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ABSTRACT 
Submersed vegetation is a common feature in about 70% Pyrenean high mountain (>1500 m a.s.l.) lakes. Isoetids and soft-water 

elodeids are common elements of this underwater flora and can form distinct vegetation units (i.e. patches of vegetation dominated 
by different species) within complex mosaics of vegetation in shallow waters (<7 m). Since isoetids exert a strong influence on 
sediment biogeochemistry due to high radial oxygen loss, we examined the small scale characteristics of the lake environment (water 
and sediment) associated to vegetation patches in order to ascertain potential functional differences among them. To do so, we 
characterised the species composition and biomass of the main vegetation units from 11 lakes, defined plant communities based on 
biomass data, and then related each community with sediment properties (redox and dissolved nutrient concentration in the pore 
water) and water nutrient concentration within plant canopy. We also characterised lake water and sediment in areas without 
vegetation as a reference. A total of twenty-one vegetation units were identified, ranging from one to five per lake. A cluster analysis 
on biomass species composition suggested seven different macrophyte communities that were named after the most dominant species: 
Nitella sp., Potamogeton praelongus, Myriophyllum alterniflorum, Sparganium angustifolium, Isoetes echinospora, Isoetes lacustris 
and Carex rostrata. Coupling between macrophyte communities and their immediate environment (overlying water and sediment) was 
manifested mainly as variation in sediment redox conditions and the dominant form of inorganic nitrogen in pore-water. These 
effects depended on the specific composition of the community, and on the allocation between above- and belowground biomass, and 
could be predicted with a model relating the average and standard deviation of sediment redox potential from 0 down to -20 cm, 
across macrophyte communities. Differences in pore-water total dissolved phosphorus were related to the trophic state of the lakes. 
There was no correlation between sediment and water column dissolved nutrients. However, nitrate concentrations tended to be 
lower in the water overlaying isoetid communities, in apparent contradiction to the patterns of dissolved nitrates in the pore-water. 
These tendencies were robust even when comparing the water overlaying communities within the same lake, thus pointing towards a 
potential effect of isoetids in reducing dissolved nitrogen in the lakes. 
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1. INTRODUCTION 
Pyrenean lakes are high mountain (>1500 m a.s.l.) 

alpine lakes with oligotrophic soft-waters (Catalan et al. 
1993; Mosello et al. 2002). Submersed vegetation is 
present in about 70% of these lakes and is characterised 
by species-poor communities with a prevalence of 
isoetids (Gacia et al. 1994). The isoetid flora of the 
Pyrenees is relatively poor compared to that of Central 
and North European lakes (see revision in Murphy 
2002) having as main representatives two species of the 
genus Isoetes (i.e., I. lacustris and I. echinospora). 
Aside from isoetids, other components of the macro-
phyte flora of these lakes are soft-water submersed 
elodeids (i.e., Myriophyllum alterniflorum and species 
of the genus Nitella, Potamogeton and Ranunculus) and 
rooted floating-leaf species (i.e., S. angustifolium, Cal-
litriche palustris, Ranunculus and Potamogeton species; 
Margalef Mir 1981; Gacia et al. 1994).  

Macrophytes in Pyrenean lakes are distributed along 
gradients of altitude, water column chemistry (i.e., 
alkalinity and conductivity), and nutrient concentration. 

The isoetids (I. lacustris, I. echinospora, Subularia 
aquatica, Eleocharis acicularis) plus accompanying 
species (Sparganium angustifolium, Nitella sp.) are 
indicative of extreme soft-water and ultra-oligotrophic 
(total phosphorus <5 µM L-1) conditions, while elodeids 
are more abundant in waters with relatively higher min-
eral content (but still within the range of soft-water con-
ditions). Only a few species are found in mesotrophic 
shallow pools with cattle influence (Potamogeton 
natans, Callitriche palustris), while lakes above 2400 m 
have only bryophytes (Gacia et al. 1994).  

Water chemistry and basin conditions explain a 
relatively low percentage of the variation in macrophyte 
presence/absence data (30% in a redundancy analysis, 
see Gacia et al. 1994), and species that are presumably 
indicative of relatively contrasting water chemistry 
within the Pyrenean context can occur within the same 
lake (Chappuis et al. 2008). Knowing that the history 
plays an important role in determining lakes macrophyte 
community composition (Farmer & Adams 1989), it 
seems that plant-ambient interactions should be investi-
gated further than in relation to water chemistry. In par-


