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Introduction

It is widely accepted that we are entering a period of unprecedented climate changes. Since the beginning of the Industrial Revolution, human activities have significantly impacted the Earth climate [START_REF] Steffen | The Trajectory of the Anthropocene: The Great Acceleration[END_REF]. The global average temperature has increased by approximately 0.85°C, and according to the latest IPCC report, this rise could reach +4.8°C by 2100 (IPCC report, 2014). Although natural systems have already been affected by large natural climate variations, the rapidity of current changes threatens the global biodiversity [START_REF] Root | Fingerprints of Global Warming on Wild Animals and Plants[END_REF][START_REF] Thuiller | Climate Change and the Ecologist: Biodiversity[END_REF][START_REF] Wong | Behavioral Responses to Changing Environments[END_REF]. In response to these environmental changes, species can disperse, adjust behavior to suit the conditions or adapt through genetic evolution [START_REF] Wong | Behavioral Responses to Changing Environments[END_REF][START_REF] Williams | Towards an Integrated Framework for Assessing the Vulnerability of Species to Climate Change[END_REF]. Regarding to these observations, migratory behavior can be considered as a first adaptive response in this changing environment [START_REF] Dingle | What Is Migration?[END_REF].

In the animal kingdom, migration is a ubiquitous biological feature in the life cycle of many species. It can be found in all major taxa, from microscopic crustaceans to the large sea-dwelling mammals and plays a key role in the population dynamics [START_REF] Hansson | Size-Structured Risk Assessments Govern Daphnia Migration[END_REF][START_REF] Horton | Straight as an Arrow: Humpback Whales Swim Constant Course Tracks during Long-Distance Migration[END_REF][START_REF] Brönmark | There and Back Again: Migration in Freshwater Fishes[END_REF]. Although the processes underlying migration are still poorly understood and are a matter of some debates, migration is defined as a cyclical phenomenon which occurs between two or more separate habitats and includes a movement of a large part of the population [START_REF] Begon | Ecology from Individuals to Ecosystems[END_REF]Metacalfe et al, 2002;[START_REF] Secor | Migration Ecology of Marine Fishes[END_REF]. The migratory behavior usually leads to crucial processes in the life cycle as growth, maturation and reproduction [START_REF] Northcote | Migratory strategies and production in freshwater fishes[END_REF].

As most of biological traits, migration is influenced by environmental changes, especially by temperature which plays a key role in initiating and modulating the migration movement [START_REF] Baglinière | Les aloses, Alosa alosa et Alosa fallax spp[END_REF].

Over the last decades, numerous studies have shown an impact of the global warming on a various levels of biological organization, from the individual to the ecosystem levels (H. O. [START_REF] Pörtner | Climate Change Effects on Fishes and Fisheries: Towards a Cause-and-Effect Understanding[END_REF]. It includes physiological changes at the molecular, cellular and organism scale; shift in species distribution, phenology and community (H. [START_REF] Pörtner | Climate Change and Temperature-Dependent Biogeography: Oxygen Limitation of Thermal Tolerance in Animals[END_REF]H. . Pörtner 2002;[START_REF] Hughes | Biological Consequences of Global Warming: Is the Signal Already Apparent?[END_REF][START_REF] Walther | Ecological Responses to Recent Climate Change[END_REF][START_REF] Root | Fingerprints of Global Warming on Wild Animals and Plants[END_REF]. For example, many species have modified their life cycle event, especially birds or insect, which flying, reproducing and spawning earlier in the season [START_REF] Hughes | Biological Consequences of Global Warming: Is the Signal Already Apparent?[END_REF][START_REF] Walther | Ecological Responses to Recent Climate Change[END_REF][START_REF] Root | Fingerprints of Global Warming on Wild Animals and Plants[END_REF]. Changes in migratory patterns, distribution and abundances have also been observed for a large array of fish species from the polar to tropical regions [START_REF] Roessig | Effects of Global Climate Change on Marine and Estuarine Fishes and Fisheries[END_REF]).

During their life cycle, diadromous fishes which migrate up and downstream across long distances undergo considerable pressures, from natural as well as anthropogenic pressures [START_REF] Baglinière | The Allis Shad Alosa Alosa[END_REF]. Dams construction habitat degradation, water pollution deterioration in spawning grounds and unsustainable fisheries have been widely cited as responsible causes of the observed decline in abundance of these species [START_REF] Thorstad | Factors Affecting the Within-River Spawning Migration of Atlantic Salmon, with Emphasis on Human Impacts[END_REF] 2006). The negative effects of these anthropogenic pressures have been amplified by the ongoing global warming ( [START_REF] Groot | A Review of the Past and Present Status of Anadromous Fish Species in the Netherlands: Is Restocking the Rhine Feasible?[END_REF][START_REF] Limburg | Dramatic Declines in North Atlantic Diadromous Fishes[END_REF]. Given this outlook, a better understanding of migration processes is essential for the protection of these endangered populations.

Among diadromous fishes, the Allis shad (Alosa alosa, L. 1758), is an anadromous clupeid characterized by two main migrations. Juveniles first migrate from the river to the sea to complete their growth stage, and then return to their natal river at the age of 5 years to spawn between August and December (Appendix 1). Historically, the populations ranged along the Atlantic coast from Norway to Morocco. Since the beginning of the 19th century many shads populations have declined, leading to a contraction in the species distribution [START_REF] Lassalle | Diadromous Fish Conservation Plans Need to Consider Global Warming Issues: An Approach Using Biogeographical Models[END_REF]. Consequently, the species has been classified as "vulnerable" by the French committee of the International Union for the Conservation Nature (IUCN) The Garonne population, known as the largest Allis shad population in Europe, is not spared by this global decline. Indeed, the population recently collapsed, despite the drastic fishing ban implemented in 2008 to reverse this downward trend [START_REF] Rougier | Collapse of Allis Shad, Alosa Alosa, in the Gironde System (Southwest France): Environmental Change, Fishing Mortality, or Allee Effect?[END_REF].

For a few years, several studies were carried out in the Gironde watershed to investigate the impact of temperature on the reproduction, embryos and larvae survival. These approaches allowed an estimation of the optimal thermal range of the Allis shad and defined the thermal niche of reproduction [START_REF] Jatteau | Thermal Tolerance of Allis Shad ( Alosa Alosa ) Embryos and Larvae: Modeling and Potential Applications[END_REF][START_REF] Lambert | Allis Shad Adopts an Efficient Spawning Tactic to Optimise Offspring Survival[END_REF]Paumier et al, submit). Likewise, knowledge on the factors affecting upstream migration of Allis shad has been provided in several occasions [START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF][START_REF] Acolas | An Assessment of the Upstream Migration and Reproductive Behaviour of Allis Shad ( L.) Using Acoustic Tracking[END_REF][START_REF] Acolas | Upstream Migration and Reproductive Patterns of a Population of Allis Shad in a Small River (L'Aulne, Brittany, France)[END_REF][START_REF] Boisneau | Does Global Warming Impact on Migration Patterns and Recruitment of Allis Shad (Alosa Alosa L.) Young of the Year in the Loire River, France?[END_REF]. However, no studies have characterised yet, the dynamic of this process along the main water course and have linked reproduction and migration processes. The patterns of migration determine the number and the arrival periods of spawners on the spawning grounds. A desynchronization between migration and reproduction may lead to compromise breeding success and therefore survival rate of the young stages [START_REF] Lucas | Migration of Freshwater Fishes[END_REF].

The present study aimed at (i) characterizing migratory patterns of Allis shad spawners to provide a global definition of this process (ii) understanding and evaluating how it influences the expression of the thermal niche of spawning previously established (Paumier et al, submit). Firstly, migration waves along the Garonne River were defined using a MULTIFAN-approach (D. A. [START_REF] Fournier | MULTIFAN a Likelihood-Based Method for Estimating Growth Parameters and Age Composition from Multiple Length Frequency Data Sets Illustrated Using Data for Southern Bluefin Tuna ( Thunnus Maccoyii )[END_REF], and this typology was then regarded throughout the environmental parameters. Secondly, the variability of this process and its impact on the thermal niche of spawning was assessed throughout a clustering. Finally, the impact of migration variability on the breeding success was discussed.

In a broadest sense, this present work is carried out as part of the Alexis Paumier's PhD, which investigates the adaptation of spawning in relation to the larvae and juvenile survival. The results obtained will be used to implement a mechanistic model (questions in red; Fig. 1), identifying the optimal spawning strategy in order to ensure survival of the young stages in a global warming context.

Material and methods

Study area

Migration waves were defined for the Allis shad metapopulation in the Gironde watershed (Fig. 2). The analysis was conducted from the Gironde Estuary to the spawning grounds, on the Garonne River. The Gironde estuary has a total surface area of 625 km 2 (measure at high tide) and extends over 80 km from the sea to the Bec d'Ambès, confluence point of the Garonne and Dordogne Rivers [START_REF] Girardin | Surveillance halieutique de l'estuaire de la Gironde -Suivi des captures 2005-Etude de la faune circulante[END_REF][START_REF] Castelnaud | Analyse de la tendance de l'abondance de l'alose alosa alosa en gironde à partir de l'estimation d'indicateurs halieutiques sur la période 1977-1998[END_REF]. The tide is semi-diurnal and has a 14-day period.

Data have been collected on five sections: Estuary ("EST"), tidal part of the Garonne River ("GMZ"), Garonne Fluvial Zone ("GFZ"), spawning grounds ("SPG"), and Golfech dam ("FP") on the Garonne River. Two sections ("EST" and "GMZ") are under the influence of the dynamic tide and extend over 150 km. The remains three sections ("GFZ", "SPG" and "FP") are under fluvial regulation.

In the tidal part of the river ("GMZ"), hydrodynamic is complex and results of the tide and flow effect combination [START_REF] Castelnaud | Caractéristique des petites pêches côtières et estuariennes de la côte atlantique du Sud de l'Europe . Rapport Final Sites ateliers[END_REF][START_REF] Girardin | Surveillance halieutique de l'estuaire de la Gironde -Suivi des captures 2005-Etude de la faune circulante[END_REF]. The Garonne River is characterized by seven main spawning grounds [START_REF] Carry | Suivi de la reproduction de la grande alose sur la Garonne en[END_REF]. The Golfech dam, located at 270 km from the sea, is the first barrier on this river (Fig. 2). In 1987, fish passes with videos counting equipment were installed at the dam location, to restore diadromous species free movement and ensure reproduction [START_REF] Travade | Conception d'un Ascenseur à Poissons Adapté à l'alose (Alosa Alosa) Sur Un Grand Cours d'eau : I'ascenseur de Golfech Sur La Garonne[END_REF]. Despite this effort, most of fishes reproduce below the dam due to the difficulty to cross this barrier [START_REF] Groux | Actualisation des connaissances sur l'éfficacité et la conception des dispositifs de montaison pour l'alose-Projet LIFE09NAT/DE/000008-Conservation and restoration of the Allis shad in the Gironde and Rhine watersheds -Action A1[END_REF]Paumier et al, submit).

Environmental data

Daily estimates of water temperature (°C) and flows (m 3 . s -1 ) on the Garonne River were used to related the environmental parameters and the upstream migration. Data have been collected from 2003 to 2007, at the Golfech hydroelectric power plant. The average temperature and flow were calculated for each year.

Upstream migration assessment

The migration of Allis shad spawners was estimated using three data types: (i) Catch per unit effort (CPUE) (ii) acoustic monitoring on the spawning grounds ("SPG"), (iii) observations from the fish passes. Data were available from 2003 to 2007 (moratorium, 2008) except on the tidal part of the river, where no data has been collected between 2003 and 2004.

Catches Per Unit Effort (CPUE)

CPUE (Catch per Unit Effort) is a relative abundance index, commonly defined as the ratio between the number of target fishes caught and the sampling effort (days of fishing for a trammel net in our case) (FAO). CPUE data were provided by both professional and nonprofessional fishermen in three sections: Estuary ("EST", only professional), tidal part of the Garonne River ("GMZ") and Garonne Fluvial zone ("GFZ"). Fishes were caught during their upstream migration between March and June, during the lamprey and shad fishery [START_REF] Castelnaud | Caractéristique des petites pêches côtières et estuariennes de la côte atlantique du Sud de l'Europe . Rapport Final Sites ateliers[END_REF][START_REF] Castelnaud | Analyse de la tendance de l'abondance de l'alose alosa alosa en gironde à partir de l'estimation d'indicateurs halieutiques sur la période 1977-1998[END_REF].

Acoustic survey

Population reproduction was estimated by counting the number of spawning acts for five consecutive reproductive seasons. Spawning occurs during the night following a succession of characteristic behavioral sequences characterized by a fast, circular and noisy movement at the surface (Menesson et [START_REF] Mennesson-Boisneau | Migration, répartition, reproduction et caractéristique biologiques des aloses Alosa sp. dans le bassin de la Loire[END_REF]Baglinière and Elie., 2000). Splashing emissions were recorded by direct or indirect observations to assess the spawning activity. To estimate the number of individuals on the spawning ground, we assumed that (i) spawners spread eggs in only one spawning grounds (ii) only one female is involved on a spawning act, (iii) sex ratio is balanced, (iv) each female spawn in average of 7.5 times. [START_REF] Cassou-Leins | Recherches sur la biologie et l'halieutique des migrateurs de la Garonne et principalement de l'alose[END_REF]Menesson et Boisneau, 1990;[START_REF] Chanseau | Essai d'évaluation du stock de géniteurs d'alose Alosa alosa du bassin versant Gironde-Garonne-Dordogne sur la période 1987-2001 et comparaison de différents indicateurs d'abondance[END_REF][START_REF] Acolas | Upstream Migration and Reproductive Patterns of a Population of Allis Shad in a Small River (L'Aulne, Brittany, France)[END_REF].

Fish passes

Since 1987, fish surveys were ensured by video counting equipment installed at Golfech dam. When fishes reached the crossing device, the video equipment system allowed their recorded (Travade et al,1992). An identification was then made by Migado. This monitoring provided a reliable estimation of the migration process throughout the reproductive season [START_REF] Bellariva | Contribution à l'étude Du Déroulement de La Migration et de La Reproduction de La Grande Alose (Alosa Alosa L. ) En Garonne : Étude Prospective de La Dévalaison Des Juvéniles[END_REF].

Modelling approach

Definition of migration waves

Migration wave is defined as a dense flux of fish, which migrates together approximately at the same time, in response more or less, to the same environmental cues in the neighbour area [START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF][START_REF] Baglinière | The Allis Shad Alosa Alosa[END_REF].

Migration wave can be simulated by a Gaussian curve where the mean μ i corresponds to the day of the migration peak, the standard deviation σ i, is related to the migration wave duration , and p i (t) is the proportion of migrating fishes at time t, for wave i (Fig. 3).

The proportion p i,k of migrating fishes from wave i in a site k at time t is calculated by Eq. 2

p 𝑖,𝑘 (t) = 1 √2𝜋σ 𝑘 𝑒 -( 𝑡-μ 𝑘,𝑖 σ 𝑘 ) 2 (Eq.2)
2.4.2. Gaussian mixture models (GMM)

The analysis was based on the MULTIFAN approach, a likelihood based method developed by Fournier, to estimate the growth parameters and the age composition from multiple length frequency data set (D. A. [START_REF] Fournier | MULTIFAN a Likelihood-Based Method for Estimating Growth Parameters and Age Composition from Multiple Length Frequency Data Sets Illustrated Using Data for Southern Bluefin Tuna ( Thunnus Maccoyii )[END_REF][START_REF] Fournier | MULTIFAN-CL: A Length-Based, Age-Structured Model for Fisheries Stock Assessment, with Application to South Pacific Albacore, Thunnus Alalunga[END_REF]. We considered each time series in each site for a given year as a sum of several Gaussians which can be assessed by a Gaussian mixture model. Gaussian mixture model is parametric probabilistic model mainly used to estimate parameters (π k,i , μ k,i , σ k ) of Gaussians components using the iterative expectation maximization (EM) algorithm. [START_REF] Reynolds | Gaussian Mixture Models[END_REF]. A BIC (Bayesian Information criterion) is tied to the model to select the best one. In our study, we can assess our Gaussian mixture by the Eq.3

𝑃 𝑘 (𝑡) = ∑ π 𝑖,𝑘 (𝑡, µ 𝑖,𝑘 , 𝜎 𝑘 𝑛 𝑖=1 ) (Eq.3)
where P k (t) is the relative proportion of fish in the time series from the Gaussian mixture for a site-year combination; k is the site, 𝜋 𝑖,𝑘 the relative importance of migration wave i in the time series from site k, µ i,k and σ ,k the parameters of each Gaussian i.

The model was performed on Rstudio ® software (2.1) using the function "mix" and "mixconstr" of the "Mixdist" packages (Macdonald, 2012). In view of the result of the preliminary analysis, we constrained our model to consider 5 waves and fit the same number of waves for all the time series. Considering the tides influence on the upstream migration [START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF], we considered that migration waves, at least at the start of the migration in estuary, are related to the tidal cycle and then spaced by around 14 days. We therefore constrained the waves peaks (µ) to be spaced by a 14-day period. In addition, to avoid too flat waves which did not respect our definition, the standard deviations σ were constrained to be the same for all waves in the same site for given year (see Eq.3).

Selection of migration waves

Among the 5 waves, some had very low P i values (i.e. number of individuals in the specific migration waves). In order to provide a most reliable definition of the migratory process dynamics, only the wave combination which included 95% of the total individuals has been considered. Beyond this threshold, we assumed that the remaining waves have no ecological meaning. 

Stability and variability of migratory patterns

To evaluate the variability of migration waves, 3 analysis were performed: (i) the standard deviation (σ) was compared in each site using a Wilcoxon signed rank test. This first analysis allowed to estimate the signal deformation during the upstream migration. (ii) a hierarchical agglomerative clustering (HAC) based on the Euclidean distance was performed on wave's parameters (μ, σ and π), using the average linkage to assess the inter-annual and inter-site variability. (iii) Migration speeds were calculated on a section of 250 km, using the time lag between the peaks of migration observed in Estuary then, on the spawning grounds (Fig. 5). 

Results

The population decline in the Gironde watershed

Since 2005, a decline in fish abundances is observed with minimal abundances recorded in 2007 (Fig. 6). The abundances of fishes were divided by more than five. 

Definition of the upstream migration of Allis shad spawners

Upstream migration occurred between the beginning of April and the middle of July, from the Estuary to the spawning grounds. Figure 7 presents an example of the fits of the revised MULTIFAN model according to the fish frequency. The remaining fits are included in Appendix 2. A variable number of migration waves, ranging from 3 to 5, were observed depending on the site-year combination (Fig. 8). On the estuarine section ("EST") and tidal part of the Garonne River ("GMZ") waves were more flattening and spaced by an average of 15-18 days (Appendix 3). On the fluvial section migration period was shorter, and waves were more closely spaced in times with an average of 10 days between each wave. A summary of the definition of the upstream migration from 2003 to 2007 was presented in Figure 8. 

1. Signal variability and stability

The Wilcoxon test performed on the standard deviation (σ) have shown a significant difference between the tidal part of the river "GMZ" and both sites; spawning grounds "SPG" (p-value=0.036) and fluvial zone "GFZ" (p-value=0.016. "GMZ" and "SPG" were indeed characterized by a lower average σ value and thereby a lesser dispersed migration wave (Fig. 9). A greater variability was observed on the estuary ("EST"), tidal part of the river ("GMZ") and fish pass ("FP") where σ values ranged from 3 to 8.

The HAC analysis performed on the wave's parameters (u i, day of the migration peak; σ i number of days characterising the wave and p i, proportion of individuals which migrate) , discriminated four groups of site-year combination (Fig. 10). The first group was composed by fish passes "FP" 2004 and 2007; the second by downstream area (Estuary "EST" and tidal part of the river "GMZ"), the third one by the fluvial zone "GFZ" and the last one included upstream area (spawning grounds "SPG" and fish passes "FP"). Contrary to the other site, fish pass was classified in three different groups. 

Migration speed

The number of days between the main waves observed at each site varied according to the year. The peak of migration occurred approximately at the same time in the tidal and medium part of the river. It takes place earlier than in the estuary that suggested negative migration speeds. On the upstream area ("SPG" and "FP"), the main wave was occurred at the same time, in downstream area and fish passes.

The number of days between the main wave in the estuary and spawning ground ranged from 11 days in 2006 to 49 days in 2007 (Table 1). The delay allowed to estimate an average speed of 12 km/days. Annual estimate temperatures were similar and varying from 18,5 °C to 20,2 °C. On the contrary, a high inter-annual variability was observed on annual estimates of flows, which ranged from 258,9 m/s to 490 m/s. 

Start End

Table 1: Number of days between the main wave observed in the estuarine section and the main wave observed on the spawning ground and estimated average speed (km/days) in relation to the annual estimates of water flows (m 3 /s -1 ) and temperature (°C).

Relationship with the thermal niche of spawning

Global rule and model output

The second HAC analysis performed on the wave's parameters (µ i , σ i and p i ) on the spawning ground allowed separating 2013 from the other years. The same observation is also noticed in the previous results from Paumier et al. The arrival on the spawning ground occurs between the 106 th (in 2015) and the 178 th Julian days (in 2012) which correspond to the 16 th of April and the 27 th of June, respectively. Despite of the inter-annual variability, 3 or 4 waves were observed on the spawning grounds (Table 2, Annexe 4). The main wave occurs between the 125 th day and the 178 th day with a proportion of migratory fishes ranged from 0.41 to 0.79.

Discussion

A new model for migration dynamics

The previous works carrying out the migration of Allis shad were hitherto assessed the upstream migration using a weighted moving average method, highlighting therefore the spawners abundance peak in the distribution. In view of these works, the upstream migration of Allis shad has been described as a dynamic of one or two peaks of migration [START_REF] Mennesson-Boisneau | Migration, répartition, reproduction et caractéristique biologiques des aloses Alosa sp. dans le bassin de la Loire[END_REF][START_REF] Bellariva | Contribution à l'étude Du Déroulement de La Migration et de La Reproduction de La Grande Alose (Alosa Alosa L. ) En Garonne : Étude Prospective de La Dévalaison Des Juvéniles[END_REF][START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF][START_REF] Acolas | An Assessment of the Upstream Migration and Reproductive Behaviour of Allis Shad ( L.) Using Acoustic Tracking[END_REF][START_REF] Acolas | Upstream Migration and Reproductive Patterns of a Population of Allis Shad in a Small River (L'Aulne, Brittany, France)[END_REF]. In the present study, the upstream migration of Allis shad was described by a new original approach. Times series were decomposed from a model originally developed for length frequency data set (MULTIFAN) and have allowed fitting migration waves using the entire distribution (D. A. [START_REF] Fournier | MULTIFAN a Likelihood-Based Method for Estimating Growth Parameters and Age Composition from Multiple Length Frequency Data Sets Illustrated Using Data for Southern Bluefin Tuna ( Thunnus Maccoyii )[END_REF][START_REF] Fournier | MULTIFAN-CL: A Length-Based, Age-Structured Model for Fisheries Stock Assessment, with Application to South Pacific Albacore, Thunnus Alalunga[END_REF]. This In Grey, the wave's parameters which have been excluded in our analysis; in bold the estimated parameters of the main wave; in red the atypical year highlighted by the clustering modelling approach allowed characterizing migration waves at the temporal and spatial scale. The upstream migration has been investigated along the entire main water course, from the Gironde estuary to the spawning grounds, providing therefore a more reliable assessment of the dynamics of this process. This study brings basic knowledge about the migration process and complete the previous works carrying out on the Gironde Estuary [START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF], and spawning grounds [START_REF] Acolas | An Assessment of the Upstream Migration and Reproductive Behaviour of Allis Shad ( L.) Using Acoustic Tracking[END_REF][START_REF] Acolas | Upstream Migration and Reproductive Patterns of a Population of Allis Shad in a Small River (L'Aulne, Brittany, France)[END_REF].

Migratory pattern of the upstream migration in the Garonne River

Our study highlighted the complexity of the migration process. The number of migration waves ranged from 3 to 5 in each site. Estimated parameters, i.e. migration day occurring (µ), duration of migration wave (σ) and its intensity (i.e. the proportion of migratory fish; pi) were variable according to the site and year combination. These results therefore suggested a high inter-annual and inter-site variability, which was confirmed by the both clustering. The inter-site variability was being expressed by (i) a difference in periodicity between the area under marine and fluvial regulation (ii) a deformation of the signal from the estuary to the spawning ground. Likewise, the inter-annual variability was translated into (i) a different number of waves among years for a same site, (ii) a difference in migratory pattern (e.g.

2013).

The migratory behavior is the outcome of internal and external cues that interact and stimulate the movement [START_REF] Lucas | Migration of Freshwater Fishes[END_REF]. It depends on the internal state of the individuals, abiotic conditions, social interactions or reproductive outcomes [START_REF] Secor | Migration Ecology of Marine Fishes[END_REF][START_REF] Nathan | A Movement Ecology Paradigm for Unifying Organismal Movement Research[END_REF]. Taking into this framework, we assumed that the differences between migratory patterns at each site might explain by different factors modulating the signal.

The influence of tide cycle in the downstream area

In the Gironde estuary and tidal part of the river ("GMZ"), migration waves periodicity ranged from 13,7 days to 25, 6 days, that could be consistent with the tidal influence. The impact of the tidal cycle on migration has been highlighted in few cases (Menesson Boisneau, Rochard 2001;Sabatié 1993). [START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF] and [START_REF] Dodson | The Behavior of Adult American Shad ( Alosa Sapidissima ) During Migration from Salt to Fresh Water as Observed by Ultrasonic Tracking Techniques[END_REF] suggested a passive behaviour with the tidal current. Unlike other species (e.g. salmons), shads did not use currents selectively and this oscillating movement would be related to the physical adaptation to freshwater before starting the riverine migration [START_REF] Dodson | The Behavior of Adult American Shad ( Alosa Sapidissima ) During Migration from Salt to Fresh Water as Observed by Ultrasonic Tracking Techniques[END_REF][START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF]. Nevertheless, the great variability observed on the Gironde Estuary, suggested the existence of other factors that modulate the migration. For example, dissolved oxygen concentrations, salinity or turbidity can be stressful for fishes. It may affect the upstream migration and lead fishes to wait more suitable conditions to start the riverine migration [START_REF] Tétard | Poor Oxic Conditions in a Large Estuary Reduce Connectivity from Marine to Freshwater Habitats of a Diadromous Fish[END_REF][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]. An Estuarine Turbidity Maximum (ETM), resulting from a resuspension of particles, often characterizes Macrotidal estuaries, such as the Gironde Estuary. In the Gironde estuary, the ETM is associated with hypoxic conditions under high temperature and low river flow [START_REF] Lajaunie-Salla | Modélisation de la dynamique de l'oxygène dissous dans l'estuaire de la Gironde[END_REF]. This assumption proposed by [START_REF] Tétard | Poor Oxic Conditions in a Large Estuary Reduce Connectivity from Marine to Freshwater Habitats of a Diadromous Fish[END_REF] to explain the longer pattern (18.5 days on average) exhibited by shads in the Loire estuary could be adapted to the Gironde Estuary case. It could explain the migratory pattern in the estuary and tidal part of the river, and therefore the longer periodicity observed some years. However, a further analysis of turbidity and oxygen conditions in the Gironde estuary across the study period will be requisite to confirm this hypothesis.

Importance of biological factors in the riverine stage

From the medium part of the river to the spawning grounds, waves were spaced by an average of 10 days and were less dispersal (decreasing on the standard deviation), compared to the estuary and tidal part of the river. Such migratory patterns could have resulted from (i) the tidal dissipation in the medium and higher part of the river, (ii) a difference in the nature and importance of cues modulating and triggering the movement. On the fluvial section, tidal range has no effect. The internal rhythm of migration is modulated by other external factors such as water temperature and water discharge, which are widely cited as the main factor affecting the upstream migration of Allis shad (Menesson-Boisneau et Boisneau;[START_REF] Mennesson-Boisneau | Migration, répartition, reproduction et caractéristique biologiques des aloses Alosa sp. dans le bassin de la Loire[END_REF]Sabatié, 1993;Menesson-Boisneau et al, 2000). The latter interacts with biological factors (e.g. maturity state), whose the importance increases as migration proceeds upstream (Baglinière 2001, Baglinière andElie, 2003). Some physiological and internal modifications (e.g. modification in liver and muscles structure) took place during the riverine stage to support the energetic expenditures of spawning runs and could modulate the movement at the individual scale (Baglinière, 2001). In addition, shads, like most of the migratory fishes (e.g. Herrings, sardines, salmons..) traveling in schools during the riverine stage, to facilitate social transmission and learning of migration routes; increase propulsion capacities by coordinating their movement, or evade threats (e.g. predators) [START_REF] Lucas | Migration of Freshwater Fishes[END_REF][START_REF] Secor | Migration Ecology of Marine Fishes[END_REF]. This observation could justify the shorter waves observed in these two sites. It is, however, important to consider the gap in time series on the medium part of the river, between 2003 and 2004, because it could be explained the significant difference observed between the medium and the tidal part of the river.

As we suggested before, the migration process resulted on a combination of several factors. Environmental conditions fluctuate among the year and explain the inter-annual variability. Schools are dynamic in membership and can dissipate or merge with other aggregation (e.g. Atlantic herring) [START_REF] Makris | Critical Population Density Triggers Rapid Formation of Vast Oceanic Fish Shoals[END_REF][START_REF] Secor | Migration Ecology of Marine Fishes[END_REF]. Temporal and spatial dynamic scale must be considered to explain the dynamic and intensity of waves.

The variability at the fishway

Our study highlighted a great inter-annual variability on the migratory pattern at the fish passes compared to the other site. The clustering did not classify the site-year combination in the same group (see Fig. 10). Such separation may be explained by a great variability in the wave flattening and the occurring day of the migration peak. These results differ from what has been observed in the Mondego River (Portugal), where an important proportion of fishes crossed the device at the same period, when the flow conditions became more suitable [START_REF] Stratoudakis | Exploited Anadromous Fish in Portugal: Suggested Direction for Conservation and Management[END_REF]. According to this study we should observe a lesser spread migration waves with important pi-value. These results therefore suggested a highly variable temporal window within which environmental conditions enable passage of individuals. In addition, weir fishways were documented to be stressful for shads and other fishes which traveling in schools [START_REF] Groux | Actualisation des connaissances sur l'éfficacité et la conception des dispositifs de montaison pour l'alose-Projet LIFE09NAT/DE/000008-Conservation and restoration of the Allis shad in the Gironde and Rhine watersheds -Action A1[END_REF]. The difficulty to cross these barriers may be reflected by the extents meandering movements below the dam, as well as a stationary behavior. However, some other factors should be considered to explain the migratory pattern observed at the dam. A low light intensity, unfavourable hydraulic conditions at the device, or a unsuitable fishway dimensioning has now documented to affect the behavior of shad below the dam [START_REF] Groux | Actualisation des connaissances sur l'éfficacité et la conception des dispositifs de montaison pour l'alose-Projet LIFE09NAT/DE/000008-Conservation and restoration of the Allis shad in the Gironde and Rhine watersheds -Action A1[END_REF].

The Individual Based Model implementation

This study aimed at providing a global definition of the migratory process, to implement the Individual Based Model developed by Paumier et al. (Fig. 1). The variability of the migratory patterns across the different sector emphasized the complexity of the migratory process and the difficulty to grasp it. This observation was besides confirmed by the analysis of migratory patterns on the spawning ground for 14 reproductive seasons. Despite this variability, some stability is observed and allows us to give reliable estimation of the migration process on the spawning ground. Considering our results, we can define the following general rule (i) the arrival of spawnners on the spawning ground mainly takes place in 3 or 4 successive waves, with an average of 10-day intervals. (ii) the first wave is often the smaller one and occurs around the May 4th; (iii) the intensity of migration waves (pi) is the most fluctuating parameters (iv) the standard deviation σ ranged around 4 days.

Migration cost and swimming capacity

The analysis of migration speeds showed an average speed of 12 km/day. During the observation period differences were observed, with relatively low speeds in 2005 and 2007, and a higher average speed observed in 2006. The migration speed obtained was similar to the previous monitoring in the Garonne River for the same 250 km section [START_REF] Bellariva | Contribution à l'étude Du Déroulement de La Migration et de La Reproduction de La Grande Alose (Alosa Alosa L. ) En Garonne : Étude Prospective de La Dévalaison Des Juvéniles[END_REF]). However, our estimation was lower than in the Gironde Estuary [START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF] and Loire River (Menesson, 1993), which estimated an average speed of 21km/days. Nevertheless, average speeds in these both studies were calculated for smaller sections; 70 km and 150 km respectively. These lower values may be explained by a greater expenditure of energetic stores, regarding to the distance travelled [START_REF] Bellariva | Contribution à l'étude Du Déroulement de La Migration et de La Reproduction de La Grande Alose (Alosa Alosa L. ) En Garonne : Étude Prospective de La Dévalaison Des Juvéniles[END_REF]. This assumption has been confirmed by several studies carrying out of Alosa sapidissima in the Connecticut River [START_REF] Leonard | Effects of Migration Distance on Whole-Body and Tissue-Specific Energy Use in American Shad ( Alosa Sapidissima )[END_REF][START_REF] Castro-Santos | Modeling Migratory Energetics of Connecticut River American Shad (Alosa Sapidissima): Implications for the Conservation of an Iteroparous Anadromous Fish'. Edited by Bror Jonsson[END_REF]. These studies attested of depletion in energy stores with the migration distance and emphasized the importance of hydro-climatic conditions such as water flow or temperature. Regarding to this observation, the reduction in migration speed in 2007, could be explained by two ways (i) the high-water flow recorded in 2007, may be involved in a greater energy expenditure leading to a reduction in migration speed (ii) the high-water flow interrupted the upstream migration and inducing a lower migration speed.

Nevertheless, the average swimming speed was established for each year, using the time lag between the main waves observed on the estuary, then on the spawning ground. This method, widely used in the literature to estimate swimming speeds [START_REF] Bellariva | Contribution à l'étude Du Déroulement de La Migration et de La Reproduction de La Grande Alose (Alosa Alosa L. ) En Garonne : Étude Prospective de La Dévalaison Des Juvéniles[END_REF][START_REF] Rochard | Migration anadrome estuarienne des géniteurs de grande alose Alosa alosa, allure du phénomène et influence du rythme des marées[END_REF], seems particularly simplistic given the complexity of migration processes. We indeed assumed the main wave remained the same over time, but our study emphasized that it was not evident. An approach considering all waves should be more appropriate and should allow estimating migration speeds more reliably. Due to the difficulty to perform such exercise, and owing to time constraints, we did not implement this method.

Focus on the linkage between migration and reproduction

On the spawning grounds, migration waves and migratory patterns varied depending on the year and may be related to the hydro-climatic conditions. For example, in 2013, the atypical migration may be explained by extreme-weather conditions in the Gironde watershed (significant higher flow associates with cold temperature). Thus, the atypical migration could partially explain the atypical spawning season observed in 2013 (Paumier et al, submit). For the other atypical reproduction (Garonne 2008;2014 and[START_REF] Lajaunie-Salla | Modélisation de la dynamique de l'oxygène dissous dans l'estuaire de la Gironde[END_REF], the upstream migration took place in a usual way. This observation can confirm the hypothesis assumed by Paumier, that other factors such as stream velocity blocked the reproduction (Paumier et al, submit), and did not affect the migration. In view of this, migratory process seems to be more flexible regarding to the environmental conditions.

Impact of the migration patterns on the breeding success.

As previously highlighted, phenology changes (i.e. the time delay of a process) in migration and reproductions are notably assumed to be an efficient response to environmental changes as temperature and flow fluctuations. Despite these two processes are commonly studied in a context of global warming, the effect of migration on reproduction is poorly documented. The present study demonstrated the high variability of migration waves features among years, and then reflected upon the effect of these migratory patterns on the reproductive success. A valuable way to assess this impact, would be to compute survival of the early stages [START_REF] Jatteau | Thermal Tolerance of Allis Shad ( Alosa Alosa ) Embryos and Larvae: Modeling and Potential Applications[END_REF][START_REF] Lambert | Allis Shad Adopts an Efficient Spawning Tactic to Optimise Offspring Survival[END_REF], as a measure of reproductive success according to the observed migration pattern for each year. Different hypothesis of spawning behavior (random i.e. a constant daily probability of spawn; optimal i.e. spawn in the best conditions) can be considered. To perform such analysis, we will compute early stage survival for shifted migration patterns (e.g. thermal conditions of 2007 with the migration pattern of 2015). The difference of survival between observed and shifted patterns will allow evaluating the influence of migration in reproductive success.
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