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ABSTRACT 
Dissolved nutrient and chlorophyll-a concentrations were monitored on 17 occasions and at 16 sites in the Garonne River 

(France). Concentrations of dissolved inorganic nitrogen (DIN) and soluble reactive phosphorus (SRP) increased about threefold 
downstream of the urban area of Toulouse. Chlorophyll-a concentrations increased concomitantly with DIN and SRP downstream of 
Toulouse. Chlorophyll-a concentrations were maximal in late winter to early spring and in summer, in-between the snow-melt driven 
spring flood and rainfall-driven autumn flood. Dissolved silica (DSi) concentrations were negatively correlated with chlorophyll-a 
concentrations, suggesting uptake by algae. DSi depletion was more severe downstream of Toulouse, suggesting that eutrophication 
may affect DSi consumption in the Garonne River. 
 
Key words: phytoplankton, diatoms, benthic biofilms, silica, eutrophication, Garonne River 

 

1. INTRODUCTION 
During the 20th Century, N and P inputs into rivers 

around the world have increased dramatically as a result 
of intensive agriculture and industrial and municipal 
waste water discharges (Meybeck 1982). Increased con-
centrations of N and P are often accompanied by an 
increase in algal biomass or eutrophication. In rivers, 
the effects of eutrophication may be moderate because 
phytoplankton development is limited by short water 
retention times rather than inorganic nutrient concentra-
tions. Nevertheless, many studies in different river 
basins have demonstrated a positive relation between N 
and P enrichment and algal biomass (e.g., Biggs & 
Close 1989; Basu & Pick 1996; Van Nieuwenhuyse & 
Jones 1996; Lohman et al. 1999).  

N and P have received much attention in eutrophi-
cation studies because they are essential nutrients for all 
phytoplankton groups and because their concentrations 
are strongly influenced by human activities. Si is only 
required by a few algal groups and Si concentrations are 
not directly influenced by human activities. Therefore, 
Si has historically received much less attention. The 
predominant source of dissolved silica (DSi) is the natu-
ral weathering of silicate minerals (Tréguer et al. 1995). 
The only significant human source of Si consists of 
metasilicates, of which small amounts are used in deter-
gents and fertiliser. Nevertheless, recent estimates have 
shown that anthropogenic Si inputs may amount to 6% 
of total Si inputs in a river basin (Sferratore et al. 2006). 
The most important algal group that requires Si are the 
diatoms, who need large amounts of Si for the construc-

tion of their cell wall. Compared to other algal groups, 
diatoms are adapted to low-light conditions (because of 
the pigment fucoxanthin) and to a turbulent water col-
umn (because of their high cell density). Therefore, 
diatoms are often a dominant component of the phyto-
plankton of the turbulent and turbid lower reaches of 
rivers (e.g., Garnier et al. 1995). They are also impor-
tant primary producers in the shallower, upper reaches 
of rivers, where they are a dominant component of the 
phytobenthos. Because of the importance of diatoms in 
river ecosystems, primary producers have a potentially 
strong influence on Si concentrations. 

Due to anthropogenic inputs of N and P, Si:N and 
Si:P ratio's have decreased in many rivers worldwide 
(Turner et al. 2003; Billen & Garnier 2007). When Si:N 
and Si:P ratio's are low, diatom production becomes 
limited by Si and total consumption of Si increases 
(Conley et al. 1993). Diatoms convert dissolved Si to 
biogenic Si or opal, which has a low remineralisation 
rate and easily accumulates in sediments. Therefore, Si 
consumption in rivers by diatoms may result in an 
increased retention of Si and a reduced export of Si to 
coastal ecosystems. Lower Si inputs in coastal waters 
have been shown to have an adverse effect on diatom 
production and to favour nuisance algae over diatoms 
(Humborg et al. 1997; Ittekkot et al. 2000; Cugier et al. 
2005). 

Most studies on Si retention in river basins have 
focused on retention of Si in lakes or reservoirs in river 
basins (e.g., Conley et al. 2000). These studies have 
shown that production of diatoms in reservoirs or lakes 
and subsequent burial of biogenic Si in sediments 


