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Any river describes a trajectory and models its riverine ecosystems. This poetic view undoubtedly underestimates the anthropic management effects. The long term social ecological research describes social and biogeophysical components and their interrelations in qualitative terms, long term observations and dynamical systems offering complementary quantitative information. For a specific territory, this heterogeneous information may be aggregated into a social ecological timeline to provide an overall outlook of the evolution of the Human-Nature interactions.

Drawing a timeline remains a painful task, especially when it should be adapted to the introduction or to the reorganization of some piece of information. ZATimeline is a real-time software dedicated to the representation and the analysis of social ecological systems by means of a timeline. The framework relies on formatted spreadsheets manageable with an Office suite and a graphical user interface to facilitate the uptake by students, researchers and stakeholders, notably during workshops. The Upper Rhine river and the Rohrschollen island are chosen as a case study to assess the interest of timelines compared to other conceptual frameworks, and to answer important questions about the adaptive management and the naturalness of both the river and the Rhenan alluvial forests.

Introduction

Since the seventies, the limits to growth [START_REF] Meadows | The Limits to Growth[END_REF] and the impacts of human activities on ecosystem activities are stated at local, national and world scales. Questions about the worthiness of Nature's services [START_REF] Westman | How much are nature's services worth ?[END_REF], the valuation of ecosystem services [START_REF] Daily | Introduction : What are ecosystem services ?[END_REF] or the conservation biology [START_REF] Costanza | The value of the world's ecosystem services and natural capital[END_REF] exemplify this raise of ecology awareness.

schemes [START_REF] Collins | An integrated conceptual framework for long-term social-ecological research[END_REF][START_REF] Haines-Young | The links between biodiversity, ecosystem service and human well-being[END_REF][START_REF] Bretagnolle | Action-orientated research and framework : insights from the french long-term social-ecological research network[END_REF] or Nature's contribution to people [START_REF] Díaz | Assessing nature's contributions to people[END_REF] tend to replace the anthropocentric concept of ecosystem services.

Given a territory, the long term social ecological research describes social and biogeophysical components and their interrelations in qualitative terms. Sometimes, ecosystems and human-nature interactions may be modeled by a dynamical system [START_REF] Meadows | The Limits to Growth[END_REF][START_REF] Holling | Adaptive Environmental Management and Assessment[END_REF], the solutions of which are compared to time series of some biogeophysical variables or indicators in a quantitative manner. The temporalities of the geographical spaces [START_REF] Elissalde | Géographie, temps et changement spatial[END_REF] and their ecosystems may also be represented on social ecological timelines [START_REF] Bergeret | L'outil-frise : une expérimentation interdisciplinaire[END_REF][START_REF] Arnaud | CHRONO-RHÔNE : Elaboration d'une frise chrono-systémique pour l'OHM Vallée du Rhône[END_REF] [START_REF] Arnaud | Potentialités des frises chrono-systémiques et des cartographies narratives pour communiquer sur les trajectoires des socio-écosystèmes[END_REF].

The hydraulic projects carried out along the Rhine river (French-German border) [START_REF] Uehlinger | Chapter 6 -the Rhine river basin[END_REF][START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF][START_REF] Eschbach | Long-term temporal trajectories to enhance restoration efficiency and sustainability on large rivers : an interdisciplinary study[END_REF] during the last two centuries have profoundly modified the flood plain and impacted the Rhenan alluvial fo-rests, questioning the contemporary evolution of these forests and the naturalness of the Rohrschollen island. The changes in governance [START_REF] Doerflinger | La commission centrale pour la navigation du Rhin : 170 ans d'évolution du statut international du Rhin[END_REF]Eurométropole de Strasbourg, 2018a), the land cover and the risks, for instance, are highly valuable but heterogeneous information to be organized prior to the analysis of social ecological trajectories.

The paper focuses on their timeline representation by means of the ZATimeline software, and a follow-up testing of nested social ecological systems (SESs) within the Upper Rhine graben. A particular attention is brought to the river, the aquifer and some other smaller water bodies with regards to management plans and climate change.

The layout of the paper is as follows. Social ecological schemes, adaptive cycles and timelines are discussed in Section 2 by emphasizing similarities and differences. By means of computer science tools, Section 3 aims to conciliate the representation of these qualitative schemes, long term observations, some trajectories of dynamical systems and timeline charts. The case study and results are presented and discussed in Sections 4 and 5, respectively. A conclusion and an outlook are proposed in Section 6.

Modeling SESs

The notion of ecosystem is introduced by [START_REF] Tansley | The use and abuse of vegetational concepts and terms[END_REF]. Human activity is described as a powerful biotic factor, able to disturb ecosystems' equilibrium, or even to ruin them. Anthroposystems [START_REF] Lévêque | Les zones ateliers, des dispositifs pour la recherche sur l'environnement et les anthroposystèmes[END_REF] and SES [START_REF] Collins | An integrated conceptual framework for long-term social-ecological research[END_REF] were proposed to objectify human roles within the ecosystems models, see subsection 2.1.

Dynamical systems based on variables and the parameterization of their interactions offer another point of view [START_REF] Meadows | The Limits to Growth[END_REF][START_REF] Holling | Adaptive Environmental Management and Assessment[END_REF]. Usually, the states of a system may be partly observed along time through some long term data collection. These are used to improve the model, then to estimate some missing information or to predict a long term evolution.

The diversity and the complexity of the interactions between humans and ecosystems result in complex problems, today qualified as "wicked" for their many interdependent components [START_REF] Davies | Improving ecosystem service frameworks to address wicked problems[END_REF]. Their number, their spatial and temporal scales, the level of knowledge, heterogeneity and uncertainty are among factors that reasonably prevent an exhaustive modeling. Timelines were proposed to represent this heterogeneous information [START_REF] Elissalde | Géographie, temps et changement spatial[END_REF], see subsection 2.2. 

Conceptual schemes

The interrelations between the environment and the society are of complex modeling. Conceptual schemes proposed in [START_REF] Collins | An integrated conceptual framework for long-term social-ecological research[END_REF][START_REF] Bretagnolle | Action-orientated research and framework : insights from the french long-term social-ecological research network[END_REF] may be viewed as a two-body system, the elements of which are a social model and a biogeophysical model, see Fig. 1. In [START_REF] Bretagnolle | Action-orientated research and framework : insights from the french long-term social-ecological research network[END_REF], these are interacting though an adaptive management interface and an ecosystem interface ranging from the environmental functions to the benefits for the society, passing through ecosystem services. Similarly, the cascade model (Haines-Young and Potschin, 2010) describes the Nature-Human interface from a central bio-geophysical element. It specifies the functions, the ecosystem services and the benefits it provides to the society. Social or environmental pressures and mitigation actions are operating as a feedback.

The conceptual scheme is drawn in Fig. 1 together with the phases involved in iterative management frameworks, namely Shewhart cycle [START_REF] Shewhart | Statistical method from the viewpoint of quality control[END_REF] and Deming wheel [START_REF] Deming | Out of the crisis[END_REF]], for the control and continual improvement of industrial processes [START_REF] Moen | Clearing up myths about the deming cycle and seeing how it keeps evolving[END_REF]. The "Plan-Do-Study-Act" (PDSA) acronym agrees well with the long term social ecological research (LTSER). The adaptive cycle [START_REF] Holling | Adaptive Environmental Management and Assessment[END_REF] or the adaptive management of natural resources [START_REF] Williams | Adaptive management of natural resources-framework and issues[END_REF] may be viewed as their environmental version. The reader is referred to [START_REF] Sendzimir | Adaptive Management of Riverine Socio-ecological Systems[END_REF] for a discussion about the adaptive management of riverine socio-ecological systems.

The panarchy framework [START_REF] Holling | Adaptive Environmental Management and Assessment[END_REF] is a set of nested models that emphasizes different levels of spatial and temporal scales and their interrelations. A similar approach is promoted in [START_REF] Elissalde | Géographie, temps et changement spatial[END_REF] for geography. Figure 1 may be already viewed as a panarchy comprising two small loops within the social and bio-geophysical templates to represent internal processes, the main SES loop, and the external constraints (climate, national regulations, international agreements).

Social-ecological timeline

As quoted in [START_REF] Sheps | Joseph priestley's time charts : The use and teaching of history by rational dissent in late eighteenth-century england[END_REF], the use of the charts was the "most excellent mechanical help to the knowledge of history, impressing the imagination indelibly with a just image of the rise, progress, extent, duration, and contemporary state of all the considerable empires that have ever existed in the world".

The temporalities of the geographical space (Elissalde, 2000) and their ecosystems may be represented on timelines [START_REF] Bergeret | L'outil-frise : une expérimentation interdisciplinaire[END_REF][START_REF] Arnaud | CHRONO-RHÔNE : Elaboration d'une frise chrono-systémique pour l'OHM Vallée du Rhône[END_REF] [START_REF] Arnaud | Potentialités des frises chrono-systémiques et des cartographies narratives pour communiquer sur les trajectoires des socio-écosystèmes[END_REF]. The horizontal lines convey an idea of the duration of influence, domination or breakdowns, while the vertical reading may sort information with respect to either the elements of a conceptual scheme, or the scales in a panarchy representation, see subsection 4.2.1.

A timeline is an efficient diagram to figure out the dynamics in an ecosystem or a SES. It allows for the visualization and the analysis of heterogeneous information (events, trends, constraints, and so forth) and their interrelations. When available, a timeline can be compared to time series to support a quantitative or a qualitative analysis. Note that voids in the chart may help to identify lacks of data or interdisciplinary gaps.

Many uses are targeted. Social ecological timelines were used as mediation tools during workshops with local stakeholders [START_REF] Bergeret | L'outil-frise : une expérimentation interdisciplinaire[END_REF][START_REF] Bruley | Historical reconfigurations of a social-ecological system adapting to economic, policy and cli-mate changes in the french alps[END_REF][START_REF] Guerbois | Evolution des contributions de la nature aux hommes dans le socio-écosystème de hwange : vers une construction transdisciplinaire de sa trajectoire. 5ème colloque des Zones Ateliers, sciencesconf[END_REF]. More generally, timelines allow for the adaptive management, the reporting on activities, and the assessment of scenarios. The timeline information may be organized into a database to be made available to a large audience through an interactive web-site [START_REF] Arnaud | CHRONO-RHÔNE : Elaboration d'une frise chrono-systémique pour l'OHM Vallée du Rhône[END_REF].

Drawing a timeline remains a painful task, especially when it should be adapted to the introduction or to the reorganization of some piece of information. Among the software dedicated to project management, Office Timeline pro builds on PowerPoint and a formatted Excel spreadsheet to produce timelines and Gantt charts. Here again, adaptive management in economy and social ecological research may use similar methods.

Computer-aided design

By means of some computer science tools, this section aims to aligns the qualitative schemes of section 2, the long term qualitative and quantitative observations, and the computed trajectory of dynamical systems. The ZATimeline software dedicated to the representation and the data management of social ecological information on a timeline is then presented.

Trajectory and cycles

Trajectory is a scientific word derived from Latin and created by Isaac Newton to describe the paths of bodies (revolving orbits) traveling through the space by means of mathematical equations. In physics, the trajectory of a point (or the centroid of a system) describes its successive positions in a given coordinate reference system. Assuming that a central element may be identified or chosen within a SES, the same definition could be applied. Othewise one may represent the trajectories of some of its components.

The prey-predator (Lotka-Volterra) model and the Lorenz attractor are used to illustrate stable and unstable behaviors.

An example of the prey-predator equations may be run using Matlab online. Figure 2 proposes three different views for the solution of the prey-predator equations computed with parameters α = 0.02 and β = 0.01. The top picture shows the trajectories of the variables. These could be compared with long term observations. The phase diagram is a projection that eliminates time by plotting one variable against the other. It can be used to exhibit cycles. For this two-dimensional system, the trajectory is a three-dimensional curve (space and time). In this example, the trajectory exhibits a periodic behavior that may result in a sustainable cycle (stable equilibrium) either in the absence of perturbations or in an adaptive management process.

As an illustration of chaos, the Lorenz attractor was built to behave in a different manner. Some results of the Lorenz model run with the parameters ρ = 28, σ = 10, β = 8/3 [START_REF] Moiseev | Lorenz attaractor plot[END_REF] are plotted in Fig. 3. The phase diagram exhibits the famous butterfly corresponding to unstable equilibria. In that sense, one may recognize a representation of the Holling's adaptive cycle.

Social ecological models are usually multi-scalar illconditioned/wicked problems. Under a number of assumptions, simplified quantitative dynamical modeling could be carried out. For example, as the companion model for the "Limits to growth" [START_REF] Meadows | The Limits to Growth[END_REF], the WORLD 3 model describes the interactions between natural resources and population through flux loops, resulting in exponential growth curves for both resource consumption and population.

The qualitative modeling is a another manner to address social ecological questions about adaptive management and sustainability.

Timelines for heterogeneous data

ZATimeline is a real-time software dedicated to the representation and the analysis of SESs by means of a timeline gathering heterogeneous data. This builds on the Matlab's programming environment for the graphical user interface (GUI) and the plots [START_REF] Charpentier | Zatimeline : User guide v1.0[END_REF]. The method comprises five steps.

-Collection. Data related to events, time series, indicators, trends are welcome to support the social ecological modeling. Information about practices and ecosystem services are of particular interest. Such quantitative and qualitative heterogeneous data are collected in different media (scientific publications, gray literature, maps, photos, inventories, time series...) using different methods (bibliography, mapping, interviews).

-Encoding. Any data may be qualified (name), dated (time) and located. Heterogeneous data are thus organized into a spreadsheet, the columns of which are NAME, START and END dates. An extra column is used to provide STYLE elements for the timeline and the legend plots. Additional data such as location, comments or sources may be considered. Labels may be used to draw links between data.

This formatted spreadsheet is stored into a CSV file. This can be considered as a boundary object between the user and ZATimeline. In particular, tabular data may be sorted or reorganized using tools like Excel or LibreOffice.

-Representation. ZATimeline comes with a GUI and a user guide. Spreadsheet data are interpreted and plotted in a sequential manner as colored points, long triangles or rectangles following the user-defined STYLE information.

The ZATimeline's GUI allows for real-time data collection and representation in workshops.

-Analysis. The timeline plot is analyzed in form and substance. The horizontal temporal axis conveys information on duration, trends and breakdowns.

The vertical reading may focus on the components of a SES like actors, practices or services, as modeled in the conceptual scheme (Fig. 1).

The variety of the data is an indicator of the scientific focus and the expertise of the timeline contributors. Voids in the chart may indicate some lacks of inter-or trans-disciplinarity.

Tipping points may be identified and considered to figure out phases on the timeline.

Using the spreadsheet software, the data may be reshaped by inverting lines, sorting or extracting information for a more concise view. The ZATimeline GUI allows for new real-time plot.

-Metadata and data publication. ZATimeline is built and distributed to promote FAIR principles [START_REF] Wilkinson | The fair guiding principles for scientific data management and stewardship[END_REF] in the collection of social ecological timeline datasets. The formatted spreadsheets as well as the timeline chart may be deposited in a data repository, see [START_REF] Charpentier | Timeline data for the social-ecological system of the Upper Rhine/Rohrschollen case study[END_REF] for instance. 

Results

Any river describes a trajectory. Upstream events impact downstream functioning. Downstream services require upstream management, as for navigation or contamination, for instance. A river and its nested riverine SESs thus form a perfect object for a general study on SES trajectories.

Located on the Upper Rhine River, in the south of the Strasbourg city, the Rohrschollen island is one of these areas that were significantly affected by the Upper Rhine river projects for flood mitigation, navigation, harbor development, hydropower production, as well as by French-German relationships.

We focus on the management of water bodies : the Upper Rhine river between Basel (Switzerland) and Lauterbourg (France), the Rhenan aquifer and the smaller ones within the Rohrschollen area (Old Rhine, port basins, Bauerngrundwasser stream). The Rhenan alluvial forest ecosystem they support is also of interest. Maps indicating some particular points (yellow for HPP, red for risk/crisis, magenta for Port extensions) are plotted in Fig. 4. The background picture is a Normalized Difference Vegetation Index (NDVI) raster at a resolution of 0.05°(EPSG :4326, MODIS product downloaded from USGS). The raster from April 2004 was chosen for a reasonable contrast.

Some long term observations and indicators are reported in subsection 4.1. The timeline construction and a temporal analysis are presented in subsection 4.2. These are discussed in section 5 from a multi-scale point of view.

Indicators

Spatio-temporal data on governance, management, population, biodiversity and climate, are essential to re-construct the trajectory of a SES, but they are not sufficient to the analysis when Human-Nature interactions are neglected.

This subsection provides thematic qualitative information together with some quantitative indicators on five components of the SES. Some interactions are pointed out.

Governance tipping points

The Upper Rhine river has been is a natural border between France and Germany and their precursors since a long time. It was conquered repeatedly by one side or the other. In the early 19th century, the main issues were floods and the induced river/border border shifts, navigation come next.

The Napoleonic war period fostered their solution. Firstly, two agreements were reached on the free navigation : the "Convention de l'octroi" (1804) and the Convention of Vienna ( 1815). The latter created the Central Commission for the Navigation on the Rhine (CCNR, [START_REF] Doerflinger | La commission centrale pour la navigation du Rhin : 170 ans d'évolution du statut international du Rhin[END_REF]), an international organization still active to this day. The Rhine became an international river. Secondly, the Rhine river and the frontier were fixed by the Tulla's straightening project, mitigating the flood risks and improving the navigation in the Upper Rhine valley for a while (see subsection 4.2).

After World War I, France obtained the exclusive right to develop the Upper Rhine river by the contentious Treaty of Versailles (1919). With the agreement of the CCNR, the Grand Canal of Alsace (GCA) is dug parallel to the Upper Rhine river to facilitate the navigation towards Switzerland by setting up four locks and four hydropower plants (HPP) [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF]. This created the longest "Rhine island", downstream of Kembs HPP. After World War II, French-German relationships improved, resulting in the creation of the European Coal and Steel Community (ECSC) [START_REF] Henze | France, Germany and the struggle for the warmaking natural resources of the Rhineland[END_REF] and the further European construction.

The evolution of the French-German relations may be observed in the HPPs projects set up along the Upper Rhine river. Upstream, the GCA aliments the 4 oldest HPP. With regards to German concerns about dewatering, the next 3 were implemented by means of 3 smaller derivation channels creating smaller islands (notably the Rohrschollen island). These are operated by France only. The last two HPP are implemented in line and cooperated by the two countries. France also authorizes two agriculture and HPP dams on the Old Rhine River (Breisach, and Kehl within the Rohrschollen area).

The Rohrschollen area provides an illustration of co-management. The island creation lowered the water table (subsection 4.1.3) and dried farmlands loca- From 1997, the National Natural Reserve status imposes new management rules on the Rohrschollen island (subsections 4.1.4 and 4.2.5).

Land cover tipping points

In a floodplain, land cover and land use are intimately linked to the type of the river and the management actions.

As discussed in [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF], historical maps show how the Rhine river was turned from a braided river to a rather straight channel following Tulla's project. For the Rohrschollen island, maps were geo-referenced, polygonized and clipped by extent [START_REF] Eschbach | Long-term temporal trajectories to enhance restoration efficiency and sustainability on large rivers : an interdisciplinary study[END_REF].

The aerial and satellite pictures taken in 1966, 1976 and 2020 are of particular interest since they monitor the industrial development of the Autonomous Port of Strasbourg (PAS) in the Rohrschollen zone. These pictures were downloaded from the web portal "Remonter le temps" (IGN), then processed, see Fig. 5.

The sinuosity indicator is a by-product of the land cover maps. In a flat flood plain, this indicator may be es- The land cover maps of [START_REF] Eschbach | Long-term temporal trajectories to enhance restoration efficiency and sustainability on large rivers : an interdisciplinary study[END_REF] and Fig. 6 indicate that the island creation results from an anthropic management plan. However, the local toponymy -Bauerngrundinsel (agricultural island), Bauerngrundwasser (agricultural land water), Rohrschollen kopf (that may be translated as reed land terrace) -assesses that parts of the Rohrschollen island preexisted and were used for agriculture. Upstream of Strasbourg, this area was then a relevant place for an HPP project.

Groundwater

The Rhenan aquifer is one of the largest groundwater reserves in Europe, representing 35 billions m 3 for the Alsatian part. Its supply is ensured by precipitations in the floodplain, by infiltration from the Vosgian and Black Forest streams and the Rhine river.

The aquifer serves freshwater (Plobsheim's water intake, upstream Strasbourg), water sourced heat, industry (including breweries) and agriculture. Irrigation puts pressure on the groundwater as noted by the observatory Aprona. More generally, anthropic activities have impact in terms of quantities and contamination [START_REF] Bernhard | Nitrate pollution of groundwater in the alsatian plain (france)-a multidisciplinary study of an agricultural area : The central ried of the ill river[END_REF]). An evaluation of the total economic value of the Alsatian aquifer is proposed in [START_REF] Masson | Vers une évaluation de la valeur économique totale de la nappe phréatique d'Alsace[END_REF].

Some piezometric time series measured from 1971 to 2001 in the Neuhof forest were downloaded from the Aprona databasis to comment on the local impact of the island creation onto the aquifer, the alluvial forest and the agriculture. These are plotted in Fig. 7 for the upstream (Fort Hoche) and downstream (Forêt du Neuhof) stations.

As discussed for previous HPP and lock structures [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF], the 1970 channelization impacted the water table height. Upstream, the creation of the island drained the aquifer. The agricultural dam on the Old Rhine river in 1985 was set up as a mitigation measure. Downstream, the new channel and the port basins raised the water table.

The very short aquifer temperature time series (measured from 2017 onward at PAS station) exhibits an upward trend in agreement with the recent heat waves and the climate change, see subsection 4.1.5.

Life

As quoted in [START_REF] Denis | L'avifaune nicheuse des forêts rhénanes alsaciennes : Relation avec le milieu et mise en perspective géographique et historique[END_REF], "the" primitive (alluvial) Rhenan forest no longer exists : one should rather speak of "the" Rhenan forests as a succession of forest massifs of a few hundred hectares each. One considers as such all afforestation included in the former major bed of the river. The difference in the forests stands (softwood, 3 stages, hardwood) is a relevant indicator to evaluate the alluvial status of the Rhenan forests [START_REF] Eschbach | Long-term temporal trajectories to enhance restoration efficiency and sustainability on large rivers : an interdisciplinary study[END_REF].

The human population curves for the cities of Strasbourg and Kehl, Fig. 8, are plotted using a logarithmic scale. These confirm the differences in the urbanization and industrial developments on the French and German sides as already noticed in subsection 4.1.2. These curves raise two comments. Firstly, the minima in the Strasbourg curve are explained by wars' impacts in the "Alsace-Lorraine" land (volunteer emigration, organized immigration, evacuations and expulsions). Secondly, the German industries and their worker population mainly grew in the Ruhr area, within the Lower Rhine basin. Besides, the Rohrschollen area/island has always been an uninhabited one.

The National Natural Reserve (RNN) status (Eurométropole de Strasbourg, 2018a) has fostered the know- ledge on the island fauna and flora populations. Inventories, see [START_REF] Trieber | Ile rhénane du Rohrschollen à Strasbourg[END_REF] for instance, that were conducted since 1970 by a number of naturalistic associations were used in the scientific study joined to the RNN status demand. The RNN management documents (Eurométropole de Strasbourg, 2018a), scientific papers and inventories describe pressures exerted upon the alluvial ecosystem.

The RNN status also defines the authorized Human-Nature interactions. Visits to the island increased from 31875 people in 2013 to 40 160 people in 2017, including scholars, hikers, scientists and managers. Counts are facilitated by the limited number of three pedestrian accesses. Ecological responsibility is instructed though panels (information, interpretation, direction, rules). Authorized practices are fruit and mushroom picking, fishing, cycling and hiking on pathways, while prohibited activities are camping, forestry, hunting, sporting and water related activities (Eurométropole de Strasbourg, 2018a, p. 7).

Risks

Risks evolve together with engineering plans, industrialization and climate change.

Before 1850, floods as well as induced the river and border shifts represented the major risks for the farmers and the riverine population, for their lives and their activities [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF]. At that time, endemic malaria was also an issue. The channelization and the resulting erosion fixed the river bed and the French-German border. Malaria disappeared in 1885 [START_REF] Callot | Le paludisme en Alsace et en Moselle à propos d'une enquête récente[END_REF] as in the other parts of France. Unfortunately, the erosion was higher than expected, impacting the bathymetry and the navigation along the Upper Rhine river. For more detail, flood events are reconstructed in [START_REF] Himmelsbach | Reconstruction of flood events based on documentary data and transnational flood risk analysis of the Upper Rhine and its French and German tributaries since ad 1480[END_REF][START_REF] Martin | Les évènements extrêmes dans le fossé rhénan entre 1480 et 2012. quels apports pour la prévention des inondations ?[END_REF].

In 1986, near to Basel, the Sandoz factory of Schweizerhalle (Switzerland) burned, resulting in a spill of 20 tonnes of agrochemicals. A 70 km red trail ran downstream the Rhine river and killed fishes over a distance of 400 km. The Rhine was declared "dead". This affected the aquifer too [START_REF] Schwabach | The Sandoz spill : The failure of international law to protect the Rhine from pollution[END_REF], including Plobsheim's freshwater intake. Twenty years of decontamination were necessary to restore the ecological balance after the so-called "Tchernobâle" event. This major industrial accident contributed to the set up of new rules.

Initially located in Strasbourg, the PAS has nowadays extensions over 100 km. It hosts a number of Seveso sites within its oil port (1927) downstream of the Rohrschollen area.

Climate change is noticeable on daily air temperature (see the long term data from Strasbourg Entzheim airport [START_REF] Klein Tank | Daily dataset of 20th-century surface air temperature and precipitation series for the european climate assessment[END_REF]), land surface temperature (LST Day from MODIS rasters), aquifer temperature (Aprona data at PAS station), with impacts on fauna and vegetation. As the Rohrschollen island lies in two pixels of the MODIS 0.05°grid, monthly rasters may be used to evaluate yearly means for LSTD and NDVI. As displayed in Fig 9, computed indicators present the same growing trend. As expected, values differ. The RNN forested part (south pixel) is much cooler (-1.6 °C) and greener than the port area (north pixel), and brings regulation ecosystem services. The increase in the temperatures contributes to the eutrophication of the Bauerngrundwasser stream.

Besides, the climate change has also favored the establishment and the spread of the so-called "tiger mosquito" (Aedes albopictus) population in the Eurometropolis of Strasbourg (see the animated map from the mosquito control union), increasing the zoonosis risk (dengue fever, chikungunya and zika).

The impacts of climate change on the navigation of the Rhine are discussed on the CCNR website

Timeline chart

A number of chronologies already report on the development of Rhine [START_REF] Doerflinger | La commission centrale pour la navigation du Rhin : 170 ans d'évolution du statut international du Rhin[END_REF][START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF][START_REF] Frijters | Rhine case study[END_REF][START_REF] Uehlinger | Chapter 6 -the Rhine river basin[END_REF][START_REF] Nature | Proposition des associations de la protection de la nature pour la sauvegarde du Rhin et des forêts Rhénanes[END_REF], historical floods [START_REF] Himmelsbach | Reconstruction of flood events based on documentary data and transnational flood risk analysis of the Upper Rhine and its French and German tributaries since ad 1480[END_REF] and flood prevention services (Préfet coordonnateur de bassin Rhin-Meuse, 2012), the development of the port and the city [START_REF] Ahnne | Strasbourg 1850-1950 : métamorphoses et développement[END_REF][START_REF] Bonnet | Un port au coeur de la ville ; le port autonome de Strasbourg[END_REF], islands and RNN creations (Eurométropole de Strasbourg, 2018a), addressing different spatial and temporal scales [START_REF] Elissalde | Géographie, temps et changement spatial[END_REF].

Consequently, this paper is not about a question of finding new data, but a matter of organizing and analyzing heterogeneous data.

We compile this information in a spreadsheet (available from the Indores web portal) [START_REF] Charpentier | Timeline data for the social-ecological system of the Upper Rhine/Rohrschollen case study[END_REF] to draw the timeline and to analyze the evolution of the Upper Rhine river between Basel and Lauterbourg (France), the Rohrschollen area, and the nested SES they form.

Timeline template

For this case study, we use three classes representing the international level, the Upper Rhine level and the Rohrschollen level, respectively. For each class, we use some of the conceptual scheme components (Fig. 1) to distinguish external drivers, actors and processes representing the social template, the adaptive management interface, and the "Stocks→Ecosystem services" subclass that represent the biogeophysical template and the services it provides. Conventions, regulations or events at a given level are external drivers for the lower levels.

The Upper Rhine/Rohrschollen timeline information is encoded in a spreadsheet containing about 150 rows that represent about 130 actual data and 20 classification comments. This is interpreted using the ZATimeline software to plot Fig. 10. Longitude and latitude columns are added to the spreadsheet. These were used to plot Fig. 4.

The legend is encoded in another spreadsheet and plotted in a second figure using ZATimeline. Long rectangles and triangles indicate periods, positive or negative trends. Symbols are used for events : □ for a convention, △ for a setup, • for another event. Colors distinguish themes : magenta for navigation, blue for the river and the aquifer, green for ecology, yellow for dams (HPP and/or agriculture), orange for society, and red for crisis and risks. The texts written in gray and white rectangles are comments related to classes and sub-classes.

The timeline together with indicators allow for a different kind of analysis. The chronology is recalled in this subsection. The first two phases are dedicated to the Rhine river channelization process. The last two phases focus on the Rohrschollen development. In that sense, the narrative agrees with the shrinking process of both the river bed and the alluvial forest.

Complementary views, panarchy and local gear, are discussed in subsections 5.2 and 5.3, respectively.

Threads and divagations

Flowing in the Upper Rhine graben, the Rhine river was a braided one up to the middle of the 19 th , shifting with the floods, creating and removing islands, opening space to the development of the alluvial (soft wood) forest, offering a biologically rich environment, and bringing sediments to agricultural lands. This can be considered as the initial/natural state of the Upper Rhine river trajectory.

Navigation was dangerous downstream of Strasbourg and impossible between Basel and Strasbourg. Floods endangered neighboring populations [START_REF] Himmelsbach | Reconstruction of flood events based on documentary data and transnational flood risk analysis of the Upper Rhine and its French and German tributaries since ad 1480[END_REF], even the population set up some local provisional barriers intended as mitigation measures [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF]. The border between the precursors of France and Germany was following the river moves, impacting property rights.

In the early 19 th century, the rise of empires led to the "Convention de l'octroi" (1804) between the French Empire and the Holy Roman German Empire that imposed a unified toll system for the navigation of the Rhine. Eleven years later, the Vienna conference created the CCNR [START_REF] Doerflinger | La commission centrale pour la navigation du Rhin : 170 ans d'évolution du statut international du Rhin[END_REF]. It became an international river.

Rhine correction

Several engineering projects were proposed to alleviate the flood risks along the Rhine river [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF]). Tulla's project was implemented from 1840 to 1879. Small shallow channels were hand dug in meanders, reducing the length of the Upper Rhine river, and speeding up the flow. The faster stream flow flushed sediments, shrunk and sunk the river bed.

After works, the Upper Rhine river and its major bed drastically changed their appearance. Riverside lands were drained lowering the water table and impacting agriculture [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF][START_REF] Arnaud | Engineering impacts on the upper rhine channel and floodplain over two centuries[END_REF]. This alleviated the flood risk locally, but increased it in the Middle and Lower Rhine areas. As in the other parts of France, malaria disappeared [START_REF] Callot | Le paludisme en Alsace et en Moselle à propos d'une enquête récente[END_REF] by 1885.

The Neuhof forest and the Rohrschollen area constituted a unique forest system run by a number of small streams for more than one century. As on the Upper Rhine riversides, forest stands changed from Rhenan alluvial ones (3 stages) to hardwood stands. The river incision facilitated the navigation between Basel and Strasbourg [START_REF] Zimmermann | La régularisation du Rhin jusqu'à Strasbourg[END_REF] up to the discovery of the Istein bar [START_REF] Unknown | La navigation fluviale entre strasbourg et bâle[END_REF]. Downstream, eroded sediments were continuously impacting the bathymetry, placing constraints on the navigation.

Represented on the timeline by a change of phase, the correction constitutes the major tipping point in the social ecological trajectory of the Upper Rhine river and its ecosystems.

From 1871 to 1918, the Upper Rhine river was flowing in Germany. The regulation was decided and funded by the German authorities in 1905 to facilitate the trading navigation between Strasbourg and Germersheim.

After World War I and the Treaty of Versailles (1919), the French Grand Canal of Alsace (GCA) reestablished the navigation of the Rhine between Basel and Strasbourg through the co-location of HPPs and locks on the channel. We do not consider it as a social ecological tipping point since it did not impact ecosystems as the Rhine correction did.

Funded in 1923, the PAS is co-managed by the Strasbourg city and the French state.

Development

Industrial development, global trade and energy needs have greatly accelerated [START_REF] Meadows | The Limits to Growth[END_REF][START_REF] Steffen | The trajectory of the anthropocene : The great acceleration[END_REF] after World War 2. At the same time, a general ecological awareness grew in the public and the scientific community [START_REF] Meadows | The Limits to Growth[END_REF][START_REF] Westman | How much are nature's services worth ?[END_REF][START_REF] Holling | Adaptive Environmental Management and Assessment[END_REF] at all scales, fostering political conventions and regulations.

These apply to the PAS. In the Rohrschollen area, the PAS extension became visible around 1950 (see Fig. 6). A derivation channel dedicated to the navigation (lock) and to the hydropower production (HPP) is dug in the sixties under the agreement of the CCNR. It separated the Rohrschollen island from the Neuhof forest. It also disconnected the Bauerngrundwasser stream from the Rhine river. several port basins were created downstream of the HPP.

This industrial development grabbed natural space. The new drainage system contributed to lower the water table upstream and, conversely, to raise it downstream. This dewatering was an issue for both the German farmers and the forest ecosystem. Following a German demand, Kehl's agriculture dam built on the Old Rhine river in 1985 stopped the dewatering of the soil (see Fig. 7). The aquifer heights progressively returned to previous states. In that sense, the Kehl's dam may be considered as the first renaturation operation.

Concurrently, in 1975, after the occupation of the site by French and German ecologists, a PAS extension intended in Marckolsheim was rejected by the administrative court [START_REF] Prieur | Tribunal administratif de strasbourg -6 juin 1975 : Ep. ott hubert et autres contre préfet du bas-rhin. avec note[END_REF] on the basis of the decrease in surface and the ecological status of the Rhenan alluvial forest. A few years later, the city of Strasbourg entrusted a regional federation of naturalist associations (today France Nature Environment) with a scientific study about the island ecosystem. This was enclosed with the demand of the RNN status for the island (Eurométropole de Strasbourg, 2018a). In the timeline, the end of the development phase coincides with the RNN status for the Rohrschollen island.

Preservation

The biogeophysical restoration of rivers impacted by anthropic activities is a scientific concern that emerged in the 1990s [START_REF] Aelbrecht | Restauration morphodynamique et redynamisation de la section court-circuitée du Rhin à l'aval du barrage de Kembs (projets interreg / edf)[END_REF]. In the Upper Rhine region, a number of joint French-German-Swiss initiatives are dedicated to the Rhenan alluvial forests. These raised awareness, then facilitated funding. Financial resources come from INTERREG projects, supplemented by a number of local or regional agencies, as well as from compensation measures (Alsace [START_REF] Nature | Proposition des associations de la protection de la nature pour la sauvegarde du Rhin et des forêts Rhénanes[END_REF].

The Rohrschollen area is the result of a long series of changes. The remains of the "alluvial forest" part of the island is proclaimed a RNN in 1997 after a process of 20 years, and more than thirty five years after its separation from the Neuhof sub-natural forest (Fig. 6). The Neuhof forested massif become a RNN in 2012. In a very small nutshell, natural reserves are managed through regulation, ecological studies and objectives such as ecological awareness, educational activities or restoration, see (Eurométropole de Strasbourg, 2018a) for instance.

On the island, sufficient flooding is a key requirement to restore, then to maintain an alluvial forest disconnected from the channelized Rhine river since 1870, and disconnected from the new channel since 1970.

On the one hand, the implementation of a civil engineering structure between the channel and the Bauerngrundwasser was conducted under a LIFE+ project [START_REF] Eschbach | Long-term temporal trajectories to enhance restoration efficiency and sustainability on large rivers : an interdisciplinary study[END_REF]. It was operated twice in 2014 and 2016 for dynamical flooding. On the other hand, the Rohrschollen island (in collaboration with German authorities that control the Kehl's dam) as well as the Erstein and Moder polders may be mobilized as flood retention zones (Préfet du Bas-Rhin, 2018). This was the case in 2013 and for the latest paramount Rhine flood of 2021. Note that flow dynamics are different.

The restoration objectives of the LIFE+ project was "6 to 8 dynamic floods a year". Ten years later, the achievement of this flooding objective is still a hot topic for the management of the RNN (Eurométropole de Strasbourg, 2018b, p. 18). The actual setup of recurrent dynamical floods will constitute a tipping point for the Rohrschollen ecosystem. Locally, the naturalness of the alluvial forest is on engineering support.

Smaller but relevant initiatives also include a fishway (2019) installed in the derivation channel by EDF, and five Highland cattle cows (2021) to graze Rohrschollen wet meadows, ensuring a lower impact than mo-wing onto fauna and flora and a higher efficiency in wet conditions.

Discussion

The trajectories and adaptive management are discussed on the basis of the timeline and the frameworks presented in subsection 2.

Adaptive wheel

The key difference in the conceptual schemes [START_REF] Collins | An integrated conceptual framework for long-term social-ecological research[END_REF][START_REF] Haines-Young | The links between biodiversity, ecosystem service and human well-being[END_REF][START_REF] Bretagnolle | Action-orientated research and framework : insights from the french long-term social-ecological research network[END_REF] and the adaptive wheel [START_REF] Shewhart | Statistical method from the viewpoint of quality control[END_REF][START_REF] Deming | Out of the crisis[END_REF] is in the dynamics. On the one hand, conceptual schemes describe a feedback loop without considering the time variable in an explicit manner. A conceptual scheme may be drawn for each of the four phases identified on the timeline. On the other hand, the adaptive wheel (PDCA) advances in time describing the trajectory of Fig. 2 in a continuous manner.

The adaptive wheel agrees to the river management plans carried out along time. The present tense is used to express the continuity of the process. A simplified sequence may be : -(Plan 1) Tulla's correction for flood mitigation and navigation, (Do 1) excavation ( 1879), (Check 1) upstream erosion and downstream sedimentation interfere the navigation, (1905) (Act 1) define new management plans, -Upstream : (Plan 2a) project of the Grand Canal of Alsace (1902), (Do 2a) excavation from 1932 to 1959 (4 HPPs), (Check 3) dewatering, (Act 3) next 3 HPPs are isolated ones, -Downstream : (Plan 2b) regularization, (DO 2b) set barriers and groynes in the river bed [START_REF] Tricart | Le cours périalpin du Rhin, du Rhône et du Danube : aménagement fluvial et dérives de l'environnement[END_REF], (Check 2b) Satisfaction, -(Plan 3) consolidate French-German relationships, (Do 3) 2 co-operated HPPs, (Check 3) Satisfaction, -(Plan 4) restoration of Rohrschollen island, (Do 4)

Set up a water intake and run dynamical floods, (Check 4) operated twice with preliminary satisfactory results in 2016 [START_REF] Eschbach | Long-term temporal trajectories to enhance restoration efficiency and sustainability on large rivers : an interdisciplinary study[END_REF], (Act 4) reiterate the operation (long wait) (Eurométropole de Strasbourg, 2018a), -(Plan 6) mitigation of the climate change effects... Occasionally, the SES may enter in a crisis [START_REF] Holling | Adaptive Environmental Management and Assessment[END_REF], loosing stability as in Fig. 3. This is the case for the Rhenan alluvial forests, the preservation of which is finally a recent ecological concern.

Panarchy view

The panarchy model [START_REF] Holling | Adaptive Environmental Management and Assessment[END_REF] was proposed to work on nested systems, their interactions, their coevolutions and their transformation. Nested geographical areas and their SESs are thus good candidates for a panarchy analysis. The timeline template described in subsection 4.2.1 and applied in Fig. 10 allows for such analyses.

As an example of top down interactions, the international conventions and European regulations about ecology are translated and funded at the lower scales within some delay. The correction and erosion upstream of Strasbourg, the sediment of which impacted the navigation of the Rhine river may be regarded as a bottom up interaction.

The adaptive cycle assumes a crisis. The Sandoz spill (1986) [START_REF] Schwabach | The Sandoz spill : The failure of international law to protect the Rhine from pollution[END_REF]) had impacts at the three scales : the contamination at the lower scales (punctual crisis, contaminant transport, social ecological impacts) and the strengthening of rules at the international level (adaptive management). More generally, risks described in subsection 4.1 are sources of potential crises

The extreme event of July 2021 is an example where the local flood retention zones contributed to mitigate the flood crest in the Middle and Lower Rhine basins. The adaptive management and flood mitigation plans written at the different scales are designed to solve known issues. Hopefully, the general functioning of nested SESs may be represented as a gear of difference sized, adaptive cycles [START_REF] Deming | Out of the crisis[END_REF], while the Holling's panarchy model agrees with crises.

Climate change is a significant concern that can be observed not only in the temperature increase, but also in the bloom of mitigation strategies implemented at various levels, [START_REF] Goergen | Assessment of climate change impacts on discharge in the Rhine River Bassin : Results of the RheinBlick2050 project[END_REF]; Agence de l'Eau Rhin-Meuse, 2018) for instance.

Local gear

The Rohrschollen area comprises three contrasted SESs. From west to east, these are the industrial PAS part (and a piece of the Neuhof Forest RNN), the Rohrschollen island, and the agricultural German area. The evolution of their land use and land cover, Fig. 6, illustrates the difference in their trajectory. Historical reasons for their divergent trajectories are already discussed in subsections 4.1.1.

Conceptual schemes and/or adaptive wheels may be drawn for each of these three SESs. The point is then to observe how they interact into a local gear.

Underground, the Rhenan aquifer serves agriculture and trees. The impact of the derivation (1970) and of Kehl's agriculture dam on the water table heights are observable in the piezometric data (Fig. 7). Clearly, the management of the two locks contribute to maintain the ecosystem services provided by the aquifer.

At the ground level, the island is accessible from the HPP road, the cycle track over the south dam, and a road over Kehl's dam. Since the Bauerngrundwasser stream is disconnected from the Rhine, any floods that occur on the island are managed, regardless whether they are dynamical or not. Accesses are closed are closed accordingly.

Water management is obviously the key concern between the three systems, even if expected services are different : navigation and hydro-power production for PAS, support to fauna and flora habitats on the island, and irrigation for agriculture. Three flood retention area has a value for downstream SESs. As said in subsection 4.2.5, the sustainability of the island naturalness is on engineering support. Some interviews of the managers of these three ecosystems as well as more information about the German side would be precious to go one step further in the analysis of the social ecological interactions. In that case, the timeline could be a relevant mediation tool to animate the discussion and to compile new information.

Conclusion

Information was selected in the rich scientific and gray documentation written about the Upper Rhine river development. This was organized by means of the ZATimeline software. The various analyses conducted with regards to social ecological schemes and adaptive management cycles emphasize the importance of the continuous water management for the sustainability of the desired ecosystem services. These were mainly flood mitigation and navigation for a long time. The rise of ecological concerns about the Rhenan alluvial forest were recently translated into the RNN status and an engineering support.

The ZATimeline software is shown to be effective in a number of social ecological studies carried out in the Réseau des Zones Ateliers . Its real-time plotting abilities allow to use it as a mediation tool during workshops. A collaborative design of a CHRONO-RHINE website based on the CHRONO-RHONE [START_REF] Arnaud | CHRONO-RHÔNE : Elaboration d'une frise chrono-systémique pour l'OHM Vallée du Rhône[END_REF] approach could be of interest to go one step beyond in the collection of biodiversity data and in the representation of the Upper Rhine SESs.
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 1 FIGURE 1 -Conceptual scheme together with the PDS (Shewhart cycle) and PDCA (Deming wheel) actions.
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 2 FIGURE 2 -Three views of the trajectory of a prey-predator model.
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 3 FIGURE 3 -Three views of the trajectory of a Lorenz attractor.

  GUIs of both the spreadsheet software and ZATimeline have facilitated the uptake by students, researchers and practitioners from a wide variety of disciplines as demonstrated by the studies conducted Alignier et al. (2020); Cognard et al. (2020); Guerbois et al. (2020).
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 4 FIGURE 4 -Left : HPPs located on the French-German Upper Rhine border (188 km long). Right : Rohrschollen island (6.3 km long). Background : NDVI data of April 2004.
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 5 FIGURE 5 -Land cover/land use in 1966, 1976 and 2020.

FIGURE 6 -

 6 FIGURE 6 -Land cover and sinuosity evolution in the Rohrschollen area of Fig. 6.
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 7 FIGURE 7 -Piezometric data at "Fort Hoche" (upstream) and "Forêt du Neuhof" (donstream) stations.
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 8 FIGURE 8 -Evolution of Strasbourg and Kehl populations.
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 9 FIGURE 9 -LSTD and NDVI yearly means for the north and south parts of the Rohrschollen area.
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 10 FIGURE 10 -Upper Rhine/Rohrschollen multi-scale social ecological timeline created from the spreadsheet and the ZATimeline GUI. The legend (created with ZATimeline too) is added afterwards. afterwards.

The Millennium Ecosystem Assessment (World Resources Institute, 2005) was conducted to provide stake holders, decision makers and the general audience with scientific information about the consequences of ecosystem change on human well-being. Today, in a context of climate, energy and biodiversity crises, the waterfood-energy nexus is at the heart of a sustainable development as these resources are managed, produced and extracted from ecosystems.Concurrently, vocabulary and models have evolved. Frameworks such as social ecological conceptual