.7 24.9 5.1 3.4 14.5 

Peb (%) 16.6 22.8 23.8 20.9 31.8 35.3 31.7 38.8 39.0 15.2 6.3 16.0 10.8 32.3 52.7 43.5 54.6 42.7 

Gr(%) 76.0 42.6 18.5 78.9 60.9 43.3 15.3 50.0 54.4 81.7 83.9 73.1 63.4 46.7 22.4 51.3 42.0 34.1 

San (%) 0.8 2.5 50.3 0.2 3.3 0.0 49.1 0.0 0.1 2.0 8.3 5.2 25.9 5.5 0.0 0.1 0.1 8.8 

Kv (cm) 3.2 3.3 2.0 3.2 3.2 3.2 2.6 3.4 3.2 3.2 2.6 3.2 2.6 3.3 3.44 3.33 3.44 3.385 

Chi (mg/l) 3.0 3.1 3.5 2.8 3.3 4.6 6.4 4.7 5.1 3.3 3.3 3.6 3.0 3.5 3.6 4.3 4.2 4.2 

D (cm) 480 410 420 410 380 380 280 330 340 480 410 460 400 400 360 280 300 360 

Vm (cm/s) 79 52 59 111 123 141 81 101 78 78 65 40 94 88 104 43 76 58 

Re 3.31 1.86 2.16 3.98 4.08 4.68 1.98 2.91 2.32 3.93 2.8 1.93 3.95 3.7 3.93 1.26 2.39 2.19 

bRe 1.19 0.83 0.55 1.71 1.91 2.19 1.01 1.73 1.23 1.38 0.95 0.73 1.35 1.67 2.11 0.87 1.58 1.16 

2.3.3. Habitat and fauna co-variation 

The co-structure of the two matrices, H and F, which 
referred to the same sampling locations, was studied 
by a co-inertia analysis (Chessel & Mercier 1993). The 
co-inertia analysis maximized the correlation between 
the two structures : the habitat structure and the fauna 
structure (Dolédec & Chessel 1994). The optimizing 
criterion was that the resulting sample scores, the habi
tat scores for matrix H and the faunistic scores for ma
trix F, were the most covariant and could be compared 
directly on the same factorial map. The factorial maps 
of habitat variables and species enabled the habitat and 
fauna characteristics of the reach to be explained si
multaneously. Thus, the habitat and fauna scores of the 
nine sampling locations were projected upon a reach 
map, as a synthetic representation of the spatial distri
bution of the variables. 

All computations and graphics were carried out 
using the ADE Software, a package for Multivariate 
Analysis and Graphical Display for Environmental 
Data (version 3.6) (Chessel & Dolédec 1993). 

3. Results 
3.1. Variability observed in the habitat and faunis
tic data 

The variability of habitat (matrix H = 14 variables x 36 
samples) and faunistic (matrix F = 47 species x 36 
samples) data was examined by means of analyses of 
inertia. 

The decomposition of the total inertia for each data 
table H and F is presented in Table 4. Firstly, the sum 
of the inertia of the three effects in the sampling desi
gn accounted for a large part of the variability : 60.7 
and 65.6% for habitat and fauna, respectively. Second
ly, the spatial variability (location effect) was high, wi
th 56.8% (habitat) and 42.6% (fauna) of the total iner
tia. The duplicate effect accounted for less than 2% of 
inertia in each table. The differences between June and 
July were also very small (2.1% of the total inertia) for 
habitat measures, whereas faunistic differences were 
substantial in this case (21.4% of the total inertia). 

A detailed examination of the analysis of inertia sho
wed that variations between the two dates dealt espe-
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Table 3a. Abundance (mean of two samples) of 47 species (number of animals per 10 litres of dredged sediment) for June 1982 at 9 

locations of the Rhône River reach. For Coleóptera and Empidida e: 1 = larva; p = pupa; i = imago. 

Tableau 3a. Abondance (moyenne de deux échantillons) des 47 espèces (nombre d'animaux pour 10 litres de sédiments dragués) en 

juin 1982 dans les 9 points de la portion étudiée. Pour les Coléoptères et les Empididae : 1 = larve ; p = nymphe ; i = imago. 

Sampling points 

Species L1 L2 L3 LM M RM R1 R2 R3 

Hydra sp. 170.2 432.9 107.7 305.7 350.7 60.9 1541.3 209.4 1235.0 

Dugesia tigrina (Girard) - 10.0 1.8 - 1.0 - 6.7 8.2 26.3 

Dendrocoelum lacteum (O.F. Müller) - 0.7 3.6 - - - 12.5 5.1 16.6 

Polycelis nigra-tenuis - 2.1 1.8 - - - 4.6 1.6 6.3 

Helobdella stagnalis (L.) 7.9 10.9 2.0 2.8 1.0 - 13.8 31.3 65.7 

Erpobdella octoculata (L) 1.5 0.7 - 1.0 - - 7.9 5.7 9.2 

Theodoxus fluviatilis L. - - - - - - - - 1.0 

Valvata cristata O.F. Müller - - - - - - - - 5.6 

Bithynia tentaculata L - - - - - - 2.5 3.8 7.2 

Potamopyrgus antipodarum (Gray) 1.5 - 1.8 - - - - - 2.2 

Ancylus fluviatilis O.F. Müller - 3.4 - - - - - 1.9 -

Dreissena polymorpha Pallas - - - - - - - 0.7 4.9 

Sphaerium corneum L - - - - - - 1.3 2.2 11.3 

Pisidium casertanum Poli - - - - - - - 1.6 1.5 

Pisidium subtruncatum Malm - - - - - - - 0.3 0.7 

Gammarus fossarum-pulex 1114.3 2045.9 1097.2 216.1 205.6 39.2 1872.9 1267.5 1737.9 

Asellus aquaticus L - 0.7 - - - - - 0.7 -

Baetis sp. (gr. fuscatus) 2.2 1.3 1.8 0.9 10.2 9.1 65.4 16.3 28.5 

Heptagenia sulphurea Müller 0.7 18.4 2.0 0.9 - 13.9 77.1 33.2 39.3 

Heptagenia caerulans Rost - 2.1 1.8 - - - - 1.0 0.7 

Rhithrogena sp. (gr. semicolorata) 2.2 - - 1.7 5.6 5.9 10.0 1.0 1.0 

Ephemerella ignita Poda 0.7 - 3.8 1.0 4.6 0.9 37.1 6.0 4.2 

Ephemera dánica Müller - - - - - - 1.3 - -

Caenis luctuosa (Burmeister) - - - - - - 2.5 1.3 2.2 

Chloroperla tripunctata Scop - - - - - - - - -

Leuctra sp. (gr. fusca) 6.7 - 1.8 - - - 3.4 - -

Euleuctra geniculata Steph - - - - - - - 1.3 -

Sysira fuscata Fbr - - - 0.9 - - - - -

Orectochilus villosus Müller - - - - - - - - -

Elmis aenea (Ph. Müller) (1) - - - - - - 13.4 0.7 -

Esolus parallelepipedus (Ph. Müller) (l+i) 1.1 0.7 - - - .1.0 12.5 11.0 8.5 

Limnius volckmari Panzer (1) - - 2.8 - - - - 1.6 0.7 

Psychomyia pusilla (Fabr.) - 5.9 - 2.9 9.2 2.6 31.3 1.3 1.0 

Hydropsyche modesta Navas 2.9 24.8 7.6 1.8 - 0.9 17.9 53.5 20.2 

Hydropsyche contubernalis McL 6.8 30.0 10.2 1.0 - 2.5 30.4 40.1 56.3 

Hydropsyche exocellata Dufour 0.7 2.8 3.6 - - 0.9 1.3 3.2 3.5 

Hydropsyche siltalaï Döhler - - - - - 0.9 - 1.3 1.5 

Hydropsyche ornatula McL - 1.3 1.0 - - - - 1.9 0.7 

Hydropsyche pellucidula (Curl.) - - - - - - - - -

Cheumatopsyche lepida (Pici) - - - - - - - 0.7 0.7 

Athripsodes albifrons L. - 1.3 - - - 0.9 - 10.7 5.0 

Ceraclea dissimilis (Steph.) 2.6 4.8 - - - 2.8 20.0 12.2 30.3 

Setodes punctatus Fabr. 0.7 0.7 7.2 - 1.0 - - - -

Hexatoma sp. - - - 1.0 - - - 2.8 0.7 

Psychoda sp. - - - 1.8 - - - - -

Robackia sp. 5.5 1.3 - 2.6 10.7 - 7.9 - 0.7 

Hemerodromia sp. (l+p) 15.5 15.3 3.6 - 1.0 - - 2.5 5.7 

Total 1343.4 2617.2 1262.8 541.7 600.4 142.0 3794.6 1742.5 3342.1 
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Table 3b. Abundance (mean of two samples) of 47 species (number of animals per 10 liters of dredged sediment) for July 1982 at 9 

locations of the Rhône River reach. For Coleóptera and Empididae : 1 = larva; p = pupa; i = imago. 

Tableau 3b. Abondance (moyenne de deux échantillons) des 47 espèces (nombre d'animaux pour 10 litres de sédiments dragués) en 

juillet 1982 dans les 9 points de la portion étudiée. Pour les Coléoptères et les Empididae : 1 = larve ; p = nymphe ; i = imago. 

Sampling points 

Species L1 L2 L3 LM M RM R1 R2 R3 

Hydra sp. 2.2 - 1.0 - 1.1 3.5 0.8 - 2.9 

Dugesia tigrina (Girard) 0.6 3.9 6.4 5.0 2.2 5.7 17.3 28.7 38.2 

Dendrocoelum lacteum (O.F. Müller) 0.6 0.7 0.8 - - 0?5 5.9 12.9 4.4 

Polycelis nigra-tenuis - - - - 1.2 1.5 2.1 5.6 1.6 

Helobdella stagnalis (L) 7.9 1.1 2.2 - - 3.8 35.1 37.5 76.5 

Erpobdella octoculata (L) 1.1 1.5 - - 2.1 10.4 10.3 7.7 22.4 

Theodoxus fluviatilis L - - - 0.9 1.1 - 0.8 0.9 3.1 

Valvata cristata O.F. Müller 0.5 - - - - - - 2.6 -

Bithynia tentaculata L - - - - - 1.5 9.0 6.6 15.1 

Potamopyrgus antipodarum (Gray) - 1.1 - - - - - - -

Ancylus fluviatilis O.F. Müller - 1.1 0.5 0.9 - 1.1 1.3 1.6 2.2 

Dreissena polymorpha Pallas - - - - - - - - -

Sphaerium corneum L - - - 5.0 - - 4.4 5.9 8.3 

Pisidium casertanum Poli - - - - - - - 0.6 0.8 

Pisidlum subtruncatum Malm - - - - 1.1 - - 0.6 1.6 

Gammarus fossarum-pulex 489.0 2752.4 1741,0 1575.9 472.9 603.4 1845.5 1492.1 908.2 

Asellus aquaticus L. - 1.1 - - - - - 0.6 1.6 

Baetis sp. (gr. fuscatus) - 7.0 3.2 10.0 13.7 9.2 14.9 15.4 28.6 

Heptagenia sulphurea Müller 1.6 60.0 42.1 10.0 41.3 70.8 119.9 104.3 146.6 

Heptagenia caerulans Rost - 1.1 - - 1.7 2.1 1.6 4.5 0.8 

Rhithrogena sp. (gr. semicolorata) - - - - 2.3 0.6 - - -

Ephemerella ignita Poda - - - - - - 1.2 1.6 2.3 

Ephemera dánica Müller - - - - - - - 0.9 -

Caenis luctuosa (Burmeister) - - - - - - - - -

Chloroperla tripunctata Scop - 0.7 0.8 - - - - - -

Leuctra sp. (gr. fusca) - 0.7 0.8 - - - 2.3 0.9 1.5 

Euleuctra geniculata Steph - - - - - - 1.2 - -

Sysira fuscata Fbr 0.6 - - - - - 0.6 0.6 -

Orectochilus villosus Müller - - - - - 0.5 - - 0.7 

Elmis aenea (Ph. Müller) (1) - - - - - - 1.3 0.9 0.8 

Esolus parallelepipedus (Ph. Müller) (M) 0.5 0.7 0.5 - 1.7 1.0 3.0 5.6 8.2 

Limnius volckmari Panzer (1) - 0.7 - - - - - - -

Psychomyia pusilla (Fabr.) 2.7 2.1 3.2 9.2 13.8 3.8 3.5 2.1 1.6 

Hydropsyche modesta Navas 10.6 68.9 53.6 27.5 39.6 87.8 116.8 82.9 82.3 

Hydropsychecontubernalis McL 15.4 61.8 33.6 35.0 20.7 33.0 89.6 52.1 93.8 

Hydropsyche exocellata Dufour - 1.5 2.2 - 1.7 3.6 1.9 2.1 3.0 

Hydropsyche siltalaí Dòhler - - - - - - - - -

Hydropsyche ornatula McL - - - - - - 0.8 - -

Hydropsyche pellucidula (Curt.) - - 0.8 , - - - - 0.9 -

Cheumatopsyche lepida (Pict.) - - - - - - - - -

Athripsodes albifrons L. - - - 10.0 1.1 0.5 0.8 1.1 2.3 

Ceraclea dissimilis (Steph.) 1.6 23.0 13.4 5.9 - 0.6 6.3 22.4 12.3 

Setodes punctatus Fabr. 8.3 48.6 25.5 21.7 3.7 - 1.3 1.6 7.6 

Hexatoma sp. 1.6 0.7 - 10.9 6.3 0.6 - 2.3 0.8 

Psychoda sp. - 1.1 - 5.0 - 0.5 - - -

Robackia sp. 1.1 - 1.0 - 20.9 - - - -

Hemerodromia sp. (l+p) 25.4 77.6 66.2 30.9 10.6 - 4.0 - 9.8 

Total 571.0 3118.5 1998.4 1763.4 660.3 845.5 2302.8 1905.4 1488.9 
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Table 4. Decomposition of inertia (in %) of the between-classes analyses performed on habitat (H) and fauna (F) 
matrices of a Rhône River reach. nPCA and cPCA = respectively normalized and centered Principal Component 
Analysis. Effects : 1 = duplicate of the samples; 2 = date of sampling (June and July 1982); 3 = spatial location 
of samples (9 locations) within the reach. 

Tableau 4. Répartition de l'inertie (en pourcentage) des analyses entre points réalisées sur les matrices d'habitat (H) 
et de faune (F) de la portion étudiée. nACP et cACP = respectivement Analyse en Composantes Principales 
entre points normée et entre points centrée. Effets : 1 = répétition de l'échantillonnage; 2 = date d'échantillon
nage (juin et juillet 1982); 3 = position des points d'échantillonnage (9) dans la portion étudiée. 

Matrix Habitat Fauna 
Analysis nPCA cPCA 

Separate analysis Separate analysis 

Effect Total Fl + F 2 Total Fl + F 2 

1 - duplicate 1.8 1.6 
2 -date 2.1 21.4 
3 - location 56.8 45.8 42.6 34.1 
Total explained effect 60.7 65.6 
Residual 39.9 34.4 
Total 100.0 100.0 

daily with the current velocity; V m was somewhat hi
gher in June than in July (see Table 2), in relation to di
scharge variation between the two dates (796 vs 
623 m 3 . s _ 1 , respectively). The most important changes 
in the fauna were due to seasonal development of some 
species, such as Hydra sp. in June, and Hydropsyche 
modesta and Setodes punctatus in July (see Table 3). 
However, the low variability attributed to the duplicate 
and date effects confirms the reliability of our sam
pling in the study of the spatial distribution of habitat 
and faunistic variables. Consequently, the analysis 
could be focused on only the spatial variations. 

The between-locations normalised PCA performed 
on the habitat matrix (H) explained 80.6% of the spa
tial variability on the first two axes (Fig. 3D). The F l 
axis pointed out the opposition between the right and 
left hand sides of the channel (Fig. 3A). The F2 axis 
strongly highlighted (36.9% of the inertia), in its nega
tive part, the originality of the middle of the channel. 
This analysis informs us that the vectors that represen
ted the hydraulic parameters were fairly perpendicular 
to those linked to the size and quantity of mineral and 
organic material on the bed. This means that the sub
strate is independent of the present hydraulic condi
tions. The faunistic table (F) was analysed by a bet
ween-locations centered PCA (Fig. 3B & E). The F l 
axis indicates the uniqueness of the right hand side of 
the channel, compared with the middle and left hand 
side. The F2 axis was lower than for the habitat (16.1 

versus 36.9% of the inertia) and opposed only the left 
hand side to the middle of the channel. The species po
sitions on this F lxF2 plane were only slightly modi
fied in the co-inertia analysis and will be presented wi
th this latter analysis. 

3.2. Habitat-fauna relationships in space 
The spatial co-structures of habitat (matrix H) and 

fauna (matrix F) are shown by the between-classes 
PCA, in which the 9 classes were the 9 sampling loca
tions. The co-inertia analysis between these two bet
ween-classes analyses revealed the similarities of the 
two spatial distribution structures (Fig. 4). Its main va
riability (80.1%) was expressed on the F l axis. Only 
17.1% was expressed on the F2 axis (Fig. 4A). The F l 
and F2 axes of co-inertia were a combination of the 
two habitat axes and they were very close to the F l and 
F2 axes of the basic fauna analysis (Fig. 4B). The cor
relation of the two structures was high (0.931 on F l 
and 0.897 on F2). Among the 45.8% of the total varia
bility dealing with spatial habitat variations within the 
reach expressed on the two first axes F l and F2 of the 
habitat analysis (see Table 4), 40.7% were still preser
ved on the axis F l and F2 of the co-inertia analysis. 
For the fauna variability, these percentages were res
pectively 34.1 and 33.3. This provides evidence that a 
very significant part of the two between-locations ha
bitat and fauna structures was preserved in the co-iner
tia analysis and that the F l x F2 planes are true pictures 
of these co-structures. 
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Fig. 3. Between-classes (9 locations) Principal Component Analyses of habitat table H (normali
sed analysis) and fauna table F (centered analysis). (A) and (B) : Ordination diagrams of the 9 
locations, with their position in the reach (C). Insert in the habitat plane (A) : circle of correla
tion of the 14 habitat variables (code : see Tables 1&2). (D) and (E) : eigenvalues of the two first 
factors in each analysis. 

Fig. 3. Analyse en composantes principales inter-classes (9 points) du tableau habitat (H; analyse 
normée) et du tableau faune (F; analyse centrée). (A et B) Cartes factorielles des 9 points, avec 
rappel de leur position sur la portion de chenal étudiée (C). Sur la carte factorielle habitat (A) : 
projection du cercle des corrélations des 14 variables d'habitat (voir codes Tableaux 1 & 2). (D) 
Valeurs propres des deux premiers facteurs de chaque analyse. 
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Fig. 4. Results of the co-inertia analysis of the 14 habitat variables (matrix H, between-locations normalised PCA) and 47 species (ma
trix F, between-locations centered PCA) in 9 locations of the Rhône River reach. Fl x F2 planes. (A) Eigenvalues of the co-inertia 
analysis. (B) Projection of the axes of the separate analyses of the matrices H and F (full arrows) on the co-inertia plane (axes in 
broken arrows). (C) Ordination diagram of the 9 locations by means of the habitat variables (beginning of the arrows) and by means 
of the species (end of the arrows) in the co-inertia plane. Insert: position of the 9 locations in the reach (see Fig. ID). (D) Ordina
tion diagram of the 14 habitat variables in the co-inertia (code : see Table 2). (E) Ordination diagram of the 47 species in the co-
inertia (black squares), only the names of the most relevant species are indicated (see text and Fig. 5). 

Fig. 4. Résultats de l'analyse de co-inertie des 14 variables d'habitat (matrice H, ACP entre-points normalisée) et des 47 taxons (ma
trice F, ACP entre-points centrée) des 9 points échantillonnés. Plan Fl X F2. (A) Valeurs propres de l'analyse de co-inertie. (B) Pro
jection des axes des analyses séparées des matrices H et F (flèches en trait épais) sur le plan de co-inertie (axes en trait mince). (C) 
Projection des 9 points représentés par les variables d'habitats (début des flèches) et par les taxons (extrémité des flèches) dans le 
plan de co-inertie avec rappel (encadré) de la position des points sur la portion de chenal étudiée. (D) Projection des 14 variables 
dans le plan de co-inertie (voir codes Tableaux 1&2). (E) Projection des 47 taxons (carrés noirs) dans le plan de co-inertie; seuls 
sont indiqués les noms des taxons les plus significatifs (voir texte et Fig. 5). 

The uniqueness of the right hand side of the channel 
was the main structure, which appeared on the negative 
part of the F l axis, even more strongly for the fauna 
(end of the arrows on the Fig. 4C) than for habitat (be
ginning of the arrows). The locations of the left hand si
de and middle of the channel were positioned in the po
sitive part of the F l axis. These two parts were well se

parated on the F2 axis, but the differences were slight, 
with only 17.1% of the co-inertia variability (Fig. 4A). 

The right hand side of the channel was characterized 
(Fig. 4D) by high quantities of chlorophyll a (from al
gae development) , coarse sediments (especially 
pebbles) and a rather high bottom heterogeneity (k v ) ; 
water depth, quantities of organic materials and the hy-
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draulic parameters, especially the Reynolds number 
(Re), were rather low. The left hand side of the channel 
had somewhat finer organic or mineral materials, whi
le the middle of the channel (mainly the locations RM 
and M) had rather high values of the hydraulic para
meters (Fig. 4D). The maximized correlation of the 
two habitat axes with the two faunistic axes (Fig. 4B) 
suggested that the major fauna variability was linked 
both to the substrate variables (Fl habitat) and, to a les
ser extent, to the hydraulic variables (F2 habitat). That 
means that each of these two types of variables, which 
were rather independent of each other in the habitat 
structure, did not have a separate effect on a specific 
part of the fauna, but operated together upon the who
le fauna. In fact, the most organizing habitat variables 
(the longest vectors on the Figure 4D) were the water 
depth (D), the Reynolds number (Re, which is regula
ted by the water depth), and the growth of périphyton 
represented here by the chlorophyll a (Chi) growing on 
the coarse mineral substrates (Peb). The faunistic im
portance of all the other variables, representative of the 
mineral and organic substrate pattern, was smaller 
(shorter vectors on the Fig. 4D); the most important 
were the medium and coarse organic particulate mate
rial (MPOM and CPOM). 

The fauna linked with these structures is presented in 
figure 4E. Firstly, nearly one third of all the species 
was grouped near the centre of the factorial map. This 
means that they were rather uniformly distributed on 
the 9 sampling locations. Secondly most of the other 
species were on the negative end of the F l axis. This 
suggested that there was a mass effect, with larger fau
nistic densities to the right hand side of the channel (lo
cations R l , R2, R3 and RM). Several species were 
clearly more abundant in this right hand side of the 
channel (see Table 3). All Tricladida and Achaeta we
re concerned, as well as the Trichoptera Hydropsyche 
contubernalis and H. modesta, the Ephemeroptera 
Heptagenia sulphurea and Baetis fuscatus. Only one 
species, the Trichoptera Setodes punctatus, and the 
four species of Diptera, positioned in the upper right 
quadrat of the F l x F2 plane, were consequently more 
abundant in the left hand side of the channel. No spe
cies was characteristic of the middle of the channel. 
The Ephemeroptera Rhithrogena semicolorata and the 
Hydraria Hydra sp. are nevertheless in the nearest po
sition, in correspondence with the location RM. 

These results could be visualized by the projections 
of the most characteristic variables on the locations po
sitioned on the reach map (Fig. 5). Firstly, the spatial 
distribution of the F l and F2 scores of the co-inertia 
analysis (Fig. 5A), functions that summarized the spa

tial structures of habitat and fauna, could be compared. 
There was a high correspondence between habitat and 
fauna distribution. A transversal gradient highlighted 
by the depth was particularly evident with the F l 
scores. The distribution of some parameters, such as 
coarse sediments and chlorophyll a, and species that 
were relevant on the F l axis of the co-inertia (Fig. 5B), 
emphazised the habitat uniqueness of the right hand si
de of the channel and its faunistic specificity. Some 
species were almost confined to this area, or extended 
to the central channel (the Achaeta Erpobdella octocu-
lata, the Ephemeroptera Baetis fuscatus and Epheme
rella ignita) while others (such as the Tricladida Duge-
sia tigrina, the Ephemeroptera Heptagena sulphurea 
and the Trichoptera Hydropsyche contubernalis) main
ly avoided the middle of the channel and preferred lo
cations near the banks, especially the right hand bank. 
The left hand side of the channel was only prefered by 
the Trichoptera Setodes punctatus and the four species 
of Diptera (Hemerodromia sp., Robackia sp., Hexato-
ma sp. and Psychoda sp.) (Fig. 5B). F2 (see Fig. 4), de
monstrated the originality of some locations in the 
middle of the channel (RM, M) versus the left hand si
de. The parameters linked to F2 axis are less clearly 
distributed; if the current velocity is stronger in the 
three locations of the middle of the channel, the spatial 
preference of the Ephemeroptera Rhithrogena semico
lorata was not restricted to this area (Fig. 5B). The fau
nistic poverty of the middle of the channel, in abun
dance as well as in species richness, contrasted with 
the near bank areas (Fig. 5A). 

4. Discussion 
.4.1. An inherited bottom habitat pattern 

A transversal asymmetry of the channel was clearly 
expressed in the results, for both habitat and fauna, wi
th a particular originality of the right hand side and, to 
a lesser degree, of the left hand side versus the middle 
of the channel. 

The relationship between hydraulic parameters and 
mineral or organic substrate is usually organized by the 
eroding and depositing role of the hydraulic forces 
(Cummins et al. 1966, Hynes 1970, Resh & Rosenberg 
1984). In the low current areas of the St Laurence Ri
ver, Vincent (1981) found that depth and current velo
city were strongly correlated, but rather independent of 
the substratum size. In the present study, there was an 
independence between the spatial distribution of hy
draulic features and the composition of mineral and or
ganic sediments (Figs 3A and 5B). The most rapid cur
rents were not associated with the coarsest sediments 
(in the right hand side of the channel) and the transver-
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Fig. 5. Distribution of some variables in the 9 sampling locations of the channel within the Rhône River reach. The area of squares and circles are 
proportional to the values of the variables at the location. (A) The global parameters are i) the Fl and F2 scores of the habitat (between-loca
tions normalized PCA) and fauna (between-locations centered PCA) analyses in the plane of the co-inertia analysis (circles = positive scores, 
squares = negative scores); ii) abundance (mean number per 10 liters of sediment, from 493.7 in RM to 3048.7 in R l ) and richness (mean num
ber of species per sample, from 15.5 in LM to 33.5 in R2). (B) The habitat (H) and fauna (F) variables are chosen as the most relevant on the 
FI or F2 axes of the co-inertia analysis; they are centered : circles = values > general mean, and squares = values < general mean. 

Fig. 5. Distribution de quelques variables sur les 9 points échantillonnés dans la portion de chenal étudiée. La surface des carrés et des cercles est 
proportionnelle à la valeur de la variable en ce point. (A) Les paramètres globaux sont : i) les coordonnées des points habitat (entre-points sur 
ACP normalisée) et des points faune (entre-points sur ACP centrée) sur Fl et F2 dans le plan de l'analyse de co-inertie (cercle noir = coor
donnée positive, carré blanc = coordonnée négative); ii) abondance (nombre moyen d'organismes pour 10 litres de sédiments, de 493,7 en RM 
à 3048,7 en R l ) et richesse (nombre moyen de taxons par échantillon, de 15,5 en LM à 33,5 en R2). (B) Les variables d'habitats (H) et de fau
ne (F) sont choisies en fonction de leur pertinence sur les axes Fl et F2 de l'analyse de co-inertie; ils sont centrés : cercles = valeur > moyen
ne générale, et carré = valeur < à la moyenne générale. 

se pattern was asymmetric, although the reach was si
tuated in an almost straight length of the course (Fig. 
1). The present sediment distribution could not have 
been structured by the present current distribution. 
Three causes can explain this situation. 

i) The bottom sediments were organized during ear
lier spates and the presently observed situation was in
herited from these spate depositions. Lamberti & Resh 
(1979) and Statzner et al. (1988) have already obser

ved that the size distribution of substratum within a 
reach often reflects a past spate rather than the present 
flow conditions. The transporting (shearing) capacity 
of the river under the conditions measured in June and 
July 1982 was unable to modify the bottom distribu
tion of sediments. Moreover the reach is under the in
fluence of the Jons darn (Fig. 1) which regulates the 
water level (no variations greater than 0.5 meters). Ne
vertheless, during floods or spates exceeding 
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1000 m 3 . s - 1 , flow is diverted into the Miribel canal 
(Fig. IB, C) located on the right hand side of the stu
died reach. Consequently this may be responsible for 
the coarser sediments in this area. 

ii) The present situation also seems to be inherited 
from embankments built in 1885 along this reach of 
the Rhône river (see above and Fig. 1). Flow was pu
shed towards the right hand bank by the Villette em
bankment and its erosion power led to a degradation 
near the Chambarin embankment (up to 8 meters 
deep). The flow was then pushed back towards the 
Bianne embankment near the left hand bank where fur
ther degradation occurred (nearly 5 meters deep). The 
studied reach was located between the former left hand 
bank degradation and the right hand bank aggradation 
areas (Fig. 1). The resulting bottom pattern is now pre
served, because, since later flow regulations, the river 
has lost its flow competence. This transverse pattern of 
the reach is similar to the riffle (right hand side) - pool 
(left hand side) sequence of streams. 

iii) The settling of the bottom substrate in this reach 
due to an inherited situation has been further reinfor
ced by the general armouring and bonding of the mi
neral coarse particles in the large rivers, particularly in 
this reach of the Rhône River (Gordon et al. 1992). 
This armouring prevents all changes in the superficial 
coarse bottom, except for the temporary depositing 
and movement of fine sediments and organic particles 
on the surface of the coarser armoured substrate, whi
ch acts as a solid surface. These deposits explain why 
some dredged samples contained only sand (Tachet et 
a l . 1991). 

In conclusion, the asymmetric spatial pattern of the 
benthic habitats in the studied reach were inherited 
and different from the standard pattern of a coarse ra
pid channel and a gradient to finer and more heteroge
neous sediments in the slower currents towards the 
banks. 

4.2. What habitat variables influence the microdis
tribution pattern of the macroinvertebrate fauna? 

The relative spatial independence of the hydraulic 
and other habitat parameters within the reach means 
that the relationship between the fauna and these sets 
of parameters could have been considered indepen
dently. In fact, the co-structure between habitat and 
fauna was high, but between all the habitat conditions, 
without distinct species clearly linked to hydraulic va
riables (Fig. 4D & E). Most studies (Minshall & Min-
shall 1977, Milner et al. 1981) have stated that riffles, 
with their higher current velocities, support higher 
densities of Ephemeroptera and Trichoptera than 

pools, but few taxa appear to be restricted to either one 
in the same river system. In our study, depth was the 
main structuring habitat parameter for the fauna (Fig. 
6). Egglishaw (1969) and Lapchin (1977) have noted 
the effect of water depth on stream macroinvertebrates. 
The relationships are more complicated in large rivers. 
In the Main River no clear relationship appeared bet
ween depth and macroinvertebrates (Schleuter & Titti-
zer 1988). For Beckett et al. (1983) in the Mississippi 
River, the macrodistribution is influenced mainly by 
both substrate and current velocity. Current influences 
macrodistribution in lowlands streams while substrate 
particle size and food supply are the most important 
factors influencing microdistribution (Tolkamp 1982, 
Cummins & Lauff 1969). More recently, Lancaster 
and Hildrew (1993) observed that the macroinvertebra-
te microdistribution reflects some «long term shifts in 
response to average or seasonal flow conditions». 

In the studied Rhône reach, water depth has been in
herited from earlier conditions, natural spates and ma
nagement, which has also led to the present bottom 
substratum pattern (Fig. 6). These two inherited va
riables, water depth and presence of coarse sediments 
(pebbles) on the right hand side of the channel, are now 
two major fauna organizing factors in the reach. The 
current velocity is regulated within the reach mainly 
by the bank distance and up- and downstream course 
morphology and regulation (see above), and it is rather 
independent of depth. The hydraulic parameters (Rey
nolds numbers), regulated by depth and current veloci
ty, act upon macroinvertebrate microdistribution di
rectly or by means of the deposition of fine elements 
(sand, fine particulate organic material), or by the tur
bulence intensity, which also influences périphyton de
velopment. Effectively, Quinn & Mickey (1994) sho
wed that the benthic invertebrate microdistribution in 
two New Zealand rivers was most strongly correlated 
with the boundary Reynolds number (bRe), but in the 
present study the habitat parameters that were most 
correlated with the macrobenthos were the coarse ele
ments of the substrate (pebbles), due to both their 
roughness thus offering many microspaces for the in
vertebrates and their surface area which favours péri
phyton development (chlorophyll a). The fine sedi
ments, particularly the particulate organic material, 
seemed somewhat less important for the fauna of this 
reach. 

For the macroinvertebrates, the least favourable 
areas were firstly the middle of the channel, with hi
gher current velocities and shear stresses, and second
ly the left deep hand side, with high Reynolds num
bers. Both are richer in intra-sediment particulate ma-
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Fig. 6. Past and present actions of habitat variables on macrobenthos within a Rhône River reach (in bold : the most significant va
riables for macroinvertebrates; underlined : measured or evaluated variables). 

Fig. 6. Actions présentes et passées des variables d'habitat sur le macrobenthos dans la portion de chenal étudiée (en caractères gras : 
variables les plus significatives pour les invertébrés; mots soulignés : variables mesurées ou estimées). 

tenais (Fig. 4). Usually it is the middle of the channel, 
the furthest from the banks, that has the poorest fauna 
(Ferencz 1974 a,b, Anderson & Day 1986). The most 
favourable area in this study was the right hand side, 
with lower hydraulicity and forces but coarser sedi
ments. These two conditions which favour the abun
dance and the species richness of the macrobenthos are 
not usually met together. 
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