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Résumé

Alors que Tessentiel des projets de conservation et de restauration des lacs eutrophes se
concentre sur le maintien et le rétablissement de ceintures végétales, notamment les macrophytes
Immergés ou émergents, Certains systemes peu profonds et riches en numiments sont MenNaces dat-
terrissement en raison d'une importante production macrophytique. Ceest le cas du Lac de
Grand-Liew, lac naturel de 4000 2 6000 ha selon les saisons, qui subit un envasement annuel de 2,7
27,6 m dans la zone des herbiers flottants de Nymphéacées. Lintérét biologique et patrimonial de
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ces herbiers sans équivalent en Europe hormis le delta du Danube, interdit le recours 2 des moyens
de limitation mécanique. Dans ce contexte, nous décrivons les principales fonctions des macro-
phytes flottants, peu éudiés dans la littérature, et les changements observés & Grand-Lieu depuis 20
ans suite a 'évolution eutrophe du lac,  la baisse artificielle de son niveau d'eau et au broutage par
le Ragondin, ainsi que les résultats de limitation de productivité de 36 % & 54% de Nymphea alba
obtenue par un retour & un niveau d'eau printanier plus élevé de 10 4 20 cm pratiqué expérimen-
talement pendant 5 ans tel qu'il existait autrefois. L'absence de réaction simultanée chez Trapa natans
et Nymphoides peltata, permet de discuter des notions de tolérance des especes aux variations de
niveau d’eau en fonction de caractéristiques morphologiques et de trois criteres (amplitude, durée
et période 2 laquelle les changements de niveau d'eau sont pratiqués au cours du cycle des plantes).
L'action d'autres paramétres abiotiques et biotiques sur la production mais aussi sur la cinétique
inquiétante de certains macrophytes flottants du lac est discutée.

Abstract

Whereas most conservation and restoration programs on eutrophic lakes have focused on maintaining
and re-establishing the Tittoral vegetation, and especially submerged and emergent macrophytes, some
nutrient-enviched shallow systems are threatened by an increased silting up process due to the high produc-
tion of macrophytes. This is the case of Grand-Lieu Lake, natural lake covering from 4000 to 6300 ha
dccording to seasens, and suffering yearly silting up from 2.7 mm to 7.6 mm in its floating macrophytes area.
The biological and patrimonial value of these floating belts, without equivalent in Furope except in the
Danube delta, made forbidden the use of mechanical control measures. In this context, we describe the main
Junctions of floating macrophytes, few studied in litevature, and changes observed in Grand-Lieu during 20
years due to eutrophication, regulated water level fluctuations and grazing by Coypu, and results of a 36%
to 54% decrease of productivity of Nymphea alba obtained by restoration of a higher spring water level of
10 to 20 cm during a 5 years experimentation. The lack of simultaneous response of Trapa natans and
Nymphoides peltata is discuied through tolerance of species to changes in the water level in relation to their
morphological characteristics and three criteria (amplitude, duration but also time in the life cycle at which
high water levels occur). The effect of other abiotic and biotic factors on production and also the dramatic
dynamics of some floating macrophytes is emphasized.

Introduction

Several hypothesis have been made to explain the shift observed in recent decades in many fre-
shwater ecosystems from a macrophyte dominance with high water transparency to a
phytoplankton dominance inducing high turbidity and strong decrease of macrophytes (e.g.
Lachavanne et al.,, 1992; Scheffer et al., 1993). Such an eutrophication state is considered to be due
mainly to increased nutrient inputs into freshwater ecosystems (Iversen et al., 1995), and/or to a
negative action of fish on zooplankton that previously controlled algae blooms (Lauridsen etal., 1993,
Jeppesen et al., 1998). More recently, the amount of research on the role played by macrophytes thern-
selves in the equilibrium of water quality through the functioning of ecosystems and their
structuring role in food webs (e.g. Blindow et al., 1993; Scheffer, 1998; Jeppesen et al., 1997, 1998;
van Donk, 1998) has markedly increased. However, the negative effect of long term regulated water
level fluctuations of lakes in the global functioning of the ecosystems and dynamics of macrophytes,
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first proposed by Marion & Marion (1976) for the increasingly eutrophic lake Grand-Lieu, was only
considered recently as an alterative hypothesis about general decrease of macrophytes beds
(Blindow et al., 1998, Schrmieder et al. 2002, Ostendorp, 2003), even if water level was known to
influence macrophytes (Wallsten & Forsgren, 1989, Hertzmann & Larsson, 1999). Finally some
measures for the management and the conservation of macrophytes beds have been tested and pro-
posed (e.g. van Liere & Gulati, 1992; Cooke e al., 1993), including mainly control of nutriments
from catchment areas, biomanipulation of fish or protection against waves.

Such attention about macrophytes is justified by the fact that in many aquatic ecosystems a large
proportion of metabolism occurs in the littoral zone, with macrophytes beds and their associated
epiphytes as major primary producers (Hillbricht-Tlkowska & Pieczynska, 1993; Pieczynska, 1993;
Kairesalo & Matilainen, 1994; Gessner, 2000). In Europe, floating plants are typical components of
the littoral vegetation of standing waters. In various types of water bodies, especially shallow lakes,
they form large and compact stands where numerous ecological processes occur. However, compa-
red to submerged macrophytes, little research has been conducted on floating macropliytes although
they have significant biological functions in aquatic ecosystems and are often the dominant vegeta-
tion in shallow water, particularly Nymphaeid species (Brock et al., 1983a; van der Velde & van der
Hiejden, 1985; Wallsten & Forsgren, 1989).

Although in most cases, the restoration of nutrient-enriched shallow lakes requires the re-esta-
blishment of aquatic plant communities (Moss et al., 1997, Scheffer, 1998), in some water bodies, the
major threat is a dramatic silting up process due 1o large beds of macrophyte species (e.g Dutartre et
al., 1989; Wallsten & Forsgren, 1989; Testard, 1995). In the oldest and largest French natural flood-
plain lake, Grand-Lieu, the increase in floating macrophytic production has resulted in the lake
becoming endangered by a large accumulation of organic matter (Marion 1999). Some engineering
methods, known to limit macrophytes growth (e.g. Cooke et al., 1993), cammot be used in this lake
of high conservation value where maintaining the biclogical integrity of the site is the major conser-
vation priority. In this context, we returned to a more natural spring higher water level as a soft
method to reduce the productivity of floating macrophytes. The aim of this paper is to discuss and
assess the role of floating vegetation as a key element in the functioning of shallow lakes mainly from
our experience of long-term research (20 years) carried out n Lake Grand-Lieu. Unlike most studies
presented in the framework of this European Symposium on Management and Conservation of Lake
Littoral Vegetation, we focused on the results obtained in controlling the primary production of the
vast beds of floating vegetation in Lake Grand-Lieu by new water regime options. We also emphasi-
ze the dramatic dynamics of some floating macrophytes whose causes have not been resolved. The
positive effects of increasing spring water level in other compartments of this ecosysterns (hugher fish
production, decrease of Coypu population, increase of patrimonial species of birds) are presented in
other studies (Marion 1999, Lombardi & Marion 1999, Paillissor et al. 2002).

Study site

Lake Grand-Lieu is a shallow, turbid, eutrophic natural and macrophyte-dominated freshwater eco-
systern in Western France (47°05 N, 1°39° W). The lake covers 4000 ha in sumumer and 6300 ha in
winter, by flooding adjacent peaty marsh grasslands. Half of the summer arez is composed of a peat fen
with reed, willow and alder, which becomes progressively exposed in early surnmer (for more details see
Marion et al., 1994) and thus isolated from the water area. Most of the permanently flooded area of the
lake is covered from April to October by extensive beds of floating-leaved macrophytes (about 1000 ha
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of White and Yellow water lilies Nymphaea alba and Nuphar lutea, Water chesthut Trapa natans and
Fringed water lily Nymphoides peltata). This macrophyte area has a muddy substrate. The cenmal open
water region (800 ha with no floating plants but with small patches of emergent and submerged macro-
phytes) extends to the eastern shore, which is either rocky or sandy.

Water level fluctuations of the lake follow the seasonal cycle of rainfall in the catchment (TasLe
). High inflows occur from November to May, when the daily discharges from the two rivers ente-
ting the lake are highest (from 336 to 401 m’ s-1). The water depth then reaches up to 2.2 m in the
floating macrophyte area. A drainage channel flows from the lake to the Loire estuary 25 km away
and a sluice gate regulates the water level of the lake, notably during spring and summer to keep
sufficient water levels. Water inputs from the watershed (670 km?) are insignificant from June to
September (from 2 to 26 m’® s-1) when the sluice gate is closed. During these months, rainfall on
the lake does not counterbalance evapotranspiration and pumping, and the water level of the lake
generally falls by 0.40 m (Marion & Brient, 1998).

This lake has become increasingly eutrophic since the 1960s, mainly because of agricultural pol-
lution, and acts as an efficient trap for nutrients (TastE D). It is turbid despite large beds of floating
leaved plants that limit phytoplankton production in the floating macrophytes area (Secchi disc of
about 40 cm during the plant growing season, Fig, 1), but not in the central open water area

Parameters Values
Inflows® (m° s) winter 336-401
summer 2-26
Water level® (m) winter 2.20
summer 0.70
Nutrient input’ (tonnes) total N 930-2543
(32-66%)
total P 29-99
(18-56%)
Water transpzn‘encyd (cm) 41
(16-122)

*: calculated from adjacent streams entering Lake Grand-Lieu (1946 to 1990)

® in the floating plant area (mean value)

“: during winters (1993-98) with mean retention rates in brackets (Marion & Brient, 1998, 2000)
% recorded (Secchi disc) in the floating area during the vegetation period (April-October)

with the range (min-max)

TABLE I - MORPHOMETRY AND TROPHIC STATUS OF LAKE GRAND-LIEU.
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