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Nutritional quality of a freshwater heterotrophic flagellate: trophic upgrading of its microalgal diet for Daphnia hyalina Alexandre Bec1, 2,*, Christian Desvilettes1, Aurélie Véra1, Charles Lemarchand1, Dominique Fontvieille2, Gilles Bourdier1 1



Laboratoire de Biologie des Protistes, UMR CNRS 6023, Université Blaise Pascal, 63177 Aubière cedex, France 2 CARRTEL, Université de Savoie, 73376 Le Bourget du Lac cedex, France



Numerous studies devoted to the functioning of the microbial loop in marine or lacustrian environments have shown the key role of protozoans in transferring organic matter from small size particules to higher trophic levels (Sherr & Sherr 1988, Gifford 1991). Among these protozoans, heterotrophic nanoflagellates (HNF) exhibit sizes and at times relatively great abundance, which render them important prey for zooplanktonic microcrustacea (Sanders & Wickham 1993, Laybourn Parry 2000). Nonetheless, it has been shown that although zooplankton predation rates on HNF are often high, this does not assure that HNF can be a high quality food (Sanders et al. 1996). Indeed, morphology and movement influence the grazing efficiency of zooplankton whereas the biochemical composition of the



food determines its nutritive value (Ahlgren et al. 1990, Mayzaud et al. 1998). In natural environments, sestonic phosphorus (Elser et al. 2001, Makino et al. 2002) and specific lipid compounds (Arts 1998, Müller-Navarra et al. 2000) can be dependable predictors of food quality for zooplankton. In the same way, ciliates and HNF have a high incorporation of P (Caron & Goldman 1990) and thus may be a particularly important source of phosphorus-containing compounds for zooplankton. Nevertheless, mineral content alone is insufficient to predict food quality (Anderson & Hessen 1995, Müller-Navarra 1995) and it has been suggested that essential food compounds, especially (n-3) series polyunsaturated fatty acids (PUFA), play a significant role (Wacker & Von Elert 2001). Compared with microalgae, lipid and fatty acid composition of freshwater HNF have attracted less attention (Desvilettes et al. 1997). However, recent work by Véra et al. (2001) showed that typical aquatic HNF, such as Spumella and Paraphysomonas, have little capacity for synthesizing (n-3) series PUFA and exhibit fatty acid profiles strongly influenced by their food. Futhermore, when fed on bacteria, these HNF species lack (n-3) PUFA as bacteria generally do not produce PUFA (Napolitano 1998). Thus, it is possible that freshwater algivorous flagellates exhibit (n-3) series PUFA in much greater quantities than the bacterivorous ones do. Indeed, in marine environments, it has been suggested that algivorous protozoans contain (n-3) series PUFA in great amounts (Claustre et al. 1989). Moreover, Klein Bretteler et al. (1999) suggested that, as protozoans may produce new compounds, they upgrade the biochemical composition of food rather than merely repackage it. In this context, we therefore initially compared the PUFA compositions of the
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ABSTRACT: Bacterivorous freshwater heterotrophic flagellates seem to be too poor in (n-3) series polyunsaturated fatty acids (PUFA) to be able to sustain major zooplankton growth by themselves. This study shows that when the heterotrophic flagellate Aulacomonas submarina fed on microalgae, either Rhodomonas lacustris (Aulacomonas/R.) or Chlorogonium elongatum (Aulacomonas/C.), this species exhibited (n-3) series PUFA in great quantities. Therefore, A. submarina PUFA composition seems to depend mainly on its algal diet. However, the biosynthetic capacities of A. submarina seem to have endowed it with greater amounts of 20 PUFA and a more diversified PUFA composition. Moreover, this study also shows that Daphnia hyalina exhibits a higher fecundity when fed on Aulacomonas/C. (or Aulacomonas/R.) than is the case when fed on C. elongatum (or respectively R. lacustris). This suggests that the ability of A. submarina to convert dietary lipids results in the biochemical value of its food source being upgraded. KEY WORDS: Heterotrophic nanoflagellates · Nutritional quality · Fatty acids · PUFA Resale or republication not permitted without written consent of the publisher
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algivorous flagellate Aulacomonas submarina to PUFA compositions of 2 types of algal food, the Cryptophycea Rhodomonas lacustris and the Chlorophycea Chlorogonium elongatum. We then investigated whether the addition of A. submarina as a trophic intermediate in the simplified nanoplanktonic microalga-zooplankton food chain affected cladoceran development and reproduction. With a view to this, we conducted growth experiments on Daphnia hyalina fed 4 different diets: (1) A. submarina fed on R. lacustris; (2) A. submarina fed on C. elongatum; (3) R. lacustris; or (4) C. elongatum in order to compare their nutritional value for the cladoceran. Material and methods. Protists cultures: The different protists were obtained from our own laboratory collection. The autotrophic flagellates, Rhodomonas lacustris (12 µm long) and Chlorogonium elongatum (18 µm long) were mass cultivated in a modified Synura medium (Véra et al. 2001). These cultures were grown semi-continuously at 20°C under a 12:12 h light:dark photoperiod. In order to maintain an exponential growth rate, 20 to 40% of the medium was renewed every other day. The algivorous flagellate Aulacomonas submarina (10 to 30 µm long) was grown in 800 ml of Synura medium to which 100 ml of R. lacustris culture or C. elongatum culture was added daily. Each culture was conducted in triplicate. Zooplankton culture: Daphnia hyalina was isolated from zooplankton samples collected in Lake Annecy,



(a)



27 µm



15 µm (b) Fig. 1. (a) Live cell of Aulacomonas submarina fed on Rhodomonas lacustris before starvation. (b) Live cell of A. submarina after starvation. Note that the cell biovolume is reduced and that digestion vacuoles have disappeared



France, and cultured in spring water, and fed every other day with a 50/50 mixture of freeze-dried fish foods (Tetramin® + Tetraphyll®) broken down into fine particles by ultrasound. Growth experiment: Twelve 600 ml glass tanks were filled with spring water. Each tank received 50 newly hatched Daphnia hyalina ( 
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