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INTRODUCTION

Freshwater ecosystems are exposed to numerous anthropogenic pressures and belong to the most threatened biomes of the planet [START_REF] Sala | Global biodiversity scenarios for the year 2100[END_REF][START_REF] Feld | From natural to degraded rivers and back again: a test of restoration ecology theory and practice[END_REF]. Human-induced alterations of freshwater environments strongly affect aquatic communities [START_REF] Dudgeon | Freshwater biodiversity: importance, threats, status and conservation challenges[END_REF][START_REF] Vörösmarty | Global threats to human water security and river biodiversity[END_REF], and the sustainable management of freshwater ecosystems is thus a key element to help mitigate and counterbalance the global loss of biodiversity [START_REF] Bernhardt | Synthesizing U.S. river restoration efforts[END_REF][START_REF] Palmer | Climate change and the world's river basins: anticipating management options[END_REF]. Yet, little evidence of effective implementation of river management actions resulting from the efforts of both scientists and environmental decision-makers has been reported so far [START_REF] Knight | Engage the hodgepodge: management factors are essential when prioritizing areas for restoration and conservation action[END_REF][START_REF] Thomas | Improving restoration practice by deriving appropriate techniques from analysing the spatial organization of river networks[END_REF]. Therefore, people involved in ecosystems management have to improve their understanding of how and where to best use the two management approaches that are currently available [START_REF] Young | Restoration ecology and conservation biology[END_REF][START_REF] Possingham | Optimal conservation outcomes require both restoration and protection[END_REF]. The first is the conservation (i.e. protection) of the ecosystems that are slightly disturbed but highly vulnerable, and which also host species of conservation relevance [START_REF] Myers | Biodiversity hotspots for conservation priorities[END_REF]. The second management approach is the restoration of habitats, which is the sole technique available to mitigate the ecological alterations of ecosystems that are already disturbed [START_REF] Young | Restoration ecology and conservation biology[END_REF][START_REF] Søndergaard | Anthropogenic impacts on lake and stream ecosystems, and approaches to restoration[END_REF]. The appropriate use of these two management approaches is even more critical since the financial and human resources allocated to nature management are often limited, making it impossible to protect or restore all valuable areas [START_REF] Bernhardt | Synthesizing U.S. river restoration efforts[END_REF][START_REF] Nel | Progress and challenges in freshwater conservation planning[END_REF]. This emphasises the essential need to identify where the implementation of restoration and conservation actions is likely to provide the greatest ecological benefits to ecosystems [START_REF] Wilson | Optimal restoration: accounting for space, time and uncertainty[END_REF][START_REF] Hermoso | Systematic planning for river rehabilitation: integrating multiple ecological and economic objectives in complex decisions[END_REF]. The methods that address this prioritisation issue belong to the scientific fields of conservation [START_REF] Margules | Systematic conservation planning[END_REF] and restoration [START_REF] Hermoso | Systematic planning for river rehabilitation: integrating multiple ecological and economic objectives in complex decisions[END_REF] planning. Classically, these methods assess the relative suitability for management of a set of planning units (e.g. areas, river stretches, catchments) on the basis of the local attributes of biological or environmental features [START_REF] Collier | The rapid rise of streams and rivers in conservation assessment[END_REF]. While the methodological intricacies of conservation planning have been extensively investigated, only a few studies have attempted to quantitatively deal with restoration planning issues [START_REF] Knight | Engage the hodgepodge: management factors are essential when prioritizing areas for restoration and conservation action[END_REF][START_REF] Wilson | Optimal restoration: accounting for space, time and uncertainty[END_REF]. Some of them have applied a complementarity-based approach [START_REF] Margules | Systematic conservation planning[END_REF] to optimise the spatial allocation of restoration actions (e.g. [START_REF] Langhans | Cost-effective river rehabilitation planning: optimizing for morphological benefits at large spatial scales[END_REF][START_REF] Yoshioka | Spatial prioritization for biodiversity restoration: a simple framework referencing past species distributions[END_REF] whereas others have based their restoration plan on scoring indices (e.g. [START_REF] Bergerot | Prioritization of fish assemblages with a view to conservation and restoration on a large scale European basin, the Loire (France)[END_REF][START_REF] Zhao | A spatial multi-criteria planning scheme for evaluating riparian buffer restoration priorities[END_REF]. However, few studies have identified which option is the most ecologically relevant between conservation, restoration, both conservation and restoration, or doing nothing. To address this issue, it is essential to jointly investigate both conservation and restoration priorities, given the existing trade-off between conservation and restoration measures [START_REF] Young | Restoration ecology and conservation biology[END_REF][START_REF] Funk | Ecological niche models for the evaluation of management options in an urban floodplain -conservation vs. restoration purposes[END_REF][START_REF] Pool | Identifying preservation and restoration priority areas for desert fishes in an increasingly invaded world[END_REF]. For instance, [START_REF] Linke | Management options for river conservation planning: condition and conservation re-visited[END_REF] and [START_REF] Moilanen | Spatial prioritization of conservation management[END_REF] considered biodiversity values, present-day environmental conditions and expected changes in those conditions within a complementarity-based framework to identify priority areas for conservation (i.e. biological features of high irreplaceability, good environmental conditions but high risk of degradation) and for restoration (i.e. high irreplaceability, low risk of degradation but poor present-day environmental conditions). Another possibility is to select a set of criteria, based on which the conservation interest of species assemblages is evaluated and used to compute a score for each of the planning units considered. Planning units with the highest scores are then earmarked for conservation whereas those of lowest scores are earmarked for restoration (e.g. [START_REF] Bergerot | Prioritization of fish assemblages with a view to conservation and restoration on a large scale European basin, the Loire (France)[END_REF]. Although this approach enables the use of a great variety of evaluation criteria, it does however assume that low conservation priorities coincide with high restoration priorities, implying that the local biological and physical recovery potentials are similar for all planning units, which is generally not true [START_REF] Beechie | Process-based principles for restoring river ecosystems[END_REF][START_REF] Moilanen | Spatial prioritization of conservation management[END_REF]. The recovery or restoration potential of a natural area can be defined as the difference between the ecological quality of the ecosystem in its current state and in reference conditions [START_REF] Reynoldson | The reference condition: a comparison of multimetric and multivariate approaches to assess water-quality impairment using benthic macroinvertebrates[END_REF], which are also the conditions expected after restoration [START_REF] Funk | Ecological niche models for the evaluation of management options in an urban floodplain -conservation vs. restoration purposes[END_REF][START_REF] Yoshioka | Spatial prioritization for biodiversity restoration: a simple framework referencing past species distributions[END_REF]. The use of scoring indices appears as a straightforward approach to compare the assessed ecological values between present-day and reference conditions, while enabling the simultaneous consideration of various biodiversity evaluation criteria [START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF][START_REF] Zhao | A spatial multi-criteria planning scheme for evaluating riparian buffer restoration priorities[END_REF]. Since the state likely reached by an ecosystem after restoration cannot be empirically quantified, means to estimate its natural conditions and the corresponding species assemblage expected after restoration are thus required [START_REF] Downs | Restoring ecological integrity in highly regulated rivers: the role of baseline data and analytical references[END_REF]. For example, [START_REF] Hermoso | Reference vs. present-day condition: early planning decisions influence the achievement of conservation objectives[END_REF] identified local restoration priorities by comparing the spatial distribution of fish species predicted by models built either on the entire dataset or using solely reference sites, which were determined a priori (e.g. using disturbance indices). However, the a priori selection of reference sites is not always possible, for instance when most of the studied planning units are heavily disturbed [START_REF] Downs | Restoring ecological integrity in highly regulated rivers: the role of baseline data and analytical references[END_REF][START_REF] Launois | Development of a fish-based index (FBI) of biotic integrity for French lakes using the hindcasting approach[END_REF][START_REF] Growns | Toward river health assessment using species distributional modeling[END_REF]. This may even be inappropriate since the distinction between impacted and reference sites is likely to be subjective [START_REF] Kilgour | Hindcasting reference conditions in streams. In Landscape influences on stream habitats and biological assemblages[END_REF][START_REF] Growns | Toward river health assessment using species distributional modeling[END_REF]. To address this issue, the concept of 'analytical reference condition' was developed [START_REF] Downs | Restoring ecological integrity in highly regulated rivers: the role of baseline data and analytical references[END_REF]. It involves modelling the non-disturbed state of the studied system (i.e. 'hindcasting modelling') [START_REF] Kilgour | Hindcasting reference conditions in streams. In Landscape influences on stream habitats and biological assemblages[END_REF][START_REF] Launois | Development of a fish-based index (FBI) of biotic integrity for French lakes using the hindcasting approach[END_REF]. The analytical reference condition is obtained by lowering the value of the anthropogenic disturbance variables included in predictive models, thus providing an estimation of the value of the response variable with no or reduced disturbance [START_REF] Soranno | Quantifying regional reference conditions for freshwater ecosystem management: a comparison of approaches and future research needs[END_REF]. For instance, [START_REF] Launois | Development of a fish-based index (FBI) of biotic integrity for French lakes using the hindcasting approach[END_REF] used hindcasting modelling to build a fish-based index to assess the ecological integrity of lakes in France, though most of the studied lakes were already strongly altered. In this context, we here developed a conservation and restoration planning framework and applied it to the fish assemblages of the river network of the Pas-de-Calais department in northern France. To our knowledge, no study has applied the modelling of analytical reference conditions to freshwater environments with the aim of jointly identify priority areas for conservation and for restoration by focusing simultaneously on several biodiversity evaluation criteria. This study case was chosen due to the fact that (i) fish species are among the most threatened freshwater taxa [START_REF] Olden | Conservation biogeography of freshwater fishes: recent progress and future challenges[END_REF], (ii) fish species are good indicators of river restoration [START_REF] Woolsey | A strategy to assess river restoration success[END_REF] since they may respond rapidly to habitat changes [START_REF] Roni | Habitat rehabilitation for inland fisheries. global review of effectiveness and guidance for rehabilitation of freshwater ecosystems[END_REF], and (iii) the aquatic ecosystems of the Pas-de-Calais department are heavily degraded (e.g. intensive agricultural practices, river fragmentation by flow barriers) [START_REF] Lefebvre | Plan Départemental pour la Protection du milieu aquatique et la Gestion des ressources piscicoles du Pas-de-Calais (PDPG 62)[END_REF]. To support the implementation of management actions with local decision-makers, this study focused on the restoration of two of the main human-induced disturbances of freshwater ecosystems: the alteration of the natural flow regimes [START_REF] Bunn | Basic principles and ecological consequences of altered flow regimes for aquatic biodiversity[END_REF] and the degradation of the natural geomorphological characteristics of rivers [START_REF] Søndergaard | Anthropogenic impacts on lake and stream ecosystems, and approaches to restoration[END_REF].

METHODS

Study area

The Pas-de-Calais department is one of the 96 French metropolitan administrative subdivisions, located in northern France and covering an area of 6 671 km² (Figure 1). It is drained by approximately 1 400 km of streams. This river network is made up of nine coastal catchments along the English Channel in the western and northern parts that are entirely included within the department boundaries, and nine subcatchments that partially flow within the department and are all tributaries of the River Scheldt, whose mouth is located in the Netherlands. The past industrial activities of the Pas-de-Calais department, such as coal mining and production of flour and textile by watermills have strongly impacted the river network. Despite the end of all mining activities by the end of the 20 th century, the intensification of agricultural and cattle production has actively contributed to the alteration of the channel and riparian areas of rivers. In addition, about 1 000 hydraulic works (e.g. dams, weirs) are still present in the department, and forty-one percent of the total length of the river network is impacted, with the establishment of unnatural lentic hydrosystems upstream of each hydraulic work [START_REF] Mueller | The effects of weirs on structural stream habitat and biological communities[END_REF][START_REF] Rolls | Consequences of connectivity alteration on riverine fish assemblages: potential opportunities to overcome constraints in applying conventional monitoring designs[END_REF]. A simplified river network divided into 607 river stretches (i.e. the planning units considered in this study) whose length ranges from 0.9 to 6.8 km (2.3 km on average) was extracted from the SYRAH-CE database [START_REF] Chandesris | SYRAH-CE: SYstème Relationnel d'Audit de l'Hydromorphologie des Cours d'Eau. A relational, multi-scale system for auditing the hydro-morphology of running waters: diagnostic tool to help the WFD implementation in France[END_REF] and considered in the analyses. 

Fish data

Two sources of fish data were combined in this study, both resulting from standardised electrofishing surveys. First, data collected in 123 sites sampled between 1994 and 2011 were extracted from the national fish database provided by the French National Agency for Water and Aquatic Environment (ONEMA) (see Poulet et al., 2011 for details). Second, on the basis of a previous study [START_REF] Lefebvre | Plan Départemental pour la Protection du milieu aquatique et la Gestion des ressources piscicoles du Pas-de-Calais (PDPG 62)[END_REF] which provided a division of the river network into homogeneous subcatchments according to their environmental characteristics, the subcatchments without sampling sites from the ONEMA fish data were identified and sampled in 2012 or 2013 (59 additional sampling sites). Given the high proportion of the river network which is under the impact of hydraulic works, the sampling protocol was balanced between non-impacted and impacted (i.e. located upstream of a hydraulic work) river stretches. The final observed fish dataset consisted of 182 sampled sites (Figure 1), which described the fish assemblages present in 139 out of the 607 river stretches of the Pas-de-Calais river network. A total of 35 different fish species was identified (Tables 1 andS1).

Table 1. List of species, origin, conservation status, fishing interest, observed occurrence frequency (i.e. among the 139 sampled river stretches), and predicted occurrence frequency (i.e. proportion of river stretches where the species is predicted to be present; N=607) under the "CURRENT", "FLOWREGIME" and "GEOMORPH" scenarios. Species are sorted alphabetically by their scientific name. 

Environmental variables

For each of the 607 river stretches, four environmental variables were considered to characterise the local hydrological and disturbance conditions. First, two relevant hydrographic variables to explain the spatial distribution of stream fish species [START_REF] Oberdorff | A probabilistic model characterizing fish assemblages of French rivers: a framework for environmental assessment[END_REF][START_REF] Buisson | Contrasted impacts of climate change on stream fish assemblages along an environmental gradient[END_REF] were used: the relative location of the river stretch along the upstream-downstream gradient ("UD_GRAD") which ranged from 0 (estuary) to 1 (spring) and the area of the drainage catchment upstream of the considered river stretch ("CAT_AREA"; km²). For the latter variable, the data were extracted from a digital hydrographic network of France (RHT, "Réseau Hydrographique Théorique", see Pella et al., 2012 for details). Second, two variables related to local disturbances were used: the proportion of the length of the river stretch impacted by hydraulic works ("FLOW_ALT") and a synthetic index of the local geomorphological disturbances ("GEOMORPH_ALT"). The former variable described the extent of the impoundment generated upstream of each hydraulic work and was obtained through an extensive inventory of the hydraulic works that has gathered information on their location and attributes (e.g. height, width). The latter variable was extracted from the SYRAH-CE database [START_REF] Chandesris | SYRAH-CE: SYstème Relationnel d'Audit de l'Hydromorphologie des Cours d'Eau. A relational, multi-scale system for auditing the hydro-morphology of running waters: diagnostic tool to help the WFD implementation in France[END_REF] which gathers information on the geomorphological conditions of each river stretch according to six factors, each one related to a local characteristic (Table 2): (i) river discharge, (ii) connectivity to groundwater, (iii) connectivity to floodplain waterbodies, (iv) depth and width of the river channel, (v) structure and composition of the riverbed substratum, and (vi) structure of the riverbanks. The alteration of each of these six factors has been evaluated through a continuous score ranging from 0 (not altered) to 1 (strongly altered) (see Appendix S1 for details).

A principal component analysis (PCA) was computed on these six factors. The first axis of the PCA accounted for 45.4% of the total variability and was positively correlated to each of the six factors.

The values of the first axis of the PCA were then standardised between 0 (slightly disturbed) and 1 (strongly disturbed) in order to get a gradient of geomorphological disturbance ("GEOMORPH_ALT"). The Spearman correlation coefficient was calculated between the two disturbance variables to assess their dependence.

Table 2. Factors included in the assessment of the local geomorphological disturbances of the river stretches. The main potential anthropogenic causes of these disturbances and the corresponding possible management actions are also described. This information was gathered from local expert knowledge and from the literature (e.g. [START_REF] Bernhardt | Synthesizing U.S. river restoration efforts[END_REF][START_REF] Woolsey | A strategy to assess river restoration success[END_REF][START_REF] Beechie | Setting river restoration priorities: a review of approaches and a general protocol for identifying and prioritizing actions[END_REF][START_REF] Mueller | The effects of weirs on structural stream habitat and biological communities[END_REF]. 

Modelling procedure

The observed spatial distribution of each fish species was related to the four environmental variables using species distribution models (SDM) [START_REF] Guisan | Predictive habitat distribution models in ecology[END_REF][START_REF] Elith | Conservation prioritisation using species distribution modelling[END_REF]. Five different statistical algorithms (i.e. generalised additive models, generalised linear models, artificial neural networks, generalised boosted models and random forests) were applied using R 2.14.2 software (R Development Core Team, 2012) and the biomod library [START_REF] Thuiller | BIOMOD -a platform for ensemble forecasting of species distributions[END_REF]. For each species, the five models were run 10 times resulting in 50 sets of predicted probabilities of occurrence for each of the 607 river stretches. Following [START_REF] Marmion | Evaluation of consensus methods in predictive species distribution modelling[END_REF], these 50 sets were averaged to get the final predicted probabilities of occurrence. For each species, the probabilities of occurrence were then converted into presence/absence predictions using the threshold that maximised simultaneously the number of true presences and true absences [START_REF] Fielding | A review of methods for the assessment of prediction errors in conservation presence/absence models[END_REF].

As recommended by [START_REF] Stockwell | Effects of sample size on accuracy of species distribution models[END_REF], this modelling procedure was not applied to species insufficiently sampled (i.e. occurring in less than 5% of the 139 sampled river stretches; 15 species; Table S1). The spatial distribution of the 20 other species (Table 1) was modelled and a first dataset was built, which consisted of the fish assemblages predicted for the 607 river stretches in the current environmental conditions (hereafter "CURRENT").

The relative contributions of the four environmental variables in explaining fish species spatial distribution were quantified to ensure that their influence on species distribution was strong enough, especially for the two variables related to human-induced disturbances.

To predict the fish assemblage likely to be found in each river stretch after the implementation of theoretical restoration actions (i.e. analytical reference condition), hindcasting modelling was used.

For each river stretch, the models previously calibrated on the current environmental conditions were used to predict the probabilities of occurrence of the 20 modelled species under two restoration scenarios. First, the fish assemblages that are likely to be found after the restoration of the geomorphological conditions were predicted by setting the "GEOMORPH_ALT" variable to zero. Second, the same approach was conducted to assess the influence of the restoration of natural flow regimes (i.e. after the complete removal of the hydraulic works) by setting the "FLOW_ALT" variable to zero. The resulting species spatial distributions were grouped to determine the fish assemblages predicted under the first (hereafter "GEOMORPH") and second (hereafter "FLOWREGIME") restoration scenario. For each restoration scenario, the predicted fish assemblages were considered as those found in 'reference conditions' with respect solely to the local disturbance examined in this restoration scenario [START_REF] Downs | Restoring ecological integrity in highly regulated rivers: the role of baseline data and analytical references[END_REF][START_REF] Launois | Development of a fish-based index (FBI) of biotic integrity for French lakes using the hindcasting approach[END_REF]. This implies that these 'reference' fish assemblages did probably not correspond to natural assemblages which would be observed in pristine environments (i.e. in the absence of all disturbances) and on which are based most of the indices developed worldwide for the assessment of river health (e.g. [START_REF] Pont | Development of a fish-based index for the assessment of river health in Europe: the European Fish Index[END_REF].

Assessment of the diversity of fish assemblages

Following a prioritisation framework developed by [START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF], the interest of the fish assemblage predicted in each planning unit (i.e. river stretch) was assessed through different measures of diversity. Nine quantitative indices were computed, each belonging to one of the four following aspects of diversity: taxonomic diversity, functional diversity, natural heritage interest and socioeconomic interest. These four aspects of diversity and their associated indices are briefly presented below (see Maire et al., 2013 for details).

The assessment of the taxonomic diversity of each river stretch was made on the basis of three indices: (i) the total number of fish species, (ii) the range-sized rarity of the species present (i.e. Rarity Index; [START_REF] Fattorini | A new method to identify important conservation areas applied to the butterflies of the Aegean Islands (Greece)[END_REF], and (iii) the originality (i.e. rarity) of the species assemblage relative to the assemblages predicted in the other river stretches of the study region [START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF]. Functional diversity was assessed using three indices based on the characterisation of each species via 21 biological, ecological or functional traits (see [START_REF] Buisson | Toward a loss of functional diversity in stream fish assemblages under climate change[END_REF][START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF] for a description of these traits): (i) trait diversity [START_REF] Buisson | Contrasted impacts of climate change on stream fish assemblages along an environmental gradient[END_REF], (ii) functional originality [START_REF] Buisson | Toward a loss of functional diversity in stream fish assemblages under climate change[END_REF], and (iii) functional uniqueness [START_REF] Buisson | Toward a loss of functional diversity in stream fish assemblages under climate change[END_REF].

The natural heritage interest of each fish assemblage was assessed using two indices based on (i) the conservation status (i.e. Biodiversity Conservation Concern index; [START_REF] Fattorini | A new method to identify important conservation areas applied to the butterflies of the Aegean Islands (Greece)[END_REF] and (ii) the biogeographical origin (i.e. Origin Index; [START_REF] Bergerot | Prioritization of fish assemblages with a view to conservation and restoration on a large scale European basin, the Loire (France)[END_REF] of the species present.

Finally, the socio-economic interest of the fish assemblages was evaluated using an index reflecting the different levels of fishing interest of each species present (i.e. Fishing Interest Index; [START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF]. The nine indices were standardised following the procedure proposed by [START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF] to make them comparable. Consequently, the values of each index range from 0 (low diversity) to 1 (high diversity). A single value for each aspect of diversity was then obtained by summing the indices belonging to the same aspect of diversity.

Changes in the characteristics of fish assemblages predicted under the two restoration scenarios were investigated at the scale of the entire river network. Friedman's method for randomized blocks (which allows nonparametric comparison of paired samples; [START_REF] Sokal | Biometry: the principles and practice of statistics in biological research[END_REF] was performed to test for the effect of the scenario (i.e. "CURRENT", "GEOMORPH" and "FLOWREGIME") on the values of each aspect of diversity. When significant, the analysis was followed by a Wilcoxon's signed-ranks test to evaluate the significance of the differences between scenarios after a Bonferroni adjustment for multiple comparisons [START_REF] Sokal | Biometry: the principles and practice of statistics in biological research[END_REF]. Finally, the resulting aspects of diversity were also standardised and summed to compute a multifaceted diversity index that summarises all the information previously considered, as is usually done with multi-criteria scoring approaches [START_REF] Bergerot | Prioritization of fish assemblages with a view to conservation and restoration on a large scale European basin, the Loire (France)[END_REF][START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF].

Spatial prioritisation of management actions

First, the multi-faceted diversity index was computed for the predicted fish assemblages of the (i) "CURRENT", (ii) "GEOMORPH" and (iii) "FLOWREGIME" datasets. This resulted in three multifaceted diversity values for each river stretch, the first (i.e. related to the "CURRENT" dataset) assessing the present-day conservation priority, while the second and third (i.e. related to the "GEOMORPH" and "FLOWREGIME" datasets, respectively) assessed the interest of the fish assemblage expected after the restoration of the natural geomorphological characteristics and after the restoration of the natural flow regimes, respectively. The difference between the present-day multi-faceted diversity index and the one expected under each restoration scenario was calculated. High positive values highlighted positive restoration interests (i.e. high restoration priorities). In contrast, negative values indicated that the restoration of the considered river stretches might not result in the improvement of the multi-faceted diversity of fish assemblages as evaluated in this study. They were thus identified as non-priority for the restoration of natural flow regimes or geomorphological conditions.

RESULTS

Fish assemblages predicted under the different restoration scenarios

Among the 20 species modelled, eight showed a restricted distributional range in the Pas-de-Calais department (i.e. present in less than 10% of the sampled river stretches). Only four species were found in more than 50% of the sampled river stretches (i.e. the Celtic bullhead Cottus perifretum, the European eel Anguilla anguilla, the brown trout Salmo trutta and the three-spined stickleback Gasterosteus gymnurus), which are all native species (Table 1). The contribution of the four environmental variables in explaining fish distribution was fairly uneven among species. On average, 69.5% ± 21.5% of the total variance was explained by the four variables, suggesting that the calibrated models were accurate to explain and predict the fish species distribution in the Pas-de-Calais department. The two hydrographic variables showed the greatest relative importance on average: 33.3% ± 15.7% for "CAT_AREA" and 29.6% ± 23.7% for "UD_GRAD". The two variables related to human-induced disturbances had an average relative importance of 21.4% ± 14.3% for "FLOW_ALT" and 16.1% ± 14.9% for "GEOMORPH_ALT". The correlation between these two disturbance variables was low (Spearman coefficient ρ=0.04, p=0.29).

The analysis of the predicted spatial distributions under the two restoration scenarios has highlighted various changes in species occurrence frequencies (i.e. proportion of river stretches where the species are predicted to be present) in comparison to the present-day predictions (Table 1). First, the restoration of natural flow regimes could have a negative effect on the distribution of most cyprinid species, such as the Crucian carp Carassius sp. (i.e. change of -70.2% in its occurrence frequency between the "CURRENT" and 'FLOWREGIME" scenarios) or the roach Rutilus rutilus (-34.7%). In contrast, despite remaining quite low, occurrence frequencies were predicted to increase for several rheophilic species, such as the Atlantic salmon Salmo salar (+147.5% in its occurrence frequency) or the stone loach Barbatula barbatula (+42.0%). Second, the restoration of the natural geomorphological conditions (i.e. "GEOMORPH" scenario) is expected to result in the absence of suitable environmental conditions in the Pas-de-Calais department for four species (i.e. the threespined stickleback, the brook lamprey Lampetra planeri, the pike Esox lucius and the common dace Leuciscus leuciscus). Furthermore, this restoration scenario could have a negative effect on the distribution of many species, especially the roach (i.e. change of -59.4% in its occurrence frequency between the "CURRENT" and "GEOMORPH" scenarios) and the nine-spined stickleback Pungitius laevis (-71.6%). In contrast, the occurrence frequencies of the three currently most common species (i.e. the Celtic bullhead, the European eel and the brown trout) are expected to substantially increase under the "GEOMORPH" scenario. For instance, all river stretches of the Pas-de-Calais department could become suitable for the brown trout. The total number of distinct fish assemblages predicted in the current environmental conditions (187 different assemblages) was higher than the number of distinct fish assemblages expected under the two restoration scenarios (147 and 78 different assemblages for the "FLOWREGIME" and the "GEOMORPH" scenarios, respectively). The most frequently predicted fish assemblage was made up of the Celtic bullhead alone in the current environmental conditions (20.2% of the river stretches) and under the "FLOWREGIME" scenario (25.5%), while the assemblage made up of the Celtic bullhead, the European eel and the brown trout was the most frequently found under the "GEOMORPH" scenario (37.9%).

Effect of the restoration scenario on the diversity of fish assemblages Significant differences in the four aspects of diversity were detected between the "CURRENT" and the two restoration scenarios (Friedman tests, p<0.05). Nevertheless, the differences were substantially higher between the "CURRENT" and "GEOMORPH" scenarios than between the "CURRENT" and "FLOWREGIME" scenarios (Figure 2). For both restoration scenarios, the taxonomic diversity of the fish assemblages expected after restoration was significantly lower on average than that of the fish assemblages predicted in the current environmental conditions, while the functional diversity, the natural heritage interest and the socio-economic interest were higher (Wilcoxon's signed-ranks tests; p<0.05 after Bonferroni adjustment). The boxplots corresponding to the "CURRENT", "FLOWREGIME" and "GEOMORPH" scenarios are coloured in orange (left boxes), blue (middle boxes) and green (right boxes), respectively. The median is denoted by the bold horizontal line, the box delimits the interquartile range, and the whisker lines extend to the observed maxima and minima, except for the outliers symbolized by circles.

Spatial prioritisation of management actions

First, the spatial conservation priorities were obtained using the multi-faceted diversity index computed on the "CURRENT" fish dataset (Figure 3). The river stretches of highest conservation priority were located within the coastal catchments in the western part of the department (e.g. the Canche and Liane rivers; see Figure 1 for river names), while the tributaries of the River Scheldt (i.e. eastern part of the department) presented substantially lower conservation priorities. Second, the geomorphological restoration priorities were calculated by comparing the multi-faceted diversity index computed on the fish assemblages predicted under the "CURRENT" and the "GEOMORPH" scenarios (Figure 4). The river stretches that seemed the most suitable for geomorphological restoration were located within the subcatchments of the River Scheldt (e.g. the Clarence and Lawe rivers). In addition, the most upstream river stretches (i.e. headwater streams) of the department presented overall high geomorphological restoration priorities. These spatial priorities were obtained by subtracting the multi-faceted diversity value computed on the current fish assemblages (i.e. "CURRENT" scenario) from that computed on the fish assemblages predicted under natural (i.e. restored) geomorphological conditions (i.e. "GEOMORPH" scenario). The river stretches are ranked from low (white) to high (dark blue) restoration priority through a blue colour ramp. The nonpriority river stretches are displayed in red.

Lastly, the spatial priorities for the restoration of natural flow regimes were similarly determined by comparing the multi-faceted diversity index expected under the "CURRENT" and the "FLOWREGIME" scenarios (Figure 5). The highest flow regime restoration priorities were found mostly for the main river (i.e. not the tributaries) of the western catchments of the department (e.g. the Slack and Authie rivers), as well as for several river stretches in the east of the department (e.g. located along the Lawe river).

For both restoration scenarios, a substantial proportion of the river stretches was identified as nonpriority for restoration purposes, given that the interest of the local fish assemblage was not predicted to increase after restoration. These priorities were obtained by subtracting the multi-faceted diversity value of the current fish assemblages (i.e. "CURRENT" scenario) from that of the fish assemblages predicted after restoration of the natural flow regimes (i.e. "FLOWREGIME" scenario). The river stretches are ranked from low (white) to high (dark blue) restoration priority through a blue colour ramp. The non-priority river stretches are displayed in red.

DISCUSSION

An innovative framework for restoration and conservation prioritisation

In this study, an original framework was developed to spatially prioritise the management of river stretches on the basis of their conservation interest and restoration potential. The use of hindcasting modelling to define several analytical reference conditions [START_REF] Downs | Restoring ecological integrity in highly regulated rivers: the role of baseline data and analytical references[END_REF], each one related to one category of human-induced disturbance, and the prediction across a whole region of the fish assemblages expected under different restoration scenarios were part of the novelty of this study. Once a set of river stretches has been selected for restoration, decision-makers may look back to the local characteristics of the anthropogenic disturbances. For instance, when focusing on the restoration of the natural geomorphological conditions, the information summarised in Table 2 may help them identifying the management actions that are likely to be the most appropriate to mitigate the observed disturbances for the selected river stretches, and thus contribute to bridging the often limiting gap between 'planning' and 'doing' [START_REF] Beechie | Process-based principles for restoring river ecosystems[END_REF][START_REF] Barmuta | Bridging the gap between 'planning' and 'doing' for biodiversity conservation in freshwaters[END_REF][START_REF] Pool | Identifying preservation and restoration priority areas for desert fishes in an increasingly invaded world[END_REF]. The framework for restoration and conservation prioritisation developed in this study can be easily exported to other taxa (e.g. invertebrates, macrophytes), environmental realms (e.g. terrestrial, marine) and spatial extents. Indeed, there are only three prerequisites to its application. First, a quantitative assessment of at least one environmental alteration is required and must be available for all the considered planning units (e.g. river stretches) [START_REF] Soranno | Quantifying regional reference conditions for freshwater ecosystem management: a comparison of approaches and future research needs[END_REF]. Second, the spatial distribution of species must respond to the alterations considered [START_REF] Launois | Development of a fish-based index (FBI) of biotic integrity for French lakes using the hindcasting approach[END_REF]. Lastly, the use of this framework relies on the availability of relevant information about the conservation status, the biogeographical origin, the ecological traits and the socio-economic interest of all the species considered [START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF]. As a complement to this study, the evaluation of freshwater biodiversity in the Pas-de-Calais department would greatly benefit from the inclusion of other taxa (e.g. invertebrates, macrophytes), which may (i) better respond to local environmental conditions than some fish species (e.g. species with a high degree of mobility might not be good indicators of local disturbances), and (ii) provide a more comprehensive assessment of the ecological conditions of the whole ecosystem studied.

Potential effect of river restoration on fish diversity

The fish taxonomic diversity was predicted to decrease under the two restoration scenarios, which may be due to both the expected decline of several species and the expected reduction in the number of distinct assemblages. In line with the work of [START_REF] Rahel | Biogeographic barriers, connectivity and homogenization of freshwater faunas: it's a small world after all[END_REF], this finding shows that the restoration of the natural environmental characteristics of rivers may lead to the homogenisation of fish biodiversity tending towards a pristine native fish assemblage at the regional scale. For the river network of the Pas-de-Calais department, the restoration of the natural geomorphological conditions is expected to result in the establishment of a dominant fish assemblage made up of three native species: the Celtic bullhead, the European eel and the brown trout. Despite the moderate conservation interest of this assemblage according to the four aspects of diversity considered in this study, the dominance of these three species expected after restoration does not seem surprising since they form the pristine fish assemblage of the small coastal catchments of north-western France [START_REF] Laffaille | Richesse et organisation spatiale des communautés de poissons d'eau douce. In Les poissons d'eau douce de France[END_REF]. For the three other aspects of diversity, the results varied depending on the restoration scenarios. Indeed, the differences predicted between the current conditions and the restoration of the natural flow regimes were small (i.e. few changes in species occurrence frequencies, and consequently few changes in the aspects of diversity), whereas the functional diversity, the natural heritage interest and the socio-economic interest of the fish assemblages were expected to be substantially higher in the restored geomorphological conditions. First, the gain of functional diversity under this latter restoration scenario is probably due to the predicted decline of seven out of the eight cyprinid species modelled, such as the roach or the Crucian carp. Their decline may be explained by their ecological preference for river stretches that are highly geomorphologically altered. Consequently, the distribution of cyprinid species expected after restoration corresponds to a more natural distribution. Given that cyprinid species have a lot of biological traits in common, they are usually characterised by low functional uniqueness and originality [START_REF] Buisson | Toward a loss of functional diversity in stream fish assemblages under climate change[END_REF][START_REF] Maire | A multi-faceted framework of diversity for prioritizing the conservation of fish assemblages[END_REF] explaining that their decline may result in higher values of functional indices. Second, the expected improvement of the average natural heritage interest of fish assemblages can be explained by both the predicted colonisation of restored river stretches by threatened species (e.g. the European eel, the Atlantic salmon) and the decline of exotic species such as the Crucian carp. Lastly, the potential increase in the socio-economic interest of fish assemblages could be due to the predicted concurrent expansion of the European eel and of three salmonid species (i.e. the brown trout, the rainbow trout Oncorhynchus mykiss and the Atlantic salmon), which are all of great interest for anglers and fishermen. Consistently with the findings of [START_REF] Devictor | Spatial mismatch and congruence between taxonomic, phylogenetic and functional diversity: the need for integrative conservation strategies in a changing world[END_REF][START_REF] Hidasi-Neto | Conservation actions based on Red Lists do not capture the functional and phylogenetic diversity of birds in Brazil[END_REF], these results therefore highlight the importance of accounting for complementary aspects of the diversity of species assemblages in such planning frameworks. They also emphasise how an inadequate assessment of biodiversity may result in misleading conclusions about the effect of river restoration actions and may generate unreliable prioritisations of management actions.

Spatial management priorities for freshwater ecosystems of the Pas-de-Calais department

Overall, the rivers of the coastal catchments of the region (i.e. western and northern parts) show high present-day conservation priorities, low geomorphological restoration priorities and fairly high flow regime restoration priorities. This may be explained by the absence of past mining activities in this area, as well as the high density of hydraulic works found in these coastal catchments (i.e. one hydraulic work every 1.30 river kilometres on average) in comparison with the eastern subcatchments (i.e. one hydraulic work every 2.44 river kilometres on average). Furthermore, these rivers seem to present a good environmental suitability for species of conservation relevance, such as catadromous (e.g. the European eel) and anadromous (e.g. the Atlantic salmon) species, despite the high fragmentation of the river network of these catchments due to the presence of small but numerous hydraulic works [START_REF] Laffaille | Temporal changes in European eel, Anguilla anguilla, stocks in a small catchment after installation of fish passes[END_REF][START_REF] Rolls | The role of life-history and location of barriers to migration in the spatial distribution and conservation of fish assemblages in a coastal river system[END_REF]. In contrast, the fish biodiversity of the river stretches located within the subcatchments of the River Scheldt (i.e. eastern part) seems to be heavily affected by past intensive mining activities. These river stretches are all headwater reaches of the River Scheldt catchment. They are thus likely to present low accessibility for catadromous and anadromous fish which is accentuated by both the downstream presence of many ecological barriers (e.g. culverts) and substantial river network channelization [START_REF] Maes | Poor water quality constrains the distribution and movements of twaite shad Alosa fallax fallax (Lacépède, 1803) in the watershed of river Scheldt[END_REF]. This illustrates some of the plausible causes of the low conservation priority and the high geomorphological restoration priority that were found for these river stretches. Strong relationships between spatial management priorities and large-scale patterns of humaninduced disturbances were thus highlighted, even if the spatial allocation of management actions required the assessment of these priorities at the finest available resolution (i.e. the river stretch) [START_REF] Beechie | Setting river restoration priorities: a review of approaches and a general protocol for identifying and prioritizing actions[END_REF].

For both restoration scenarios, a substantial proportion of the river stretches was identified as nonpriority for restoration (i.e. lower multi-faceted diversity index predicted in restored than in presentday conditions). First, this is probably due to the fact that the presence of some species of conservation relevance (e.g. the pike) may be associated to high degrees of alterations (e.g. unnatural lentic hydrosystems upstream of hydraulic works) in the study region. These ecological preferences are likely to result in lower habitat suitability for these species in restored conditions. Second, the multifaceted diversity index was built to assess the ecological interest of fish assemblages from a conservation point of view, but not to directly respond to environmental alterations, unlike indices of biotic integrity (e.g. [START_REF] Pont | Development of a fish-based index for the assessment of river health in Europe: the European Fish Index[END_REF]. It is thus not intended to linearly decrease with increasing alterations. Lastly, it is worth reminding that this planning framework solely focuses on fish assemblages. Consequently, the restoration of the non-priority river stretches may have a positive effect on other biological taxa (e.g. invertebrates, macrophytes) and finally a global positive effect on the whole ecosystem conditions.

Limits and perspectives of the prioritisation framework

Although the prioritisation framework developed in this study makes a valuable contribution to helping environmental managers to identify priority areas for protection or restoration, several components should be explored further. First, the prioritisation is based on outputs of species distribution models, which imply inherent prediction uncertainties [START_REF] Buisson | Uncertainty in ensemble forecasting of species distribution[END_REF][START_REF] Carvalho | Conservation planning under climate change: Toward accounting for uncertainty in predicted species distributions to increase confidence in conservation investments in space and time[END_REF]. The use of a modelling approach prevented us to account for scarce species in the identification of management priorities, given that such models are known to inaccurately predict the distribution of species with insufficient sample sizes [START_REF] Stockwell | Effects of sample size on accuracy of species distribution models[END_REF]. Yet, the species identified as scarce in the Pas-de-Calais department (see Table S1 for the species list) are likely to be either threatened species (e.g. the river lamprey Lampetra fluviatilis), recently introduced invasive species (e.g. the silver carp Hypophthalmichthys molitrix) or species sampled at the edge of their distributional range (e.g. the moderlieschen Leucaspius delineatus) [START_REF] Keith | Les poissons d'eau douce de France[END_REF]. Thus, accounting for such scarce species would likely lead to different spatial management priorities [START_REF] Elith | Conservation prioritisation using species distribution modelling[END_REF]. Second, one of the classical flaws in restoration planning is to focus on small-scale restoration actions to mitigate locally observed anthropogenic disturbances (i.e. reactive management) instead of trying to remove the source of these disturbances at a broader scale (i.e. proactive management), especially for river management [START_REF] Lake | Linking ecological theory with stream restoration[END_REF][START_REF] Palmer | Climate change and the world's river basins: anticipating management options[END_REF][START_REF] Beechie | Process-based principles for restoring river ecosystems[END_REF]. Indeed, not removing the causes of the observed alterations may cancel the benefits provided by implemented restoration actions [START_REF] Lake | Linking ecological theory with stream restoration[END_REF][START_REF] Hermoso | Systematic planning for river rehabilitation: integrating multiple ecological and economic objectives in complex decisions[END_REF]. Particularly, identifying the source of the local geomorphological disturbances is often complex due to the tangle of many interacting causes. This issue seems especially hard to tackle when the root causes of the disturbance are diffuse (e.g. agriculture), historical (e.g. mining activities) or related to human presence (e.g. urbanisation), as observed in the Pas-de-Calais department, where reactive management often remains the single available and reliable mitigation option [START_REF] Lefebvre | Plan Départemental pour la Protection du milieu aquatique et la Gestion des ressources piscicoles du Pas-de-Calais (PDPG 62)[END_REF]. Besides, some inter-relationships between the two restoration scenarios may exist. We however chose to focus on the restoration of each alteration independently, given the low correlation between the two disturbance variables and the high complexity of the mechanistic processes behind these inter-relationships. Additionally, accounting for the potential cumulative effects of related restoration actions, which may provide greater overall ecological benefits (e.g. at the catchment scale; [START_REF] Esselman | An index of cumulative disturbance to river fish habitats of the conterminous United States from landscape anthropogenic activities[END_REF] than isolated restoration measures, was overlooked in this study. The inclusion of the spatial structure and longitudinal connectivity of catchments as well as the potential synergistic effect of restoration actions would thus represent a great improvement for this prioritisation framework. Last, the present study solely emphasises the first stage of the process of preserving and restoring freshwater ecosystems. This first stage was achieved with the development of a framework that enables the spatial and comprehensive identification of restoration and conservation priorities related to stream fish assemblages, which can then be used to support the implementation of management actions with local decision-makers. However, the local stakeholders are likely to account for nonecological factors (e.g. land-use conflicts) to address the question of where to implement restoration and conservation actions to achieve the greatest ecological recovery of rivers [START_REF] Palmer | Hydroecology and river restoration: ripe for research and synthesis[END_REF][START_REF] Thomas | Improving restoration practice by deriving appropriate techniques from analysing the spatial organization of river networks[END_REF]. Since the other stages of the decision-making process are often beyond the scope of scientists and conservation planners, it is essential to improve the efficiency of both the results and the messages we deliver to local authorities by adapting our methods to their requirements and capacities of action [START_REF] Barmuta | Bridging the gap between 'planning' and 'doing' for biodiversity conservation in freshwaters[END_REF][START_REF] Collier | The rapid rise of streams and rivers in conservation assessment[END_REF][START_REF] Knight | Engage the hodgepodge: management factors are essential when prioritizing areas for restoration and conservation action[END_REF].
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 1 Figure 1. River network (blue lines) of the Pas-de-Calais department (delineated by a bold black line). The catchments (delimited by a thin black line) are coloured in light blue if they are entirely located within the department (i.e. coastal catchments flowing into the English Channel) or in light orange if they are tributaries of the River Scheldt, whose mouth is located in the Netherlands. The green circles represent the 182 sites fish sampling sites.
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 2 Figure 2. Influence of the restoration scenarios on the four aspects of diversity considered in this study: (a) taxonomic diversity, (b) functional diversity, (c) natural heritage interest, and (d) socioeconomic interest.The boxplots corresponding to the "CURRENT", "FLOWREGIME" and "GEOMORPH" scenarios are coloured in orange (left boxes), blue (middle boxes) and green (right boxes), respectively. The median is denoted by the bold horizontal line, the box delimits the interquartile range, and the whisker lines extend to the observed maxima and minima, except for the outliers symbolized by circles.
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 3 Figure 3. Current conservation priorities for stream fish assemblages of the Pas-de-Calais department based on the "CURRENT" fish dataset. River stretches are ranked from low (white) to high (dark blue) conservation priority through a blue colour ramp.

Figure 4 .

 4 Figure 4. Geomorphological restoration priorities of the river network of the Pas-de-Calais department.These spatial priorities were obtained by subtracting the multi-faceted diversity value computed on the current fish assemblages (i.e. "CURRENT" scenario) from that computed on the fish assemblages predicted under natural (i.e. restored) geomorphological conditions (i.e. "GEOMORPH" scenario). The river stretches are ranked from low (white) to high (dark blue) restoration priority through a blue colour ramp. The nonpriority river stretches are displayed in red.

Figure 5 .

 5 Figure 5. Spatial priorities for flow regime restoration of the river network of the Pas-de-Calais department.These priorities were obtained by subtracting the multi-faceted diversity value of the current fish assemblages (i.e. "CURRENT" scenario) from that of the fish assemblages predicted after restoration of the natural flow regimes (i.e. "FLOWREGIME" scenario). The river stretches are ranked from low (white) to high (dark blue) restoration priority through a blue colour ramp. The non-priority river stretches are displayed in red.
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