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In the Camargue (Fig. 1), both management and climatic factors have created important 
environmental variation in the Vaccarès lagoon. In the mid-19th century, the central part of the 
Camargue was isolated from the two arms of the Rhône River (Grand Rhône and Petit Rhône) 
and from the sea by dykes. Connections with the sea were then limited to narrow passages 
equipped with sluices. Only one passage is now functioning: le grau de la Fourcade. 
Occasionally another passage has been opened: le grau de Rousty (Fig. 1). The development 
of rice culture after the second world war led to the pumping of large quantities of freshwater 
from the Rhône River. Some parts of the Camargue are polderised, i.e. drainage water from 
the rice fields is pumped back to the Rhône River, while in other parts water from rice fields 
flows to the Vaccarès lagoon (Fig. 1). This leads to a low salinity level (5 -10) in the Vaccarès 
lagoon until 1978 (Fig. 2). From 1979 to 1984, both a decrease in rice cultivation and an 
important input of saltwater due to storms lead to an increase of the salinity of the Vaccarès 
lagoon (up to 30). From 1985 to 1993, the salinity of the Vaccarès lagoon decreased (from 30 
to 15) due to an increase in rice cultivation and to the sluice management policy implemented. 
In autumn-winter, 1993e1994, two floods of the Rhône River caused breaches in the dykes 
that led to a freshwater inflow in the Vaccarès lagoon, whose salinity suddenly dropped down 
from 15 to 5. In 1994e1997, salinity remained low (around 5) and even decreased further 
because of heavy rainfall. From 1998 to 2002, both low precipitation levels and management 
decisions have led to an increase of salinity reaching the pre-flood level of 15.  
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Figure 1.  Geographic map of the study area (43°30 ́’N, 4°30’ E, Rhône River delta, South France). 
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Figure 2 Salinity variation in Vaccarès lagoons 

The amplitude of seasonal variation in the salinity of the Vaccarès lagoon (Fig. 3A) was 
similar in years of low salinity. (e.g. in 1994, mean salinity was 6.3, the lowest monthly mean 
was 5 in November and December, the highest monthly mean was 7.5 in July) and in years of 
high salinity (e.g. in 2002, mean salinity was 14.2, lowest value was 12.4 in December and the 
highest was 15.5 in April). Southern lagoons, e.g. the Impérial lagoon, located between the 
Vaccarès lagoon and the sea dyke (Fig. 1) had different environmental characteristics from the 
Vaccarès lagoon: lower water depth, higher salinity and larger seasonal variation in salinity, 
with summer peaks of over 50 (Fig. 3A). Mean annual salinity of the Impérial lagoon followed 
the same pattern of decrease and increase as the Vaccarès lagoon, but at higher salinity values 
(from 27 in 1993 to 14 in 1994, remaining low until 1996, and increasing in 1997 to reach 
27e30 in 1998e2003). Water-level in the Vaccarès lagoon (Fig. 3B) resulted both from 
precipitation and water management (irrigation and drainage from unpolderised basins). It 
showed strong seasonal variation with low levels in summer and inter-annual variation with 
low winter levels in 1998e1999 and 2002 (Fig. 3A). Connections between Camargue lagoons 
and the sea have varied depending on management policy. Le Grau de la Fourcade (Fig. 1) is 
composed of 13 concrete rectangular channels (9 m length and 1.2 m width each) that can be 
closed by sluices. At least one channel is open from February to July to allow young-of-the 
year fish and crustaceans to enter the lagoons. Depending on the water-level in the lagoons or 
on fishermen’s requests, managers can open other sluices creating temporal variation in the 
importance of connections (Fig. 3C). Managers have usually tried to lower lagoon water-
levels to prevent inundation of the neighbouring town (Saintes Mari de la mer). Sluice 
openings were therefore related to water-levels (Fig. 3A, C). In 1996 and 1997, because of 
high water-levels in the lagoons, a breach in the sand bar was mechanically opened at Grau de 
Rousty to create temporarily an additional connection with the sea. Unpolderised basins are 
permanently connected to the lagoon. These basins drain waters from marshes and rice fields, 
which are irrigated by water mechanically pumped from the Rhône River (Fig. 1). These 
pumps allow the immigration of .sh and macrocrustaceans from the Rhône River to the 
irrigation system in the Camargue, and to the drainage canals and the lagoon. Breaches in the 
dykes during the floods of 1993e1994 temporarily created exceptional connections between 
the Rhône River and the Camargue lagoons. During the study period, temperature showed low 
inter-annual variation (Fig. 3D). 2.2. Sampling protocol A monthly survey of the fish and 
macro-crustacean community at la Capelière (Fig. 1) was initiated in April 1993, six months 
before the floods, and continued until December 2002. La Capelière is located 3 km from the 
mouth of the Fumemorte drainage canal, therefore this sampling site was considered as a 
representative of the part of the Vaccarès lagoon which was under the influence of a drainage 
basin. The sampling gear used was a ‘‘capétchade’’ which is composed with three fyke nets 
having 6 mm mesh size and a 40 m leading net. From April 1993 to December 2002, the 
capètchade was installed monthly during four consecutive days. During these days, fish and 
macrocrustacean were collected daily. Sampling was missed in November 1993, May 1994, 
JulyeAugust 1995, November 1995-March 1996, July-August 1996, January-February 2001, 
July-August 2001, December 2001-March 2002, July-August 2002, and December 2002. The 
unit effort was one capètchade during one day (24 h). Catches per unit effort (cpue) were then 
expressed in grams per capétchade per 24 h. 

 



p.304 lime FP6-project 022488 

 

Figure 3 (A) Monthly salinity means in the Vaccarès lagoon (bold line) 

and in the Impérial lagoon (thin line). (B) Monthly water-level means 

in the Vaccarès lagoon (data from Réserve Nationale de Camargue). 

(C) Monthly mean number of opened sluices at Grau de la Fourcade. 

(D) Monthly mean air temperature in the Camargue (Tour du Valat 

station, data from Meteo France). 


