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Abstract

In this study, the patterns of habitat use and their relative proportions were investigated for eels Anguilla anguilla sampled in coastal sites, the estuary and the river of the Gironde watershed by measuring Sr and Ca concentrations in the otolith. To enable a relevant interpretation of otolith strontium:calcium (Sr/Ca) variations in terms of habitat shifts of eels, the Sr/Ca-salinity relationship in eel otoliths was validated. Downstream and upstream migrations of young eels were reproduced in the laboratory by transferring groups of fish every two months between aquaria filled with water coming from the Dordogne river (salinity 0) , the upper Gironde estuary (5), the lower Gironde estuary (25) and the coast (30) representing the salinity gradient observed in the Gironde-Garonne-Dordogne watershed. Ontogenetic changes in otolith Sr/Ca were assessed in two groups of control fish that were kept in one of either two constant salinities (freshwater or seawater). WDS analyses of Sr/Ca ratios in the otoliths showed that the change of aquarium was recorded as a Sr/Ca increase (downstream migration) or a Sr/Ca decrease (upstream migration). No ontogenetic effect was detected in control fish away from the glass eel marks in otoliths in either group of fish. Signal processing methods used to analyse the Sr/Ca life transects in 270 otoliths of eels caught in the Gironde Garonne Dordogne watershed, showed that some of them were migrant eels that had experienced one major habitat shift during their continental life. Sr:Ca values outside the elver mark discriminated residence in the same habitat until capture (freshwater, estuary or sea) from a switch of habitat following three patterns: a shift from freshwater to estuary, seasonal movements within the limits of the estuary or a switch of habitat from brackish to freshwater (downstream nomads). Results show a gradient of residency from freshwater (100%) to estuary (44%) and the sea (24%). The most abundant (30%) alternative to residence in estuary and its adjacent coastal site were the downstream nomads which concentrated in coastal areas and the lower part of the estuary after leaving freshwater. Overall, up to 50% of the eels analysed had spent a period in freshwater. Fish growth rates in freshwater were lower than anywhere else in the watershed. Back-calculation of fish size-at-age showed that of all eels passing through freshwater, residents were slow growers while downstream nomads were fast growers. The latter migrate to the estuary at age 2+ and 3+ when their size is greater than estuarine residents. Results revealed that lower estuarine and marine habitats are colonised by yellow eels rather than glass eels. The analysis of series of capture of eels in the Gironde estuary showed that eels preferred the upper part of the estuary. Comparison of Gironde watershed eel habitat use patterns with habitat use patterns of the same species in the Baltic area and habitat use patterns of two other northern hemisphere temperate eel species A. japonica and A. rostrata showed a remarkable similarity in the diversity of habitat use patterns. In addition, downstream nomads tented to dominate estuary samples, in temperate latitudes. In the northernmost limits of the species range, eels tended to reside in the estuaries all life long. This may suggest that in higher latitudes, most glass eels may not penetrate very far into the watersheds while the abundance of downstream nomads in the estuaries in temperate latitudes underlies that most glass eels penetrate as further as the river under tidal influence and then may move to the estuary.

KEY WORDS: Anguilla anguilla Catadromy Otolith Sr:Ca Life history pattern, tactic.
