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ABSTRACT

Industrialisation and rapid population growth after the Second World War has led to large pressures on river systems throughout Western Europe. Many successful interventions have been taken over the last decades to reduce the impact of these pressures on the aquatic environment. The adoption of the European Union Water Framework Directive in 2000 marked the beginning of the final stage of reaching natural conditions in European waters. But proper execution holds still a lot of unanswered questions. The big challenge is to better understand the relation between human activities and the condition of the aquatic environment. This case study of the Seine River aimed at analysing water policy since 1964 and its effects on the fish community in the Seine River. Over 50 years of intervention by the Seine-Normandy water agency was analysed using the DPSIR framework, instrument theory and effect analysis. The development of the fish community was discussed based on literature review and statistical analysis of species richness and the New European Fish Index (EFI+) using a fish assemblage dataset of samples taken in the main branch of the Seine River. Water policy focused on reducing discharge of wastewaters in the Seine River has made considerable improvements with positive effects on the water quality in the Paris agglomeration and downstream. These results have been achieved by the water agency by tackling both supply and demand sides of the problems with the application of especially economic and technological instruments. The fish community has benefited from this development and has shown significant improvement downstream of the Paris agglomeration after a very poor state in the 1960s and 1970s. Analysis shows the importance of the Paris agglomeration in the spatial differences in the fish community. Unfortunately the improvements in water quality in the Paris agglomeration have not yet led to improvement of the fish community in the agglomeration itself. This is most probably due to a lack of habitat heterogeneity in this river stretch. To further improve the fish community and especially to support the recent signs of recolonization of the basin by diadromous species, realizing habitat heterogeneity and removal of obstacles should be made a priority policy objective. II RESUME L'industrialisation et la croissance rapide de la population après la Seconde Guerre mondiale a conduit à de fortes pressions sur les systèmes fluviaux à travers l'Europe occidentale. De nombreuses interventions réussies ont été prises au cours des dernières décennies pour réduire l'impact de ces pressions sur l'environnement aquatique. L'adoption de la Directive Cadre sur l'Eau de l'Union Européenne en 2000 a marqué le début de l'étape finale d'atteindre des conditions naturelles dans les eaux Européennes. Mais sa bonne mise en oeuvre génère encore beaucoup de questions sans réponse. Le principal défi est de mieux comprendre la relation entre les activités humaines et l'état de l'environnement aquatique. Cette étude vise à analyser la politique de l'agence de l'eau Seine-Normandie depuis 1964 et ses effets sur les communautés de poissons dans la Seine. Plus de 50 ans d'intervention de l'agence de l'eau Seine-Normandie ont été analysés à l'aide du modèle DPSIR, de la théorie de l'instrument et de l'analyse des effets. L'évolution des communautés de poissons a été discutée sur la base de la littérature et d'analyses statistiques de la richesse aquatique et du nouvel Indice Poissons Européen (EFI+) sur la base des données échantillonnées dans l'axe Seine. La politique de l'eau focalisée sur la réduction de rejets d'eaux usées dans la Seine a apporté des améliorations considérables avec des effets positifs sur la qualité de l'eau dans l'agglomération parisienne et en aval. Ces résultats ont été obtenus par l'agence de l'eau grâce à la mise en application des instruments, en particulier, économiques et technologiques. Les communautés de poissons ont bénéficié de ce développement et ont montré une amélioration d'EFI significative en aval de l'agglomération parisienne, après une très mauvaise situation dans les années 1960 et 1970. L'analyse montre l'impact de l'agglomération parisienne dans l'explication des différences spatiales observées au sein des communautés de poissons. Malheureusement, l'amélioration de la qualité de l'eau dans l'agglomération parisienne n'a pas encore abouti à une amélioration des communautés de poissons dans l'agglomération elle-même. Ceci est probablement dû à un manque d'hétérogénéité de l'habitat dans ce tronçon du fleuve. Désormais, améliorer l'hétérogénéité de l'habitat et éliminer des obstacles doivent être un objectif politique prioritaire pour améliorer les communautés de poissons et en particulier les espèces diadromes.

III

ACKNOWLEDGEMENTS

Studying in France for several months has been a dream for long time. This thesis research gave me the opportunity to live la vie Française for six months in Paris. It has been a wonderful experience and I enjoyed every moment of my stay in the French capital. The fish department of Cemagref had confidence in my ideas and invited me to work with them. I felt at home in Antony and got the chance to greatly improve my French, thank you all. My special thanks go out to Évelyne Tales, my supervisor at Cemagref, who was patient with my initial struggles in expressing myself in French and supported me in framing and executing my research. And I want to thank Benjamin, my 'officemate' at Cemagref. He taught me a great deal about scientific research -I now definitely know I am not going to apply for a PhD -and helped me innumerable times with tips and tricks. Benjamin, I really enjoyed working with you, you have become a friend for life.

I also like to thank my supervisors Wim Cofino and Rudi Roijackers. For guidance in my research and especially report writing. Rudi, a special thanks for pushing me into finishing. Finally my thanks go out to all the people that have surrounded me in Paris and made my spare time very pleasant and everybody in the Netherlands who has supported me during the research in Paris or back in Wageningen, writing this report. I hope you all enjoy reading the result. 

VII

LIST OF ACRONYMS

INTRODUCTION

Like many rivers in Europe, the Seine River in North-East France has been subject to large anthropogenic pressures since the early 1900s. Especially after the Second World War, urban development took a flight with detrimental effects on the natural environment. Fortunately we have made good progress already in restoring the natural balance between humans and the environment. The Water Framework Directive is the final step towards a natural state of the aquatic environments in Europe. The directive is very ambitious and requires large investments of resources, adaptations in landscape and urban planning and excellent water management.

But most of all it requires knowledge on the functioning of aquatic ecosystems and the impact of human activities on those systems to take the right decisions. Over 50 years of experience in trying to reduce our impact on the natural (aquatic) environment and extensive scientific research on aquatic systems provides the best basis for good policy. This study tries to enlighten some of those past experiences and scientific research by means of a case study of the Seine River.

SITUATION

The Seine River is located in North-East France. The Seine watershed has a total drainage area of 73 100 km². But often the Seine hydraulic network is considered from its source to Poses (Figure 1), totalling 68 840 km² of drainage area [START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF]. The river has an annual average flow of 500 m 3 s -1 at Poses. Natural flow can decrease to 30 m 3 s -1 in Paris during summer but reservoirs upstream sustain a summer flow of 100 m 3 s -1

to secure drinking water quality while protecting Paris against floods in winter allowing high water peaks in January to reach 2 400 m 3 s -2 [START_REF] Garnier | Production vs. Respiration in river systems: An indicator of an "ecological status[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF][START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF].

The river section under study entails the main branch of River Seine -its tributaries are excluded from analysis -from its confluence with the Aube River, the Seine is generally considered 6 th Strahler stream order from this point, to Poses, 8 th order (Figure 1). Along this river stretch the Seine confluents with its major tributaries;

River Yonne, a 6 th order stream making the Seine 7 th order from this point, River Marne (6 th order) just upstream of Paris and River Oise, 7 th order making the Seine 8 th order from this point, downstream of Paris (Billen et al. 2007a;[START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF].

Figure 1 Drainage network of the Seine River system (adapted from www.hist-geo.com and Billen et al. 2007a). Numbers represent Strahler stream orders.

The basin supports a large population of approximately 17 million inhabitants, of which 10 million are concentrated in the Paris agglomeration. Only 10% of Europe's rivers supports a higher population density [START_REF] Garnier | Production vs. Respiration in river systems: An indicator of an "ecological status[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF]. The river water is treated to be used for the supply of drinking water. The majority of the city's domestic effluents are treated in four waste water treatment plants (WWTP).

The largest, Seine-Aval at Achères, treats an equivalent of 6.5 Million inhabitants. The WWTP effluents cause oxygen depletion downstream of Paris due to organic matter consumption and in the Seine estuary due to nitrification of ammonium [START_REF] Garnier | Production vs. Respiration in river systems: An indicator of an "ecological status[END_REF][START_REF] Garnier | Lower Seine River and Estuary (France) Carbon and Oxygen Budgets during Low Flow[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF].

In addition to a large population, the basin supports 50 000 km² of intensive agriculture (Billen et al. 2007a).

Especially since the 1950's eutrophication of the Seine River due to diffuse agricultural sources took a flight. Applied fertilizers increased from 13 kg N ha -1 year -1 in 1955 to 114 kg N ha -1 year -1 in 1996 [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF] as cited in [START_REF] Garnier | Production vs. Respiration in river systems: An indicator of an "ecological status[END_REF]. This leads to spring or early summer algal blooms in channelized river sections [START_REF] Garnier | Production vs. Respiration in river systems: An indicator of an "ecological status[END_REF] and denitrification in headwater riparian zones (Billen and Garnier 1999 as cited in [START_REF] Garnier | Production vs. Respiration in river systems: An indicator of an "ecological status[END_REF].

The Seine River is thus subject to heavy anthropogenic pressures. Its management is focused on improved exploitation of water, both for navigational purposes and urban water use; treatment for use as drinking water upstream of Paris, treatment of waste water downstream of the city. The Seine River serves therefore contradicting interests: on the one hand clean water is needed for ecology and drinking water, on the other hand agriculture and human populations can hardly function without polluting the river [START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF].

PROBLEM STATEMENT

In assessing water quality, the European Union Water Framework Directive (WFD) (European Commission 2000) puts emphasize on biodiversity. Notably diversity of all functional groups within aquatic ecosystems, depending on the type of ecosystem concerned. The aim is to reach 'good ecological status' in all European water bodies, in which biodiversity serves as an indicator of the ecosystems quality. Member states are free in their choice of measures to accomplish the goals set (European Commission 2000). But it is obvious that good ecological status will be most successfully achieved when proper understanding of restoration measures and knowledge of their effectiveness and proper scale of implementation is enhanced. Therefore more knowledge is needed on the ecological impacts of different human pressures on water resources. In order to better manage our water resources and limit ecological impacts we need to understand the effects of water management measures on ecosystem functioning. Better knowledge of these effects will enhance the success of implementation of the Water Framework Directive. Many authors in the field emphasize the need to improve our understanding of the complex relations between human actions and biodiversity development:

"Our ability to protect biological resources relies on our ability to identify and predict the effects of human activities on biological systems." (Oberdorff et al. 2002b(Oberdorff et al. , p. 1732)

"Water quality and river ecological status reflect in a complex manner the functioning of the watershed, and in particular the way human has shaped and exploited the land-and water-scapes of the basin. Understanding this link and making it predictable must be henceforth the major objective of any environmental research on river systems." (Billen et al. 2007a, p. 4) "The real challenge for future research is without doubt to define a scientific basis for future management tools and restoration of streams." 1 (Belliard et al. 2009a, p. 41) It is this challenge that is embraced in this study. It is the wish that this research will contribute to little-by-little enhancing our understanding of the complexity of relations between human actions and ecosystem functioning and to improve the policies that try to achieve the balance between humans and the natural environment.

The choice for the Seine basin is a logical one, as Billen et al. (2007a, p. 4) put it:

" […] the Seine offers a clarifying case study of a regional territory with strong anthropogenic forcing, where it is possible to investigate the relationships between the ecological functioning of a regional ecosystem and the development of a modern society."

RESEARCH OBJECTIV ES

This research contributes to the challenge set to water managers and researchers to increase our understanding of the relations between human actions and aquatic ecosystem functioning. By learning from past practices, the present state of the system is better understood and success of future measures is enhanced. To gain better understanding of the interactions and mechanisms of how water policies influence water quality and biodiversity, the main objective of this research is to analyse the water policy implemented in the Seine-Normandy basin since 1964 and its effect on the development of biodiversity in the Seine River.

MAIN RESEARCH QU ESTIO N

How has water policy influenced the development of biodiversity in the Seine River?

1.5. SUB-QUESTIONS

1. What water policies and water management measures have been taken in the Seine River since 1964 and how have these been implemented? 2. How has biodiversity in the Seine River developed since 1964? 3. Can the development of biodiversity be attributed to the water management measures? 4. How are the water management measures linked to the development of biodiversity? 1.6. METHODOLOGY I studied the effects of water policy on biodiversity development in a case study on the lower reach of the River Seine. To come to an answer to the main research question, several steps, corresponding to the subquestions, have been taken. The study can be divided in three large parts. The first part answers the first research question by discussing the policy of the Seine-Normandy water agency. The second part answers the second research question by analysing the development of the fish population. The third part answers the third and fourth research questions by combining the findings of the first two parts.

PART 1 WATER P O LI C Y

The water policy implemented by the Seine-Normandy water agency is analysed using theories on policy implementation and evaluation. These theories are discussed in more detail in the conceptual framework of Part 1. This analysis is used to clarify the successive decisions taken and the methods used to achieve the water agency's objectives. Sources for the analysis consist mainly of the intervention programs published by the water agency with the addition of scientific publications on the water agency's activities.

PART 2 FISH CO M MUN I T Y D EV E LO P M EN T

Biodiversity development in the Seine River was represented by the fish community. Biodiversity encompasses more groups of flora and fauna but fish is the only group that has been monitored for several decades in the Seine River. The developments of the fish community were discussed based on literature and a dataset of fish stock censuses over a period of thirty years, provided by Cemagref. This dataset was analysed using species richness and the European Fish Index (see concepts in Part 2). These variables were statistically analysed for longitudinal and temporal developments.

PART 3 CONCLUSION

In the final part of the report the findings of the previous two were combined to investigate the relationships between water management measures and fish biodiversity, to answer research questions three and four.

READING GUIDE

Given the separate character of the two main parts of the research and for clarity, the outline of the report deviates from the traditional set up. Each of the two parts has its own outline consisting of an introduction, methodology, results and discussion. Moreover, the report is structured according to the DPSIR framework (see conceptual framework of Part 1). In the first part the policy of the water agency is discussed, the so called response to the policy problems. As well as the so called driving forces, pressures and state of the policy problems, including the objectives set, instruments used and results achieved. In the second part the impact of all this on the fish community is analysed by means of a literature study and statistical analysis of fish assemblage data. The third part of the report concludes on the findings in the research.

PART 1 WATER POLICY

This part starts with an introduction of the developments in French national water policy, over the last 50 years. This provides the context for the regional, problem-oriented policy decisions made by the Seine-Normandy water agency, discussed in chapter 4.

NATIONAL WATER POLICY

Management of water resources was for long focused on navigation and fisheries only. Up until the midtwentieth century the concerns about water quality were primarily related to potential impacts on fisheries resources; regulations on fisheries date back to the middle ages. During the second half of the nineteenth century the production of waste increased rapidly. Waste was discharged into open waters, with the objective of getting rid of it as quickly as possible. Following several cholera outbreaks, a drinking water network was installed providing the whole of Paris with water, at the same time facilitating the construction of a sewage network, previously almost non-existing. By 1884 every household of Paris was connected to the drinking water network [START_REF] Barles | Urban metabolism and river systems: an historical perspective -Paris and the Seine, 1790 -1970[END_REF][START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF]. After the second world war, the strong increase in industrialisation and urbanisation created a renewed increase in demands for water and pressures on the water resources. Surface water quality degraded and safe drinking water supply and discharge of used waters became important issues again. Legislation however, was sparse and sectored: responsibilities were shared between different ministries. These developments triggered the discussion that eventually led to the 1964 water law [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF].

1964 WATER LAW

From the Second World War the French territory was governed by a national inter-ministerial committee: the Commissariat au Plan. One of the responsibilities of the committee was water management. As the problems with water pollution increased a separate body was created in 1959 to reflect on new modes of water management. This Commission de l'Eau du Plan, consisting of some sixty representatives from both the public and private sector, proposed two principles for future water management: water politics should be organised on the scale of hydrographic basins; and water politics should be executed following a fixed plan [START_REF] Nicolazo | Adaptation et validation d'un indice poisson (FBI) pour l'évaluation de la qualité biologique des cours d'eau Français[END_REF]. The propositions of the Commission de l'Eau du Plan were presented to the National Assembly and Senate, resulting in the first French water law: La loi sur l'eau, relative au régime et à la répartition des eaux et à la lutte contre leur pollution; concerned with the quantitative distribution of water and the struggle against water pollution. The law put in place six hydrographic basins as administrative units, programs for intervention and legislation, new methods and resources for proper execution [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF][START_REF] Nicolazo | Adaptation et validation d'un indice poisson (FBI) pour l'évaluation de la qualité biologique des cours d'eau Français[END_REF][START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF][START_REF] Poly | La politique de l'Eau, organisation et gestion: rapport général[END_REF].

OBJECTIVE

The objective of the law was the rational management and distribution of water resources and improvement of water quality, both at lower costs, in the interest of all users. The strategy was to move from a sectored approach to water management to overall management of water resources [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF][START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF][START_REF] Poly | La politique de l'Eau, organisation et gestion: rapport général[END_REF].

NOVELTIES A N D ST R O N G P O I N T S

The introduction of the hydrographic basin as the administrative body for water management is without doubt the most innovative element of the law. It was based on pilot projects in Germany and Great Britain [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF]; the novelty lies in the fact that these small scale pilot projects were transformed to implementation in the whole country. For each river basin a Basin Committee and Financial Basin Agency were formed. The Basin Committee functions as the river basins' parliament, and sets the long-term vision for the management of the basin [START_REF] Poly | La politique de l'Eau, organisation et gestion: rapport général[END_REF]. From this, multiannual intervention programs are derived; describing the practical implementation of the envisioned improvements. The management of the basin and execution of the

1970S AND 1980S DEVELOPMENTS

During the 1970s and 1980s three important developments created the need for a revision of the water law in the 1990s. New forms of pollution showed up, environmental awareness emerged among the general public and in the political arena and finally legislation became more complex.

NEW FO R MS O F P O L LU T I O N

Despite efforts in waste water management, general environmental quality continued to degrade in the 1970s [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF]. The Financial Basin Agencies succeeded in reducing organic pollution, despite a stagnation of available funds and increase in waste water volume [START_REF] Poly | La politique de l'Eau, organisation et gestion: rapport général[END_REF]) but new forms of pollution emerged. Especially intensive agriculture increased the pressures on water resources; by extraction of ground water and contamination of surface and ground water by nitrate and phosphate composites. Furthermore concentrations of toxicants increased [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF].

ENVIRONMENTAL AW A R E N E SS

At the same time public awareness on environmental protection rose [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF][START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF]. This fitted in the international increase of environmental awareness in Western society, often regarded as initiated by the publication of Rachel Carson's Silent Spring in 1962. In the following decade international conventions on nature protection have been signed; the Ramsar Convention on Wetlands of International Importance in 1971 and the Bern Convention on the Conservation of European Wildlife and Natural Habitats in 1979. In France the increased attention for the environment was formalized in 1972 with the creation of the ministry of environment, although it had very few responsibilities: its task during the first four years was nothing more than to promote environmental attention with other ministries. The ministry's objective concerning water was to promote the balance in protection of water resources and economic interests [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF], which would later be adopted in the 1992 water law. In 1976, in France the law on nature protection passed. It did not contain any direct reference to aquatic environments but the following section is applicable: "le maintien des équilibres biologiques et la protection des ressources naturelles sont d'intérêt général" (Article 1 in Assemblée nationale Française 1976); the biological balance and protection of natural resources are in the general interest. The 1984 law on fisheries is the first law that takes the protection of the aquatic environment explicitly into account. It relates sustainable fisheries to protection of the aquatic environment: "La préservation des milieux aquatiques et la protection du patrimoine piscicole sont d'intérêt général" (Article 2 in Assemblée nationale Française 1984); the preservation of aquatic ecosystems and the protection of the fish heritage are in the general interest. The law further recognized the important role of users in the protection of the environment. The law was a clear result of a gradual change in the public opinion on the importance of environmental protection and gradually the attention for water courses as an aquatic environment increased. The principles of this law were later adopted in the 1992 water law [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF].

COMPLEX L EGI S LA T I O N

The new laws on nature protection and fisheries represented positive developments, but with other new legislation also complicated the legal landscape. Legislation on pollution reduction in industry for example proved to be very fragmented and the responsibilities of local communities in the struggle against pollution was insufficiently clear. There was an obvious need for clarification of the legislation related to water. During the 1980s, several reports on local and national experiences were produced [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF] and experiments with increased integration of water management and other sectors and increased local participation took place. The National Water Conference of March 1990, where a large number of managers and decision-makers met and became aware of the need for larger scale, integrated and sustainable management of water resources, was the final push for the new water law of 3 January 1992 [START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF].

1992 WATER LAW

The developments in the 1970s and 1980s resulted in the demand for a balance between ecological values and economic interests, more integration with other sectors and actors and decentralization in the management of water resources. The law furthermore strengthened the power of the state in the decision-making on water resources. Although problems with ground water contamination increased, the focus on water management and legislation was still on surface waters: the 1992 water law did not pay a lot of attention to ground water (Nicolazo 1996b).

ECOLOGY-ECONOMY B A LA N CE

The 1992 water law aimed at finding the balance between ecological values and the reality of social and economic interests [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF]Nicolazo 1996b; [START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF]. The realization of the natural value of water resources was described in the first article of the law: "L'eau fait partie du patrimoine commun de la Nation. Sa protection, mise en valeur et le développement de la ressource utilisable, dans le respect des équilibres naturels, sont d'intérêt général." (Article 1 in Assemblée nationale Française 1992); water is recognized as common heritage of the nation and protection of the aquatic environment is in the general interest. Taking the (aquatic) environment into account in management practices was no longer a secondary requirement but a basic principle [START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF].

INTEGRATION AN D D E C EN T R ALI Z AT I O N

The complexity of water related legislation has been a major cause for revision of the water law, with the objective to make legislation on water more coherent, clear and simple. For this almost all texts on water legislation have been either removed or rewritten and reformulated within the framework of the new vision on water management. To strengthen the new water policy, the administrative system was also changed on different levels, with an important focus on decentralization [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF].

To resolve some of the problems related to the fragmentation in water related responsibilities the law placed all aspects of water management under the responsibility of a new institution: la Direction de l'Eau, the Water Direction. The responsibilities of the Financial Basin Agencies were extended. In almost 30 years they had gained extensive knowledge of and experience in water management, actor networks and the aquatic environment. These competences allowed for a more scientific approach in the control of water use and pollution and support of actors, in addition to their technical intervention and tax collection tasks. To support this new spirit the name of the Financial Basin Agencies was changed to Water Agencies [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF]. For sake of clarity and consistency, in the rest of the report the term water agency is used for the organisation irrespective of the period considered.

By the end of the 1980s the idea of local water management within national and basin scale guidelines for water management was presented (Nicolazo 1996a). The 1992 water law created therefore a new local planning tool, in relation to the existing management plans for the basin scale. The basin intervention programs executed by the Water Agency continued under a new name: Schéma Directeur d'Aménagement et de Gestion des Eaux (SDAGE), general scheme for management and division of water. Decentralization was formalized by the introduction of local management plans: Schéma d'Aménagement et de Gestion des Eaux (SAGE), scheme for management and division of water. The SAGE was adapted to local needs although it had to comply with the guidelines set by the SDAGE [START_REF] Biget | Evolution des institutions et des structures publiques dans le domaine de l'eau à partir de l'histoire de la station centrale d'hydrobiologie appliquée de Paris[END_REF]Nicolazo 1996a). All six river basins were obliged to have a SDAGE, the development of a SAGE plan was optional and depended on local initiative [START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF].

S D AG E

The basis for a SDAGE is the vision of the Water Agency and actors involved for future water management with a time horizon of ten to fifteen years. From this the principle orientations and focus are defined for a term of five years (Nicolazo 1996a, b;[START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF]. The document was set up by the Basin Committee with support of the technical service of the Ministry of Environment (Directions Régionales de l'Environnement)

WATER FRAMEWORK DIRECTIVE

In addition to national developments, such as those discussed in France, already at the end of the 1980s the European Union took action towards the creation of legislation focused on the improvement of the ecological quality of water bodies throughout the European Community. Throughout the 1990s proposals were published and adapted. Principles presented in these proposals for improvement of European water management included the precautionary principle, preventative action, the polluter pays principle and the integration of water and environmental protection as a part of other sectorial policies. Despite a process that took over ten years, the results of a conference at Como held in May 1989 proved to be remarkably similar to the document that finalized the demand: the Water Framework Directive (WFD), which was adopted in June 2000 and published on 22 December 2000 in the Official Journal of the European Union [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]European Commission 2000).

OBJECTIVE

"The purpose of this Directive is to establish a framework for the protection of inland surface waters, transitional waters, coastal waters and groundwater …" (Article 1, European Commission 2000). This study deals with surface water, therefore the focus in the discussion of the Water Framework Directive will also be on the implications for surface water management. The main objective of the WFD concerning surface waters is the protection and prevention of further deterioration of waters and aquatic ecosystems with the ultimate goal of achieving "good ecological status" for all water bodies in the European Union by 2015 [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]Conseil d'Etat 2010;EFI+ Consortium 2009;Article 4, European Commission 2000).

RIVER B A SI N MA N A G E M EN T

The WFD prescribes the management of water resources from a river basin scale. The size of river basins should be thus that appropriate management and execution of programmes of measures is possible. For each river basin, a river basin management plan is required. In the creation of river basin management plans the Directive leaves room for the use of more general terms in the river basin management plan, with more detailed plans for sub-catchments or individual rivers, comparable to the SDAGE and SAGE strategy of water management introduced in France in 1992. The river basin management plan includes a programme of measures, discussing the actions needed to reach good surface water status [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]Conseil d'Etat 2010). These programmes of measures correspond to the SDAGE already in place in France before adoption of the WFD, the SDAGEs stay therefore in place, more or less as they were (Conseil d'Etat 2010). The first river basin plans were approved by the Community in 2009 [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF].

Within each river basin all water bodies are assigned a water body type based on size, location and geographical and geological features. The water status to be attained for the body depends on the reference conditions for the water body type, representing the conditions in the absence of human disturbance [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]. The reference conditions for each water body are defined beforehand, on the basis of historical data, comparison with comparable water bodies in an undisturbed state or via modelling [START_REF] Stowa | De KRW voor het (water)leven[END_REF].

GOOD E CO LO GI C A L ST A T U S

The Water Framework Directive prescribes the achievement of 'good ecological status' (for heavily modified or artificial water bodies the term 'good ecological status' is replaced by 'good ecological potential'), including reference to biological, chemical and hydromorphological characteristics [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]EFI+ Consortium 2009). The leading principle in the assessment of these characteristics is their status in comparison to the reference state; the conditions in the absence of impacts by man. For rivers the biological parameters for assessment are aquatic flora, benthic invertebrates and fish. The hydromorphological parameters are water flow regime, connection with aquifers, river continuity, depth, width, river bed condition and riparian zone. The chemical parameters are thermal conditions, oxygen levels, salinity, acidification status, nutrients, pollutants in discharges and priority substances [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]. For all these parameters a water status class (high, good, moderate, poor or bad) is assigned [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]EFI+ Consortium 2009;European Commission 2000). The Directive does not state numerical values for the different classes. Instead the numerical values of the parameters should be compared to the expected numerical values for the reference conditions [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]). The deviation is expressed in an 'ecological quality ratio', a value between 0 and 1, that is linked to the water status classes [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]EFI+ Consortium 2009). The final status is based on the one-out-all-out principle, meaning that all parameters should at least be 'good', in other words: the lowest rank of all parameters is the final rank [START_REF] Stowa | De KRW voor het (water)leven[END_REF]. For the appropriate assessment of all parameters, the Directive aims at the creation of standardised methods [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]EFI+ Consortium 2009). An example is the EFI+ assessment method for fish used in Part 2 of this research.

SPECIAL ZO N E S

Under the WFD the classification of a water body as a protected zone exists. This classification provides for special management options and protection against threats. Examples are the areas for groundwater extraction, habitat of certain (aquatic) species, bathing water, etc. (Conseil d'Etat 2010).

'COMBINED AP P R O A CH '

For long time two different approaches to water quality management have been used to control water pollution: the emission limit value approach and the water quality objective approach. The first sets standards for the amount of pollutants allowed in effluents, the latter takes the impact on the receiving environment as the leading principle in the control of pollution [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]). This latter approach has been used in France since 1964 [START_REF] Piégay | Questions of water resources management. Feedback on the implementation of the French SAGE and SDAGE plans (1992-2001)[END_REF]. Under the EU Water Framework Directive these two approaches are combined into what the WFD defines as the 'combined approach' in the control of pollution, meaning that the most stringent approach in a certain case sets the limits [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]Conseil d'Etat 2010).

RECOVERY O F CO ST S

The Directive states that member states should recover costs of water management in relation to its use, with special emphasis on the utilisation of the polluter pays principle [START_REF] Chave | The EU Water Framework Directive: An Introduction[END_REF]Conseil d'Etat 2010).

2006 WATER LAW

In 2006 the water law is revised to update all legislation related to water. It takes, among others, climatic change, risk of flooding, diffuse pollution, impact of hydroelectricity production and management of drinking water sources into account. It adopts the European objective of achieving good water status towards 2015. The law promotes the development of SAGE plans by simplifying the functioning of the Local Water Committees and clusters several institutes in the field of water quality into the Office national de l'eau et des milieux aquatiques (ONEMA), the national office for water and the aquatic environment. And finally the law is obligated by the WFD to implement some recentralisation, changing the French course of decentralised water management introduced in 1964 and enhanced in 1992 (Conseil d'Etat 2010).

CONCEPTUAL FRAMEWORK

Water policy has the objective to improve the management of water resources. To do this governments and other stakeholders have many different options. The methods used by the Seine-Normandy water agency will be discussed in the next chapter. But to understand the application of those methods, the choices made for those methods and the effects a conceptual framework based on policy theory is needed.

POLICY CYCLE

To explain policy processes often the policy cycle is used. This theory represents the making and execution of policy as an iterative process [START_REF] Dunn | Public Policy Analysis: An Introduction[END_REF][START_REF] Gupta | Lecture on policy process theories[END_REF]). The steps distinguished differ between sources but includes steps like: agenda-setting, decision-making, policy formulation, policy implementation and evaluation [START_REF] Gupta | Lecture on policy process theories[END_REF])(Figure 2) or policy problems, expected policy outcomes, preferred policies, observed policy outcomes and policy performance [START_REF] Dunn | Public Policy Analysis: An Introduction[END_REF])(Figure 3). In this research the processes of agenda setting, decision making and selection of preferred policies are not discussed. The identification of policy problems is the starting point of the analysis. This is followed by the policy formulation and implementation; the measures taken by the water agency. These are of course supported by the expected policy outcomes. Monitoring and evaluation eventually reveal the actual (observed) policy outcomes and policy performance. This is in general the starting point for new policy problems, hence the iterative character of policy making and policy analysis. Several steps in the process require further attention and explanation. The identification of the policy problems, policy implementation and policy outcomes and the associated evaluation are therefore supported by additional theories. 

DPSIR FRAMEWORK

The policy problems in this research are related to environmental issues. Environmental problems are complex and their impacts are not fixed in time and space. This makes evaluation of measures that aim to deal with environmental problems difficult. It requires a divers set of methods to discover the relations between policy measures and changes in the state of the environmental problem (Gysen et al. 2006;[START_REF] Mickwitz | A Framework for Evaluating Environmental Policy Instruments[END_REF]. One way to clarify the environmental policy problem and the opportunities for intervention is the DPSIR framework developed by the European Environment Agency (1999). It helps to analyse a policy problem by using a chain of different elements: Driving forces, Pressures, State, Impact and Responses (Figure 4). Social and economic drivers exert pressure on the environment and hence change its state. This leads to an impact on ecosystems and their services that in turn may trigger a response (European Environment Agency 1999). The DPSIR framework is used to identify the relation between the different components in the policy problems related to

SEINE-NORMANDY WATER POLICY

The national political context described in the previous chapter, framed water policy in the Seine-Normandy water basin. The general problems of surface water degradation and industrialisation were also prominent in the Seine-Normandy basin, especially triggered by growth of the Paris agglomeration. This chapter describes the activities of the Seine-Normandy water agency. These can be divided according to three policy problems. First this is the availability of sufficient water to meet the needs. Related to this is the quality of water, compromised by pollution of the Seine River and groundwater contamination. Third and final is the limited knowledge on the hydrological functioning and water use in the basin. These three problems, there causes, implications, responses by the water agency, objectives and results are discussed using the concepts presented in the conceptual framework.

The policy of the water agency is discussed using the DPSIR framework. Each topic is therefore started with the identification of the driving forces, pressures, state and impact of the policy problem. This is followed by a discussion of the responses planned and associated objectives set by the water agency. This is based on theories on policy instruments, policy cycles and policy analysis. Each section is therefore logically finished with an evaluation of the policy implemented. In many cases this evaluation was the starting point for a new 'loop' in the policy cycle: repeating the above described frame for the new context and period. The use of terms of the policy cycle, DPSIR framework and instrument theory in their day-to-day meaning is prevented to clarify the analysis. Whenever these terms are used they directly refer to their definitions as stated in the conceptual framework.

WATER QUANTITY

The first policy problem is the availability of water (AFBSN 1969). The main driving force is the demand by the Paris agglomeration. Until 1973 there was a large increase in population, modernization of houses, increase of living standards, increased industrial activity and modernization of agriculture. After 1973 the increase in water use decelerated due to water pricing, especially in industry this was an important output of policies. However, increased application of irrigation in agriculture presented a further increase in the water demand [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. Most of the water demanded was extracted locally, exerting pressure on the local sources; the Paris agglomeration was home to 60% (AFBSN 1982) of the basins population but covers only 2% of the basins area [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. As a result the water availability is decreasing. This has impact on the balance between supply and demand for water. The policy problem is thus the lack of water resources to balance the ever increasing demand (AFBSN 1969).

The responses by the water agency to the problem were diverse. Since the main problem is in the balance between supply and demand, both supply and demand must be subject to policy. The agency responded on the supply side by consecutively: the construction of reservoir dams upstream in the basin (especially to increase summer flow in the Seine River)(AFBSN 1969), the construction of new groundwater extraction points at larger distance from the agglomeration and associated transfers [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF] and better connections between the different drinking water networks [START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF]. The objective was to give more security in the (drinking) water supply by diversifying sources [START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF]. The construction of dams continued until the 1990s [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]AFBSN 1969[START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF][START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF], although with variable success. The initial objective of the reservoir dams was twofold: increasing the availability of water and dilution of pollution [START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF]. The latter objective proved to be unrealistic [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. The completion of several dams also had some delay [START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. But eventually the reservoir dams have sufficient capacity (800 Million M 3

) to compensate for the low flow during summer or periods of drought and provide for all water demands [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF].

The demand side of the problem was immediately responded to by introducing the polluter and user pays principles. From 1964 water users had to pay per volume of water used and pollution caused (AFBSN 1969). The pollution tax for households was calculated on the basis of the brute pollution produced per inhabitant in a municipality. The water agency in turn paid the WWTPs on the basis of the pollution eliminated [START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. In addition, the quality of the available water determined the possible uses of that water (AFBSN 1969); groundwater of good quality was reserved for the production of drinking water [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF][START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF]. Industry was forced to switch from groundwater to surface water sources for their production processes if possible. They were financially supported by the water agency (AFBSN 1969[START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF].

The approach to increase the capacity of water supply by diversifying sources seemed to be successful by the beginning of the 1980s: the supply of drinking water to the population was 100% under normal circumstances [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. But despite the efforts, the water supply was still threatened by droughts, accidental pollution or errors in extraction, treatment, production or delivery and water use efficiency with the consumer still needed a lot of improvement [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. The above described process can be considered as a first policy cycle, the reliability of the water supply became the new policy problem to tackle for the water agency.

The driving force of this problem was the same as previously: the high water demand by the Paris agglomeration. The water sources have been diversified, the new pressures in the problem were accidents or errors, the bad state of the drinking water network and efficiency with the consumer. The state of the problem was that water delivery was insecure, with the impact that temporal water shortages could occur. The response by the water agency was again focused on both supply and demand side.

On the supply side, the network was the main bottleneck: pipes in the network were leaking large amounts of water and the network did not allow for flexible distribution or storage. The objective was to guarantee a continued supply in the case of an emergency. For instance when a production site was down due to a technical problem or local pollution. In response, the water agency increased the financial means for maintenance of the drinking water network. Pipes were fixed, better connections were constructed and storage reservoirs were build. This was paid for by an increase in the water price for the consumer [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF].

On the demand side, the water agency responded with the installation of water efficient devices at large consumers, like industry. Domestic water use efficiency was promoted with information campaigns and the introduction of standards for taps and toilets [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF].

The drinking water supply seemed to be sufficient in quantitative terms towards the 1990s. However, the quality of sources used for drinking water production decreased (see section Groundwater resources on page 20). The quality of drinking water produced was sufficient according to European standards. But this could only be achieved by relocation of extraction points and mixing of moderate quality water with good quality water from other sources [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. In more recent documents the quantitative aspects of the water supply are not discussed. However, the quality of (ground) water for domestic supply became an increasing problem.

WATER QUALITY

Until the end of the 18th century the impact of human activities on the water quality of the Seine River was limited. The 1950s mark an important shift in the impact of human activities on the river system: population growth and the start of mass consumption caused a rapid increase in urban loading and modern agriculture caused an increase of nitrogen and phosphorus contamination from diffuse sources by the widespread application of fertilizers and reduced retention capacity of riparian zones by drainage for use as agricultural lands (Billen et al. 2007b;Cun and Vilagines 1997). Especially the 1960s showed a decrease in water quality with increasing levels of nitrates and a decrease in oxygen concentrations (Cun and Vilagines 1997). This is the starting context for intervention by the Seine-Normandy water agency from the 1964 water law. The problems related to the water quality in the Seine basin can be divided in three topics: the treatment of wastewater, the discharge of combined sewer overflows and contamination of groundwater. These topics are related but are discussed separately for clarity.

WASTEWATER T R E AT M EN T

The main driving force of the contamination of the Seine River was the domestic and industrial activity in the Paris agglomeration, which increased rapidly from the 1950s due to the increase in population growth and the start of mass consumption. This caused the main pressure on the river: the discharge of (untreated) domestic and industrial wastewaters [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Barles | Urban metabolism and river systems: an historical perspective -Paris and the Seine, 1790 -1970[END_REF]Billen et al. 2007b), especially containing high amounts of organic matter (OM) and suspended solids (SS) [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF]. This was mainly caused by a greatly insufficient capacity to treat wastewaters (AFBSN 1969). As a result, the water quality had degraded severely and downstream of Paris the water was often anoxic [START_REF] Barles | Urban metabolism and river systems: an historical perspective -Paris and the Seine, 1790 -1970[END_REF]Cun and Vilagines 1997). This had important impacts on the possibilities to use the water for industrial uses, fish life and especially drinking water supply to the agglomeration [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF].

The initial response of the AFBSN was to increase the capacity of wastewater treatment, by extending the existing wastewater treatment plant (WWTP) in Achères and constructing new plants during the 1970s. The response was thus focused on relieving the pressure of the problem. The objective was to solve the lack of wastewater treatment capacity within 20 years. But the quality standards for the treatment of wastewater were not very high: for the surface water downstream of Paris the objective of 'good quality' was regarded unrealistic. Corresponding to the policy regarding the division of water (as discussed in the previous section Water quantity), the quality had to be sufficient for industrial use in Rouen. The drinking water supply for the Rouen area had to rely on groundwater extraction (AFBSN 1969).

During the 1970s the wastewater treatment capacity in the Paris agglomeration increased substantially: 80% of the WWTPs in operation in 1981 were built after 1970 (Figure 6) and the number of WWTPs had increased from 130 in 1965 to 1300in 1979[START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. For example, the Achères WWTP was significantly extended three times : in 1966[START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF]: in and 1978: in (Billen et al. 2001)). The treatment capacity approached the production of wastewaters [START_REF] Barles | Urban metabolism and river systems: an historical perspective -Paris and the Seine, 1790 -1970[END_REF][START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF]). However, the increase in capacity was not followed by an equal increase in wastewaters treated: the actual amount treated was far lower than the treatment capacity [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF][START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF][START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF]. In fast response a monitoring system was installed at all WWTPs in the early 1970s [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF] and studies were performed to find causes for the inefficiency [START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF]. But it seems as if no results were associated with it: in 1981 the total treatment capacity was about 75% of the total wastewater production [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF], while the average flow of wastewater arriving at the WWTPs was lower than half their capacity [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF]. This underperformance proved to be mainly due to the sewage network, which was old and badly maintained. The sewage network was incapable of transporting all wastewaters to the WWTPs and was even leaking to the groundwater. This was due to underdimensioned and broken pipes, faulty connections and erroneous exploitation [START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF][START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]Guerrini et al. 1998).

The third and fourth intervention programs have spent many resources on the improvement of the sewage network and many (small) treatment stations were combined [START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF][START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF]). However, it would delay the achievement of the initial objective set for solving the wastewater problem. The objective to treat 80% of all wastewaters by 1988 was rescheduled to 2000 [START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF]) with the additional objective to connect 100% of the population to a sewage network by the same year [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF].

At the same time the quality of wastewater treatment was regarded as a new problem [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. Previously organic matter and suspended solids presented the main problems for the surface water quality [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF]. But not only did the amounts of oxygen demanding matter and toxicants in the water show little decrease, nitrate, ammonium and phosphate concentrations increased. The WWTP operators were supported financially to improve their installations [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. In addition the agency attempted to lower the wastewater load by promotion of pre-treatment by wastewater producing industries. Industries were awarded a discount on their pollution fees if they would pre-treat their effluents [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF].

Despite efforts during the last programs, the installations in the sewage network and wastewater treatment still operated far below their capacity during the mid-1980s. The agency returned to the previous response of construction of more WWTPs [START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. Under the previous program many resources were spend on development of the sewage network and many small treatment plants were combined, but overall capacity stagnated (Figure 6) [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF]. The WWTP at Achères (downstream of Paris) would again be extended and a new plant was planned for construction at Valenton (upstream of Paris). In addition to the capacity increase, the treatment quality needed to increase, especially concerning nitrate contamination. This would be supported by studies on high performance methods for the elimination of nitrates. The new objectives stated by the program were that by 2020 all wastewater produced would be treated at wastewater treatment plants. The efficiency of treatment would be 90% for SS and OM and 80% for nitrates. These long-term objectives were used as the guidelines for short term management and implementation [START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF].

The activities by the water agency in the 1990s and 2000s consisted mainly of a continuation of the improvement of treatment quality. Expenses on this, especially concerning nitrate abatement, were increased (AESN 1991) and a quality control system was installed in the entire network [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. To finally relieve toxicants pollution, industrial discharges were controlled to identify the last sources of pollution and the nature and quality of the spills. And as European regulations for wastewater treatment increased, the local treatment of wastewater became necessary. Instead of transporting wastewaters of small, rural municipalities to the large WWTPs, local treatment was promoted by the water agency. In addition to the savings in transport costs, small scale treatment proved to have a higher effectiveness [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF].

In the beginning of the 1990s the Seine River downstream of Paris still had a bad water quality, despite the efforts in the wastewater treatment [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. But during the 1990s this improved slowly but gradual [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. Towards the end of the century it became clear that the water quality in the entire basin had significantly improved, especially concerning organic and oxygen demanding matter and phosphorus. The treatment of wastewaters, including the recent construction of the high performance WWTP at Colombes, played an important role in this [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]: the capacity to treat wastewater during dry weather conditions was finally sufficient, although the quality of purification was still insufficient [START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF] as was shown by the continued increase in nitrate concentrations [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. And the improved water quality was frequently effected by accidental spills and combined sewer overflows (CSO), creating anoxic conditions in the river [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Boet | Incidence des orages estivaux sur le peuplement piscicole de la Seine à l'aval de l'agglomération parisienne[END_REF]Even et al. 2007).

C U R R E N T S T A T E O F T H E A R T

The Paris agglomeration represents 6.5 million inhabitant equivalents (inh.eq.) of wastewaters produced 2 [START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF]. The wastewater consists of domestic wastewater, (pre-treated) industrial wastewater, storm water and water used to clean the streets. The majority of the wastewater in the Paris agglomeration is treated in four WWTPs: Seine-Aval (at Achères), Seine-Centre (at Colombes), Marne-Aval (at Noisy-le-Grand) and Seine-Amont (at Valenton). These four WWTPs are managed by the Syndicat Interdépartemental d'Assainissement de l'Agglomération Parisienne (SIAAP), the interdepartmental organisation for water treatment in the Paris agglomeration [START_REF] Chesterikov | Le fleuve dans la ville[END_REF]) (Figure 7). The Seine Aval WWTP at Achères is located 60 km downstream of the Paris city centre. It is by far the largest treatment plant in the basin with a capacity of 2 100 000 m 3 of wastewater per day until 2006 (2; [START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF]. Since 2007 the plant is in a modernization process, it has a current treatment capacity of 1 700 000 m3/day. This means that with dry weather it treats 70% of the wastewater produced in Paris [2]. Until recently, the process used for purification was the activated sludge method. The size of the plant and the method used resulted in a moderate quality of treatment [START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF], described in more detail by [START_REF] Chesterikov | Le fleuve dans la ville[END_REF]: the purification efficiency was around 75% for (carbonic) organic matter (OM): 80% for BOD and 70% for COD, and 85 to 90% for suspended solids.

The Seine Centre WWTP at Colombes is located 37 km downstream of the Paris centre (Even et al. 2007). For long it was used as a small size experimental plant where new treatment methods were tested. In 1998 it was expanded to fully operate as a WWTP [START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF]). Its capacity is much smaller than the Seine-Aval treatment plant: it can treat 240 000 m 3 /day during dry weather. But it is capable of increasing its capacity 3fold during showers (2; [START_REF] Chesterikov | Le fleuve dans la ville[END_REF][START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF]. At Colombes three consecutive reactors treat the wastewater. A first reactor completes carbon and phosphorus removal after an initial clarification phase and biological treatment. The second reactor transforms ammonium into nitrates by a nitrification process. Finally a denitrification reactor eliminates the nitrate, resulting in an eventual elimination of about 90% of nitrifying bacteria and nitrogen pollution [START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF]).

The Seine Amont WWTP at Valenton, just upstream of the Seine -Marne confluence, was constructed in 1987 [START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF]) and has a present capacity of 600 000 m 3 /day [2]. Its purification effectiveness is relatively high: 93% for carbonic OM, 90% for suspended solids and 80% for nitrates. It was the first large station in the Paris agglomeration that proceeded in nitrification and denitrification of waste water. In 1998 Colombes became the second [START_REF] Chesterikov | Le fleuve dans la ville[END_REF]).

The Marne Aval station at Noisy-le-Grand was constructed in 1974 [START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF]) and has a present capacity of 75 000 m 3 /day [2].

WF D C O M P L I A N C E A N D I M P R O V E M E N T O F P U R I F I C A T I O N Q U A L I T Y

The focus of SIAAP has for long been on the treatment of organic pollution. Attention for nitrogen increased in the last two decades, especially after adoption of the WFD. For compliance with the WFD an improvement in the purification of nitrates and phosphates is necessary (Even et al. 2007;[START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF]. Nitrogen elimination should be at least 70% overall and phosphorus abatement should be 80% (Even et al. 2007). At Achères (de)nitrification equipment of the type installed at Colombes since 1998 was installed in 2007 [1]. The efficiency of the treatment should increase gradually over the years reaching 70% denitrification by 2015 [START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF]). The dry weather capacity at Achères will be reduced to 1 500 000 m3/day by 2012 [2], to facilitate a significant capacity for treating storm water runoff. Storm water runoff was an important cause for pollution in the 1990s and 2000s as it can cause combined sewer overflow. To compensate the decrease in dry-weather capacity, two new WWTPs will be constructed: at Morée and at Grésillons (Figure 7), the latter will also have a significant capacity for treating storm water runoff. The planned capacity for treating storm water runoff at Achères and Grésillons will reduce combined sewer overflow in the Paris agglomeration by 90% (Even et al. 2007).

COMBINED S E W ER O V E R F L OW

Due to the improvements in urban point source pollution by the wastewater treatment sector a new pressure on the Seine River became visible: combined sewer overflow (CSO). The phenomenon was already discovered in the 1960s but was given little attention. The driving force in the problem is rainstorm water and a lack of permeable surfaces. The pressure is the overflow of combined sewers and thus the discharge of untreated wastewaters. This was a pressure that existed for long time already but its impact was less apparent when point sources of sewage discharge where common. The major effect of CSO is sudden occurrence of anoxic conditions in the receiving surface water, threatening water extraction. During the 1980s dry weather pollution had been reduced by construction of WWTPs and the impact of CSOs became more apparent [START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]Even et al. 2007). Moreover, the fish population of the Seine River made a comeback. A healthy, stable fish community had become a policy objective. CSO also had a great impact on the fish population. Surface water extraction could be stopped temporarily to let a wave of contaminated water pass an extraction point in order not to compromise the quality of water extracted. But fish did not have a means to escape the pollution and associated anoxic conditions (Even et al. 2007).

Only in the late 1980s, under the 5 th intervention program, the problem of CSO was adopted in the water agency policy to reduce CSO occurrence and impact. In response to the increased impact of CSO the water agency set up pilot projects including tests with retention basins and urban planning [START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]). In the next programs the effort to reduce the impact of CSO was significantly increased, including an extra charge on water use to compensate for the operation costs [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. By the mid-1990s CSO increasingly presented itself as a major pollution pressure and had large impact on the fish population [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. To prevent the mass killing of fish by CSOs, in 1994, SIAAP installed re-oxygenation devices at Nanterre, Rueil and Colombes. These devices mix the water and are able to increase the oxygen concentration to 2 to 3 mg/L, just enough for cyprinids to survive. These installation serve as a refuge for fish in times of heavy showers [START_REF] Chesterikov | Le fleuve dans la ville[END_REF]). However, the installation of re-oxygenation devices is no final solution to the problem. A better solution for the fish mortalities would be the creation of more habitat diversity along the downstream Seine. Not only do they provide refuge in case of oxygen deficits or during floods. More diverse habitats also serve as foraging or spawning grounds and facilitate the return of fish to the main branch after disturbance [START_REF] Boet | Incidence des orages estivaux sur le peuplement piscicole de la Seine à l'aval de l'agglomération parisienne[END_REF]. The effort to reduce the impacts of CSO is also stressed by the WFD, which obliges that "obvious sources of pollution" should be taken care of, including CSO, to reach 'good ecological status' of all waters (Even et al. 2007).

The sewage network of the Paris agglomeration still has over 200 spillways that discharge water from the sewage networks into the Seine River when the capacity of the network or the WWTPs is insufficient to transport or treat an increased flow due to showers (Even et al. 2007;[START_REF] Servais | Carbone organique: origines et biodégradabilité[END_REF]). These CSOs have an adverse effect on the river quality; on an annual basis their impact is comparable to the total discharge of treated effluents by WWTPs [START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF][START_REF] Servais | Carbone organique: origines et biodégradabilité[END_REF]. Depletion of the oxygen content, by high levels of BOD in the discharges [START_REF] Chesterikov | Le fleuve dans la ville[END_REF], is without doubt the most violent manifestation of CSO, which can potentially cause massive fish kills [START_REF] Boet | Incidence des orages estivaux sur le peuplement piscicole de la Seine à l'aval de l'agglomération parisienne[END_REF]Even et al. 2007;[START_REF] Paffoni | Caractérisation des eaux déversées par temps de pluie à l'usine de Clichy[END_REF]). 50% of the CSOs is located on the river section between Suresnes and Chatou, a 25 km river stretch downstream of the Paris city centre (Even et al. 2007;[START_REF] Thévenot | Métaux: sources multiples et accumulation[END_REF]) (Figure 7). The outlet at Clichy is the largest of the Paris agglomeration with a drainage area of 12 000 ha. It is located in the Nord-Est sewage pipe towards the Achères WWTP. It discharges sewage water into the Seine River when the flow tops the capacity of the Achères WWTP [START_REF] Chesterikov | Le fleuve dans la ville[END_REF][START_REF] Paffoni | Caractérisation des eaux déversées par temps de pluie à l'usine de Clichy[END_REF][START_REF] Servais | Carbone organique: origines et biodégradabilité[END_REF] [START_REF] Garnier | Production vs. Respiration in river systems: An indicator of an "ecological status[END_REF][START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF] it is not hard to imagine the enormous impact these discharges can have on the conditions in the Seine River.

GROUNDWATER R E SO U R C E S

The contamination of groundwater emerged during the 1970s (AFBSN 1982) but became an important issue towards the 1990s. As stated before, groundwater was reserved for drinking water supply [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF][START_REF] Afbsn | IIIe Programme d'intervention 1977/1981[END_REF]. The groundwater reservoirs were therefore to be protected from pollution [START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF] but towards the 1990s groundwater quality decreased and posed a new threat to the supply of sufficient drinking water. The driving force of the contamination by nitrates and pesticides was intensive agriculture [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. The pressures associated to intensive agriculture were frequent fertilizer application and soil management maladapted to the circumstances [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. As a result the state of the environment decreased: concentrations of nitrate and pesticides in aquifers have increased until present [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Afbsn | IVe Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF][START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. The European drinking water quality standards were exceeded at more and more locations for concentrations of nitrate [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]) and pesticides [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. As a result drinking water production from groundwater sources was at risk (AESN 1991).

To reduce diffuse pollution of agricultural substances like nitrates and pesticides different instruments have been used by the water agency. Prevention of groundwater contamination from diffuse agricultural sources was initially attempted by an information campaign directed at farmers was set up in the late 1980s. In addition a new regulation protected extraction points with the introduction of drinking water protection zones [START_REF] Afbsn | Le Vème Programme d'Intervention de l'Agence Financière de Bassin "Seine-Normandie[END_REF]. Informing and training of farmers was continued throughout the 1990s [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF] and the polluter pays principle, an economic instrument, was introduced in agriculture (AESN 1991). The monitoring of groundwater quality and identification of pollution sources became more and more important in following the problem and especially for communication on the issue [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. In locations where contamination exceeded standards despite prevention measures, extraction points were closed [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF] or relocated [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. Sometimes relocation or closure could be averted by mixing the extracted water with water from cleaner sources [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. Serious problems in the supply of drinking water have not been reported by the water agency. The 8 th program did not introduce specific new instruments for this policy problem. Nevertheless it states that preventive measures are given priority over curing measures, especially concerning diffuse sources in agriculture [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF][START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. It seems therefore that the interventions have averted drinking water shortages but the situation is still of concern to the water agency.

CHANGE O F C H EMI C A L W A T E R Q U A LI T Y V AR I A B LE S
The 1990s mark the start of stabilization of the population and higher quality wastewater treatment. The phosphorus export is reduced to levels of the 18th century. However, the reduction of nitrogen export is not that successful yet: the diffuse sources of nitrogen by agriculture prevail and until recently wastewater treatment methods used were poor in the elimination of nitrogen [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF]Billen et al. 2007b;[START_REF] Garnier | Determining the domestic specific loads of two wastewater plants of the Paris conurbation (France) with contrasted treatments: A step for exploring the effects of the application of the European Directive[END_REF].

N I T R A T E

Nitrate concentrations were stable until the 1950s (Cun and Vilagines 1997). At that time, point sources were the main source for nitrogen contamination with an influx of 50 kT N yr -1

. The use of nitrogen fertilizer on agricultural land in the Seine basin was only 13 kg N ha -1 yr -1

, resulting in a total nitrogen export by non-point sources of 60 kT N yr -1 , of which two-thirds was retained by riparian zones [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF]. Nitrogen concentrations increased gradually over the second half of the 20 th century due to an increase in urban and industrial discharges, animal husbandry, the increased application of mineral fertilizers and the loss of retention capacity in riparian zones, with an especially sharp increase during the end of the 1970s [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF]Cun and Vilagines 1997). Despite important industrial and demographic growth, input from point sources has remained constant during the last 50 years due to the treatment of wastewater [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF].

But input from diffuse sources has increased enormously: the application of nitrogen fertilizer was 114 kg N ha -1 yr -1 in 1996, or a total export of 200 kT N yr -1 (for 1998) [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF].

AMMO N I U M

Ammonium concentrations were practically zero until the mid-1960s [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF]Cun and Vilagines 1997). The increasing human population and intensive agriculture upstream of Paris caused an increase in ammonium concentration in the Seine River until it stabilized in the 1970s around 0.5 mg/l (Cun and Vilagines 1997). Improved wastewater management reduced the direct discharge of ammonium from the 1980s onwards [START_REF] Billen | Modeling the response of water quality in the Seine river estuary to human activity in its watershed over the last 50 years[END_REF]Cun and Vilagines 1997).

PHO S P H O R U S

Phosphorus follows a pattern similar to that of ammonium. Phosphorus contamination origins almost completely from domestic and industrial point sources. The concentrations in the river increased 3-fold from 1950 (8 kT P yr -1

) to 1985 (24 kT P yr -1

), with a peak in the 1970s due to the application of phosphorus in

KNOWLEDGE OF THE BASI N

For proper management of the basin, knowledge on the available resources and their uses is essential. When the water agency was created by the 1964 water law, the knowledge on both natural processes and human influences on the system, like extraction of ground and surface water and their contamination, was faulty. The policy and developments in the basin can be identified as the driving force, limited knowledge was the pressure on the formulation of proper management and right execution of intervention works. The impact of this lack of knowledge on the quality of policy making and management is evident. However, from the early days of the water agency the organisation was aware of this. The agency responded therefore by investment in increasing its knowledge.

It started an inventory on the surface and ground water resources available under the first intervention program. The inventory concerned primarily the constant monitoring of quality and quantity of the resources and had two objectives: keeping track of the developments in the struggle against pollution and the pointing out of new problems. The inventory initially focused on locations (upstream) of water extraction (AFBSN 1969) and classical parameters [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. Very soon the extraction of water itself was also monitored to support the application of the polluter pays principle in the control of water use; control on extraction is needed to determine water prices and costs for extractors [START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF]. The studies also supported technical intervention, such as the optimal location and dimensions for groundwater extraction or construction of reservoir dams and wastewater treatment plants (AFBSN 1969[START_REF] Afbsn | Programme d'intervention 1971 -1976[END_REF].

Throughout the decades studies have been performed by the water agency. The results of the studies on water quality and quantity in the resources available have often been gathered in databases. Since the creation of the AFBSN a surface water quality monitoring network has been in place on classical parameters. In 1997 a groundwater monitoring system was set up. Also a piezometric network and the use of diatom and fish indices have increased the knowledge of the basin. This information was already used to inform stakeholders for a long time. Since 2001 all these data were made publicly available through the agency's website. Also in future more studies on the basins' natural and anthropogenic functioning is needed to support proper management [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]. Many of this research is presently executed by the PIREN-Seine initiative, combining the strength of water users, universities, research institutes and the water agency.

DISCUSSION

In this section the analysis described above is again discussed using the conceptual framework. This section is used to recapture the different problems that were faced, analyse the (in)consistencies in the water agencies response, the use of instruments to solve problems and evaluate in general on the Seine-Normandy water agency policy over the last 50 years.

The policy problems discussed previously are: the lack of sufficient water for consumption and production, especially in summer; insufficient water quality caused by pollution of surface and ground water; faulty drinking water and sewage networks; insufficient capacity of the wastewater treatment sector; insufficient efficiency and quality of wastewater treatment; emergence of new types of pollution like nitrate and phosphate; combined sewer overflows; and limited knowledge of the basin.

DPSIR FRAMEWORK

The driving pressure in both the water quantity and quality problems is the domestic, industrial and agricultural activity in the basin, especially concentrated in the Paris agglomeration. For surface waters domestic and industrial water use are the most important, for groundwater intensification of agriculture is the main driving force for the associated problems.

The pressures resulting from the activities are the discharge of wastewaters in surface water, especially the Seine River and leaching of agricultural substances to groundwater.

These pressures were of importance because the state of the environment, water quantity and quality, was compromised by them. These pressures have had an effect because the state of technology or management was insufficient to counter these pressures. Water quality of the Seine River was very bad for most of the period under study because the wastewater discharged was not balanced by sufficient treatment capacity and quality. Water availability was a problem because water demand was high, partially caused by a low water use efficiency, and the supply limited.

The impact of the whole is the actual policy problem, from the human society point of view: there was (a constant threat of) too little water of too poor quality.

The responses by the water agency have been divers but show some consistency over the years related to the different problems at hand. These are discussed again using the policy instrument.

POLICY I N ST R U M EN T S

In the conceptual framework five types of instruments were defined: regulation, voluntary, economic, technological and information instruments.

USE O F I N S T R U M E N T S

Regulations were used especially in resolving water quality problems, for example: groundwater resources were reserved for drinking water production and groundwater extraction zones were established. Sometimes a regulation was supported by financial support from the water agency to make compliance more realistic, for instance in the forced switch from groundwater to surface water sources for industrial water use.

Voluntary instruments were always supported with economic incentives. For instance: the pre-treatment of wastewaters by industry was voluntary but financially supported.

Economic incentives were used from the beginning of the water agency with the introduction of water pricing and the polluter pays principle. This served thus to improve water use efficiency and reduce the amount of wastewater, and especially its load, produced. The wastewater sector was rewarded based on their performance and was financially supported to improve its installations.

Technological instruments were mostly used in the supply side of the water quantity problems and especially in problems related to wastewater treatment. But technology was also used in improving water use efficiency of consumers and industry. Examples are the relocation of groundwater extraction sites, improvements of drinking water and sewage networks, construction of WWTPs and the introduction of standardized taps and toilets. Technical instruments were the sole instruments used in resolving the CSO problem.

Information was used to raise awareness for the problems and their causes with water users. Information instruments were also used to increase the knowledge of the water agency about the basin and the functioning of its installations. For instance, when the outcome of the efforts to increase wastewater treatment capacity was insufficient, the water agency started studies on the functioning of the sewage network and WWTPs and installed a monitoring system.

TARGET O F R E S P O N S E S

The response of the water agency in the water quantity problem focused both on the driving force (water demand by the Paris agglomeration) and state (availability of water), corresponding respectively to the demand and supply sides of the problem. Increasing water use efficiency and diversification of water sources have been the main strategies.

The initial response in the water quality problem was focused on relieving the pressure in the problem: the discharge of (untreated) wastewaters. Later efforts were made to relieve the driving force by reducing the amount of pollution in the sewage network (water use efficiency and pre-treatment of effluents).

The initial response to CSOs focused on relieving the pressure by reducing the amount of sewage water discharged. When this yielded too little result the response focused on the state of the environment by installing re-oxygenation devices in the river. In recent years reducing the amount of sewage water discharged untreated is again the objective, by enlarging the capacity for treating increased flow.

The problem of contamination of groundwater by agricultural substances was approached with a focus on both the pressures and the impact: reducing the contamination and extracting water in good locations. Relieve of the pressure was attempted by information, regulation and economic instruments. Relieve of the impact by regulation (groundwater protection zones) and technical measures (relocation of extraction points or mixing).

OUTPUT, O UT CO M E A N D I M P A CT

Important outputs in the water quantity problems have been the construction of several reservoir dams, regulations dealing with division of water, construction and relocation of groundwater extraction sites and improved connections in the drinking water network. These have resulted in the outcome that more water was available to the Paris agglomeration. This was an important factor in maintaining a good balance between supply of and demand for water.

The outputs in problems related to wastewater treatment mainly concern the increase in treatment capacity and later the improvements in the treatment quality, including abatement of nitrates and phosphates. The outcome was that indeed more wastewaters were treated than before. However, the progress was consistently slower than planned, and therefore rescheduled. The effect on the surface water quality remained very limited for long time; it was not until the 1990s that a clear improvement of the water quality was achieved, especially in the Paris agglomeration. The impact thereof on the fish community is further discussed in Part 2.

EVALUATION

Problems with the delivery of water in the Paris agglomeration seem to be solved by the responses of the water agency. Especially the regulations on water division and pricing and the construction of reservoir dams have been successful. Although there was some delay in the construction of the dams and problems with the drinking water network, the direct threat to water shortages was averted in the 1990s. The responses by the water agency and its impacts have been relatively straightforward on these issues.

Relieving the water quality problems was a more complex issue. The problem consisted of many smaller, related problems and several policy cycles were passed to come to improvement of the water quality. After an initial pressure of the problem was addressed (indifferent of the success) new pressures became visible or new standards or developments forced the water agency to change its policy or increase its efforts in the existing policy. The water agency was constantly behind schedule, in part caused by the 'emergence' of these new challenges: the wastewater treatment capacity was followed by a faulty network, new forms of pollution, combined sewer overflows, etc. Success has been variable. Much progress was made in the wastewater treatment capacity, using this capacity to its maximum was much less successful. The polluter pays principle and promotion of pre-treatment have yielded good results. However, improving the quality of wastewater treatment, especially the abatement of nitrates, is an on-going challenge.

PART 2 FISH COMMUNITY DEVELO PMENT

This part of the report starts with a literature review on the development of the fish community in the Seine River basin. The findings concluded from this are further investigated by statistical tests using a dataset of fish assemblages in the main branch of the Seine River. This is done on the basis of species richness and a quality index for the fish community composition, discussed in chapter 6. Chapter 7 describes the data in more detail.

Finally the results are presented followed by a discussion of the findings compared to the conclusion of the literature review.

INTRODUCTION

At present 53 freshwater fish species live in the Seine River basin. Of these 53 fish species, 45 are resident freshwater fish (Table 1), 8 are diadromous species (Table 2). The fish community has become more diverse in recent years: [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF] identified only 45 species in the basin. He identified 19 out of these 45 to be introduced by anthropogenic influences [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF]. This chapter reviews literature on the Seine River basin fish community developments: from original fish fauna composition, via introduced species and large scale extinction to recent recovery.

AUTOCHTHONOUS FISH CO MMUNITY AND SPECIES ' INTRODUCTION

During the last ice age Northern Europe was covered with a permanent ice sheet, this made living conditions in rivers for fish very hard or even impossible. The Danube River basin served as a refuge for freshwater fish, from which colonization of European rivers after the retreat of the ice took place. As a consequence at present a gradient of species diversity can be observed: rich in diversity in the south-eastern parts of Europe, becoming poorer towards the north-west [START_REF] Belliard | Historique du peuplement de poissons dans la Seine[END_REF]Belliard et al. 2009a). The Seine River, situated in the far northwest of the European mainland, is naturally poor in species diversity: the original fish fauna consisted of around 20 strictly freshwater species [START_REF] Belliard | Evolution à long terme du peuplement piscicole du bassin de la Seine[END_REF] and 11 diadromous species (Tables 1 and2) (Béguer et al. 2007in Belliard et al. 2009b).

The first recorded change in the natural fish community in the Seine River is the introduction of carp (Cyprinus carpio carpio), crucian carp (Carassius carassius) and rudd (Scardinius erythrophthalmus) at the end of the 12 th century for use in fish ponds (Benoit 2002, Clavel 2005 as cited in [START_REF] Tales | Poissons de Seine à Paris[END_REF]). These species soon escaped their ponds and colonized the surrounding streams (Van Neer and Ervynck 2004 as cited in [START_REF] Tales | Poissons de Seine à Paris[END_REF]. The next major opportunity for exotic fish species to colonize the Seine River basin was created by the connection of the basin with the Loire and Rhone basins in the 17 th century by canals [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF][START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF][START_REF] Tales | Poissons de Seine à Paris[END_REF]. Ruffe (Gymnocephalus cernuus), common nase (Chondrostoma nasus), grayling (Thymallus thymallus) and pike-perch (Sander lucioperca) have probably used the network of canals to colonize the Seine basin in the nineteenth century [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF][START_REF] Belliard | Historique du peuplement de poissons dans la Seine[END_REF][START_REF] Tales | Poissons de Seine à Paris[END_REF]). In addition to these connections with other river basins, scientific curiosity and attempts to improve fish productivity resulted in the introduction of for example the North-American species black bullhead (Ameiurus melas), pumpkinseed (Lepomis gibbosus) and rainbow trout (Oncorhynchus mykiss) in the basin. After the Second World War a second wave of exotic fish species introductions took place. This time purely with the purpose of the involved species' importance for fisheries. This involved mostly species of European and Asian origin [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF][START_REF] Belliard | Historique du peuplement de poissons dans la Seine[END_REF]).

LARGE SCALE DEGRADATI ON OF DIVERSIT Y

The previous paragraph discussed the introductions of exotic species due to anthropogenic influences, which increased diversity of the fish community. However, human activities have also caused degradation of the number of species. The construction of navigation weirs and the canalization of river sections started on a large scale in the 19 th century [START_REF] Belliard | Historique du peuplement de poissons dans la Seine[END_REF][START_REF] Belliard | Evolution à long terme du peuplement piscicole du bassin de la Seine[END_REF][START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF], for example with the construction of the Poses dam in the 1880s (Figure 1 on page 1). These river modifications have hampered the possibilities for diadromous species to migrate upstream and have decreased habitat diversity. As a result Atlantic salmon (Salmo salar), European sturgeon (Acipenser sturio), and Allis shad (Alosa alosa) disappeared at the beginning of the twentieth century [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF][START_REF] Belliard | Historique du peuplement de poissons dans la Seine[END_REF][START_REF] Perrier | Natural recolonization of the Seine River by Atlantic salmon (Salmo salar) of multiple origins[END_REF]Roule 1920[START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF]. Documentation on sea trout (Salmo trutta trutta) and sea lamprey (Petromyzon marinus) is limited but their development probably resembled that of the Atlantic salmon [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF]. Species such as twaite shad (Alosa fallax) and smelt (Osmerus eperlanus), that have their spawning grounds in the estuarine sections of rivers were not so much affected by the hydromorphological changes and maintained their numbers until 1950 [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF][START_REF] Costil | Time series analysis on chlorides, nitrates, ammonium and dissolved oxygen concentrations in the Seine near Paris[END_REF][START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF]. Twaite shad, smelt and thinlip grey mullet (Liza ramada) finally disappeared at the end of the 1960's when water pollution in the Seine River reached its peak [START_REF] Belliard | Historique du peuplement de poissons dans la Seine[END_REF]Belliard et al. 2009a;[START_REF] Costil | Time series analysis on chlorides, nitrates, ammonium and dissolved oxygen concentrations in the Seine near Paris[END_REF]. The 1970s represent the poorest diadromous species diversity in the Seine basin [START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF]) as a consequence of the very poor water quality: long stretches downstream of Paris were devoid of oxygen [START_REF] Boet | Multiple human impacts by the City of Paris on fish communities in the Seine river basin, France[END_REF][START_REF] Mouchel | Un bassin et des hommes: une histoire tourmentée[END_REF].

Only European eel (Anguilla Anguilla) survived all these threats and was largely present in the basin throughout the 20 th century [START_REF] Belliard | Evolution à long terme du peuplement piscicole du bassin de la Seine[END_REF]. Two other diadromous species also survived throughout the 1960s and 1970s, although with much lower numbers: river lamrey (Lampetra fluviatilis) and flounder (Platichthys flesus) (Table 2) [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF][START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF].

By the end of the 1960's pollution in the Seine reached such high levels that for tens of kilometres (downstream of Paris) the river contained practically no oxygen during low water levels [START_REF] Boet | Multiple human impacts by the City of Paris on fish communities in the Seine river basin, France[END_REF]. As migratory species need the main branch of the river to migrate, this pollution presented the final blow for several diadromous species. Although resident freshwater species were in general able to survive in tributaries, only the most tolerant were observed in the main river [START_REF] Tales | Poissons de Seine à Paris[END_REF], for example: roach (Rutilus rutilus), bleak (Alburnus alburnus), chub (Squalius cephalus) and perch (Perca fluviatilis) (Allardi et al. 1993). Among others bitterling (Rhodeus amarus), schneider (Alburnoides bipunctatus), spined loach (Cobitis taenia), stone loach (Nemacheilus barbatulus), bullhead (Cottus gobio), Eurasian minnow (Phoxinus phoxinus), dace (Leuciscus leuciscus) and barbel (Barbus barbus) underwent more or less strong declines [START_REF] Belliard | Evolution à long terme du peuplement piscicole du bassin de la Seine[END_REF]. 

Mugilidae

Liza ramada

Thinlip grey mullet A 1 1 -1 1 Diadromous species are fish species that migrate between fresh and salt water. A: autochthonous species, I: introduced species, 1: present, 1*: observations of several individuals (from [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF][START_REF] Belliard | Evolution à long terme du peuplement piscicole du bassin de la Seine[END_REF]Belliard et al. 2009a;[START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF] 

FISH COMMUNITY RECOVE RY INCREASE O F R E SI DE N T S P ECI E S

From the 1970's efforts for waste water treatment were made, reducing permanent pollution, with positive effects on fish species' diversity in the Paris agglomeration in the 1980's and especially 1990s [START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF][START_REF] Tales | Poissons de Seine à Paris[END_REF]. From 1995 onwards more relatively sensitive species, such as barbel and dace, are regularly observed within the Paris agglomeration [START_REF] Belliard | Regional and longitudinal patterns of fish community structure in the Seine River basin, France[END_REF]Belliard et al. 2009a;[START_REF] Tales | Poissons de Seine à Paris[END_REF]. However, on a basin scale, assessment of the fish community composition using a French fish index (Oberdorff et al. 2002a) showed no significant improvement since 1995. This stagnation in improvement of the fish community has especially been attributed to the lack of habitat diversity [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF].

RETURN O F DI AD R O MO US SP E CI ES

The improvements in water quality in the Seine River were relatively fast followed by the increase in number of resident freshwater fish species. For migratory fish, the recovery was slower as they are more vulnerable to anthropogenic influences and need good conditions for migration and require specific habitats for successful spawning and (juvenal) growing [START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF]). In the beginning of the 1990s only 3 migratory species were present: river lamprey, flounder and eel, of which the latter is the only species largely represented in the basin [START_REF] Belliard | Le peuplement ichtyologique du bassin de la Seine -Role et signification des échelles temporelles et spatiales[END_REF]Belliard et al. 2009a). Other species have made their return from the end of the 1990s and especially during the last decade as a result of the increased oxygen concentrations (Belliard et al. 2009b). In addition to the three species mentioned above, sea trout, Atlantic salmon, sea lamprey, Allis shad and smelt were observed in small numbers at the Poses dam in the beginning of the 1990s [START_REF] Costil | Time series analysis on chlorides, nitrates, ammonium and dissolved oxygen concentrations in the Seine near Paris[END_REF]. Rochard et al. (2007) describe a large increase in the number of smelt since 2000, now representing an important part of the estuarine fish community (Rochard et al. 2007 as cited in Belliard et al. 2009b). But also thinlip grey mullet, European eel and flounder are observed very regularly at present and seem to have stable populations (Belliard et al. 2009b;[START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF]. The recordings of sea trout and Atlantic salmon also increased since 2000 (Rochard et al. 2007in Belliard et al. 2009b;[START_REF] Perrier | Natural recolonization of the Seine River by Atlantic salmon (Salmo salar) of multiple origins[END_REF]. Since 2004 some Allis shad, showing signs of reproduction, have been observed upstream of Paris (Belliard et al. 2009b). Sea trout is observed to reproduce in certain tributaries downstream of Poses (Rochard et al. 2007 as cited in Belliard et al. 2009b). Siberian sturgeon (Acipenser baerii baerii) was first observed in the basin around 2000 (Belliard et al. 2009a) (Table 2).

These first signs of natural recolonization by (migratory) species are above all related to improvement of physical-chemical conditions (good dissolved oxygen content and low ammonium concentrations) in the lower river parts (Belliard et al. 2009a;Belliard et al. 2009b;[START_REF] Perrier | Natural recolonization of the Seine River by Atlantic salmon (Salmo salar) of multiple origins[END_REF]. Belliard et al. (2009b) therefore conclude that the present water quality conditions are favourable for a successful return of migratory species. The most important obstacles in the improvement of the diadromous fish community are the numerous dams and sluices in the Seine River and its tributaries and the lack of habitat diversity. The species that disappeared the latest due to the degraded water quality are most likely to return the fastest; as they rely on the estuary and lower parts of the river for the completion of their life cycle and are thus less impacted by the lack of connectivity towards more upstream parts of the river (Belliard et al. 2009a;Belliard et al. 2009b;[START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF]. The obstacles can nowadays be made passable for fish but this requires money and political will, something that local decision makers do not provide [START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF]). In addition to improved connectivity, increased habitat diversity is vital for migration, spawning and (juvenile) growth of diadromous species (Belliard et al. 2009a;Belliard et al. 2009b;[START_REF] Perrier | Natural recolonization of the Seine River by Atlantic salmon (Salmo salar) of multiple origins[END_REF].

FINDINGS

On the basis of the literature review several trends can be identified. The findings can be divided in three main topics. First of all there are clear changes in the fish community composition over time. Secondly the Paris agglomeration is presented as having large influence on spatial differences in water quality and fish community. Thirdly and last, the dominant presence of the Paris agglomeration allows for the separate analysis of fish community development over time for different river stretches. The next step in this research is to further investigate these findings with the dataset of fish assemblages.

METHODOLOGY

QUANTIFICATION OF FIS H COMMUNITY QUALITY

Two methods of quantifying the fish community quality will be used. The first is a measure for the diversity of species: the species richness. The second is a more complete, and complex, method for quantifying the entire fish community composition: using the New European Fish Index (EFI+).

SPECIES RI CH N E S S

The species richness is simply defined as the number of species present in a sample. For each catch the species present where known and the software used for calculating the EFI+ values also gave the number of species present in the sample.

FISH CO M MU N I T Y CO MP O S I T I O N

For the quality of the fish community composition, the New European Fish Index was used. It is a multimetric index, based on the Index of Biotic Integrity (IBI) developed by [START_REF] Karr | Assement of biotic integrity using fish communities[END_REF]. The EFI+ was developed for the assessment of the biological quality element fish fauna under the WFD. This chapter describes the history and functioning of the EFI+. [START_REF] Karr | Assement of biotic integrity using fish communities[END_REF] introduced the concept of 'biotic integrity' as an indicator of water quality or ecosystem health in comparison to a reference site undisturbed by human activities. Biological integrity is defined as the ecosystem's ability to support and maintain "a balanced, integrated, adaptive community of organisms having a species composition, diversity, and functional organization comparable to that of natural habitat of the region." (Karr and Dudley (1981) as cited in [START_REF] Karr | Biological Integrity: A Long-Neglected Aspect of Water Resource Management[END_REF]. [START_REF] Karr | Assement of biotic integrity using fish communities[END_REF] presented several arguments why fish present the most suitable taxa for biological assessment of water quality; including the easy identification of species and the representation of a variety of trophic levels. On the basis of this, [START_REF] Karr | Biological Integrity: A Long-Neglected Aspect of Water Resource Management[END_REF] developed the Index for Biotic Integrity (IBI): a multiparameter tool for the assessment of water based on the deviation of a fish assemblage from an expected situation under conditions without human disturbance. The index uses twelve fish community parameters (called metrics) divided in three groups, being: species richness and composition metrics, trophic composition metrics and fish abundance and condition metrics. Each metric is rated with three numerical quality classes. The values 5, 3, and 1 correspond to situations in which the observed fish assemblage deviates only slightly, moderately or strongly from the reference conditions respectively, based on expert knowledge. The sum of the twelve metric scores provides the final IBI score and integrity class: Excellent, good, fair, poor, very poor or no fish [START_REF] Karr | Biological Integrity: A Long-Neglected Aspect of Water Resource Management[END_REF].

IN D E X O F B I O T I C IN T E G R I T Y

USE O F I BI F O R T H E WFD

The WFD prescribes the monitoring of biological quality elements to assess the ecological quality of waters. The principle used for this classification is the deviation of a site's status from an 'undisturbed condition', the same principle used for development of the IBI. The four biological quality elements considered for the WFD are: (1) phytoplankton, (2) phytobenthos and macrophytes, (3) benthic invertebrate fauna and (4) fish fauna. For each of these elements an assessment method should be developed that compares the present state of the element to a reference condition. For fish fauna five criteria should be considered: (1) species composition, (2) abundance, (3) sensitive species, (4) age structure and (5) reproduction (EFI+ Consortium 2009;European Commission 2000).

In 2001 the European Commission started the FAME3 project, a consortium of European researchers, who's objective was to develop a new standardised fish-based method for the ecological assessment of running waters. At the time many different methods were used in different European countries. For French water courses, Oberdorff et al. (2002b) had developed a modelling technique for calculation of reference conditions of the metrics under natural conditions based on natural environmental characteristics [START_REF] Pont | Development of a fish-based index for the assessment of river health in Europe: the European Fish Index[END_REF]). This was an important improvement compared to the IBI requirement of expert knowledge to determine the deviation from reference conditions. The approach used by Oberdorff et al. (2002b) was followed for the establishment of the European Fish Index (EFI) in 2005 (EFI+ Consortium 2009; [START_REF] Pont | Development of a fish-based index for the assessment of river health in Europe: the European Fish Index[END_REF]). During the following evaluation process several limitations in the EFI's performance were observed. The project for 'Improvement and Spatial Extension of the European Fish Index' was started to resolve these limitations. This resulted in the publication of the New European Fish Index (EFI+) in 2009 (EFI+ Consortium 2009).

FUN C T I O N I N G O F T H E NE W EU R O P E A N FIS H IN D E X

The basic conceptualization in the EFI+ for the ecological quality assessment of water courses is the WFD dictated 'deviation from the undisturbed condition'. The EFI+ value for a survey is based on the difference between the reference conditions of a site and its present state, calculated by four metrics. These metrics are based on fish life traits and guilds. The metrics selected for calculation of the final index score depend on the typical dominance of either salmonids or cyprinids, creating two aggregate indices: the Salmonid Dominated Fish Assemblage Index (Salm.Fish.Index) and the Cyprinid Dominated Fish Assemblage Index (Cypr.Fish.Index).

For the Salm.Fish.Index two metrics are included: density of species intolerant to oxygen depletion (the number of individuals per 100 m 2 that always need more than 6 mg/l of O 2 in water) and density of individuals smaller than 150 mm of species that are intolerant to habitat degradation (the number of individuals per 100 m 2 ). For the Cypr.Fish.Index the two metrics are richness of rheopar species (the number of species requiring a (fast) moving water habitat for reproduction) and density of species requiring a lithophilic reproduction habitat (the number of individuals per 100m2 that spawn exclusively on gravel, rocks, stones, cobble or pebbles). The use of an Index of diadromous species richness is optional. This research was performed in the Seine River, along a river stretch that is typically classified as Cyprinid river type.

The reference conditions of a site are calculated from a model developed by the EFI+ Consortium (2009), using fifteen environmental parameters for the site. The observed fish assemblage is based on the two metrics of the appropriate aggregate index. Deviation of the observed values from the reference values yields a score between 0 and 1 for each metric. Both metric scores are averaged to yield the final index. The final EFI+ values are rescaled into ecological classes; the five quality status classes as defined by the WFD: High, good, moderate, poor and bad (EFI+ Consortium 2009).

For application of the EFI+ method three types of data are required (Annex 1) (EFI+ Consortium 2009):

1. Environmental parameters describing the site or river stretch; 2. Data describing the sampling method; 3. Numbers of individuals per species caught for two size classes with a 150mm threshold.

TEMPORAL AND SPATIAL CATEGORIES

To analyse the development of the fish community, several categories were added to the data. These categories divide the data in terms of time and space. The temporal categories are: year and intervention program. The spatial categories are: distance to source, sector, agglomeration and WWTP. The categories year and intervention program were added to test the change of fish assemblage composition over time. The category intervention program corresponds to the intervention programs discussed in Part 1 of the research. The categories sector, agglomeration and WWTP were added to test the longitudinal differences in fish community composition. These were based on the locations of the primary pressures on the Seine River: the Paris agglomeration and wastewater treatment plants (Figure 9).

STATISTICAL TESTS

Two types of tests were used for the analyses: regression and group comparison. The dataset was tested for normal distribution using a Shapiro-Wilk Test for normality. This gave a significant deviation from the normal distribution, including data transformation for Ln or square root. Several times also selections of data were tested for normality, with the same result. For clarity and practical considerations all group comparisons were done using non-parametric tests: the Independent Samples Mann-Whitney U Test or the Independent-Samples Kruskal-Wallis Test for comparison of groups. The power of the test results is potentially compromised a little but this was accepted. The threshold for significance used in the analyses is a p-value of 0.05. 

DATA SOURCE

The fish assemblage dataset was derived from electrofishing samples performed by Cemagref and ONEMA. These data were available at Cemagref. The data was available in the form of number of individuals per species caught per date and location (Table 3). Additional information consisted of the fishing effort, either in the area fished or the duration of the sampling. For the calculation of the EFI+ values per catch, environmental information on the location of the samples was needed. These environmental parameters (drainage basin, distance to source, temperature, coordinates, etc.) were derived from Cemagref GIS data, Meteo France and where appropriate based on expert knowledge of Cemagref colleagues.

The original dataset contained a total of 495 samples, taken from October 1979 till October 2008. The samples were taken at 57 sites along 396 km of the main branch of the Seine River; from 235 to 631 km from the source (Figure 10). The drainage basin of the sites varied between 8,874 km 2 to 72,935 km 2 . The samples had 233 ± 311 individuals on average and an average richness of 10 ± 4 species. A total of 45 different species was captured (Table 4). Species occurred on average 113 ± 137 times in samples and were captured 2,565 ± 7,856 times on average.

DATA MODIFICATIONS

In order to be able to analyse the data, several modifications had to be made. This included the removal of samples, sites and species, modifications of the fishing effort, grouping of samples and stations and finally modifications in the calculated EFI+ values.

DELETED SI T E S , S P E CI E S AN D S A MP L E S

Samples in the dataset that were not taken in the main branch of the river have been deleted, these would disturb the results. This concerned only 5 stations, representing very few samples. Furthermore the dataset was cleaned of entries not recognized by the EFI+ software: codes for cyprinid, hybrids and non-fish species (crayfish). Species codes in the dataset have been translated to scientific names prescribed by the EFI+ software.

Several samples were registered twice in the dataset. It appeared that exchange of data had occurred between the two sources in the past: causing duplications in the dataset. These duplications were removed on the basis of both similar (or very close) dates and similar (or very close) catch results. A catch at Alfortville of 24 July 1984 was deleted from the dataset as it contained very unrealistic data: 67 Brown trout for example. An erroneous catch at Noyen Port Montain was deleted as it had 0 captures entered for all species indicated, but it was in the dataset nonetheless. EFI+ software indicated that samples are unreliable in cases with few captures, therefore thirty samples with less than 30 captures have been deleted before statistical analyses. Also samples with a richness of 1 were deleted (five out of six samples were already deleted since they had less than 30 captures). Finally four samples from the winter season (months December (1), January (1) and February (2)) were deleted from the dataset.

MODIFICATIONS I N FI S H I N G E F FO R T

Some samples did not state the fish effort in terms of surface fished. However, most stations concerned had information on the duration of the catch. From this information the surface fished was calculated using a regression relation between the surface and duration fished based on a dataset of fish samples in the Paris agglomeration (this regression was previously performed by Cemagref). For 12 samples (at 9 stations) also no duration of the catch was known. The fishing effort for these samples was estimated based on the average from other samples at the same stations. 

GROUPING O F S AM P LE S A N D ST AT I O N S

In the two source datasets many samples performed on the same date for the same station were entered as separate samples. There were no samples performed using a multiple passage method (personal communication by Tales and Belliard). Samples performed on the same date at the same site were therefore added up (as well as the corresponding fish efforts). Some stations that were entered as separate stations but which were very close in their location were regarded as the same site (for example Montereau-Fault-Yonne and Monterau (aval Yonne)).

MODIFICATION O F C AL C U L AT E D EFI+ V A L U ES
After calculation of the EFI+ values for all samples, 11 samples were indicated by the EFI+ software as representing a Salmonid river zone and associated EFI+ values were given. This was changed manually to Cyprinid river zone and associated EFI+ values.

A potential bias in the calculation of EFI+ with the dataset is the lack of information on the length of individuals captured. EFI+ takes the age structure of the fish community into account by dividing the captures in numbers of individuals smaller than 150 mm and numbers of individuals larger than 150 mm. This information was missing and all individuals captured were entered as larger than 150 mm. The potential effect of this caused by species that do not grow over 150 mm was ruled out by comparing EFI+ values calculated for these species entered in either of the size classes. The same values were calculated: EFI+ software corrects for this. However, the effect of disregarding size information on the calculated EFI+ values is unknown. Nevertheless, the metrics of the EFI+ method imply that this is only of concern when the Salm.Fish.Index is used. Therefore, in this research there should be no effect of this bias in the data.

FINAL D AT AS E T

In the end 455 samples remained with EFI+ values ranging from 0.17 to 1, with an average of 0.57.

DATA HANDLING AND PRO GRAMS USED

Data was first stored in Microsoft Excel. Early modifications and calculations of EFI+ values were also performed using Excel. Later Microsoft Access was used to combine datasets: fish data, environmental characteristics of sample sites and temporal and spatial categories. The final dataset was stored in Excel again and imported to the statistics program IBM SPSS -version 19 to run the statistical analyses discussed in the next chapter. Graphs in the next chapter were made with either SPSS or Excel.

RESULTS

The three topics based on the findings in literature presented earlier are now compared to the dataset of fish assemblages. For this, the trends are formulated as testable hypotheses.

HYPOTHESES

The first topic concerned the changes in the fish community over time. From literature it seems there is general agreement that the quality of the fish community has improved during the last 30 years. But as was presented in chapter 6, the quality of the fish community can be expressed in species richness or using EFI+.

-The first hypothesis is based on [START_REF] Belliard | Evolution à long terme du peuplement piscicole du bassin de la Seine[END_REF]1997), [START_REF] Rochard | Identification of Diadromous Fish Species on which to Focus River Restoration: An Example Using an eco-Antrophological Approach (The Seine Basin, France). in Challenges for diadromous fishes in a dynamic global environment[END_REF] and Belliard et al. (2009a) and focuses on the development of species richness. The hypothesis is formulated as: the fish community in the Seine River has become more diverse since the mid-1990s.

-

The second hypothesis is based on findings by the water agency [START_REF] Aesn | Le VIème Programme d'Intervention de l'Agence de l'Eau Seine-Normandie 1992 -1996[END_REF]) and uses EFI+. It is formulated as: no improvement of the fish community composition in the Seine River has occurred since 1995.

-

The third hypothesis is related to the second hypothesis, which, in relation to the general agreement about improvement of the fish community composition, implicates that before 1995 there was improvement of the fish community composition (using EFI+) and is formulated as: the fish community composition in the Seine River improved from the 1970s till 1995.

The second topic relates to the influence of the Paris agglomeration on spatial differences in water quality and fish community (in the next two hypotheses EFI+ is used). Conditions downstream of and in the agglomeration are in general presented as very poor, upstream conditions seem to be fairly good.

-The fourth hypothesis is therefore formulated as: the quality of the fish community composition decreases in the downstream direction -In addition to the poor water quality in the Paris agglomeration, the lack of habitat heterogeneity is presented by Belliard et al. (2009a) and [START_REF] Tales | Poissons de Seine à Paris[END_REF] as an additional pressure on the potential for a good fish community composition. Especially the city centre, so called Paris Intra-muros, is completely bordered by stone quays. The fifth hypothesis is therefore formulated as: Paris Intramuros has the lowest quality of fish community composition

The third topic zooms in on the temporal development of the fish community composition in the three main river stretches identified for hypothesis 4. The reductions in pollution of the River Seine by the Paris agglomeration suggests that the fish community composition, previously subject to this pollution, has increased downstream of and in the Paris agglomeration.

-The sixth hypothesis is therefore formulated as: downstream of the Paris agglomeration the fish community composition has improved during the period under study -

The seventh hypothesis is formulated as: in the Paris agglomeration the fish community composition has especially improved during the 1990s. -As the pressures on the river stretch upstream of the Paris agglomeration have always been limited, and no special attention was paid to relieving them, it can be expected that in this river stretch no significant changes have taken place in the fish community composition. The eighth and last hypothesis is thus formulated as: upstream of the Paris agglomeration no significant change in the fish community composition has occurred during the period under study.

between groups 1-3 and 2-3, with a p-value of <0.001 (Bonferroni corrections were taken into account).

Pairwise comparison of groups 1-2 gave a p-value of 0.52, retaining the null-hypothesis that these groups have similar distributions of EFI+ (Figure 15). The results of the tests thus correspond with the reasoning of the postulated hypothesis: the Paris agglomeration has a significant effect on the fish community composition and a decreasing upstream-downstream gradient exists in the fish community composition. For testing the two hypotheses postulated, all data in the dataset was selected and divided into the five groups of the category Agglomeration: Downstream, Paris Downstream, Paris Centre, Paris Upstream and Upstream (Figure 9 on page 34). The Independent-Samples Kruskal-Wallis Test for equality of medians was used to test differences between the five groups, with the null-hypothesis that the distribution of FishIndex is the same across the five groups. The test gave a p-value of <0.001, rejecting the null-hypothesis and indicating a significant difference between the groups (Figure 16).

Pairwise comparison of the five groups shows that group 3 is significantly different from groups 2 and 5, with p-values of 0.001 and <0.001 respectively (Bonferroni corrections were taken into account). Comparison of group 3 with groups 1 and 4 gives p-values of 1.000 and 0.337 respectively, retaining the null-hypothesis that these groups have similar distributions of EFI+. From the boxplot and pairwise comparisons it can be concluded that Paris Centre has the lowest values of EFI+ and the lack of habitat diversity puts additional pressure on the fish community composition.

Pairwise comparison of groups 2 and 4 yields a p-value of 1.000. The null-hypothesis that these groups have similar distributions of EFI+ should thus be retained. The hypothesis that Paris Downstream suffers more from urban pollution and CSO than Paris Upstream should be rejected. This strengthens the previous conclusion regarding the influence of habitat diversity on the fish community composition in the Paris agglomeration. This hypothesis was tested using two selections of data. First Sector 2.Paris was used, second Agglomeration 3.Paris centre was selected for analysis. Both selections were tested for the developments of EFI+ and species richness of the data. Again both regression and group comparison were used to test the hypothesis. To be able to specifically test the development of the fish community composition in the 1990s, compared to other decades, the data was divided in three decades: 1980s, 1990s and 2000s. Table 5 shows the results of the regression and group comparison using the Independent-Samples Kruskal-Wallis Test. The lower three lines show pairwise comparison of groups. The results show that no improvement of the fish community composition has taken place in the Paris agglomeration over the period under study. Hypothesis 8 should thus be rejected. Only species richness shows significant change, but this was a decrease from the 1990s to 2000s (Figure 20). This does not correspond to findings in literature and maybe due to the small sample size of only 30 in almost 25 years. The method used for testing this hypothesis corresponds to the approach used for hypothesis 6. From the category Sector, 3.Upstream was selected. Again, two methods are used to test the hypothesis: regression and group comparison.

HYPOTHESIS 7. IN T H E PARIS

Regression of EFI+ does not yield a significant trend, with a p-value of 0.636 (Figure 21). For comparison of groups, I used the category Intervention Program to divide the period under study in periods. The Independent-Samples Kruskal-Wallis Test for equality of medians was used to test differences between the groups, with the null-hypothesis that the distribution of EFI+ is the same across the groups. The test gave a pvalue of 0.376, indicating no significant difference between the groups (Figure 22). The null hypothesis should thus be retained.

The results confirm the hypothesis that upstream of the Paris agglomeration no significant change in the fish community composition has occurred during the period under study.

Sector The literature review in chapter 5 identified 45 resident freshwater fish species and 8 diadromous fish species in the basin (Tables 1 and2). In the dataset a total of 45 species was identified: 37 resident species and 8 diadromous species (Table 4). But not only the number of species was different, also the involved species differ between the two sources. For the resident species six cyprinid species and Eastern mudminnow (Umbra pygmaea) and brook trout (Salvelinus fontinalis) were not identified in the fishing samples compared to the literature review statement of their occurrence. A plausible explanation in the difference is the fact that the literature review considered the entire basin and the dataset only represented the main branch of the river. The absence of 6 migratory species in the dataset that were mentioned in the literature review is easily explained by the fact that only very few sightings of the species have been recorded. One additional diadromous species and two oceanodromous species were identified in the dataset. These were all captured at Val-de-la-Haye, in the estuarine part of the Seine River and can thus technically be regarded as not really part of the basin. Moreover, the number of captures was very limited.

POSSIBLE E R R O R S AN D R E CO M M EN D AT I O N S
Several potential biases exist in the dataset and procedures used in this research. First of all the dataset has a large spatial and temporal variation of the samples. Annex 2 shows that the number of samples per year as well as location of samples is very inconsistent over the years. By dividing the river in several stretches instead of using kilometre marks it was attempted to relieve some of the variation in space. A different approach would be to only select data from locations that were sampled for several consecutive years. Unfortunately this would only leave around 10 locations, primarily sampled in the 1990s and 2000s.

A second potential bias in the procedures is the calculation of EFI+ values based on the available dataset. As discussed previously, the dataset lacks information on young of the year (0+) fish. In the abundance of species, no distinction was made between 0+ and older (1+) fish. All individuals listed were regarded as 1+ fish. It is unknown what the effect of the 0+ share in the community is on the calculated EFI+ values. And thus what the effect on calculation is when no distinction is made. Unfortunately, this bias cannot be resolved for this research. Possibly a relation between the number of 0+ and 1+ fish individuals, depending on environmental variables and moment of sampling, can be derived from other data. From this a rule of thumb could be derived to use for data that lack a distinction between 0+ and 1+ fish.

In some tests the amount or spatial distribution of data was poor. This might explain why the results of hypotheses 3 and 7 do not correspond with findings in literature. The data used for testing hypothesis 3 is unevenly distributed in space (see Annex 2). For testing hypothesis 7, Agglomeration 3.Paris consisted of only 30 samples, taken in almost 25 years. This means on average little over 1 sample per year. The effect of the moment and location of sampling, let alone sampling errors, on the test results can thus be very large.

Two additional biases in the analyses done require a more detailed discussion.

MO M E N T O F S A M P L I N G I N T H E Y E A R

The EFI+ manual prescribes sampling in autumn, the primary reason is the appropriate representation of young-of-the-year fish in the calculation of EFI+ (EFI+ Consortium 2009). During the research it was tested whether there is a significant difference in EFI+ values depending on season. It can be hypothesized that EFI+ values calculated for summer samples are lower than autumn and spring samples. In summer the oxygen deficits in the main river bed are the most severe. Fish tend to search refuge in floodplains, sandpits and other lateral waters (E. Tales, personal communication). Since the samples included in the dataset have all been taken in the main river, it can be expected that less individuals have been caught, especially of species sensitive to low oxygen levels (this was not tested).

The temporal category season was added to the data. The division between the seasons spring, summer and autumn was simply done per three months (January, December and February were excluded from the dataset).

The Independent-Samples Kruskal-Wallis Test was used for comparison of means and gave a p-value of <0.001, indicating a significant difference between the groups. A boxplot indicates the highest values of EFI+ in autumn and the lowest in summer (Figure 23). Pairwise comparison of the three groups shows that summer is significantly different from spring and autumn, with p-values (taking Bonferroni corrections into account) of 0.023 and <0.001 respectively. Spring and autumn do not differ significantly, with a p-value 0.161. The hypothesis that the moment of sampling has an effect on the outcome of the EFI+ calculation is confirmed. Especially samples taken in summer give lower values for the fish community composition. The analysis shows that samples taken in summer give lower values for EFI+ than samples taken in spring or autumn. The EFI+ method prescribes sampling in autumn. The test results show that sampling in spring gives similar results, but that using samples taken in summer -in the main branch of the river -should be avoided. However, this recommendation was not implemented in testing the hypotheses. Samples taken in summer represented about 1/3 of the total dataset; leaving them out would have decreased the strength of the analysis. The bias was thus accepted in testing the other hypotheses. A different approach could be to derive a relation between the calculated Fish index value for summer and autumn (and spring) samples. This would require a paired samples comparison including only those samples taken in summer that form a pair with an autumn sample for the same location and year. A conversion rate could be derived for transforming summer values into autumn equivalents.

S P E C I E S R I C H N E S S

As mentioned before, the use of species richness can be done in several ways. I chose to sum the total number of species caught in a year (for the area under consideration). A potentially large bias in this is the total fishing effort on which this calculation is based. Indeed, plotting species richness against the fishing effort (in fished area) gives a typical richness-effort curve (Figure 24). The curve levels off from around 20,000 m 2 fished area.

Only in the period from 1989 to 2004 more than 20,000 m 2 was fished annually (Figure 25). The actual species richness in the 1980s and late 2000s is thus probably higher than found in the research, making the positive trend found for hypothesis 1 weaker.

PART 3 CONCLUSION

CONCLUSION

This research has aimed to answer the research question: How has water policy influenced the development of biodiversity in the Seine River? The report shows that, although no separate objective for long time, policy implemented by the Seine-Normandy water agency has had a profound influence on the development of biodiversity in the Seine River. The four research questions will be discussed to conclude on the way this has happened and how this can be improved in the future.

WATER POLICY

The first research question was: What water policies and water management measures have been taken in the Seine River since 1964 and how have these been implemented? The policy implemented by the water agency originated from problems related to human uses of water. The two main problems identified in chapter 4 are: the lack of sufficient water for consumption and production; and insufficient water quality caused by pollution of surface and groundwater. Secondary problems related to these are: faulty drinking water and sewage networks; insufficient capacity of the wastewater treatment sector; insufficient efficiency and quality of wastewater treatment; emergence of new types of pollution like nitrate and phosphate; combined sewer overflows; and limited knowledge of the basin. The first two decades of the water agency's existence no attention was paid to the environmental consequences of the water shortages and especially pollution. Improving biodiversity is not presented as a policy problem as such. This makes clear that the policy objectives of the water agency have always been primarily focused on facilitating human uses of water: supply the Paris agglomeration with sufficient water for domestic and industrial uses and to reduce water pollution as it compromised the use of surface water. Environmental concerns have been of secondary importance, but over time and especially since the adoption of the water framework directive, the attention for the environment and biodiversity in surface waters has increased. The water framework directive requires a good balance between the different claims for water; domestic, industrial and natural. This makes a natural biodiversity, and sustainable fish community, a policy objective.

Over time, the DPSIR loop has been run several times in especially the problems related to water pollution. Progress in improving the water quality of the Seine River has been slow and along the way new problems have come around the corner. The construction of wastewater treatment plants was the initial technological response and was quite successful in closing the gap between wastewater produced and the treatment capacity of the sector. However, operation of the treatment plants remained far under its capacity due to problems in the sewage network. Relieving this new problem took almost ten years. While in that period the gap between wastewaters produced and total treatment capacity increased again. From the beginning of the 1990s again more treatment plants were constructed. But new regulations requiring higher quality purification presented a new challenge. The largest WWTP of the Paris agglomeration, at Achères, treats about 60% of all wastewaters produced in the agglomeration. But its purification quality remained very poor for long time. The effect of its effluents discharged on the Seine River has thus been large till recent.

The interventions by the water agency have been diverse. The water agency has put large efforts in technological improvements of the drinking water and sewage systems, but has also appealed to industry and the public to reduce water use and pollution by regulations and economic incentives. From the analysis it is impossible to quantify the success of each measure or policy. However, from statements in literature and water agency documents it becomes plausible that the economic instruments, like water pricing and the polluter pays principle, have helped a great deal in closing the gap between wastewater produced and treated.

For the technological intervention by the water agency in the wastewater sector hard figures are available. This shows that important success has been achieved by the construction of WWTPs and improvement of the sewage network. Also, drinking water sources have been diversified, resulting in a reliable water supply since the early 1990s.

Analysis of the water policy shows that the best results in water management problems were achieved when both cause and effect were target of policy. Both the water quantity and water quality problems have been approached by the water agency from these two sides. The threat of water shortages has been approached from both the supply and demand side. Water pricing was introduced and water sources were diversified. The discharge of wastewaters concerned basically the gap between wastewaters produced and treated. Both wastewater production and wastewater treatment were target of improved policies. The wastewater production was reduced using economic incentives and technological support. Wastewater treatment was increased by technological intervention in the form of constructing treatment plants and improving the sewage network. By approaching these problems from both sides, the water agency targeted its response on both the driving forces -the activity in the Paris agglomeration and associated water demand and pollutionand the pressures -the local extraction of water and the discharge of wastewaters. CSO management was initially approached from the cause side, targeting the pressure. But this yielded too little effect. Later relieving the effect of the overflows on the state of the water quality was attempted by installing re-oxygenation devices. In recent years again large plans have been made to reduce the pressure of the phenomenon. But also groundwater contamination has been approached from both sides, although the relocation of extraction sites is a limited way of reducing the problem. The establishment of protection zones and information campaigns and economic incentives to reduce pollution again show the diverse approach of the water agency. Although real success in reducing the contamination of groundwater is still to be achieved. It is the only policy problem discussed in the research that has failed to achieve improvement till present.

FISH COMMUNITY DEVELOPMENT

The second research question was: How has biodiversity in the Seine River developed since 1964? This question has been answered on the basis of a literature review and statistical analysis of a fish assemblage dataset of samples taken in the main branch of the Seine River. Two methods for the quantification of the fish community composition have been used: species richness and EFI+. The literature review was mainly based on species richness. Concerning the period since the 1960s the main conclusion is that in the 1960s and 1970s the fish community was really poor, especially diadromous species have suffered largely from the excessive pollution in the 1950s and 1960s. During the 1970s and 1980s only 3 out of 11 autochthonous diadromous species survived in the basin. Many resident species were able to survive in tributaries, only the most tolerant were observed in the main branch of the river. From the 1980s and especially 1990s resident species diversity in the main branch of the river increased again. From the mid-1990s also a slow recolonization of the basin by diadromous species was observed. All autochthonous species, with the exception of European sturgeon, have been observed in the basin in recent years. Unfortunately, analysis of the dataset cannot relate entirely to this line of development. The period over which data is available is limited to 1979 -2008 and information on diadromous species was poor. However, analysis shows a significant increase of the fish community quality downstream of the Paris agglomeration, although the same hypothesis for the entire basin was rejected: the fish community in the Paris agglomeration remained very moderate and upstream of the agglomeration was consistently good. Furthermore, both the literature review and analyses of the dataset stress the importance of the Paris agglomeration for the spatial variability in the fish community, with Paris Intra muros having the least quality fish community.

RELATION BETWEEN WATE R POLICY AND FISH COMMUNITY DEVELOPMENT

This study once more shows the connection between human activities and conditions for biodiversity in surface waters. The major concerns of the water agency were with the supply of water, of sufficient quality. This study did not specifically focus on the question whether that has been successful, but has focused on an issue that for long has been regarded a side effect: the development of biodiversity. Nevertheless, literature review and statistical analysis of the fish community development shows that without the specific objective to improve conditions for the fish community, improvements were made. It shows the interrelatedness between human activities and biodiversity in river systems.

The report has been structured according to the DPSIR framework, allowing the explanation of links between different elements in the link between human activities and environmental impacts. The efforts of the water agency to relieve the driving forces and pressures and to improve the state of the Seine River have had an important positive impact on the fish community in the river. The chain of elements consists of the driving forces of the domestic and industrial activities in the Paris agglomeration and intensive agriculture in the basin; the pressures of urban and agricultural effluents; the state of the water quality in the Seine River; and the impact thereof on water extraction for human uses and on living conditions for aquatic life. The first three elements were described in Part 1 of the report. It shows a clear improvement of the water quality in terms of the oxygen content, a major determinant for aquatic life, in the river stretch subject to pressures from the Paris agglomeration. The analysis and literature discussion show a relation between the efforts in the wastewater treatment sector and the water quality in the river. The improved water quality is thus a success of the water policy. Moreover, Part 2 of the report shows the relation between the increased water quality and improved fish community. The DPSIR framework clearly shows the chain of effects from interventions by the water agency on driving forces, pressures and state, to the development of the fish community in the Seine River. The third research question can thus be answered positively: yes, the positive developments of the fish community in the Seine River can be (partly) attributed to the water management measures.

For answering the third research question suffices a 'simple' yes. Explaining the chain of DPSIR elements to answer research question four requires a more thorough discussion of the results found in both parts of the research. Previous studies on the Seine River basin have linked the return of fish species and the recovery of the fish community in general in the 1980s and 1990s to the efforts by the water agency to reduce pollution. The water quality is of course the natural link between the reduced discharge of wastewaters and improved biodiversity. This research again confirms the parallel trends in water quality and species diversity and freshwater fish community composition.

First of all the importance of the Paris agglomeration on the fish community deserves further analysis. Relating the pressures associated to the Paris agglomeration to the fish community in the Seine River suggests a significant difference between three sectors of the Seine River in relation to the Paris agglomeration. Analysis of the water quality in chapter 4, based on literature and data on oxygen concentrations, shows a clear difference between the water quality in the Paris agglomeration and downstream of the agglomeration in comparison to the upstream sector of the river. In addition hypotheses 4 and 5 in Part 2 confirm a significant impact of the Paris agglomeration on the spatial variation in the fish community. Secondly, the efforts by the water agency to reduce pollution of the Seine River have to be related to changes in the fish community composition. Again the analysis of the water quality shows improvement in oxygen concentration in the river stretch subject to pressures associated with the Paris agglomeration. The limited change that has been observed upstream of the Paris agglomeration is a decreasing quality, most probably related to intensive agriculture. The difference between the sectors subject to the Paris agglomeration and the sector not subject to its pressures shows the influence of the Paris agglomeration and activities in its region on the river. The analysis in Part 2 of the report confirms the enormous impact of the Paris agglomeration on the fish community in the Seine River: the analysis shows a clear negative trend in the downstream direction. Whereas, normally downstream river sections are more diverse than upstream sections (Belliard et al. 2009a). Moreover, developments in the water quality and fish community composition run parallel. Hypothesis 6 in Part 2 finds a pattern for the fish community composition in the downstream section of the river similar to the improvement of the oxygen concentration. In Part 1 it was concluded that improvements in the wastewater treatment sector have been slow, especially regarding the effect on the water quality in the Seine River -for instance the increase in oxygen concentration at Poses discussed in chapter 4. In Part 2 improvement of the fish community composition also only shows in the long run and especially since the 1990s, corresponding to the capacity to treat wastewaters under dry weather conditions and the increased attention for CSO impact.

FUTURE IMPROVEMENTS

For diadromous species, studies show recent recovery for a number of species. The return of these species to the main branch of the river takes more time than for fresh water resident species since they cannot colonize the river from populations that survived in tributaries. Although the first signs of recovery are promising, especially related to the improved oxygen concentration in the river, all experts agree that better water quality does not suffice for a successful recolonization of the Seine basin by diadromous species. They stress the importance of habitat heterogeneity for spawning and juvenile growth and the removal of obstacles like dams and weirs for successful migration. This statement is confirmed by new findings in this research. The analysis of the fish community composition in the Paris agglomeration showed that the lack of habitat heterogeneity in Paris Intra muros has a significant effect on the quality of the fish community composition. Values in that river stretch were significantly lower than the stretches upstream and downstream of it in the Paris agglomeration; regarded to be subjected to a similar pressure from wastewater discharges and CSO. The importance of obstacle removal for colonization of the basin is further shown by the spatial variation in species richness. The highest species richness in a single catch was 22 species, with an average of only 10, although the total species richness since 1995 is around 30. Moreover, the total number of species in the dataset is 45. This shows that the spatial variation in species richness is very large. Since only the main branch of the river was sampled, in a total river stretch of comparable conditions (6 th to 8 th Strahler stream order), the limited connectivity between different parts of the river is a plausible explanation. In addition, analysis of the water quality in chapter 4 showed that water quality in the Paris agglomeration and downstream of the agglomeration is approaching the oxygen levels of the upstream parts of the river. However, the values of EFI+ for the middle and downstream sections of the river do not improve alike. The values for EFI+ upstream of the Paris agglomeration remain higher than downstream of the agglomeration, and especially compared to the river in the Paris agglomeration. Considering only water quality, fish community composition should be similar in the three sectors. This confirms the plausibility that habitat heterogeneity, especially in Paris Intra muros, and again connectivity are important factors limiting the basin-wide colonization by species. And finally, although not confirmed by hypothesis 3 and only slightly indicated by hypothesis 1, the literature review showed a stagnation of improvement in the basin from the mid-1990s. This may be another indication of the limitations habitat homogeneity and obstacles present to improvement of the fish community composition, since the stagnation of water quality improvement in the 1990s. The levels of oxygen concentrations in the Paris agglomeration have almost reached the levels of the upstream river section and are unlikely to increase much further. Water policy focused on wastewater treatment and reduction of water pollution has made the first step to recovery of biodiversity in the River Seine. Current plans for future improvements should have additional effects on the fish community. However, it is still a long way to sustainable populations of more sensitive species, especially diadromous species. To achieve a sustainable, high quality fish community in the Seine River, habitat heterogeneity and removal of obstacles should be made a priority policy objective.
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 2 Figure 2 Policy cycle[START_REF] Gupta | Lecture on policy process theories[END_REF] Figure3Process of integrated policy analysis[START_REF] Dunn | Public Policy Analysis: An Introduction[END_REF] 
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 6 Figure6Waste water treatment stations by size and total treatment capacity in the Seine River Basin (SIAAP not included) (after[START_REF] Guerrini | Le bassin de la Seine: confrontation du rural et de l'urbain[END_REF] 

  . It has discharges of around 40 m 3 /s in case of heavy showers (Even et al. 2007; Paffoni 1994) but very occasionally discharged almost 100
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 9 Figure 9 Spatial categories (image from www.spincollective.co.uk)
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 10 Figure 10 Main branch of Seine River with 11 frequently sampled sites (map made by Cemagref)
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 15 Figure 15 Boxplot of EFI+ distribution for Sector Number of samples: Downstream, 93; Paris, 177; Upstream, 185.
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 16 Figure 16 Boxplot of EFI+ distribution for Agglomeration Number of samples: Downstream, 93; Paris Downstream, 110; Paris Centre, 30; Paris Upstream, 37; Upstream, 185 HYPOTHESIS 5. PARIS INTRA-MUROS H A S T H E L O W E ST Q UA LI T Y O F FI S H CO M M UN I T Y CO MP O SI T I O N . If we zoom in on the Paris agglomeration using the category Agglomeration we can analyse the effect of the city centre of Paris, where the river is completely bordered by stone quays. Since Paris Intra-muros has very poor habitat heterogeneity I hypothesized that in Paris Centre the lowest values of EFI+ are found. Furthermore I hypothesized that Paris upstream is less affected by urban pollution and CSO than Paris Downstream, in correspondence to the upstream-downstream gradient confirmed by testing hypothesis 5 and based on locations of WWTPs and major CSO outlets (Figure 7 on page 18).
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 23 Figure 23 Boxplot of EFI+ distribution for Season Number of samples per group are: autumn, 132; spring, 178; summer, 145.

  

Table 2

 2 Diadromous fish species 1 in the Seine River basin

	Family	Species	Common name			Occurrence		
				Origin	1900 1950 1970 2010
	Clupeidae	Alosa alosa	Allis shad	A	1	-	-	1*
		Alosa fallax	Twaite shad	A	1	1	-	1
	Osmeridae	Osmerus eperlanus	Smelt	A	1	1	-	1
	Acipenseridae	Acipenser sturio	European sturgeon	A	1	-	-	-
		Acipenser baerii baerii	Siberian sturgeon	I	-	-	-	1
	Petromyzonidae	Lampetra fluviatilis	River lamprey	A	1	1	1	1
		Petromyzon marinus	Sea lamprey	A	1	1	-	1*
	Salmonidae	Salmo salar	Atlantic salmon	A	1	-	-	1*
		Salmo trutta trutta	Sea trout	A	1	-	-	1
	Anguillidae	Anguilla anguilla	European eel	A	1	1	1	1
	Pleuronectidae	Platichthys flesus	Flounder	A	1	1	1	1

Table 3

 3 Simplified example of original data

	Station name	Date	Fished Area (m	2 )	Species code	Count
	Achères	3-8-1989	1270.33		ANG	20
	Achères	3-8-1989	1270.33		CAS	
	Achères	3-8-1989	1270.33		GAR	277
	Achères	3-8-1989	1270.33		ROT	
	Achères	3-8-1989	1270.33		SAN	
	Achères	3-8-1989	1270.33		ANG	28
	Achères	3-8-1989	1270.33		BRE	
	Achères	3-8-1989	1270.33		BRO	
	Achères	3-8-1989	1270.33		CAS	10
	Achères	3-8-1989	1270.33		GAR	650
	Epinay	10-6-2004	886		ABL	
	Epinay	10-6-2004	886		ANG	17
	Epinay	10-6-2004	886		BRE	
	Epinay	10-6-2004	886		CHE	
	Epinay	10-6-2004	886		GAR	94

Table 4

 4 Fish species in the dataset

	Resident species						
	Family	Scientific name	Common name	Occurrence	1	Captures	2
	Cyprinidae	Abramis brama	Bream	282		1978	
		Alburnoides bipunctatus	Schneider	36		291	
		Alburnus alburnus	Bleak	354		19638	
		Barbus barbus	Barbel	123		590	
		Blicca bjoerkna	White bream	188		1787	
		Carassius carassius	Crucian carp	23		80	
		Chondrostoma nasus	Common nase	164		1195	
		Cyprinus carpio carpio	(common) Carp	133		297	
		Gobio gobio	Gudgeon	294		4265	
		Leucaspius delineatus	Belica	2		2	
		Leuciscus idus	Orfe	3		5	
		Leuciscus leuciscus	(common) Dace	139		972	
		Phoxinus phoxinus	Eurasian minnow	15			

Table 5 P

 5 -values for test results hypothesis 71 For 1980 regression could not be executed because there are only 2 samples in the dataset. Significant values are in red
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