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Project description:
Spatio-temporal distribution of Artemia spp. in Salinas in the
Camargue - Salinalgue

Objective

To model spatio-temporal patterns in species composition, production and distribution of
brine shrimp in Camargue Salinas, as a basis for assessing the environmental hazards of
planned algae culture in abandoned Salinas.

Context

Salinas are important habitats for the wildlife, especially through their secondary production
function which support water bird populations, some of them with high conservation value. A
large range of aquatic invertebrates develop in Salinas, among which the brine shrimp
Artemia spp. During summer, populations of Artemia spp. (including one exotic species, A.
franciscana) can reach high densities, up to 16 000 ind/m2, in basins with salinity ranging
between 70-210 gl (Britton et al. 1986, Britton & Johnson 1987). These lipid and protein rich
crustaceans are key food resources for breeding populations of Flamingo (Phoenicopterus
roseus) and of the Slender-Bill Gull (Larus genei). To date, little is known concerning the
environmental factors controlling the development and distribution of Artemia spp. and the
relationships between the temporal and spatial distribution of Artemia prey and waterbirds.

Due to their large surface area and volume, Salinas are characterised by fairly predictable
environmental conditions (water regime and salinity), in contrast to the hydrological
fluctuations experienced by natural marshes (Masero et al. 2003). During dry years the
relative proportion of the breeding population of Flamingo which is feeding in the Salinas
instead of in other feeding sites can double as compared with normal years (26 => 53%;
Béchet et al. 2009).

Many saltpans are currently being abandoned or transformed into intensive aquaculture
projects due to decreased economic returns of salt production (Kurlansky 2003; Amat et al.
2005). After salt production is discontinued, saltpans usually become unsuitable for Artemia
eventually, owing to conversion for aquaculture facilities or tourist development (Alonso-
Villalobos et al. 2001), siltation (Aguilera & Gracia 2004) or due to a reduction in salinity
resulting from the lost of marine water influx or from the impact of irrigation in surrounding
areas. In the Camargue, there are plans to exploit abandoned Salinas for the mass culture of
micro-algae that can then be used for biofuel, as a carbon sink, etc. In addition, due to its
value as fish food, the North American species A. franciscana has been introduced to
different areas of the Mediterranean and has already colonized saltpans from Portugal,
Spain, France, Italy and Morocco, causing the local extinction of native Artemia species
(Amat et al. 2005, 2007).

The development of the culture of micro-algae in abandoned Salinas will be first tested at a
small scale. If successful the culture could be developed at large scale over surface areas of
several thousand hectares. Although the range of salinity required for Artemia and the
targeted micro-algae (Dunaliella salina) are similar, the culture of the algae will most likely
require the reduction or destruction of populations of Artemia spp. as the dominant herbivore.
The allocation of thousands of ha to the culture of microalgae would thus represent a
significant loss of feeding habitat for birds species feeding on Artemia and could potentially
harm their reproduction and ultimately the persistence of their populations.

The assessment of the impact of the surface reduction of Salinas due to the culture of micro-
algae cannot be done directly as the number of birds affected is not necessarily linearly



correlated with the surface area of habitat or with the amount of resources available. Intra-
specific competition can lead to a despotic distribution of few birds on the most productive
areas (Gill et al. 2001). Therefore, a decrease in surface of the best feeding habitat can have
a disproportionate impact on the population.

To predict the impact of the decrease in the surface area of Salinas available to Flamingo it
is thus necessary to combine energetic models for birds (e.g. McCullogh 2003) with a
behavioural approach aiming at identifying how birds are distributed according to resources
and which birds (age, dominance, ...) will be the most affected.

Slender-Bill Gull Breeding colony of Flamingo
in the salinas 10 000 pairs)

Expected research activities

e The accepted candidate first has to write out a detailed research proposal with time table
indicating major milestones

e Salinas will be sampled frequently to follow the life cycle of inhabiting brine shrimp and
accompanying fauna and for the assessment of environmental drivers (especially primary
production).

e Frequent samples will also be used to determine spatial and temporal patterns in
hatching, cyst production, standing stock of Artemia adults and cysts.

e Spatial and temporal patterns of energetic content and nutritional value of Artemia
populations will be determined.

e Spatial and temporal patterns will be analysed with the appropriate statistical models and
it will be attempted to build a model to predict impact of expected changes due to altered
management schemes.

PhD project on Artemia

This PhD project will be run in close cooperation with another PhD student working on the
bird (mainly Flamingo) populations. The aim of the Artemia project is to develop a temporal
and spatial model of the density and biomass of Artemia spp. in the different active and
abandoned Salina basins in relationship with management, salinity and hydrological
conditions.
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