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Résumeé

Les interactions poissons-macrophytes ont été étudiées durant la période de végétation en 2000 et
2001 dans un lac peu profond, eutrophe et dominé par les macrophytes couvrant 1000 des 2000 ha de
la zone constamment en eau. Les résultats de I'échantillonnage piscicole (méthode de léchantillonnage
ponctuel d’abondance) ont montré que les Cyprinidés sont largement majoritaires dans la composition
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du peuplement (>96%) et que les espéces prédatrices semblent pen utiliser ce secteur du lac (<2%). Par
ailleurs, un phénomene de colonisation de ces habitats par le peuplement piscicole (richesse specifique
etabondance) a été observé durant la période de végétation avec des valeurs significativernent plus fortes
en é1¢ et plus faibles en avril et octobre en conformité avec la cinétique de croissance des macrophytes.
En outre, malgré leur faible surface, les herbiers de Scirpe lacustre sont sensiblement plus poissonneux
que les autres habitats notamment pour les especes autres que les Cyprinidés. Par ailleurs, les compa-
raisons de fréquence d'occurrence et d'abondance des jeunes de I'année et des poissons plus agés des
especes majoritaires (Brémes commune et bordeliere (regroupées), Gardon et Able de Heckel), en été,
ont montré certaines différences entre les habitars pourvus de macrophytes (Scirpe lacustre/ Nénuphars
blanc et jaune et Macre) et ceux sans végétation respectivement dans les régions pélagique et littorale.
Les jeunes de Tannée de Bremes et de Gardon sont significativement plus répertoriés dans les herbiers
de Neénuphars blanc et jaune alors que les bremes plus agées se trouvent dans I'ensemble des habitats et
surtout dans les herbiers de Scirpe lacustre. Le Able de Heckel est recensé dans tous les habitats formant
des bancs de toutes les classes d'age. Compte tenu des résultats obtenus sur les associations poissons-
macrophytes, nous discutons de la dynamique contrastée des mactophytes depuis dix ans et de leur
probable mfluence sur le peuplement piscicole.

Abstract

Fish-macraphyte interactions were investigated during the plant growing season in 2000 and 2001 in a shal-
low eutrophic macrophyte-dominated lake with 1000 of the 2000 ha of the permanently flooded area being
covered by macrophytes, The results of fish sampling (point abundance sampling method) showed that Cyprinid
species largely dominated the fish community (>96%) whereas piscivorous species seemed to be rare in this zone
(<2%). Moreover these habitats were colonized by the fish community during the plant growing season with signi-
ficant higher values of richness species and abundance in summer and lower values in April and October
coinciding with the macrophytic standing crop pattern. In addition, despite its small area, Common clubrush
beds were well colonized by non-Cyprinid species. Comparisons of the frequency of occurrence and abundance
of young-of-the-year (YOY) and older fish for the dominant species (Bream and Silver bream corbined, Roach
and Sunbleak), in summer, showed some differences between vegetated (Common clubrush/ White and Yellow
water lilies and Water chestnut) and unvegetated habitats respectively in the pelagic and littoral regions. YOY
Bream and Roach were significantly more abundant in Nymphaeid beds whereas older Bream occurred in ll
habitats and especially in Common clubrush beds. Sunbleak was found in most habitats in shoals of all age
classes. From these findings on fish-macrophyte associations, we discuss the contrasted dynamics of macrophytes
in the last ten years and their probable influence on the fish community,

introduction

The presence of vegetation is one of the main factors structuring the fish community of lotic (e.g,
Hearne et al., 1994; Roussel et l., 1998; Grenouillet & Pont, 2001) and, above all, lentic freshwater Sys-
tems (e.g. Lammens, 1989). Aquatic vegetation leads to an increase in habitat structural complexity
(Chambers & Kalff, 1987; Testard, 1995), changes physical habitat conditions like water velocity and
substrate (Sand-Jensen & Mebus, 1996; Scheffer, 1098) and thus is an important determinant of fish
habitat selection (Crowder & Cooper, 1982; Persson & Crowder, 1997). The importance of the relation
between vegetation and the fish community structure is illustrated, for instance, by the review of Meijer
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et al. (1995) concerning the respanse to biomanipulation in small lakes, with feedback between fish
communities, macrophytes versus phytoplankton dominance and eutrophication status. Fish biornass
usually recovered and some species became dominant after biomanipulation (reduction of the fish stock)
that was related to changes from an unvegetated to a clear and vegetated state of the lakes.

Two main factors are generally mentioned to explain the high density of fish in vegetated habitats
(Rozas & Odum, 1988). Vegetation offers food resources (high densities of invertebrates and epiphytic
algae) for most fish (Hansson et al., 1987, Diehl & Kornijow, 1997), but not all species can exploit this
resource equally well (Scheffer, 1998). Tt also provides a refuge for fish against predation, especially the
recruitment of young-of-the-year (YOY) that tends to be high in vegetated areas but differs between spe-
cies (EKlov & Persson, 1995; 1996). Beside these two main functional roles, vegetation is also important
as a substrate for spawning for various species. Moreover, plant architecture (i.e. growth form and den-
sity of mactophytes), which can greatly differ among macrophyte types (Crork & Fennessy, 2001), may
influence fish distribution (Dicnne & Folt, 1991; Chick & Melvor, 1997; Diehl & Kornijow, 1997).

However, most studies have concerned small lakes or ponds, usually with a reduced littoral vege-
tation and little is known about fish utilization strategies of large macrophyte areas in large lakes in
relation to the mosaic of habitats. In this context, the present study focuses on the analysis of fish-
habitat relationships in a large shallow eutrophic macrophyte-dominated lake. Since several size
cohorts are present in fish populations and fish exhibit complex life cycles and habitat-use patterns
as a result of ontogenetic shifts (i.e. size-dependent foraging, predator avoidance strategies and com-
petition-predation interactions, Werner, 1986; Persson & Crowder, 1957, it is expected that the use
of unvegetated and vegetated habitats, with difference in plant growth form in the littoral and pelagic
areas, would differ according to fish species and age classes. To verify these hypotheses and because
of the seasonal pattern of vegetated habitats, we first describe the use of various habitats by the fish
community in terms of species richness and abundance throughout the plant growing season in
2000-01. Then we tested the effects of these various habitats on a selected group of fish species and
two age classes (YOY and older fish) during the peak of fish abundance. We also discuss the mpli-
cations of vegetation changes reported in the last ten years, as a result of eutrophication in Lake
Grand-Lieu, for the fish community from findings on the use of the various vegetated habitats.

Study sites

Lake Grand-Lieu is a shallow, turbid, eutrophic natural and macrophyte-dominated freshwater
ecosystem in Western France (47°05" N, 1°39° W). The lake covers 4000 ha in summer and 6300
ha in winter, by flooding adjacent peaty marsh grasslands (Marion, 1999). Half of the summer area
is composed of a peat fen with reed, willow and alder, which becomes progressively exposed in early
summer and thus isolated from the water area. In the permanently flooded area of the lake, the lit-
toral region is covered from April to October by extensive beds of floating-leaved macrophytes
(about 800 ha constituted by White and Yellow water lilies Nymphaea alba and Nuphar lutea, Water
chestnut Trapa natans and Fringed water lily Nymphoides peltata) with a mosaic of numerous patches
of open water without macrophytes covering 400 ha. White and Yellow water lilies currently domi-
nate the floating macrophyte community (89% in area, Paillisson & Marion, 2001) whereas they
represented 42% of the total floating macrophyte beds (861 ha) in 1989 (Marion & Marion, 1992).
This macrophyte area has a muddy substrate. The central open water area (pelagic region of 800
ha), with no floating plants but with some patches of Cornmon clubrush Scirpus lacustis (2-3 ha
instead of 24 ha in 1989), extends to the eastern shore which is either rocky or sandy
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because it is well adapted to shallow waters and for ll species and life stages (Copp & Penaz, 1988; Persat
& Copp, 1990). Using an EFKO FE.G. 8000 apparatus, at each sampling point the anode was thrown
from 2 boat to a distance of 5 to 10 m to limit fish escape and the shocked fish were collected. After cap-
ture, fish were identified to species, measured to the nearest millimetre and immediately returned to water,
Brearn and Silver bream (cf. Table I for scientific names of fish species) were combired since juveniles were
ot reliably identifiable in the field. A total of 333 sampling points was obtained in 2000 and 230 i 2001,
in WWL (105/67), YWL (66/32), WCH (21/17), CCL (44/17), NOVEL (54/55) and NOVEP (43/42).

Data analysis

. The pattern of use of all habitats (unvegetated and vegetated habitats in the littoral and pelagic
regions) by the fish community (species richness and abundance per sampling point) was tested
during the plant growing season in the two years by one-way ANOVA (month factor) with diffe-
rences tested by a Tukey HSD test (SYSTAT software, SPSS Inc., 1998, version 8.0). To conform with
assumptions of normality we used a logarithmic transformation for fish abundance at each sampling
point. In addition, we determined the specific use of the various habitats by functional fish species
groups, the numbers of sampling points being weighted according to the habitat types. Then res-
ponses in terms of abundance and frequency of occurrence (per sampling point) of two age classes
(YOY and older fish) of the group of three dominant species (Bream, Roach and Sunbleak) to urnve-
getated and vegetated habitats with different growth forms (the three floating macrophyte species
and the emergent Common clubrush) in littoral and pelagic regions were tested over the summer
abundance peak using one-way ANOVA (habitat type factor). Fish age classes (YOY and older fish)
were distinguished from data of the growth of each cohort obtained from April to October.






















