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This study aims to assess animal and plant taxonomic diversity on a naturalness gradient of various riverbank protection systems. This is done by comparing biodiversity of riverbank construction from entirely stone riprap, through combined constructions (mixing riprap and bioengineering), to purely vegetative bioengineering structures. We also seek to highlight bioengineering effects on exotic species development.

Three types of riverbank protections were chosen:

-Entirely mineral protections: made up of rough riprap.

-Mixed protections: composed of rough riprap for the lower part of the riverbank and plant seedings and cuttings on the upper part. -Vegetative bioengineering protections: made up of willow fascines, brush layers, cuttings and seeding. These three types of riverbank protections are respectively called "Mineral", "Mixed" and "Vegetal" (fiugure1).

In order to compare the species diversity of these three types of riverbank protection, environmental factors and local topographic profile need to be priorly studied. First, all protection sites are located between 250 and 500 meters high in order to minimize the altitude influence on vegetation structure. The ages of riverbank protections are also considered as a determining factor especially to take into account the progression of species colonisation and ecological succession processes.

We compared plant species diversity and animal taxonomic diversity above ground (beetles) on five sites for each type of riverbank protection. Analyses were also made on the average number and frequency of exotic plant species for each type of riverbank protection. Vegetation was sampled along three longitudinal transects using the point contact method. Coleoptera genuses were sampled in the air by trapping (yellow Flora® bowl trap). The fifteen sites sampled were located in the Rhône-Alpes region (South East France).

As a result, 148 plant species and 78 beetle genera were recorded. We found significantly lower plant diversity on riprap constructions ("Mineral") than on both other types. Surprisingly, plants diversity was higher, even if not significantly, in combined works ("Mixed") than in purely vegetative ones ("Vegetal")(figure2). Coleoptera genius diversity was clearly linked to the type of riverbank protection. Thus we counted an average number of 12.2 coleoptera genus for the "Vegetal" type, 7.2 for the "Mixed" category and only 3 genuses for the "Mineral" type (figure 3).

Plant species average numbers on each type of riverbank protection according to their positions

on the river bank. We found out that riprap techniques were more subjected to exotic invasions than techniques using bioengineering. Indeed, the number of exotic species (figure 4) is almost the same between the three types but the frequency (figure 5) is clearly higher for the "Mineral" type.

Invasive species average numbers related to the type of riverbank protection. This study highlights many differences between the three types of riverbank protections. Indeed, plants diversity is clearly lower on the "Mineral" type. This phenomenon may be related to the substratum composition which is not conducive to plant colonisation. We found that plants diversity was higher, even if not significantly, on combined works ("Mixed") than on purely vegetative ones ("Vegetal"). This result can be explained by the presence of rough riprap on the lower part of the riverbank. It forms a second colonisation front (following the one at the top of the riverbank) which particularly enables helophytic plant colonisation. Moreover, willows used for fascines are generally fast growing trees [START_REF] Newsholme | Willows. The genus Salix[END_REF][START_REF] Adam | Le génie végétal, Un manuel technique au service de l'aménagement et de la restauration des milieux aquatiques[END_REF]. Consequently, they inhibit plant species colonisation by reducing light and space availability.

Likewise, a major result is the relationship between the average number of coleoptera genus in yellow traps and the type of riverbank protection. The coleopteran diversity is significantly lower on "Mineral" protection type. This result is consistent with previous studies [START_REF] Lecomte | Etude electroantennographique de la reception de stimulus odorants d'origine vegetale chez Acrolepiopsis assectella[END_REF][START_REF] Pham-Delegue | Bases comportementales et chimiques de la relation insecte pollinisateur-plante: le modèle Abeille-Tournesol en production de semences hybrides[END_REF]. It can be explained by the lack of vegetation which plays a key role in habitats formation by providing shelters and a source of food for animals. The results of coleoptera diversity on "Mixed" and "Vegetal" types moderate the previous observations on flora diversity. Thus, we took a census that was substantially higher on "Vegetal" protection type than on "Mixed" type. This result confirm that Salix genus is a important habitat for insects [START_REF] Sommerville | Willows in the environment[END_REF] as it provides a very early and abundant source of food [START_REF] Newsholme | Willows. The genus Salix[END_REF].

The analyses conducted on exotic species (including Fallopia japonica, Budleia davidii and Solidago Canadensis) show that the number of invasive species is nearly the same on every type of riverbank protection. By contrast, their frequency is greatly superior on the mineral type. The invasion is not a problem in itself. However, since the invasive species become abundant, the threat to natural or restored systems becomes significant [START_REF] Siemens | An evaluation of mechanisms preventing growth and survival of two native species in invasive bohemian knotweed (Fallopia x bohemica, Polygonaceae)[END_REF]. This result demonstrates the capacity of riverbank bioengineering to limit invasive species development. It underlines an inter-species competition between invasive species and plants used for bioengineering.

To conclude, this study gives new insights into animal and plant biodiversity of riverbank protections against erosion, ranging from entirely mineral to purely vegetative constructions. It also provides useful information to practitioners by providing them with useful data to choose techniques in relation to their future impact on biodiversity. However, 
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 1 Figure 1: Schemes of the three types of riverbank protection.
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 2 Figure 2: Bar chart of plant species average number on each type of riverbank protection according to their positions on the river bank.
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 3 Figure 3: Bar chart of coleoptera genus average number in yellow traps related to the type of riverbank protection.
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  Figure 4: Bar chart of invasive species average numbers related to the type of riverbank protection.
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 5 Figure 5: Bar chart of invasive species frequency averages for each type of riverbank protection.
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