REGULATED RIVERS: RESEARCH & MANAGEMENT, VOL. 10, 363-372 (1995)

0+ FISH ASSEMBLAGES IN A SECTOR OF THE RHONE RIVER
INFLUENCED BY THE BREGNIER-CORDON HYDROELECTRIC
SCHEME

MILAN PENAZ AND PAVEL JURAJIDA
Institute of Landscape Ecology, Academy of Sciences of the Czech Republic, Kvétnd 8, 603 65 Brno, Czech Republic

and
ALBERT LUIS ROUX AND JEAN MICHEL OLIVIER

URA CNRS 1451 Ecologie des Eaux Douces et des Grands Fleuves, Université C.Bernard-Lyon I,
43 Boulevard du 11 Novembre 1918, 69622 Villeurbanne Cedex, France

ABSTRACT

A survey was undertaken to assess the effects of the construction of the Brégnier—Cordon hydroelectric power station in
1984 on the spawning and nursery habitats of the young of the year fish (YOY) in the River Rhone floodplain area. No
obvious effect could be identified in the most important aquatic habitats studied, possibly due to the downstream drift
and dispersion of juvenile fish. Some new habitats were created with a high production capacity, which proved suitable as
nursery areas for YOY rheophilous fishes (e.g. riparian zones of the headrace canal and reservoir). The conditions for
young fish were also improved in the section of the main channel, now by-passed, in which the discharge is stabilized
and sufficiently high. However, a rapid decline in the abundance and species diversity of YOY fish assemblages was
noted in parapotamic side-arms, caused by the side-arms drying up and becoming invaded by terrestrial plants. High
YOY abundance, indicating good reproductive success, was nevertheless noted in some fishes considered as sensitive
to such hydroengineering activities.
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INTRODUCTION

The Bregniér—Cordon hydroelectric scheme, completed in 1984, is the last to be constructed and put into
operation on the French Upper Rhéne River. It was designed and constructed on the basis of experience
obtained on the construction of the previous Rhodanian hydroelectric stations, taking into account the
preservation of all aquatic habitats, their connections with the main channel and the maintenance of all
important floodplain functions (including fish production). It is well known that fish reproductive success
in floodplain ecosystems varies in quality and quantity from year to year (Schlosser, 1985; Welcomme, 1985).
In addition, some of the habitats and their fish assemblages seem to be the object of special succession, as
documented for the Upper Rhone River by Persat (1994).

The monitoring of ichthyocoenoses, and its young of the year (YOY) assemblages in particular; was an
important part of the interdisciplinary research programme (PIREN) conducted in the Bregniér—Cordon
floodplain (Roux, 1982). Fish assemblages provide important and integrated information on the synergy
of ecological, hydrotechnical and other anthropogenic influences. In addition, YOY fish monitoring
provides more precise data than that of adult fish, both in temporal and spatial dimensions, presumably
because there is a shorter time period between cause and effect, and because YOY fish are more sensitive
than older fish, Thus this approach allows a more detailed assessment of impacts of various kinds on riverine
ecosystems (Schiemer and Spindler, 1989; Penaz et al., 1991b). The aim of this study was, therefore, to
use such an approach to monitor and assess the situation in the floodplain hydrosystem at the Bregniér—
Cordon hydroelectric scheme during the first years of its existence.
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MATERIAL AND METHODS

Fishing procedures

Young of the year fish were sampled using a light, battery-powered, portable electrofishing unit (Martin
Pecheur IT) modified and adjusted to increase its efficiency for capturing small fish. It was fitted with a 10cm
ring-shaped anode. The following settings were used: output voltage, ~ 200V, current, 8—-12 A (at water
temperatures of 12-34°C and conductivity 250450 uS cm™"); impulse shape exponential; frequency, 100—
400 Hz; duty cycle, 5-25% (adjusted to 15-17%); surface area with provoked electrotaxis, 0-071 m? (this
value, estimated for the same area, was taken from Copp 1989a).

The strategy of random point abundance sampling (RPAS), was used. All surveys were conducted during
a short period (13-29 August 1991) at all stations. The survey could be thus considered ’synchronic’ from a
demographic viewpoint. The fish were preserved in a 6% formaldehyde solution after capture, identified and
measured within a few days. Abundance was expressed in terms of CPUE, i.e. the number of fish caught per
one RPAS point. More details about the methods used are given by Copp and Penaz (1988), Copp (1989a;
1989b), Pefiaz et al. (1991a; 1991b).

Statistical analysis

Statistical analyses were carried out using the ADE package (Chessel and Doledec, 1993). Multiple
correspondence analysis (MCA) was used for the assessment of qualitative environmental variables (Pialot
et al., 1984; Tenenhaus and Young, 1985). Principal components analysis (PCA) (Rao, 1964) was used for
the treatment of the stations by fauna matrix.

STUDY SITE

In total, 12 types of aquatic habitats were recognized and studied in the Bregniér—Cordon floodplain
(French Upper Rhone). Seven of these types were considered as natural and five as artificial or semi-
artificial (Table I). Altogether 37 sites (Figure 1; Table II), with 700 RPAS fishing points, were investi-
gated. Normally 20-30 points were investigated at each station, where the distance between subsequent

Table 1. Types of habitats

Natural habitats Stations
A Main channel—natural; fluctuating discharge } 8, 30
B Main channel—by-passed section; stabilized discharge 16, 17, 27, 32, 37
C Lotic side-arm—superficial water 20, 21, 24, 26
Da Side-arm, semi-lotic—stations usually well opened and } Eupotamon 22.28. 33, 36

permanently connected to main channel allochthonous
processes prevail

Db Side-arm, lentic—low and/or temporary connectivity, stations 23, 25, 35
rather distant from main channel, autogenic processes prevail J

E Partially connected backwaters, high level of autogenic processes Parapotamon 4,10, 11, 12,13

F Disconnected backwaters Palaeopotamon 2,18

and analogous
Artificial habitats

G Headrace reservoir 1, 14,15, 19, 29
H Headrace canal 9, 31

I Tailrace 7

] Lagoon, connected to river, alimented by drained water 34

K Drainage canals, lotic side-arms supplied by drained or 3,56

groundwater, isolated from main channel
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Table II. Ichthyological characteristics of different habitat types

Type* SR CPUE H' E Relative abundance (%) Dominant species

(RA>10%)!
Rh Eu Li

A 16 10-85 2-03 073 589 24 38-7 Lc, Lg, Cn

B 14 4-92 1-80 0-68 78-4 57 15-8 Lc, Bb

C 17 11-39 1-94 0-68 68-3 73 244 Lc, Rs

Da 14 629 1-55 0-59 69-2 4-6 26-3 Lc, Rs

Db 9 1-38 1-79 0-81 47-8 29 49-2 Le, Rs, Tt

E 4 0-89 1-17 0-85 —_ 11-2 88-8 Se, Ab, Rr

F 3 1-63 0-34 0-31 — — 100-0 Lg

G 15 825 1-96 0-72 73-2 9-6 17-2 Bb, Lc, Gg, Rs

H 10 278 1-66 0-70 60-4 13-5 26-1 Le, Rr, Bb, Rs, Aa

I 8 4:50 1:60 0-77 42-1 44-4 13-4 Rr, Lc, Cn

J 6 110 1-21 0-67 409 9-0 50-0 Ga, Lc

K 5 073 1-17 0-73 68 23 90-9 Nb, Ga

* Key to types of habitats is given in Table I.

t Key to dominant species is given.

Explanation of symbols: SR = species richness; CPUE = catch per unit effort, N/point; H' = diversity index (Shannon and Weaver);
E = equitability index; RA = relative abundance (%); Rh = rheophilous species; Eu = eurytopic species; and Li = limnophilic species

FRANCE

Figure 1. Schematic map of the Rhéne floodplain at Bregniér—~Cordon showing stations of point abundance sampling (RPAS)
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Table II1.

Variable Classification

1, Situation Mid-channel
Shallow beach
Gentle slope
Steep

2, Width 0-10m
10-20m
>20m

3, Depth <02m
0-2-0-5m
0-5-1-0m
>1-0m

4, Current Still
Weak
Moderate
Strong

5, Substratum Organic mud
Mineral mud
Sand
Gravel
Pebbles
Stone

6, Riparian cover Absent
Present

7, Woody debris None
Little
Dense

8, Algae None
Little
Dense

9, Submerged macrophytes None
Little
Dense

10, Emergent macrophytes None
Little
Dense

points was at least 4—5 m. Exceptionally, on some stations, when the area habitat was limited, the number of
sampling points was lower (10 or 15). For the PCA and MCA analyses, only 34 sites with 680 points were used.
In total, 10 environmental variables with 35 were recorded at each studied point (Table I11).

RESULTS

Fauna

In total, 40 species of fish and lampreys, including those now extinct, have been recorded in the French
Upper Rhone River (Pattee, 1988; Persat, 1988). However, of these 40 species, only 33 have been registered
in recent years (1988—1991) by routine experimental electrofishing (Olivier, 1992).
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Table IV. 0+ fishes registered in the Bregniér—Cordon sector of the River

Rhéne

Code Scientific name English name
St Salmo trutta Brown trout
El Esox lucius Pike

Rr Rutilus rutilus Roach

L1 Leuciscus leuciscus Dace

Lc Leuciscus cephalus Chub

Pp Phoxinus phoxinus Minnow

Se Scardinius erythrophthalmus Rudd

Tt Tinca tinca Tench

Cn Chondrostoma nasus Nase

Gg Gobio gobio Gudgeon

Bb Barbus barbus Barbel

Aa Alburnus alburnus Bleak

Ap Alburnoides bipunctatus Spirlin

Ab Abramis brama Bream

Bj Blicca bjoerkna White bream
Rs Rhodeus sericeus Bitterling

Cy Cyprinus carpio Carp

Nb Barbatula barbatula Stone loach
Im Ictalurus melas Black bullhead
Lt Lota lota Burbot

An Anguilla anguilla Eel

Ga Gasterosteus aculeatus Three-spined stickleback
Pf Perca fluviatilis Perch

Ms Micropterus salmoides Largemouth bass
Lg Lepomis gibbosus Pumpkinseed
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Table V. Change in YOY fish composition in some habitats of the Bregniér—Cordon floodplain in 1986 (Copp, 1987)
1989 (Peniaz et al., 1991a) and 1991 (this work)

Type of habitat Station Year Species Species Equitability CPUE
richness diversity

A, natural main channel Basse du pont 1986 9 1-65 0-75 6-86
d’Evieu 1991 11 1-56 065 19-50
B, By-passed channel Les Sables 1986 7 1-38 0-71 0-70
1991 11 1-87 0-78 8-55
C, Lotic side-arm Lone d’Illon 1986 11 175 073 410
1989 6 1-05 059 2-30
1991 10 1-19 0-52 1603
Graviér 1986 6 0-89 0-50 6-90
Grand Jean 1991 11 2:05 0-85 6-00
Petit 1986 9 1-60 073 1-16
iles Sables 1991 6 1-32 0-74 8-05
Db, Lentic side-arms Petit iles 1986 9 1-82 0-83 1-55
Molottes 1991 3 0-90 0-82 1-50
E, Parapotamic Le Mortier 1. 1986 6 1-23 0-69 1-69
backwaters 1991 3 095 0-86 0-50
Le Mortier I1. 1986 1 0 — 1-68
1991 4 1-07 077 1-30

G, Headrace reservoir Les Curtieux 1989 0 0 — 0
1991 10 1-74 076 195
K, Drainage canals Vielle Lone 1986 1 0 — 0-06
Rosillon 1 1991 3 067 061 1-35

Vielle Lone 1986 0 0 — 0
Rosillon II 1991 2 0-64 092 0-45




368 M. PENAZ ET AL.

During our electrofishing study, focusing on juvenile fish exclusively, we registered the occurrence of the
25 fish species (Table IV).

Abundance and habitat preference

When evaluating the overall number of fish (N = 3687) captured in all habitats, three species were iden-
tified as dominant (i.e. with an abundance > 10%): L. cephalus (34-55%), B. barbus (11-93%) and R. sericeus
(10-47%). It is interesting that a relatively high abundance (6-73%) of C. nasus was also found, i.e. a species
regarded as extremely sensitive to hydroengineering activities in central Europe (Pefiaz, 1994).

The average abundance for all habitats reached 5-19 fish point™' (= 74.22 fishm ). Maximum abun-
dances were found in lotic habitats, namely in eupotamic side-arms (type D) (11-39 fish m~2) and in the
natural main channel (10-85 fish m~2). Abundance was also high along the shorelines of the headrace reser-
voir (8-25 fishm™2). Minimum values were registered in lotic drainage canals and/or in side-arms supplied by
drained and groundwater (type K) (0-73 fish m~2), in parapotamic habitats (0-89 fishm2) and in the tailrace
(1-10 fish m™2). In the latter habitat type, despite its otherwise convenient lotic environmental conditions, the
low observed abundance seems to be the consequence of the considerable discharge fluctuation caused by
electricity production (hydropeaking) and by the isolation of this section from the YOY in upstream stream

sections.
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Figure 2. Ordination from principal components analysis of a sites by species matrix (34 x 19) of YOY fish (dominance in %) sampled in
floodplain habitats of the Upper Rhdne River
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Figure 3. Histogram of species dominance (in %) ordinated for site by species matrix (34 x 19) according to factor 1

When analysing the fish composition separately, according to habitat type (Table II), we may conclude
that rheophilic species, such as L. cephalus, B. barbus and C. nasus prevail in eupotamic habitats (types
A-Db). However, in lotic side-arms augmented by drainage water and groundwater (habitat type K), a
special fish community has formed, characterized by the predominance of B. barbatula and G. aculeatus.

Compared with the RPAS sampling, a higher relative proportion of roach (37-4%) and a lower number of
barbel (13-:2%) were registered in the lotic habitats by concurrent YOY samplings by drift nets (Pefiaz et al.,
1992). This could reflect both the different behaviour patterns of the various species and different sampling
methods.

The analysis of the fauna matrix (19 species x 34 different sites) was performed by PCA. The data were
transformed to obtain the frequency distribution of species per station (i.e. the faunistic profile for each
station). Then, the data were centred by species (columns) to reduce the effect of the most abundant species
(i.e. chub and roach). Species that occurred only once were suppressed in the analysis.

The resulting distribution of 19 species at 34 sites of the Upper River Rhone flood plain is shown on the
factorial map F1 x F2 (Figure 2) (Gabriel, 1971; Ter Braak, 1983). The location of each station corresponds
to the relative abundance of species occurring at that station. A clear separation of S. erythrophthalmus and
A. brama, inhabiting old backwaters and, on the other hand, the stone loach and three-spined stickleback in
the drainage canals was predictable. The separate position of chub is explained by its presence at almost all
stations; however, its dominance varied across a great range of 0-14—0-81. Stations located along the first
axis separate limnophilic species occupying vegetated backwaters (rudd, bream, sunfish, tench) and stone
loach, three-spined stickleback and brown trout inhabiting clean, cold water drainage canals. The YOY
fish community on the right-hand side of Figure 3 is composed mainly of rheophilic and eurytopic species.
The main information following from this figure concerns the ordination of stations according to their
fauna. The parapotamic stations (Mortier) are followed by a group of old arms (Rossilon), a group of
side-arms connected to main channel and by stations in the by-pass section, ordinated according to the domi-
nance of the chub and other rheophilic species (LI, Bb, Cn).

The point by environmental variables matrix analysed by MCA shows that the nursery sites under study
could be clearly separated into three groups, based on the microhabitat characteristics (depth, current, sub-
stratum, etc.) (Figure 4). Each square represents the position of points with the same combination of habitat
variables. The station number is located at the centre of a group of station points. These were grouped into
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Figure 4. Multiple correspondence analysis of point by environmental variables matrix (680 x 35) for floodplain ecosystems of the
Upper Rhone River

three sets: old backwaters (site 11), artificial stony rip-rap banks along the main channel (sites 1, 5, 7, 9, 15,
16, 19, 31) and the most common, more or less natural sites in the by-passed section.

Temporal changes in the YOY structure

Tendencies in the succession and dispersion of YOY fish, coincident with the completion and start of
operation of the Bregniér-Cordon hydroelectric system (Table V), were analysed using data obtained by
the same methods, at the same stations, and at nearly the same periods of the year, during two or three
(in some instances) periods: 1986 (Copp, 1987); 1989 (Pefiaz et al., 1991b) and 1991 (present data).

Eupotamic habitats. In both the natural and by-passed main channels (habitats A and B), the species
composition seems to remain similar, but species richness and, especially, abundance increase.

In lotic side-arms (habitat C), the qualitative structure also seems to be stable at some sites (20, 21); however,
in favour of G. aculeatus on ‘Petit Iles des Sables’ (site 24). The increase in abundance, especially on ‘Lone
d’Illon’ from 4-10 to 16-03 ind./point, is there very noticeable.

Parapotamic habitats. In partially disconnected lentic side-arms (habitat E) after management, the
intensity of autogenic processes increased and habitat senescence intensified. Connections with the main
channel became reduced or even interrupted, at least temporally. The structure of YOY assemblages
reflected these changes by decreasing overall abundance, reducing species richness and diversity, and by
changing species composition in favour of limnophilic and eurytopic species.

Artificial habitats. In the headrace reservoir (habitat G), mud deposition and macrophyte development
along the shoreline was followed by a rapid development of abundant and diverse YOY assemblages
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(mostly rheophilic species) along the entire length of the reservoir. The downstream drift from the upstream
spawning sites explains the relatively high abundance of those YOY fish in the reservoir.

Drainage canals and lotic side-arms augmented by drained and underground water (habitat K) showed
substantial changes in their species composition, G. aculeatus and B. barbatula becoming the most dominant
species.

DISCUSSION

The technical design of the Bregniér—Cordon hydroelectric scheme on the Upper Rhone River, especially the
relatively high water discharge maintained in the by-passed stream section, guarantees a sufficient water level
and good lateral connectivity within the floodplain (some side-arms act as refuges for fish during spates).
This seems to be very profitable for YOY fish assemblages.

Some of the new, artificially created aquatic habitats (headrace canal and reservoir) seem to serve as new
substitute nursery habitats for juveniles of rheophilic species drifting there from the upstream river stretch.
However, their true value would be better determined by the YOY survival into the next year. The YOY fish
abundance and diversity tended to increase in most lotic habitats, both the natural and by-passed, which
indicates better conditions for spawning and juveniles.

The abundance and diversity of YOY were low in the parapotamic habitats, which indicates their poor
value as spawning and nursery sites, owing to increased autogenic processes, intensified habitat senescence
and reduced connections to main channel. Without management, this type of habitat would loose its importance
as a habitat for fish communities in a very short time.

A noticeable increase in the abundance of species considered generally as sensitive to river engineering
activities in central Europe, such as C. nasus (cf. Kirchhofer, 1994; Periaz, 1994) was observed. Long-term
studies are required to evaluate more accurately the reproductive success in this floodplain system, mainly
because of considerable seasonal and year to year discharge fluctuations.
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