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Access to aquatic research sites

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

In science studies, we often take for granted access to research sites. What we don't take into account is the fact that when scientists negotiate access to a particular site for research purposes, they may have to deal with the signification attributed to their investigation by others. In this article, I am interested in the difference access to research sites makes in the social construction of environmental science.

I define access to research sites as the researcher's ability to perform the outdoor scientific practices required for the investigation, such as observing fauna and flora, or sampling or collecting natural elements. Various obstacles may prevent scientists from investigating a particular site, such as the practical accessibility of the site (snow, cliff, lack of roads or bridges, etc.), unauthorized access to private land and related obstacles (fence, ditch, dogs, etc.), limited funding for travel, or limited workforce available on the site. This is critical in environmental research for which space matters. The spatial distribution of research sites in fact influences the ability to generalize the findings.

Would you let a scientist investigate in your backyard without knowing the purpose of the study? Environmental problems are deeply social. For something to be defined as a -problem‖ a social coalition needs to emerge. Environmental investigations are therefore likely to be interpreted as social claims against peculiar practices. As people controlling access to research sites are obligatory points of passage (Callon 1986), scientists may have to negotiate with them and to reveal not only how they will proceed (Star and Griesemer 1989), but also what they seek and why.

However, this process is dynamic. Opposition to investigations evolves in relation to environmental controversies and scientific findings, and with regard to the social and political coalitions involved in the debates. They result in feedback that redefines the problem, and the social coalitions interested in it. New sites for research are considered, and new data feed new interpretations of the findings. In this sense, the conditions of access may influence the outcomes of the investigation.

I became interested in problems of access to research sites in environmental science while trying to understand the development of an ecological indicator, the river biotic index in France (Verneaux 1973; Verneaux and Leynaud 1974). This index was designed to complement chemical analyses of pollution and to detect accidental pollution, which was rarely considered before then. France is an interesting case in this matter because the role of the state has been instrumental in defining pollution, water policies, and water rights. The state delivers permits for activities that impact the environment. It issues norms that specify which quality standard sewage should respect. It gives prerogatives to fishing organizations to control pollution and anglers' practices.

Until the mid-1960s, French water policy mainly addressed chronic pollution due to waste water discharge. Little treatment was required. The administration specified in which rivers sewage could be released, and in which rivers this should be avoided [START_REF] Garcier | Rivers we can't bring ourselves to cleanhistorical insights into the pollution of the Moselle River (France), 1850-2000[END_REF] (Garcier 2007). This regulatory differentiation resulted in ecological contrasts. In rivers used as sewerage outlets, which mostly belonged to the public domain (which I explain below), aquatic life was resistant to many toxins. In other rivers, toxic discharges happened less often but had potentially more impact on fish life. In such cases, fishermen would complain but would seldom be compensated for fish mortality. French authorities did not consider accidental pollution to be a serious problem. Polluters of rivers preserved from sewage were often private riparian owners who were reluctant to let anyone sample on their property. Hence, the story of the development of the river biotic index is one of the successful attempts to reveal something state authorities did not wish to think about by collecting evidence on private sites, without the consent of all landowners.

Securing access to research sites was made possible through a series of translations (Callon 1986), and articulations (Alatout 2009), which transformed (1) the outdoors protocols (Star and Griesemer 1989; Carlile 2002) developed for the investigation, (2) the signification the actors who controlled access to research sites attributed to the investigation, (3) the social identities of these actors, and (4) the outcomes of the research. Instrumental in these transformations was the negotiation of variables that described elements of the environment, which became the common language of specific professionals, and which were reconciled with governmental practices. Originally conceived in opposition to the management of rivers by the state at that time, the biotic index eventually contributed to re-establishing the French state as the legitimate government of river quality. I intend to show that the conditions of access to sites and to funding for research shaped these variables.

In short, this paper focuses on the social construction of variables that became instrumental in describing, evaluating and restoring the quality of water in upstream rivers in France. More specifically, it describes how access to French rivers shaped the methods, the purpose and the theory used for the investigation. It relates how humans and non humans living in and nearby the rivers investigated, as a result of political history and ecological feedback, made a difference in the construction of variables representing the quality of the river. It explains how coalitions controlling access to research sites and funding used these variables to represent themselves politically.

The paper is organized as follows: (1) a brief discussion of how the concept of access can be articulated to science studies and actornetwork theory as a framework for the case that concerns me here; (2) a description of the conditions of access to research sites and funding faced by the developers of this index; (3) an analysis of the process by which benthic invertebrates were enrolled in the French network of river management; and, (4) a few concluding remarks.

Access to rivers and actor-network theory

Scholars in science studies have described how water characterization can be enrolled in political constructions. Representing water as a single unit implies black-boxing not only water, but also how water is pumped, pressurized, treated, distributed, consumed, and evaporated. The empirical focus on hydraulic infrastructure has helped deconstruct water availability as a given, revealing the significance of water technologies and governance in defining where, when, how and by whom water can be used (Trottier 2008; Budds 2009). Alatout showed that discourses of scarcity (2008) (2008) or abundance (2009) (2009) encapsulate not only water levels in rivers and aquifers but also considerations about what the demography should be with regard to water availability. Translating water into a basic human need has political implications. It ignores water rights; it makes water networks essential; it changes social and political issues into technical matters; and it establishes relations of power and territorial claims (Ekers and Loftus 2008; Alatout 2009). To a lesser extent, qualifying a creek may also contribute to perform spaces and communities (Lee and Roth 2001). These papers show that the commensuration (Espeland 1998; Espeland and Stevens 1998) of water into one variable, notably flow, is instrumental in (1) making a network of water in which all humans are equivalent, (2) ignoring the political debate concerning the territorial inscription of this network, (3) offering techniques of control over water and humans governed from a distance. In these accounts, water is enrolled to bring things and people together.

I am interested in the way water can also be used for differentiation. The diversity of water bodies distinguishes actors who use different types of water in different places. Water, as a non-human force, acts on the space and makes a difference. The interactions between flow and geology result in different slopes and meanders, different sediment loads, different riparian forests. Some streams are therefore more suitable for navigation than others. Some offer trout habitats whereas in others, trout cannot survive. Anglers would rather fish in the former and let the latter be used for sewage purposes. Different forms of water located in different places support different water users. This is not to say that water ecology is a given, rather it results from co-evolution. Humans act on the space too and can change the qualitative characteristics of water. But to do so, they need resources, including financial, material, and possibly discursive means to change the law. At any given time, the possible uses of a river by humans and non humans are limited. For instance, in France in the 1960s, all fishermen could fish in large downstream rivers because these rivers were part of the public domain, but they were also the most polluted. Large rivers in plains had become public for navigation purposes 2 , which required high flow rates and a gentle slope. Close to harbors and large cities, they became useful to evacuate sewage before the development of sewage treatment facilities. On the banks of such rivers, fishermen caught fish that were resistant to pollution. Pollution-sensitive insects, like for instance Plecoptera, whose larvae lived on riverbed gravels, could not thrive there because of pollution.

To account for these differentiations inherited from the past and maintained by limits on resources, I borrow the concept of access from political ecology. Ribot and Peluso (2003) (2003) theorized access as the ability to benefit from something 3 . They argue that this ability is maintained or limited by a -bundle of powers" (Ribot and Peluso 2003). Hence, anglers' access to a river refers to their ability to fish in this river. It requires several conditions: a means of transport from their home to the river, the presence of fish in the river, fishing equipment, and the payment of a tax through the purchase of a license. In the context of scientific environmental investigations, access to research sites implies the ability to perform the outdoor scientific activities required for the investigation. It includes a way to get to the site (a vehicle to transport measuring equipment, and the existence of roads or bridges), the legal authorization to enter the site, the financial resources to hire a workforce on the site and later to compute and analyze the data. For anglers and scientists, access is not only a question of human power. Water also plays a role. To go into shallow rivers a pair of boots is sufficient, whereas in deep rivers a boat is required. The depth of the river makes a difference in access. It results from rainfall patterns, geological features, dredging activities, construction of sluices, etc. In this case, access is more akin to a -bundle of forces", both human and non-human. None of them are purely natural or purely social but rather the result of human practices in relation to an evolving landscape 4 . Articulating this notion of access to science studies allows me to conceptualize water as an actor that configures access to research sites and to funding. The force of gravity acted on water throughout the landscape which created different niches for both humans and non humans. The flow allowed some elements to accumulate, whereas others drifted away. Water in turn influenced access through the slope of the rivers, which constrained human development and appropriation, or through the diffusion of pollution, which differentiated living species downstream.

The notion of access can be articulated with actor network theory through the notion of obligatory passage points (Callon 1986; Latour 1987). This term was first used in sociology of translation (Callon 1986; Latour 1987) to account for scientists' strategy to position themselves as unavoidable for a large network of actors by translating others' interests into their own language, by enrolling allies for the purpose of their own inquiry, and discrediting interpretations of natural facts other than their own. However, as more recent research has shown, scientists only represent some passage points among others and are seldom obligatory (Fujimura 1987; Star and Griesemer 1989; Carlile 2004; Trompette and Vinck 2009). Rather the people who control access to research sites and funding can be considered as obligatory passage points for scientists. They may enjoy discretely setting conditions for the research.

As sport fishing developed in France in the late 1890s, fishermen's associations claimed exclusive fishing rights on public rivers provided that they controlled poaching and supported restocking 5 . Gathered in Departmental Fishing Federations (fédérations départementales de pêche) at local level and in a High Council on Fishing (Conseil Supérieur de la Pêche, CSP) at national level in 1941, they obtained (1) exclusive fishing rights on public rivers, (2) mandatory taxes from anyone fishing in any river 6 , and (3) police prerogatives to control fishermen. Since then, fishing guards (gardes-pêche) hired by the Federations have had access to all rivers, private and public. To be able to take samples in private rivers, freshwater scientists were able to avoid negotiating access with each private landowner by convincing fishing guards to join in the investigation. In this sense, fishing guards controlled access to research sites and became obligatory passage points for the researchers working on the biotic index. Fishing guards took part in the scientific investigations. They enrolled scientists as much as scientists enrolled them and the biotic index resulted from the co-production and hybridization of both forms of knowledge [START_REF] Star | argued that coherence in science does not necessarily imply the convergence of interests but can be achieved through boundary objects -which are both plastic enough to adapt to local needs and the constraints of the several parties employing them[END_REF] .

The case of the French biotic index is similar to the situations described by Callon and Law (1982) and Epstein (1995) in which scientists cannot ignore the meaning others attribute to their objects, methods and findings, notably people who control access to research sites. Environmental research, like medicine, is permeable to outside influences and prone to publicity, which entails confrontation with a plurality of values 8 . Forsyth (2003) argued that the selection of credible methods and relevant disciplines in environmental science was largely determined by social coalitions imposing the way problems are set. While this might be true in many cases, this approach sidelines two of the elements that make such coalitions possible: access to research sites and to funding. The question of politics arises when access to nature (or patients) and to funding can be denied to investigators because of their beliefs.

The notion of translation enables the articulation of conditions of access with the social construction of facts (Latour 1987, 1993) and the co-production of science and political order (Jasanoff 1990; Jasanoff 2004). The researchers who designed the biotic index had the feeling that chemical analyses were not sufficient to account for all sources of pollution and degradation of rivers. They believed that biology would provide more extensive information but they did not know exactly which biological information would prove to be relevant. They tested different options such as considering different taxonomic elements, ordering elements in different ways, and sampling different types of flow. Because of the specific conditions of access, they had to include the fishing guards in this process of selecting and classifying natural elements, tacking back-and-forth between relevant and irrelevant translations of nature (Callon 1986). Alatout (2009) proposed to use the term articulation instead of translation when the enrollment of certain elements could reshape a network and change the political order in dynamic configurations that are never fixed. In the case concerned here, access conditions acted as an extra constraint on the articulations and forced the fishing guards to be part of the network. Eventually scientists and fishing guards jointly produced variables, that is to say standardized assemblages of natural elements that varied according to the type of pollution. More precisely, they jointly selected variables whose variations coincided with what the fishing guards wanted to voice, both ecologically and politically. As they stabilized, these variables served as a common language and a common identity for the previously illstructured corporation of fishing guards and other corporations, who subsequently used the index.

So, this paper follows the path opened by other research articulating political ecology and science and technology studies (STS) in order to describe how scientific knowledge in the making can resonate with emerging collective identities, reconfiguring coalitions while changing the way we understand, manage and co-produce nature 9 . The interest of the story of the biotic index is that it was initially conceived in opposition to government practices on rivers, which rendered fishing guards indispensable to secure access to research sites and to funding. However it eventually became institutionalized by state authorities when environmental claims grew, creating an opportunity for the fishing guards, who at the time, were struggling for national recognition.

The making of the river biotic index in France, 1964-1980.

The biotic index was developed within CERAFER [START_REF]Centre d'étude et de recherche sur l'aménagement foncier et les espaces ruraux) 11 I met with two of the three pioneers and read their published and unpublished research[END_REF] , a research and development center financed by the French Ministry of Agriculture and Fisheries which later became Cemagref, the present research institute for sustainable water and land management. Initially, this index was worked on by three scientists. Others joined later, once the method was stabilised 11 .

Chronic pollution of large downstream rivers was a well-known and consensual problem in the early 1960s in France. Such rivers had long been used to dump industrial and municipal waste with the authorization of the state [START_REF]Romain Garcier argues that they were intentionally sacrificed whereas other were preserved for water supply purposes Garcier R (2007) Rivers we can't bring ourselves to cleanhistorical insights into the pollution of the Moselle River (France), 1850-2000[END_REF] . As more water was needed for drinking purposes, the use of rivers as sewers was reviewed. In 1964, the legislator created water agencies, who received the mandate to clean previously sacrificed rivers, applying a polluter-pays-principle. Chemists and engineers found solutions to treat this ‗chronic' pollution. By contrast, the degradation of rivers that were not officially used as sewers was still a controversial issue. Although punishable, accidental pollution was rarely addressed [START_REF] Bouleau | La contribution des pêcheurs à la loi sur l'eau de 1964[END_REF] . No one was able to quantify it in France. Fish depletion in preserved rivers was controversial. Fishermen would claim that industrialization in general destroyed fish habitats. In response, industrial interests and authorities would accuse fishermen of poaching.

After 1941, fishing associations were grouped into Departmental Fishing Federations (fédérations départementales de pêche) at local level and in the High Council on Fishing (Conseil Supérieur de la Pêche, CSP) at national level obtained a ‗bundle of rights' on public and private rivers. Fishing guards hired by the Departmental Fishing Federations had access to all rivers to ensure payment of the fishing tax and to prevent poaching, and they also had the right to sue anyone responsible for pollution that affected fish resources. Whenever they suspected accidental pollution, fishing guards would go to the site with their -lab-vans‖: vehicles equipped with basic sampling equipment. They would sample the suspected water and send it to the central freshwater biology laboratory of the ministry of agriculture, in Saint-Mandé, near Paris. There, toxicity tests on fish would be performed and used as proof in the case of prosecution [START_REF] Bouleau | How Ecological Indicators Construction Reveals Social Changesthe Case of Lakes and Rivers in France[END_REF] . However, the action that caused the pollution had often stopped by the time the samples were taken and the court rejected most cases. This is not to say that fishermen did not receive financial compensation locally. Industrial corporations had to live in peace with their neighbors and workers [START_REF] Fressoz | Beck Back in the 19th Century: Towards a Genealogy of Risk Society[END_REF] . However such arrangements made sure that this remained a local issue.

At the same time, modernisation [START_REF] Muller | Le technocrate et le paysan, essai sur la politique française de modernisation de l'agriculture de 1945 à nos jours[END_REF] at a national level led to a dramatic change in agricultural policy 17 . In relation to rivers, large subsidies were given to farmers willing to invest in order to change meandering courses into straight stretches, get rid of riparian forests, drain wetlands, and raise dikes. Before 1976, developers could implement such projects without assessing possible environmental impacts. The combination of accidental pollution and river developments had ecological impacts but no one could say the degree to which this was a problem on a national scale. To do this, more research was required, but there were no agreements as to which scientific discipline was the most appropriate or who should or would be willing to pay to obtain more information.

Conflicts between developers and environmentalists arose within the Ministry of Agriculture itself. In 1962 and 1964, Minister Edgar Pisani reorganized the administration to implement laws for the modernization of agriculture. In 1964, he consolidated public agricultural research in one institute (INRA 18 ) including research on fisheries. In 1965, the century-old administration of water and forestry (Eaux et Forêts) was merged with the recently created corps of rural engineering (Génie rural) into the Directorate for Water Management and Hydraulic Research (DAE 19 ). Within the administration of agriculture, the few remaining research laboratories outside INRA were jointly managed by the Center for forestry and rural areas (CERAFER 20 ) under the control of the DAE. Rural engineers and foresters who were gathered together in the DAE had very different views on the environment. The prestige of the new -rural engineers‖ conflicted with the long tradition of nature conservation that foresters had inherited. Foresters were very critical of the environmental effects of the projects rural engineers were implementing.

The historical context in which the biotic index was developed can be summarised as follows: In the early 1960s, Germain Leynaud, a specialist from the French water and forestries commission, became the first director of a small division in charge of water quality in CERAFER 21 . He was responsible for setting standards for devices used to measure or treat pollution. He ran a chemistry lab and two experimental fish biology sites. From Paris, he coordinated the work of SRAE 22 , the hydrological services that were set up in each French Region in 1965 to assess the quality and quantity of water resources. At the Regional level, the SRAEs were asked to carry out a national inventory of pollution, as stipulated in the 1964 water law. They intended to do this using chemical analyses. Leynaud believed that chemical analyses would not be able to account for all types of degradation affecting rivers. His experience in Morocco led him to consider that phenomena such as erosion and land-use changes affect rivers without necessarily affecting their chemistry. In 1964, the only biological assessment of freshwater quality in France was the saprobic index, which was an indicator of chronic pollution. Leynaud hired Guy Tufféry and Jean Verneaux to create a new biological indicator. In 1967, they published a new method for assessing the biological quality of rivers which later became the biotic index (BI) 23 . In 1969, the state issued a directive making the use of the biotic index mandatory for all SRAEs. In 1971, the first national pollution inventory was published using chemical parameters and the biotic index. Verneaux perfected the method and introduced it in the curriculum of freshwater biologists trained at the University of Besançon. By the 1980s, a more complex index was standardized (IBGN 24 ) which became the reference method for assessing environmental impacts in rivers. When the Ministry of the Environment was created in 1981, SRAE were integrated in the state environmental services in the Regions (Direction Régionale de l'Environnement, DIREN) and since then, they have used the IBGN to monitor the biological quality of rivers on a regular basis. The story is therefore one of success. However, at the beginning, this was not a given.

Germain Leynaud was originally trained as a forestry engineer. He had previously worked on soil conservation in Morocco and southern France. He was predominantly interested in water issues in sensitive areas. The mainstream focus on chemistry did not completely satisfy him. He was concerned by erosion and loss of ecological habitats. He criticised the extensive development of drainage and river embankments that he referred to as -anti-tank ditches‖, because dikes and artificial rectangular sections of rivers hampered any crossing 25 . Leynaud, a qualified environmental engineer who had also studied economics, came to the post in 1964. The skills gained from his economic studies gave him additional credibility in administrative circles.

He considered the degradation of nature to be an economic loss that people ignored because it was not measured.

In 1964, Leynaud had no staff to conduct research on this issue, and practically no way to raise funds. The Ministry of the Environment did not yet exist. The Ministry of Research did not provide wages to members of units that depended on the Ministry of Agriculture. Research that criticized modernisation was not welcome in state agricultural departments. In 1964, rural modernization was the new -buzz word‖ in French politics. The Ministry of Agriculture assessed the progress of modernisation by the rate of investment in dam building, levee raising, stream channelisation, irrigation, and drainage operations. Since many farmers were averse to modernisation [START_REF] Muller | Le technocrate et le paysan, essai sur la politique française de modernisation de l'agriculture de 1945 à nos jours[END_REF] , funding research assessing its impacts would have been a strategic miscalculation for the Ministry. Moreover, no research beyond calibration of waste water treatments was supposed to be done outside INRA. The problem was also not a priority for water agencies., who already had their hands full with chronic downstream pollution. Leynaud did not try to raise money through nonpublic means. As a civil servant and a forester, he probably considered it a state duty to preserve the environment. He also knew the public sector better than the private sector. Had he been able to find a wealthy patron willing to have aquatic life on his property sampled, state authorities would probably have not considered the findings to be applicable nationwide without further investigation. As he was a member of the inter-ministry committee in charge of drafting the state directive on regulatory monitoring of rivers, Leynaud saw a narrow window of opportunity for institutionalising a new index.

"Chemists in the committee told us biology was not enforceable, that we had to find something else… Discussions focused on dissolved oxygen parameters… I was faced with having to find something just at the time when all research activities were being transferred to INRA…" [START_REF] Leynaud | [END_REF] Since he required rivers not already affected by chronic pollution for his research, Leynaud did not have many to choose from. While there were very few restrictions on public access, most rivers affording such access in the 1960s had an extremely low level of biodiversity.

These accessible river areas were mainly public waterways. River plains had the largest cities and factories, and treatment facilities were rare. However, the total length of publicly-accessible rivers (17,000 km) was small compared to that of rivers where access was restricted (260,000 km). Some -private‖ stretches of river offered good opportunities for sampling flora or fauna in the absence of chronic pollution, mostly in their upstream sections. Access to such rivers was limited to riparian owners, fishing guards, and fishermen's associations who had agreements with landowners. The factory operators who ‗accidentally' discharged waste water into rivers most often owned the riparian land on which their factories were located and were not willing to allow scientists to come and take measurements. Local fishermen, who enjoyed access and compensation payments, were not certain they would have anything to gain through better environmental knowledge.

Leynaud worked with fishing guards and with the High Council on Fishing. Although the High Council had no direct authority over the fishing guards, who were hired by the Departmental Federations, they were both part of the same network of expertise called upon to provide evidence in the case of a prosecution. . The High Council provided the -lab-vans‖ for gathering evidential samples. As the director of the central laboratory, Leynaud supervised the examination of the samples they collected. His office in Saint-Mandé was in the same building as the High Council, a financially independent body interested in pollution research. With the financial support of the High Council, Leynaud hired two freshwater biologists, Tuffery and Verneaux. The latter was asked to continue the research he conducted at the University of Besançon, with the aim of establishing links between the central station and the University laboratory where he had graduated.

Tufféry discovered the idea of an index based on Benthic Macro-Invertebrates in a paper published by the Trent River Authority (TRA) [START_REF] Woodiwiss | The Biological System of Stream Classification Used by the Trent River Board[END_REF] , a British organisation responsible for controlling pollution and issuing angling permits, much the same as the High Council. Leynaud was short of staff and needed access to -private‖ rivers. Fishing guards could solve both problems. Through Leynaud, the guards would also strengthen their network of expertise at national level, and distance themselves slightly from their employers, the Departmental Federations 29 . Leynaud taught the fishing guards the method before it was perfected to obtain data for calibration.

The TRA biotic index was a double entry table with the taxonomic ranks in columns and abundance in lines. By chance, as abundance decreases upstream, taxons become more sensitive to pollution. The English team weighted both variables and made an index. We examined it in depth; we modified the table entries because we soon noticed that diversity in rapid flows was very different from that in still waters. We sampled both types of water and calculated the mean. It worked pretty well. We came up with a table with a ranking from 1 to 10. We immediately taught the method to the fishing guards, who acted as our "field agents". [START_REF] Leynaud | [END_REF] . used to measure the biotic index according to the biodiversity of invertebrates found at a specific location in a river bed. To use the table, first look at row A. If none of the sampled invertebrates falls into this group, move to row B. If the same applies to row B, move on to Row C, and so on. When you find a category containing animals, count the corresponding number of families or genera. You can then refer to the appropriate column. Grey cells represent polluted water, and light blue cells represent unpolluted water. Dark blue cells show intermediate results (adapted from Verneaux and Tuffery, 1967).

Leynaud improved the chemical and biological equipment in the High

Council's -lab-vans‖ so that the fishing guards could perform the necessary analyses themselves. The method was first calibrated on the Doubs basin and then extended to the whole French territory . In the 1980s, the biotic index was changed into the standardized global biological index (IBGN) to better reflect the biogenic capacity of water courses rather than their response to pollution. It has since been used on a regular basis by French state services to monitor river quality.

Selecting ecological variables that match social claims

Fishing guards were obligatory passage points but they had little knowledge in biology. Nevertheless, they were consulted on the selection of sites, sampling, and coding information from samples. While freshwater biologists were better trained in taxonomy, they had no overview of which taxonomic ranks were most sensitive to river degradation. Neither the scientists nor the fishing guards knew what natural elements would best represent their interests when the investigation started. Interests and interpretations emerged as they explored different options. Scientists sought credibility through statistics. They translated natural elements into variables, by sorting things into statistically significant categories and ranking the categories according to their variability. The fishing guards -and later users of the biotic indexfocused on the social and political relevance of the method by considering the social network created by these variables. What is interesting in this process is that the fishing guards and the High Council influenced the biological signification of the biotic index by imposing practical and geographical constraints on sampling, while CERAFER's scientists participated in social and political changes by imposing biological considerations. In the following section, I draw attention to the production of facts as a cumulative process of producing data and making sense of them in both scientific and political arenas. I identify three criteria that made a biological variable appropriate for political claims: (1) the geography of the social network communicating with the variable; (2) the normative content of the variable; and (3) the articulation of the variable with legal and governmental systems of compensation.

Geographical considerations on a new language

As scientists, Leynaud and his team had links with an international network of biologists and with a French river management network. Why did they choose not to study birds, plants, or algae? Benthic macro-invertebrates made sense to them because they had been used by the Trent River Authority, an organization that resembled the High Council, and the method had been published in international journals [START_REF] Woodiwiss | s Species richness in aquatic life is higher in southern than in northern Europe. Biologists put this difference down to[END_REF] . It made sense to anglers' organizations (like the French High Council and the Trent River Authority) because such invertebrates were also found where trout abounded. They were well suited for upstream rivers where the fishing guards performed most of their policing activities. Downstream, chronic pollution masked more catastrophic episodes. The method developed on the Trent River classified invertebrates by species. As Verneaux was trying to adapt it, first to the Doubs basin and later to the whole French territory, he was confronted with the lack of taxonomic knowledge. Many benthic invertebrate species were inadequately described and could not be distinguished from other species 32 .

Most determination of European species described in the present study were based on Kimmins's (1942-1954), Grandi's (1960), Macan's (1970), and Bogoescu's (1958) faunas. (…) While comparing my material with existing faunas, and these faunas with each other, and trying to identify specimens of imagoes or larvae, I was constantly confronted with the lack of satisfactory systematic knowledge on European Ephemeroptera in comparison to the knowledge available in North America. [START_REF] Verneaux | Cours d'eau de Franche-Comté (Massif du Jura). Essai de biotypologie[END_REF] Some species, including certain Ephemeroptera, could not be unambiguously determined and the detailed taxonomic ranking system was consequently not suitable for credible communication among scientists. Moreover, fishing guards had received little biological training and might have missed subtle differences between species of the same genus. Distinguishing between genera was easier. A classification based on the genera of benthic macro-invertebrates was chosen because it described genera that abounded in upstream rivers, it represented taxonomic competences the fishing guards could easily acquire, and it could recycle the existing knowledge. It was a common language that scientists had, fishing guards could rapidly acquire, and the two could then share.

The interest of the method was that it was easy for technicians to use. [START_REF] Tufféry | Incidences écologiques de la pollution des eaux courantes. Révélateurs biologiques de la pollution[END_REF] While fishing guards influenced how fine-grained the taxonomic classification would be, the High Council saw to it that the method was used throughout France. CERAFER researchers' access to freshwater was mediated by the High Council in different ways: the salary of one researcher was paid by the High Council; and the High Council gave Leynaud's team their first lab-vans to enable them to sample different sites. This implied territory-wide application. If a method was to be created, it would have to be applied throughout the territory for which the High Council was responsible, i.e. the whole French territory. CERAFER scientists did not perceive this as a limitation because it overlapped with their field of competence. But this was not the case for the fishing guards who depended on the Departmental Federations. They were not supposed to work beyond the limits of the French Department to which they belonged. However, they were interested in obtaining access to the national network of the High Council, as it would enable them to distance themselves a little from their Federation and to claim national recognition for their corporation. The language of invertebrates developed by Leynaud's team fostered communication among fishing guards who previously had little in common. Beyond their initial training and their relations with the chemical laboratory in Paris, they had limited opportunities to meet. Their situation was similar to that of forest rangers when they are on duty (Kaufman 1967). Through the scientific representation of rivers and the social network it required, fishing guards had the opportunity to meet, exchange experiences, and to be represented as a corporation.

The application of the biotic index to French national territory stopped investigations from going beyond the French borders and imposed a unique language, from the Doubs basin, where Verneaux performed his first experiments, to the most remote places where the biodiversity was extremely different. As at that time, calculation capacities were limited, correlations were established by hand in the Doubs Basin near Besançon where the biological laboratory was located. Then the method was extended to the rest of the French rivers, by checking that, with minor modifications, it still worked elsewhere. In peripheral areas such as the Mediterranean coast, correlations were weaker and the biotic index was less credible. The CERAFER-High Council-fishing guard coalition could not find any political allies to defend another territory than France within its national borders or beyond departmental level. The biotic index and later the IBGN were consequently developed as all-French indicators, which today is ironically at odds with the requirements of the European Water Framework Directive 35 . In turn, the biological vocabulary became the common language used by the fishing guards.

We became responsible for a large part of the training curriculum of the fishing guards (…) They appreciated us, we had a good contact with most of them and they were always willing to lend a hand in their area of competence when we happened to go into the field. (…) Each time we planned to go, we let them know and immediately we had three or four volunteers. They had cars. They were always ready to do things like starting at 5 a.m., standing guard all night. I do not know whether we would get them today. I did not check the time they spent on this. If there had been two to complain, everything could have failed. If they had felt they were in competition or if they had been difficult about their schedule… [START_REF] Leynaud | [END_REF] The creation of the biological language coincided in time and space with the emerging social identity of the fishing guards who were mastering the method. New curriculae, new careers, new professional practices and networks developed along with the method. Sorting Benthic Macro-Invertebrates out (Bowker and Star 1999) nation-wide using a language fishing guards could master created a new network for them.

Normative aspects of the biological variables

Before the advent of the biotic index, water experts had two methods to control pollution. A chemical one that relied on water samples and could not track flushed pollution. Once pollution had ceased, it was difficult to prove where it had come from. The other method monitored the biological effect of decayed matter according to the saprobic index (SI). This index was based on samples of flora and fauna collected in all rivers, downstream and upstream. It ranked the findings according to their affinity for decayed matter, from the most species (which ‗appreciated' decayed matter) to the least saprobic ones 37 . As pathogens thrive on decayedmatter, the saprobic index was used by doctors as a proxy for water-borne risk of diseases. The normative content of the saprobic index was that decayed matter was bad for public health. It defined pollution in relation to pathogens.

The biotic index, on the other hand, did not measure genera of benthic invertebrates that appeared with the decaying matter (which is a long process), but invertebrates whose bodies would drift away with the flow when decayed matter or other toxins were suddenly discharged. The biotic index was an ecological variable, i.e. an assemblage of measurements whose value varied according to the ecology, based on the weighted presence and abundance of specific taxa (see Figure 1). By increasing their weighting, it held the normative statement that sensitive benthic macro-invertebrates were more important for the ecological functioning of rivers than less sensitive ones. Leynaud further considered that this ecological functioning supported economic and social benefits. He considered the degradation of nature to be an economic loss that people ignored because it was not measured. He framed the problem in broad terms:

Environmental impact assessments merely addressed environment and ecology. I said it was stupid to limit them this way. We should perform global impact assessments with economics, sociology, impacts on employment. Yet I know that, on this issue, environmental activists would disagree 38 .

Environmental sociologists (Douglas and Wildavsky 1982; Mendras 1994; Espeland 1998) generally considered that the notion of impact gained momentum in the 1960s notably due to the development of jobs outside industry. Intellectual middle class baby boomers were in a better position to criticize the effect of urbanization and industry on the environment than were industrial workers. This explanation fits the French situation. Before the 1960s, cases of pollution were mainly signaled by fishermen who were mostly industrial workers and they preferred local compensation to taking the issue to a higher level. The notion of impact emerged with the normative consideration that the ‗natural' functioning of ecosystems should be preserved because it sustained life on earth, and humans should prevent their activities from modifying this status. The biotic index was developed with similar considerations attributing intrinsic value to toxin-sensitive benthic invertebrates and redefining pollution accordingly. It made sense for middle class intellectuals who were convinced that industrialization was not just a story of progress nor a necessary evil, but also a story of environmental losses. The biotic index provided a statistical basis for their claim. The absence of sensitive genera in rivers provided evidence for the degradation, which could be localized and measured. The original biotic index, and the later standardized IBGN, embodied the notion of environmental impact in rivers. In 1976, France adopted a new law on nature protection requiring environmental impact assessments prior to any significant development, and the assessment had to be paid for by the developers. This provided the impetus for the development of a professional niche for biologists. The biotic index and later IBGN became the most widely-used method to assess environmental impacts in rivers.

A method that assesses the ecological quality of freshwaters generates a value-laden hierarchy in the perception of nature by experts who use it. As the BI and IBGN were based on upstream references, upstream rivers were ranked more frequently than downstream rivers, irrespective of the quality of the water downstream. Hence these indicators helped reinforce the prejudice of pollution in downstream rivers which corresponded to the world view of middle class urban environmentalists idealizing the countryside.

Articulation with governmental practices of compensation

Not surprisingly, industrialists and developers were not in favor of any method that assessed their impacts on the environment. The BI and IBGN disclosed information about waste water discharges about which they had previously exercised discretion. Moreover under the 1976 law on nature protection, developers were asked to pay for the measurements required to evaluate environmental impacts. As one freshwater biologist told me in an interview, they often tended to minimize such impacts:

Twenty years ago, when we were doing impact assessment for the development of a new highway, if we wrote that it would significantly modify discharges, managers would frown at us to intimidate us. Our report called the project into question whereas it was supposed to provide them with an alibi. We were not even supposed to design compensation measures. Today when we receive projects for assessing impacts, the requirements of the regulation are already taken into account. It's a huge change. [START_REF]A consultant in impact assessment[END_REF] It took time for the regulation to be enforced and toxic discharge to decrease. Pollution was never prohibited; instead it was managed through zoning and compensation. Since 1941, French authorities have encouraged fish restocking by the Departmental Federations rather than prohibiting the causes of fish depletion. Before 1964, planners would sacrifice downstream rivers rather than forbid discharge of waste water. The reduction of toxic discharge after 1964 40 was supported by water agencies that collected levees on polluters and delivered grants to projects to reduce pollution. Unlike fishermen and environmentalists, planners working in water agencies -and water users who chaired the basin committees-did not attribute moral considerations to pollution. They saw it as a public issue to be solved collectively at the river basin scale. Pollution was a problem when it exceeded the natural capacity of the river to purify itself, a process that consumed dissolved oxygen. Water agencies were responsible for managing the scarce resource of dissolved oxygen, by raising tax on polluters and delivering grants to developers of treatment plants. This policy was grounded in the economic theory of environmental regulation 41 and in the belief that pollution was a reversible process, an impact that could be compensated, not an irretrievable loss.

Some rivers with a former history of pollution began to recover a concentration of dissolved oxygen that was compatible with fish life and sensitive benthic invertebrates recolonized upstream reaches. Remaining pollution attracted more attention. The difference between chronic, intermittent, and accidental pollution faded. Industrial actors who had paid their share for a sewage treatment plant wanted water quality to be fairly controlled. They could not accept that others could underestimate their waste treatment facilities and discharge their excess waste -by accident‖. Whereas to begin with water agencies were not interested in accidental pollution, they were now asked to deal with it in order to make the system equitable. If the demand for dissolved oxygen was to be the basis for the calculation of the levee, then it should be a fair measurement and should include intermittent pollution. It made sense for potential polluters to measure and limit their own environmental impacts on rivers, provided all potential polluters did so, solutions existed, and they could benefit from grants. IBGN became embedded in a compensation system which reinforced the legitimacy of water agencies to deal with pollution. Water agencies adopted IBGN in their monitoring scheme to be used as a reference in inquiries when accidental pollution was suspected.

This too had a cost. Although scientists in the water quality service were initially willing to address morphological changes too, this claim was ignored in the actual process. Thanks to public subsidies for land reclamation, many rivers were channelized and dikes were built. Fish habitats were destroyed. I read interviews with fishermen who said they had found hundreds of desperate crawfish gathered in the bucket of an excavator during works on tributaries of the Doubs River. This basin underwent huge modifications of small water courses while Verneaux was completing his PhD dissertation. In the introduction, he wrote:

Actually, this is a long story which started with my father some twenty years ago on the banks of the Doubs River, and which will probably end in a few years with the death of the river. [START_REF] Verneaux | Cours d'eau de Franche-Comté (Massif du Jura)[END_REF] When river degradation was due to morphological changes (for example, channelization, raising dikes, and digging ditches, etc) IBGN often did not respond to it. This is why Verneaux was looking for a more general approach to link biodiversity to river slope, temperature, altitude, etc. However, his research did not make sense to water agencies. Their main focus was pollution. At that time, no system of compensation existed for morphological changes. Only 40 years later, under the pressure of the European Water Framework Directive, were the competences of French water agencies expanded to fund morphological restoration. Interestingly, this on-going process currently involves the recomputation of the IBGN to account for elements of samples that were not initially considered [START_REF] Erba | The validation of common European class boundaries for river benthic macroinvertebrates to facilitate the intercalibration process of the Water Framework Directive[END_REF] .

The French water agencies were set up to implement a polluter pay principle which included industrial and domestic water users and, to a lesser extent, farmers. Without challenging the constitutional elements of the system, i.e. the principle of justice and participants, the IBGN was able to expand the scope of the water agencies' interventions and to improve the fairness of the system. It reinforced the legitimacy of the economic equivalence between pollution and fees and subsidies and treatment capacity. It promoted the compensation system already in place. Had it reported cases of degradation water agencies had not managed, it would have lost its meaning for supporters of this institution. Instead, as it became involved in their monitoring system, the IBGN helped reinforce the focus on chemical pollution of water agencies despite Verneaux's original intentions.

The question of access to sites is not only an issue for the development of a scientific method; it continues to be an issue when the method is used on a regular basis to produce public data for further investigations. Public data is not a given, one agency or another has to pay for it and this too shapes it. The development and institutionalization of the IBGN was shaped by the window of opportunity Leynaud enjoyed while an inter-ministry committee was drafting a state directive on regulatory monitoring of rivers. The opportunity was bound to a specific constraint: the index should not measure a desperate cause. Public funding for ecological indicator should measure both failures and progress. It should positively respond to actions supported by the water agencies. Water agencies and State environmental services in the Regions (Direction Régionale de l'Environnement, DIREN) were ready to pay for monitoring IBGN on a regular basis because it served as an evaluation of their (good) work.

Conclusion

The IBGN has been measured on a regular basis since 1971, generating a database that proved useful when the European Union issued a directive 44 requiring that Member States set and achieve targets for river restoration. Even though the IBGN was considered incompatible with the directive since it only considered one reference in one nation (instead of multiple ecological types throughout Europe) the directive retained the theoretical basis of the IBGN that relied on a fixed reference based on undisturbed nature. State environmental services and water agencies were able to recycle IBGN data. To determine whether the directive reshaped the French network of pollution management or whether this network was influential in the writing and adoption of the directive is another story that would require a specific research at European level. But the present story already allows conclusions to be drawn about the role of access in the construction of the biotic index and its network.

At the empirical level, this paper helps specify how water makes a difference. Water has long been understood as a means to create a network, through rivers, pipes or aquifers, supplying people with the same basic good. This article provides a different picture of water, a picture that differentiates upstream and downstream parts of rivers and all along the slope. It shows that the force of gravity acting on water throughout the landscape creates different niches for both humans and non humans where some elements accumulate and others drift away. From this perspective, water becomes a discursive resource to naturalize differences between the city and the country, well-developed and undeveloped areas, disturbed and undisturbed habitats.

At the theoretical level, this story accounts for a situation in which space matters in the construction of science. While STS scholars generally acknowledge the geography of existing technopolitical networks, they often underestimate the constraints and opportunities space represents in the construction of science. Because in environmental science, the ability to generalize findings depends on the distribution of observations and samples, research sites cannot be randomly chosen. Some places are more significant for the credibility of science than others. To account for the constraint that space represents in environmental science, I make a contribution to the actor-network theory with the notion of access, borrowed from political ecology.

Introducing political ecology enables us to understand the environment in general and French rivers in particular as socio-natures. Rivers result from natural forces -such as gravity causing flow and pollution to move downstream-and social forces such as fishermen restocking trout upstream and kings claiming sovereignty over navigation ways downstream. These ‗bundles of forces' create different conditions of access for species, water users, and importantly, for researchers. Social and natural forces shaping rivers perform as if they created a filter between researchers and research sites imposing some actors as obligatory passage points and discarding some options.

By focusing on the construction of new scientific variables, measuring the unmeasured, I am able to show the mutual shaping of this new way of communicating and the community it forms. In the case of the biotic index, conditions of access have intimately linked the fate of this new variable with the geography, the competences, the claims, and the values of the actors who control access to research sites and funding. At the same time, however, the network of these actors is being reworked by the new variable and its circulation.

Figure 1 :

 1 Figure 1: Tableusedto measure the biotic index according to the biodiversity of invertebrates found at a specific location in a river bed. To use the table, first look at row A. If none of the sampled invertebrates falls into this group, move to row B. If the same applies to row B, move on to Row C, and so on. When you find a category containing animals, count the corresponding number of families or genera. You can then refer to the appropriate column. Grey cells represent polluted water, and light blue cells represent unpolluted water. Dark blue cells show intermediate results (adapted fromVerneaux and Tuffery, 1967).

In France, sovereignty over rivers was historically claimed by kings for the purpose of navigation and transporting logs. Most upstream rivers were too steep for either purpose and remained the property of local communities. During the French Revolution (1789) commons were privatized and royal properties became public domain. After 1941, fishing in public rivers was possible for anyone who paid taxes to the fédération départementale de la pêche and to the Conseil Supérieur de la Pêche, both public organizations of fishermen controlling fishing in rivers at local and national level.

The concept of access draws from the theory of common-pool resources of[START_REF] Ostrom | Governing the commons: the evolution of institutions for collective action[END_REF] Governing the commons: the evolution of institutions for collective action. Cambridge, UK, Cambridge University Press. and Henri Maine's notion of « bundles of rights[START_REF] Maine | Ancient Law[END_REF] Ancient Law. Dent, New York, Dutton. to address the ability or the limitation to benefit from a resource beyond formal and informal rights

This is what Swyngedouw referred to as ‗socionatures' in Swyngedouw E (2003) Modernity and the Production of the Spanish Waterscape, 1890-1930. Political Ecology. An Integrative Approach to Geography and Environment-Development Studies. KS Zimmerer and TJ Basset. New York, Guildford: 94-112.

Anonymous (1921) Encyclopédie du pêcheur, Larousse, Breton B (1993) La pêche en France. paris, Que Sais-Je, PUF.

Fishermen's associations argued that their restocking in public rivers contributed to sustain fish populations beyond these waters and therefore private riparian owners should not be allowed to fish without paying taxes and being subjected to control.