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Since the beginning of the humankind, people have been gathering in places where they can find sources of supply. One of the most important resource was and remains water, because it is not only crucial for human but is also for all the biodiversity present on Earth like animals or plants. Nowadays, almost 80% of the population live near the costs or estuaries; taking their advantages to build cities, to develop industries and commercial activities [START_REF] Dauvin | Patrimoine biologique et chaînes alimentaires[END_REF]. It involved large modifications for aquatic ecosystem. For decades, estuaries, rivers and marine environments were used as repositories of anthropogenic wastes; they were increasingly altered through the periods. It reached a peak during the 20 th century, with the industrial era, affecting aquatic ecosystems, not only the habitats but also the aquatic communities [START_REF] Kennish | Ecology of estuaries: anthropogenic effects[END_REF]. These communities are the first indicator of the well-being of the ecosystems. Meaning that if the habitats are not sustainable, the aquatic communities will decrease or in some cases might be extinct [START_REF] Zingraff-Hamed | Urban and rural river restoration in France: a typology[END_REF].

In Europe, the implementation of the Water Framework Directive (WFD-2000) has boosted the willingness to take care of terrestrial hydrosystems. Since the Millennium Ecosystem Assessment (2005), it has become common practice to assess the ecosystem services of these environments to improve their functionalities.

In France, the protection of terrestrial hydrosystems led to the emergence of the "trame bleue" concept (blue corridor) during the Grenelle de l'environnement (2007) [START_REF] Amigues | Évaluer les services écologiques des milieux aquatiques: enjeux scientifiques, politiques et opérationnels[END_REF].

Ecosystem services help to define the roles of ecosystems: why their presence is necessary and how their modification influences other ecosystems or environments. Four types of services can be defined: regulatory services, support services, cultural services and social services. For rivers, regulatory services concern the management of the hydrological cycle to avoid floods and droughts; support services bring together food resources such as fish and the water but also the possibility of transporting them to urban centers. Socio-cultural services correspond to Man's position in relation to the watercourse, and the way he considers it (in religious or aesthetic terms). Among all the seven river basins, which are considered as entire territories of a country drained by a network of rivers and having their tributaries flowing into the sea through a single embouchure, estuary or delta, in France, the Seine-Normandie basin is the most modified. It receives the biggest anthropic pressure, due to its industry, its agriculture and the development of the urban area of Paris, which was and still is the economic and social heart of France. The ecosystem services of the Seine River have evolved over time. It was considered as a sacred river in the Gallo-Roman era and then as a support and supply river. At the dawn of the 19th century, it served as a receptacle for the first important industrial discharges. Then it was deeply modified for navigation via the construction of weirs and locks and the modification of the course of its channel. The growing population also leads to its pollution through the Parisian wastewater discharged into it [START_REF] Guillerme | Le testament de la Seine/The legacy of the Seine[END_REF]). Subjected to severe low water levels (1857) but also to major floods (1910), its flow was regulated through reservoir dams during the 20th century. At the cultural level, the Impressionist movement magnified it at the beginning of the second half of the 19th century, then the Seine was gradually abandoned, the Parisian gradually ignoring it because of its increasingly deteriorating state. Nowadays, a growing interest from the population is developing for social and aesthetic values such as water activities but also the importance of the corridor to support biodiversity. 10 Anthropic pressures modified the Seine River water quality due to sewage waters but also modified its physical aspect by erasing islands in the channel, building weirs and locks to provide enough water for navigation ( [START_REF] Guibert | Impact des aménagements pour la navigation sur les niveaux d'eau de la Seine en aval de Paris[END_REF]. All these modifications altered the different aquatic communities living in the floodplain, which were the indicators of the welfare of the Seine River ecosystem. A fall in fishes' population was observed along the Seine [START_REF] Boët | Multiple human impacts by the City of Paris on fish communities in the Seine river basin, France[END_REF] , especially for the migratory fishes that were present since a long time. Salmons and other fishes started to avoid the Seine to spawn elsewhere, like in the tributaries of the Seine estuary. In order to prevent this fall in fish's population, several measures, laws have been implemented at different historical periods until today, in order to restore the ecological continuity of the Seine, which has been altered for too long time. The return of salmon in the 2000s (e.g. Le Parisien 2012), a major migratory fish and a historical symbol of this reconquest, shows that a recovery of ecosystem services is possible.

Recently, the regions of Ile-de-France and Normandy, directly concerned due to the presence of the Seine River on their territories, with the help of the AESN (Water Agency of Seine-Normandie) provide funding for a research program implying IRSTEA, Sorbonne University, and the GIP Seine Aval program. This program, called CONSACRE project, aims to (i) produce a diagnostic of the impact of the different discontinuities of the Seine River, (ii) evaluate the expectations of ecological restoration scenarios and (iii) develop actions of communication to explain ecological continuity to different publics. In this context, the objective of this work is to set the scene to understand why migratory fishes disappeared from the Seine River and recently recolonized the downstream part of the basin. What were the causes of this evolution and the human impacts involved?

The ecological continuity of rivers has been studied in many articles, but it is less common to write its evolution over time. [START_REF] Segurado | Exploitation des résultats de la campagne 1976 de l'inventaire du degré de pollution des eaux de surfaces et comparaison avec ceux de 1971 dans le bassin Seine Normandie[END_REF] studied historical changes that may have affected diadromous species (migratory species living at sea and migrating into rivers to spawn).

Articles describe the disappearance of migratory fish [START_REF] Haidvogl | Historical ecology of riverine fish in Europe[END_REF], the loss of longitudinal connectivity related to weirs [START_REF] Rincón | Longitudinal connectivity loss in a riverine network: accounting for the likelihood of upstream and downstream movement across dams[END_REF], or the social values attributed to ecological continuity [START_REF] Drouineau | River continuity restoration and diadromous fishes: Much more than an ecological issue[END_REF]. For France, [START_REF] Belliard | Reconstructing long-term trajectories of fish assemblages using historical data: the Seine River basin (France) during the last two centuries[END_REF] was one who studied the long-term trajectories of fishes in the Seine basin using historical data. In the frame of the ANACONDHA project, cumulative physical obstacles impact along the Risle River for sea trout, a tributary of the Seine River, was studied, but the water quality parameter was not considered (Le [START_REF] Pichon | ANACONDHA. Analyse spatiale de la connectivité des habitats fonctionnels pour les poissons à l'échelle de l'estuaire[END_REF] This work will be based on published works on the history of the construction of weirs on the Seine River by Ponts et Chaussées engineers (e. g. [START_REF] Merger | La canalisation de la Seine (1838-1939)[END_REF]), but existing works rarely refer to their impact on the upwelling of migratory fishes, so details such as the height of weirs' fall are missing. For water quality, the situation is more or less similar: studies have been carried out on the evolution of water quality in the Seine River since the 19th century [START_REF] Meybeck | La Seine sous surveillance: Les analyses des impacts de l'agglomération parisienne par l'Observatoire de Montsouris de 1876 à 1937[END_REF][START_REF] Aesn | Fascicule 6 -hydraulique fluviale et voies navigables[END_REF], but the link with migratory fish was not made.

Here, the combination of physical and chemical parameters will be attempted to estimate their cumulative impacts on fish migration on the area of the Seine from the estuary to Paris, and from the 19 th century until nowadays, combining historical data and spatio-temporal analyses. Four emblematic migratory fish species 11 of the Seine River will be studied: the Atlantic salmon (Salmo salar), the marine Lamprey (Petromyzon marinus), the Allis shad (Alosa alosa) and the sea trout (Salmo trutta trutta).

We will proceed in three steps:  List the different modifications of the Seine River since the 19 th century with the help of the literature and further documents from the National Archives; data will be georeferenced for 5 different periods  Evaluate water quality impact on fish migration using dissolved oxygen evolution through time.

How it creates an obstacle for fish's movement according to the species, by identifying in which places the dissolved oxygen content decreases and/or increases.

 Evaluate changes in water temperatures, which might affect fish migration and localize places along the river with water temperature peaks. These steps will be documented on five dates: 1750, 1899, 1940, 1970 and 2018, which were chosen considering previous knowledge on the historical main periods of evolution for physical, chemical and biological issues from existing literature and expert knowledge.

MATERIALS AND METHODS

Study Area

The study area is located on the Seine River from Paris to Saint-Aubin and represents around 220 km of the river course (Figure 1).  Historical maps collected by the ArchiSeine project (http://archiseine.sisyphe.jussieu.fr/site/). Available as numeric data, from the 18 th to the beginning of the 20 th century. They were mainly collected at the National Archives and at the Museum of Shipping and Navigation.

 Yvelines department Archives. Deposit of the Service de la Navigation de la Seine (SNS, now part of VNF) dealing with the Seine River section from Paris to Rouen.

 Aerial photographs from the IGN website (National Institute for Geographical and Forest Information) (http://remonterletemps.ign.fr/) which provides images since the First World War.

 navigation guides, photos and reports online on the Gallica website (https://gallica.bnf.fr/) List of historical references provided in APPENDIX 2.

METHODS

Images and maps: Georeferencing

The aim of a geo-treatment is to overlay series of maps with a common referential, on the current map, here the IGN SCAN 25.

The maps are integrated in a geo-referenced system using a geotreatment process. It allows placing the images in a spatial space by wedging them against a common standard. Thus, the image of the maps are projected with common geographic coordinates. This georeferencing is computed using QGIS, a geographic information system (GIS) software, providing creation, edition, analysis and publication of geographic information.

A preliminary step is required to add an alpha channel, which deals with the transparency of the image. This one is needed to delete areas of the images, such as edges. This treatment is processed using GIMP, an open source software for images treatment.

The geotreatment characteristics are:

-The Reference Coordinate System (RCS) is Lambert93 (ESPG: 2154) -The type of transformation is the Thin Plate Spline, most accurate method, which is going to base on the coordinates of the points chosen during the georeferencing as standard points to transform and to distort the image.

-The Sampling Method is Cubic, the pixel takes the interpolated value of the sixteen nearest pixels of the standard raster, it takes more time, but it will provide less geometric distortions -A Compression might be done if it is needed.

The georeferencing is made using selected points that are common with the standard maps such as churches, crossroads, specific building, bridges, roundabout, railways and rivers.

Detail the changes

All that refers to any modification occurring in the channel is taken into account. The aim is to determine when and where the changes of the channel were observed. To do that, a table combining years in abscissa and kilometre point in y-axis is made to centralize all the different information related to the channel.

Different categories of changes are defined, which have not the same impact on fish passage and mobility: 



Mapping the physical obstacles

Information about the physical obstacles available for each period is recorded and delineated on the map with polygons shapes, in a vector format layer in QGIS (Figure 2). Each obstacle class previously defined is represented with different colours; its characteristics are filled in the attribute table. All the categories have four common attributes; these attributes represent their presence/non-presence at one date among the five defined, if it was not present at one date, a "No" will be put to inform that there was for example no island during this year.

For the weirs, we provide information about the technology, but also about the dimensions of it; higher the fall is, more impassable is the obstacle for the fish (Figure 3). The database DONUTS by CNRS -Sorbonne University -FIRE/METIS gathered data from both sources.

METHOD

The data from both sources were gathered in files for each period. Each datum needs to have a date, a location meaning a kilometre point. No data were available for 1750.

For the Montsouris Observatory, documents gave measurements associated to locations such as bridges or weirs. By comparing with current maps, it is possible to assign kilometre points to the measurement places.

For the measurements from the AESN, the geographic coordinates were given by the agency. Data must be processed to obtain a heat map of the intra-annual evolution of the dissolved oxygen along the channel. The principle of heat map is creating maps where filled contours delineate zones where each colour corresponds to a given value (Figure 5).

For each period, a matrix was created with the number of rows equal to the number of locations and kilometre point and twelve columns for the months. The number of rows depends on the number of stations available, different for each source, meaning that for some periods, the area covered by the data will not be the same. The daily data are converted into monthly data while yearly data are useless and not considered. Each case of the matrix is filled by an average of all the values from the data with a selection depending on the month and the location to have an overview about the dissolved oxygen within the year on each location. Water temperature

METHOD

For the water temperature, only two periods can be represented as heat map: 1970 and nowadays. For the other periods, too few data were available to be sufficiently representative of the entire channel over the study area. For some station, the measurements were done since the 19 th century; it was used to see the evolution of the temperature on an area from the 19 th century until nowadays.

The method is the same than previously described for dissolved oxygen:

 Create two files (same files created in the Water Quality methods with water temperature) for the two periods

 Create a matrix with as rows the different kilometre points and as columns the months of a year  Assess the mean values associated to each location and to each month  Once the matrix is created, process it in R to get the heat map of each period  Analyse the graphics to understand where the variations might come from and correct it if these come from errors of sources  Subtract the two matrixes and see the variations between the two periods

RESULTS & DISCUSSION

Fishes studied

Different fishes were selected to study the ecological continuum of the Seine River. J. Belliard summarized the evolution of presence of migratory fishes at different periods (Figure 6). Some of these fishes collapsed and some of them came back (Figure 7). We selected four species that disappeared (except sea trout) and recolonized recently the Seine River and that have different biological traits, especially for movement capacities:

 The Atlantic salmon (salmo salar)

 The marine lamprey (petromyzon marinus)

 The allis shad (alosa alosa)

 The sea trout (salmo trutta trutta) A bibliographic study was necessary to understand the life cycle, ecological requirements and migration characteristics for each fish, meaning:

-What is water temperature tolerance for migratory activities?

-What are the values of dissolved oxygen needed for each fish to live in healthy conditions?

-Is the water salinity important for the migration?

-What are the differences between these species for the migration?

-Does it exist more than one period of migration? If yes, what are these periods? Otherwise, what is the main period of migration?

The parameters to be taken into account for the upstream or downstream migration are examined by [START_REF] Marchal | Première identification d'espèces migratrices, emblématiques de la reconquête du bassin de la Seine[END_REF]): period(s), range of optimal temperature, thermic range, dissolved oxygen and behavior, salinity.

Among them, we have selected the following ones: upstream migration period(s), range of optimal temperature, thermic range, dissolved oxygen and behavior, presented in Table 1: 

(a) (b) (c) (d)

Evolution of physical obstacles

The project was divided in two steps according to the importance of the obstacles to the upstream migration. These steps were done on five representative dates: 1750, 1899, 1940, 1970 and 2018. These dates were chosen considering previous knowledge of the historical main periods of evolution for physical, chemical and biological issues from existing literature and expert knowledge.

For the first step, we identified all the physical changes that could have an impact on the upstream migration. To do this, we compared maps, representing the course of the Seine River, at different times from the Buache's maps at the end of the 18th century to today.

In the second step, we detail the history of the most obvious obstacles, namely weirs and locks, with or without fish passes.

PHYSICAL MODIFICATIONS OF THE SEINE RIVER ON THE STUDY AREA THROUGH MAPS

Georeferencing historical maps

For the five dates chosen, it was necessary to georeference maps allowing to compare historical features to the current ones. Thanks to that, it might be possible to notice the visual differences; using sometimes some details written on the maps, such as the description of the weirs, the water levels or anything else that might help. However, this may cause problems of interpretation depending on the quality of the document provided [START_REF] Grosso | Integration of historical geographic data into current geo-referenced frameworks: a user-centered approach[END_REF].

 1750

The images used for 1750, come from Phillipe Buache, a geographer at the Royal Academy of sciences during the XVII th century. He drew maps of the Seine from Elbeuf to Paris.

On the following figure (Figure 8), details about the channel such as the depths or characteristics of the banks are circled in red. Only the main roads and crossroads are represented, which causes difficulties for the georeferencing. When we compare this map to the current map of the Seine River, it is not easy to detect bank's modification, scale errors could be significant.

The georeferencing of this date causes many distortions for each image (example of the Croissy Area Figure 9). At this time, P. Buache did not respect the scales of the area that he was drawing. Another issue was the lack of reference points, these maps were drawn with details on the channel but few details are represented about the towns around. To have the whole channel on the study area, this map of the channel needed ten images representing 220 km of channel; it explains the distortions and the problems of scale. However, information about the existing islands and the presence of weirs at this time is interesting.  1899

For the period of 1899, the maps (1:10 000) come from Raoul Vuillaume; a yachtsman and an excellent cartographer, he realized a series of maps about the Seine River from Paris to Rouen.

These maps show more details than P. Buache's ones. All the roads, crossroads, churches; any details that might localise the image are represented. We also have the name of the different islands, arms of the Seine, and even the characteristics of weirs, locks and channel (depths, kilometre point etc.) (Figure 10). The images are taken by a camera (some distortions are added depending on the shooting of each image)

(Figure 11). The fish passes are not represented on these maps. For this treatment, we used 89 photos to have the whole channel represented.

 1943

In 1943, the IGN already existed, their maps were scaled. However, the georeferencing is necessary to have the maps on the same official actual projection (RGF93/Lambert93). It is also needed to check that the images will fit perfectly the channel, and to produce a vector layer in QGIS. Many details are present like churches, all the roads, some buildings, kilometre points, details about the weirs, locks or bridges, and depths of the Seine River (Figure 12). The georeferencing was facilitated due to the presence of several standards points (the situation between 1943 and nowadays does not change so much for the crossroads, roads, and churches) (Figure 13). 101

images were used to cover the study segment of the Seine River. For this date, the maps also come from the IGN, there are the same but include the new changes that happened after 1943. Like the year 1943, the georeferencing was still necessary to have the period represented on the same projection and to avoid any distortions created by the camera or to be sure that it would match the channel. 39 images were used to cover the study segment of the Seine River.

 2018

For this period, the IGN provides "scans 25" (1:25 000) in raster format for the whole France, with indications such as the name of roads, the name of the national roads, factories etc. Each scan represents a square area of 10 km². This is the actual representation of the Seine River.

A census of all the weirs through years is given in APPENDIX 6.

The changes

This step was looking in any sources, the dates of the modifications of the different changes, to have an overview of the channel through the years. Blog, Archives and Website were the sources of this work. It was important before modelling the changes on QGIS to compare the maps between them.

There were several categories of research: After that, it is possible to import all these changes in a historical timeline to have an overview of the channel of the Seine on the study area. It will look like to a spatio-temporal matrix with the location in rows and the years from 1750 until nowadays (2020) in columns. 



Historical timeline of the weirs and locks

There was a significant amount of changes on the channel; we created another timeline regrouping the main physical obstacles to the fish migration: weirs and locks.

The history of the weirs and locks are quite linked, many changes happened, their number depended on the water level of the Seine River. Through time, there were a slight decrease. The modernization of the main weirs (Poses, Suresnes, Notre Dame de La Garenne etc.) and the amount of water, which is now sufficient with few weirs, were the causes of this fall. There are still an important number of locks but some of them are useless, their access is condemned or left open for the boats because considered as not useful anymore (e.g. Locks of Les Mureaux). All the different information obtained confirms the first observation from the maps of the different periods.

It means that these were a good source of information about the channel.

Technology of weirs

With the identification of the number of weirs present, it is interesting to look at the technology of the weirs to see how it affected the migration of fishes.

On the Seine, six main type of weirs existed; this is an extraction about the document on the technology of weirs (APPENDIX 7):

1. Poirée's needle weir; it is a mobile weir composed of trusses that support needles acting as a sealing device. You can place or remove it depending on the period. It concerned the first weirs at the end of the 19 th century (Except île de la Cité). The weirs was removed during the winter because of low water levels, the fishes could have the opportunity to go through at this period.

2. Rolling-up curtain weir from the engineer Cameré, who were responsible of one part of the Seine River; it takes the same support than the previous but instead of using needle, curtain were rolled or unrolled from the top to act as a weir. This update started to stop fishes' migration. It replaces most of the previous weir's type.

3. Aubert's gate dam concerning only Denouval and Suresnes; taking its origin from Chanoine's wicket weir, composed of mobile panels that can be moved from the top. The passage of fish will depend on the inclination of the panels.

4. Radial gate dam; composed of one of several valves which are possible to move around an horizontal axis. When the weir is closed, it is impassable for the fishes. 29 5. Slide gate dam; it is composed of two panels that slides thanks to slots in the pillar of the weir. It exists several type. It is also considered as impassable for the fishes.

6. Gate dam with movable valves; composed of several valves, thanks to hydraulic hoist, the valves might be raised or put to the ground to let the water go through it. It is considered as impassable for the fishes when the weir is active.

For the Seine, this is a synthesis of each location associated to its technology and dates of activity: 

History of fish passes in the Seine

Even if there were no representation of the fish passes on the different maps of the channel, it does not mean that no fish passes existed during these areas.

In France, fish passes really started to exist at the end of the 19 th century, after the construction of new weirs had caused the fall in fish population (Beslagic 2013), the human pressure playing a huge role in it (Water Law in 1864).

Then because of the protestations of anglers, the government decided to build fish passes but there was no efficiency due to misplacement of the fish passes, poaching. Engineers from the Ponts et Chaussées, responsible for the Seine River, try to produce infrastructures that allow fishes to move upstream of weirs.

Using the National Archives, it was possible to produce a synthesis tracing the rules and regulations about the fish passes and the evolution of fish passes on the Seine, especially on the area studied for the internship (APPENDIX 8).

Figure 17 -Evolution of the number of fish passes in the study area

On the Figure 17, it is noticeable that before the end of the 20 th century, there were a presence of fish passes, but there were not a lot of information to know their period of activity. Therefore, we made the hypothesis that if we did not get information, we would suggest that the fish passes were removed during the modification of the weirs. That is why, for example in 1920, nine fish passes were identified. The number did not imply the efficiency; in 1920, among the nine fish passes; some of them were not used by fish for the migration (National Archives). Another issue was the use of fishpond, some of the fish passes were connected to it, and the fish were directly going into it. Meaning that these ones had an industrial aim, filling the pools and not joining the Seine River.

The renewal of the fish passes started thanks to the Water Framework Directive from the European Union in 2000. Its aim was to prevent and reduce water pollution, to protect the environment, to improve the state of aquatic ecosystems and to mitigate the effects of flood or drought. In France, regulation began to improve about this, and we have now six fish passes on the Seine, for nine weirs, meaning that the fish 

Synthesis

Our results provide an overview of all the different physical obstacles that have been one of the reasons of the decrease in migratory fish's population. At the end of the 19 th century, with the first wave of weirs, the migratory fishes started to disappear from the channel. After that, even with the effort of the engineers to install new fish passes in the channel, the migratory fishes were not coming back, other issues were the causes like availability of dissolved oxygen during the 20 th century. With the WFD in 2000, the Seine started to recover its sustainable state with construction of fish passes to invite the migratory fishes to come again.

The Figure 18 shows the evolution of the main physical changes on the Seine River. This example shows the many changes that can be identified using historical documents and comparing maps from different periods. However, dredging operations and deep channel modifications should not also be forgotten. Physical obstacles are not the only disruptions; water quality must also be taken into account.

Water quality through dissolved oxygen

The objective is to realise a spatio-temporal map of the intra-annual evolution of the dissolved oxygen along the channel of the study area for key dates. These maps are compared with fish preference for dissolved oxygen to see if the water quality could be an obstacle to fish migration at some periods. The analysis permitted to identify the locations on the channel where the dissolved oxygen rose and to understand why it happened.

Water quality is an important driver of fish migration. At the beginning of the 20 th century, several debates existed about the impact of the obstacles on the migratory fishes, Among all of them, the question about the water quality near Paris was raised (Mouchel, Simon et al. 1994). In fact, at Clichy and Saint-Denis, sewage waters coming from the inhabitants of Paris were rejected into the Seine River. It causes large drop in dissolved oxygen over the years. The influence of pollution, and specifically sewage sludge, was important by bringing deoxygenated water, creating a fall in dissolved oxygen or biodegradable organic materials which will accelerate the consumption of the dissolved oxygen, creating a deficit in the channel [START_REF] Maes | Modelling the migration opportunities of diadromous fish species along a gradient of dissolved oxygen concentration in a European tidal watershed[END_REF].

This combination of the numerous graphs was assessed to see if there are some observations within the different graphs that might be interesting. It confirms the negative effect of Clichy on the Seine (dark line) for all the periods except 2018 (the location of the rejection of sewages water moved to Acheres in downstream of Clichy, 2 km downstream the Oise). Then the dissolved oxygen continues to be in low values until reaching another interesting location, it is the confluence with the Oise, which played a role of reoxygenating the Seine [START_REF] Lestel | Les obstacles à la réalisation du cycle vital des poissons[END_REF]. It is possible to notice the importance of this confluence;

the blue line shows a trend between the years where the dissolved oxygen starts to increase near it (around the kilometre point 75). The periods of 1899 and 1970 will be analysed while 1943 is not relevant because of a lack of data and 2018 is a period where the water quality begins to be stable, close to saturation in dissolved oxygen.

36  It is noticeable that between the kilometre points 25 and 70, in the middle of the year, from March until November, the dissolved oxygen tends to decrease and even reach less than 4 mg.l -1 . Meaning that for this zone, the water quality is a chemical barrier for the fishes; they can no longer survive in this area. The dissolved oxygen started to increase again at the kilometre point 70, due to the confluence of the Oise, that reoxygenates the Seine.

 Except this particular zone, the Seine can be considered sustainable for the fish, but to be sure, it is better to split this figure in several graphs corresponding to the periods when the fishes migrate.

By looking at the fishes studied and their migration:

For the salmon, it depends on the periods of migration Between March and May, the dissolved oxygen is sufficient to migrate.

Between June and July, the dissolved oxygen is between 2 and 6 mg.l -1 , creating an obstacle for the fish migration between the confluence with the Oise and Clichy.

Between September and November, the situation is better than the previous one but stays in range of dissolved oxygen not favourable for the migration.

Periods of migration

For the Allis shad, which the migration is between March and July, the migration might be possible before May then becomes difficult until November between the confluence with the Oise and Clichy.

For the trout, between May and November, the situation remains quite complicated, because this period corresponds to the era with lowest quantity of dissolved oxygen between the confluence with the Oise and Clichy.

For the Sea lamprey, there are no values about its condition of dissolved oxygen, the temperature and the water levels being the most dominant parameters for its migration.

 1970 For 1970, the situation is quite different; this period corresponds to the post war boom where the industrialisation was reaching a peak. The Seine have been more impacted than during the other periods.

On the figure 31, several zones are not sustainable for the fishes. Such as near Clichy water treatment plant but also around the kilometre point 100, which might correspond to the construction and the activity of the Porcheville power plant between 1954 and 1993, for the coal plant. Several activities, such as the wood and paper industry were a source of oxidisable materials. Until around the kilometre point 180, the water quality remains not healthy.

Migration Periods

Conditions of migration for the fishes studied:

For this era, it is obvious that all the fishes will have difficulties to proceed their migration on the channel.

During the whole year, the dissolved oxygen remains in low quantities, varying between 1 and 6 mg.l -1 , a range of values not enough sufficient also for all the different type of fishes. Meaning that the migratory fishes might even die during their migrating in that kind of environment.

For the Seine River, the water quality follows a negative trend from the 19 th century to reach pollution peaks during the post-war boom. It is during this period that the fishes are unable to migration upstream the Poses weir. Sewage waters and industries were the cause of this fall in dissolved oxygen. Because of these observations, improvements were made, allowing the Seine River to recover its water quality, nearly reaching a saturation in oxygen. Besides this, pollutants are still present in the channel (e.g. metals), due to the significant pollution of the industrial period .

Water Temperature

The aim is to try to evaluate the evolution of water temperatures through time of the Seine River. This parameter is essential for most of migratory fishes that have a preferred range of temperatures providing best swimming capacities. The water temperature did not remain the same since the 19 th century and change due to several causes. The last and main cause is the water rejection of thermic power plants. It corresponds to the water used to cool down the plant released in the river. Many studies show that the implantation of power plant might raise the temperature of the river associated [START_REF] Troxler | Predicting the rate of warming of rivers below hydroelectric installations[END_REF][START_REF] Mohseni | Water budgets of two watersheds in different climatic zones under projected climate warming[END_REF].

ANTHROPOLOGICAL EFFECTS

For the Seine River, observations about this impact were made, especially near the power plant of Porcheville, one of the most important on the Seine. It was a massive installation with a first coal power plant between 1945 and 1993, then the installation of an oil power plant in 1968, followed by three others production units in 1973,1974,1975. At these times and location, were noticed an increase on average water temperature in 1971 during September (Figure 28). It is also possible to notice the impact of the power plant of Saint-Ouen, near Paris, working between 1955 and 1982. 

CLIMATE EFFECT

Along with these anthropogenic effects, the climate changed since the 19 th century and altered the hydrological cycle, warming and slowing the river's flow all over in France [START_REF] Dayon | Evolution of the continental hydrological cycle over France in the coming decades[END_REF]. The Seine River was affected by this phenomenon. On the Figure 29, the data come from different sources and from different location (Pont de l'Alma, Pont d'Arcole, Austerlitz, Bercy) located in the same area. Even with these differences, a trend is noticeable, the water temperatures of the Seine River tend to increase through the years. It is also important to consider that the main period of industrialization was not considered to avoid any excessive human influence.

Among all these eras, the years from 1993 to 2017 are the most warmed since the 19 th century; we can see a real variation on all the months. There is an effect from the climate on the Seine River.

The warming of the river due to the climate and the anthropological activities contribute to modify the environment. The fishes habitat will be significantly impacted [START_REF] Eaton | Effects of climate warming on fish thermal habitat in streams of the United States[END_REF], freshwater fishes being the most affected among the other fishes for present and future predictions, implying a decrease in populations [START_REF] Buisson | Contrasted impacts of climate change on stream fish assemblages along an environmental gradient[END_REF]. All results from this study better explain the interactions between physical and chemical continuity over time and are summarized below with the identification of main impacts for each period (Figure 30).

The dates (1750, 1899, 1940, 1970 and 2018) correspond to important events occurring through the periods:

1750: it is a crucial date because it corresponds to a period where the weirs did not exist and there were no huge modifications on the channel due to navigation. Therefore, upstream Seine River and its tributaries were already modified during the Middle Age. The Seine River at this time remains interesting because it is considered as transit route for migratory fishes, and we have data from that period. It is also necessary to have in mind that the water quality was slowly decreasing due to several little local industries such as leather tanneries along the channel. From the literature, all these physical modifications were listed to understand their impact on the floods, the hydrological cycle, while the fishes were forgotten. The fish migration was not taken into account for this period, the interest was mainly about the floods, the flow of the Seine River. This work combining historical sources and ecological study answers to the problematic about the human effects on the fish migration through times. Historical written documents allow us to understand and identify the disruption on the functional connectivity of the Seine River thanks to the richness of cartographical sources, drawings. It brings also difficulties due to the quality of these sources, forcing us to make hypothesis, georeferencing all the sources with a common referential implying issue with the oldest drawings and maps. Concerning the water quality, spatio-temporal estimations were assessed using data of varying resolution in time and space: these are the kriging limits.

CONCLUSION

Thanks to the Montsouris Observatory, the national archives and the help of federation (DRIEE, AESN), it was possible to understand how the ecosystem of the Seine begins to decline, it was noticeable through the fall of fishes' populations from Poses to Paris. Several causes were identified depending on the years;  At the beginning of the 19 th century, the installation of the first weirs and the law about the Paris' sewers is the start of the decrease or disappearance of migratory fishes. Trials of fish passes were made to avoid this but there were no real results because of a lack of knowledge. Also a problem of water quality with rejection of sewage waters at Clichy.  Then, between the First and Second World Wars, the weir of Poses is heightened due to the modification of the Eure River, delocalizing the weir of Martot from the Seine River to the Eure River. Making of Poses an impassable obstacle with reaching a waterfall height of 5m on average. New weirs (gate dam) are built, replacing the needle's weirs and decreasing the physical continuity.

 The post war boom brings the worst state of the Seine; the pollution reached a peak near Paris where the river became not sustainable for fishes. Besides this, the projects of fish passes are given up while new weirs (gate dam) replaced the last old weirs.

 Reacting to this post war boom and trying to slow down the consequences of it, many regulation and laws (WFD, Water Law (1964) etc.) were put in place to improve the quality of the river like installation of fish passes, changes in sewage water, installation of new efficient water treatment plant. This combination of events brings improvements such as the reappearance of salmons.

Mixing history and engineer sciences, this interdisciplinary works permits to highlight the state of the Seine River and to get a better understanding of the migratory fishes trough the history of fish passes and fishes investigation. It is innovative to have this point of view, centred on the fish; it helps to have a better view of the physical and chemical disruptions on the Seine River.

By looking at the current state of the Seine River, it is noticeable that the reconquest phase is progressively showing improvements about the ecosystem services of the channel. The banks of the Seine are reappropriated by the inhabitants, the activities of cruising are increasing (e.g. Paris Plage, restaurant boats, walking paths). The population is trying to relearn how to consider this Seine River as an element of their life. Beside this awareness, the state of the Seine River is being more and more considered by the local actors, trying to improve the channel ecosystem. Fishes recovering the channel near Paris, the fishing is slowly coming back, the anglers are back, and fishing activities gain popularity. The inhabitants of the Seine River are giving more consideration to the Seine River, improving ecosystems services. Scientific projects are increasing such as the Anacondha project that is working on the functional connectivity of the channel. Therefore, it is important to not forget that the Seine River remains a very anthropized hydrosystem, eating fishes from the channel is forbidden due to the presence of micro-pollutants (e.g. PCB), it still needs more efforts to make the river sustainable. The anthropic accidents along the channel also contribute to affect fish population such as the concrete discharge in Nanterre or the fire at the sewage treatment of Acheres. 
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 1 Figure 1 -Study area of the channel This segment of the Seine River is navigable and managed by Voies Navigables de France (VNF, French waterways), a national institution, whose aim is to maintain and to develop the navigation. Kilometer point 0 of the study area is the kilometre point 0 for navigation, i.e. Pont-Marie (Ile de la Cité, Paris), and Saint-Aubin is the kilometer point 219. Saint-Aubin corresponds to the most downstream location where a physical obstacle was built over time.



  Modifications of islands or land  Modifications of the channel or of secondary channels Information related to weirs  Information related to locks  Presence of fish passes/ladders For the weir, locks, fish ladders and passes, we made two other documents:  One listing the different historical types of infrastructure for weirs built along the channel through the period  One listing the dates, the type of technology, the characteristics of each weirs and locks, because these ones represented the biggest physical obstacles for migratory fishes  One telling the history of fishways since the 19 th century
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 2 Figure 2 -Polygons of modifications -In green former land and in dark blue former arms
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 3 Figure 3 -Attributes of the weirs on QGIS (with the example of Poses, see Nom 1731 1899 Chute 1899 (m) 1943 Chute 1943 (m) 1970 Chute 1970 Présent Chute Présent (m) Barrage de Poses Non Oui 4 Oui 5,56 Oui 5,5 Oui 4,5
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 4 Figure 4 -Geographic Coordinates (in blue) and RCS (in red) given by the AESN

  have missing values which must be replaced to have continuous data, crucial to generate the map. This is computed as follow : Interpolation using the nearest values  Looking at what happened before in the same location at the same period of the year, obtain the average value and use it as a value for the matrix The choice of the method is made after the map has been created. It allows to see where the interpolation is necessary or to identify which values might be wrong due to some errors in the measurements or anything else that might have affected it. The second method is selected each time the number of neighbouring values is not sufficient while the first method is always carried out to fill the isolated missing data.The heat maps are created with the help of the open source software R.
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 5 Figure 5-Example of heat maps (Xing, Jancsók et al. 2007)
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 67 Figure 6 -Evolution of fishes' population since the 19th century (migratory fishes studied surrounded in red) on the channel of the Seine (Jerôme Belliard -Personnal communication)
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 8 Figure 8 -Map from Buache (Croissy), information about the channel surround in red
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 10 Figure 10 -Map of Sain-Ouen drawn by Vuillaume, some details are surrounded; in red a church, in white a track from the book and in blue characteristics of the channel (legend)
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 11 Figure 11 -Map of Sain-Ouen drawn by Vuillaume (part) and georeferenced
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 12 Figure 12 -IGN Map of the area of Poses and Amfreville, in red characteristics of the weir and locks, in red an indication about the kilometre point, in blue factories
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 13 Figure 13 --IGN Map of the area of Courcelles -sur-Seine and Notre Dame de La Garenne georeferenced  1970

  Modifications of the channel  Historical timeline of the weirs and locks  Technology of weirs through years  History of the fish passes in the Seine  Modifications of the channel In a file, we listed any changes linked to the Seine River in the study area: Different categories of changes are defined, which have not the same impact on fish passage and mobility  Secondary channel filling between islands (Fusion)  Secondary channel filling between island and the shore (Fusion)  Disappearance of island  Rectification  Construction/Destruction of weirs/locks  Basin excavation With these changes, dates of modification, sources, locations (kilometre point), and any important remark are indicated.
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 14 Figure 14 -Extract from the file , mentioned above, example of what happened in île de la cité in Paris
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 15 Figure 15 -Extract from the file, mentioned above, example of changes happening on few locations, with different colours depending on the modifications
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 16 Figure 16 -Evolution of weirs and locks over time.

  through the whole channel. The fish passes are constructed either by VNF or by hydroelectricians; it is possible to have two of them on the same location (e.g. Poses). Different types of fish passes are currently built, resulting from decades of research and tests. Bypass channels and fish ramps are among the most natural solutions, while the most technical fishways include conventional pool-type passes, vertical slot passes, fish lifts and eel ladders. Other projects of fish passes are ongoing to enable the fishes to go freely on the channel.These are the fish passes present nowadays on the Seine:  Poses; presence of two slot passes with a counting chamber,  Notre Dame de la Garenne ; presence of a bypass channel  Méricourt, presence of a slot pass  Andrésy, presence of a bypass channel  Chatou, presence of a slot pass
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 18 Figure 18 -Historical timeline of the main development phases concerning weirs and fish passes
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 19 Figure 19 -Evolution of Poses area

Figure 21 -

 21 Figure 21 --Evolution of the forebay of Martot-Poses
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 22189923 Figure 22 -Evolution of the dissolved oxygen along the channel over time
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 24 Figure 24 -Evolution of the dissolved oxygen in 1970

  Human impacts were assessed by comparing the values of the period of 1970 to the beginning of the 21 th century.
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 2526 Figure 25 -Evolution of temperature in 1970Variations of temperature between the 1970 and current periods
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 28 Figure 28 -Assessing the differences of water temperature before and after power plant in 1971 (AESN 1971) It is also important to remind that during this periods, several industries such as paper, wood plant were present, bringing rejection of large quantities of pollution making the water of the Seine River, becoming the most polluted in the -Normandy basin (Seine Normandie 1979).
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 29 Figure 29 -Evolution of temperature of water in Paris between different periods
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 30 Figure 30 -Evolution of the ecological continuity for the fishes studied (in red, events affecting t he physical continuity, and in blue, events affecting the chemical continuity)

  1899: it corresponds to the period just after the installation of the first weirs, which were open during the winter period, but also to the beginning of the sewage waters in Clichy because of the law on Paris' sewers. This is the real start of the decrease in both chemical and physical continuities on the channel. 1940: it corresponds to the period where Poses became the biggest obstacle for the fishes to go through. Besides this, the area of Paris become more and more populated, raising the sewage waters rejected in the channel and new infrastructure of weirs (e.g. gate dam) making it more impassable.1970: it corresponds to the period where the chemical pollution reached a peak. It is due to the post war boom and an industrialisation that was exponential all over the world. On the channel, we can see the construction of power plant (Porcheville, Saint-Ouen…) that modified the environment. The growing quantities of sewage waters contributes to a large decrease in oxygen dissolved. corresponds to the current period, where actions were done to improve the quality of the Seine (Water law in 1964, WFD etc.) but also improving the passage of fishes through the channel (installation of fish passes on weir, migratory fish management plan etc.)

  Photos from Vuillaume book.

Figure

  Figure appendix 2 -Fonctionnement des barrages à fermettes et rideaux

Figure

  Figure appendix 10 -Barrage de SuresnesBarrage à vannes levantes à clapets mobilesBarrages concernés : -1962-: Barrage de Notre Dame La Garenne -1965-: Barrage de Méricourt Sources : AESN 1976, https://www.shf-lhb.org/articles/lhb/pdf/1981/02/lhb1981016.pdf Ce type de barrage comprend plusieurs passes, séparées par des piles, elles sont équipées de clapets constitués chacun d'un bordé en tôle raidi par une charpente métallique. En raison des efforts à supporter, la charpente métallique est profilée. Les clapets sont mobiles autour d'axes horizontaux situés au niveau du radier. Selon l'âge des barrages, ces clapets sont soit manoeuvrés par des chaînes Galle ou des
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 11 Figure appendix 11 -Fonctionnement du barrage à vannes levantes à clapets mobiles

  

  

  

  

  

  

  

  

  

  

  

  

Table 1 -Conditions of migration for each fish studied (from Dufour 2008)

 1 

		Allis shad	Atlantic salmon	Sea trout	Marine lamprey
	Period(s)	March to July	March-May	May to	March to July
			June-July	November	
			September-		
			November		
	Range of optimal	8-22	> 4.5-24	> 6-24	10-18
	temperature (°C)				
	Thermic range (°C)			mortality	
				between 23	
				and 26.4	
	Dissolved oxygen	> 4	≥ 6	≥ 6/	
	(mg/l)			mortality at 3	
	Behavior	Can go through	High jumping	medium	Uses suction cup
		the fish passes	ability	jumping ability	mouth-to cling to
		and locks			substrate
		Can't jump			

Table 2 -Dates and technology of weirs, colours linked to the technologies mentioned above

 2 

		1	2	3	4	5	6
	Locations					
	Ile de la cite (no					
	information					
	available about					
	the technology)					
	Suresnes	X		X		X
		1869-1930		1930-		1930-
	Bezons					
	Chatou					X
						1933-2014
						2013-
	Bougival/Marly	X			X	
		1684-1854			1966-	
	Andrésy	X				X
		1846-1953				1953-
	Denouval	X		X		
		1846-1980		1980-		
	Les Mureaux	X	X			
		1853-1879 1883-1965			
	Méricourt		X				X
			1886-1964				1965-
	Port-Villez		X			
			1879-1965			
	Notre Dame de	X	X				X
	la Garenne	1847-1879 1889-1962				1962-
	Poses	X	X			X
		1850-1878 1881-1967			1967-
	Blancheterre					
	Martot	X				
		1864-1938				
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DATA W. Thomas from the DRIEE Ile-de-France (Regional and Interdepartmental Directorate for Environment and Energy) collected temperature data from several sources on the key periods named previously, including Montsouris Observatory. They have been incorporated in the database DONUTS, CNRS -Sorbonne University -FIRE/METIS. Source: Musée de la Batellerie et de la navigation
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Examples of Maps from the ArchiSeine project

Listing of the consulted sources

Archives Nationales: Barrage à fermettes à pont supérieur (Cameré)