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Introduction

The coastal areas of the Mediterranean Sea are densely inhabited and produce a valuable part of the national incomes of many countries. However, land-sea areas have suffered since the last 100 years from increased salinity, changes in geomorphology, coastline regression, coastal biodiversity reduction and increased pollution of ecosystems mostly driven by the high number of dams which reduce water and sediment flows to the sea by storing a great part of them inland. This situation is worsened by both a sustained rainfall reduction and the sea level rise due to the worldwide temperature increase. Indeed, Mediterranean areas are among the most vulnerable environments in the world due to the potential impact of climate changes [START_REF]WCRP: The World Climate Research Programme Accomplishment Report[END_REF] [START_REF]AFED: Arab Environment: Sustainable Development In A Changing Arab Climate[END_REF]. In this scenario, North Africa and the Middle East are most vulnerable areas [START_REF] Sadik | Etude de la vulnérabilité environnementale et socio-économiques du littorale tunisien face à une élévation accélérée du niveau de la mer due aux changements climatiques et identification d'une stratégie d'adaptation[END_REF] [START_REF] El Raey | Impact of Sea Level Rise on the Arab Region[END_REF] in the face of this global problem, which urgently need a protection of their coastal landscapes.

Many initiatives have been developed in recent years to improve the knowledge on this rapidly changing overpopulated environment, and to enhance international cooperation around the Mediterranean. However, only few programs deal with the full continuum from the river basins to the coastline, and still less involve many countries from the South and East Mediterranean regions.

Hence, a multidisciplinary approaches for the study of sediment discharges to the Mediterranean Sea to mitigate the impact of climate and anthropogenic activities on coastal environments should contribute to a better understanding of the coastal areas.

The RYSCMED project has been implemented in the pre-estuarine and coastal field of the most driven river, i.e. the Medjerda in the bay of the Gulf of Tunis (Western Mediterranean, Tunisia) (Fig. 1). Actually, the low Medjerda Delta which is the main agricultural region in Tunisia and hosting industrial and fishing activities, is perceived as the highly vulnerable area to sea level rise scenario. The main tributary system of the Medjerda River discharges up to 30 g.l -1 of sediment load during floods, for an annual total of 20,400 tons, of which 10% is composed of sand [START_REF] Esonni | Etude de la dynamique des sels nutritifs et des métaux lourds en relation avec relation avec la sédimentologie et l'hydrodynamique dans le large du Golfe de Tunis[END_REF]. However, the sedimentary contributions to the coastal zone from the Medjerda River is still unknown. It is also the aim of the RYSCMED project to provide the quantitative amount of sediment yield from the Medjerda River to the sea via the coastal zone during the last 50 to 100 years. Fig. 1. The location map of the study field area of the depositional deltaic system of Medjerda River, western bay of the Gulf of Tunis (Tunisia, Mediterranean). A/ Sampling position of the core and coastal subsurface sediment reconstruction.

Methods

We propose to analyze the sediment inlet fluctuation in regard of events recorded on the inland basins: dam constructions, changes in agricultural practices and in population, and to create a sediment transfer model to the sea. Data used are based on sediment discharges from large rivers and sediment subsurface samples and three cores in the pre-estuarine zone, downstream of the last dams and far enough three cores from the coast to avoid marine influence. In order to assess the impact of the reduction of sediment transport from the upper basins to the coastal area since the past 50-100 years (Fig. 1 A). The River mouth nearshore, lagoon and dredged sediment were subject to sedimentological, mineralogical, geochemical and floristic analyses (campaign carried out from 2016 to 2018). Sedimentological multi approaches were based on the identification of different Sedimentary Types (ST). Accordingly, using grain size indexes (i.e., Mz, SKI and Ku), Sediment Trend Analysis (STA) modeling tools were applied to define the seasonal sediment transport pathways throughout the nearshore of the Medjerda Delta. Both sediment cores were subjected to multiproxy approaches (major and trace elements and dating radiometric 210 Pb and 137 Cs). Surface sediment of the Medjerda River and nearshore sediment undertook geochemical study.

The evolution of the coastline of Medjerda was also estimated by satellite images carried out from SPOT1, SPOT4 and Sentinel A2 imageries (from 1936 to 2016 surveys) completed by the aerial and topographic surveys (missions: 1900, 1936, 1948, 1952, 1974, 1984, 1988, 1999 and 2016). The lagoon system of Kalâat Andalous (and the fishing harbor inside) was subject to ecosystemic study. We also used Fauna and flora as biologic tools to characterize physical and chemical parameters of coastal and paralic environments. The investigations were based on the study of the sedimentological facies, a floristic (Environmental Quality Ratio of macrophytes, EXCLAME index), faunistic identification and geochemical analysis (As, Cd, Cr, Cu, Ni, Pb, Zn).

Results

Hydroclimatic and sedimentological evolution

The result of the lower valley and the coastal area cores' analysis show a succession of sedimentary layers that likely correspond to different flood deposits that succeeded on this site. The dating with Pb and Cs of the cores shows that the selected area is an important deposition area. The thickest layers of sedimentary deposits were related to the exceptional events. They are mainly concentrated on the lower part of the core and are predominantly composed of sands. Since the construction of the Sidi Salem dam in 1981, all cores presented mostly a succession of small layers of fine material (silt or clay) without any sand deposits in the downstream river bed. A strong decrease in the accumulation rate of sediment was observed based on the length of the flood units and the number of years between flood events. A lower sedimentation rate (about 2.3 cm y - 1 ) is observed between 1982 and 2015, while it was much more important between 1963 and 1981 (about 4.75 cm y -1 ), and around 10 cm.y -1 between 1950 and 1962 (Fig. 2 A). Sedimentological results show a fluvial dominance marked by silt and clay deposits rich in terrigenous chemical elements since the 1950. Seasonal nearshore sediment dynamics show that grain size distribution (GSD) and Sediment Trend Analysis (STA) model pathways are determined by cross-shore geomorphology, location of the sediment-cell, seasonal incident wave and local terrestrial supply.

The geochemical signature shows a highly concentration of Rb, Ti, Zn and Pb. Sediment deposit facies associated to the geochemical component and the 137Cs / 210Pbex radiometric dating of recent alluvial deposits confirm the shoreline retreat due to terrestrial sediment reduction (Fig. 2 B).

Temporal evolution of the shoreline

The temporal shoreline evolution is established according to the aerial surveys from 1900 to 2016. Although the general trends of the shoreline reveal an increased rate, the mesoscale qualitative monitoring displays a nonlinear shoreline and plain flood evolution. Three periods can be individualized: 1-The natural beach progression between 1900 to 1952, 2-The shoreline progression at the mouth of the new artificial channel, from 1952 to 1981 (+13 m ± 0.15 m y -1 ), 3-The shoreline retreat rate after the manmade construction comprised between 1981 and 2016 (-20 m ± 0.15 m y -1 ) The progradation and retrogradation of the Medjerda Delta during the XX th century is strongly influenced by an anthropogenic factor (Fig. 2 C). 

Ecological study of the wetland system

Spatial Kalâat Andalous sediment distribution revealed that the central lagoon area is dominated by fine sand and silty sediments. Medium sand is located mainly on the north and at the south-eastern part of the lagoon. Floristic study revealed the existence of 12 species among which five reference species whose percentage is equal to 26%. Reference species are Cymodocea nodosa Zostera nolti (marine phanerogams), Cystoseira barbata, Cystoseira compressa, Dictyota dichotoma (macrophytes; brown algae). This low percentage may reveal an environment quality loss and an eutrophication of the lagoon water. The latter is proved by the EXCLAME index which is equal to 0.24 indicating that the lagoon water is in a poor state. The study of microfauna and specially foraminifera has permitted to distinguish several associations related to hydrodynamic context. Some are of coastal marine affinity, others are more tolerant to stress conditions. The richness of reworked species in some samples of the lagoon denotes a strong continental impact in this humid area.

Dredged sediment of Kalaât Andalous lagoon are dominated by silts and clays, dark black in colour and relatively enriched in organic matter (with a TOC value of 1.30 %) and sulphur compounds. However, the sediments are moderately contaminated by inorganic and organic pollutants except for Cd which is present in relatively highly amounts (2.85 ppm) over the standard amounts generally found in the sediment.

Geochemical characterization of the Delta-coast sediment yield

The trace metals (Zn, Cd, Cu, Cr and Ni) analysed in subsurface sediments along the Medjerda River tributaries and along the coast are relatively high. Lead contents vary from 12 to 46 ppm. The zinc concentrations vary from 2 to 71 ppm, while cadmium concentrations vary from 0.56 to 4 ppm (mean of 1.2 ppm). Chromium contents are between 46 and 178 ppm (mean of 98 ppm). Copper contents vary from 27 to 67 ppm, while nickel concentrations vary from 14 to 51 ppm (mean of 30 ppm). The Kalâat Andalous lagoon-habour sediment reveals a variable concentration of the MTE component (Al, Fe, Zn, Ni, Co, Cu et Pb, As) which respectively varies from 0,5 to 5,5%; 0,8 to 2,5%; 29 to 158 ppm ; 7 to 29 ppm ; 2 to 9 ppm; 3 to 31 ppm, 7 to 70 ppm and 4 to 15 ppm.

Discussion

The RYSCMED project outcomes confirm a variable sensitivity of the deltaic transition area of the sea level rise. Morphosedimentary quantitative distribution reveals a change in the fluvial deposits facies feeding the deltaic plain with a decreasing grade and shortage of sedimentary inputs towards the sea [11]. About 10 dams have been created on the Medjerda basin, among which the largest one, Sidi Salem, with more than 1 billion m 3 not far from the sea. These have a major impact on the hydrosedimentary regime downstream and undergone significant changes in morphology of the lower depositional deltaic valley and the coastal area (i.e., reduction in average rates and in volumes of solid transport, altered pattern of seasonal flows) [START_REF] Kotti | Etude de l'impact des barrages sur la réduction des transports sédimentaires jusqu'à la mer par approche paléohydrologique dans la basse vallée de la Medjerda[END_REF].

Sedimentological studies indicate that the western bay of the Gulf of Tunis is characterized by two sediments facies: (i) mud coming from the discontinuous supplies of rivers; and (ii) sandy sediments originating from the continuous reworking of erosion of the cliffs and coastal drift throughout beach during storm events.

The dominance of clay deposits over sandy facies on the beaches results from the impact of the dam construction. Only the finer grain size fractions can feed the coast. The actual sediment balance of the Gulf of Tunis coast shows a shoreline retreat under the coarser sediment deficit blocked by upstream dam construction [START_REF] Hzami | Satellite images survey for the identification of the coastal sedimentary system changes and associated vulnerability along the western bay of the Gulf of Tunis (northern Africa)[END_REF]. Archaeological surveys and remains around the site of the ancient paleo bay of Utica, the eldest sister of Carthage, confirm a rapid change and shift in the shoreline [START_REF] Delile | The Geoarchaeology of Utica, Tunisia: The Paleogeography of the Mejerda Delta and Hypotheses Concerning the Location of the Ancient Harbor, Geoarhcaeology[END_REF] That initiates a regressive sequence of deltaic deposits over spatial and temporal variability in facies and proocess in reponse to fluvial and marine controls [START_REF] Benmoussa | The sedimentological changes caused by human impact at the artificial channel of Medjerda-River (Coastal zone of Medjerda, Tunisia)[END_REF]. The textural facies of coastal system sandy components (river mouths, sandy spits, submarine sandbars) are modified towards very fine to silty sediments, becoming contaminant traps. Fluvial inputs, reduced in volume and size, work as a pollutant vector (trace elements) to adjacent beaches through coastal currents. The contaminant burden to protected areas (lagoon, bays) is related to the anthropogenic and natural component inputs. The heavy metals present in river-coast sediment have two origins: a natural source "natural background" and an anthropogenic origin. The high levels detected are mainly related to human activities (i.e., mining activities) [START_REF] Helali | Géochime des métaux lourds dans les sediments marins de surface du delta de l'Oued Medjerda[END_REF]. The study of wetland ecosystems associated to estuary areas via biotops and biocenosis showed the high degree of coastal ecosystem sensitivity to human activities.

Conclusions

The reduction in sediment discharge to the littoral caused by the dam is the principal cause of the negative sediment budget leading to a shortage of sand sediment on the coast closest to the delta and to the dominant erosion of the coastline. The nearshore enrichment of mud particles carried by waves and tide current contaminates strongly the coastal ecosystem. The vulnerability of the coastal areas to the sea level rise will be better addressed due to the new integrated approach of the sediment yields. The link with the experience of the Tunisian and French observatories will help the countries to develop Mediterranean environmental monitoring on the long term, which is crucial to provide answers to a large array of environmental questions, in relation with socio-economic and governance issues. The focused goal of the RYSCMED outcome is addressed to the implantation of Nature Based Solution to enhance urbanized Tunisian coast resilience.
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 2 Fig. 2. A/ The downcore grain size distribution of the CEM-1 carried out on the delta front and the geochronology using 137 Cs activity-depth profiles. B/ The shoreline evolution analysis at the mouth of the new Medjerda River during the 1936-2016 period. C/ The diagram synthesis of morphological changes involving the development and the retrogradation of the new delta of Medjerda River during the XX th century