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Introduction

In the EU and Brazil, poultry production is a very industrialized economical sector. Each part of the production chain is identified and linked to the other sectors mostly through physical fluxes (birds, food, etc…). Therefore poultry production could be identified more as a modern supply chain than a traditional agricultural sector. In front of this system, animal production scientists were interested to deal with poultry production chain sustainability since obvious economical differences were stressed between producing countries, jeopardizing French and more broadly EU production. However as soon as the question of sustainability was written, several issues were raised: which dimensions should be studied to reach a complete approach of sustainability? Which disciplines should consequently be associated to gather and articulate the different required approaches? Of which "poultry production chain" are we talking about? And last but not least, the poultry production chain is initially represented "off land" and without governing or acting actors. Actors from a defined land have to be included together with a defined avian production system. Therefore a consortium including researchers from different disciplines was created driven by animal production scientists. For the economical aspects, researchers were involved: from the French poultry extension services and from a private consulting company in Brazil. Due to the isolation of the poultry sector in the French agricultural research system, it was not possible to find a state researcher on the poultry production chain economics. For the environmental issues, the choice was to include researchers on life cycle assessment in both countries. It was production chain orientated since the aim was to evaluate the environmental costs of poultry production chains in different areas, stressing the whole production impact (e.g.: CO 2 production) versus the localised impact (e.g.: water quality). This has affected the evaluation of the interaction between land and poultry production and has therefore interfered local interpretations of the environmental issues. For the social side, due to the existing networks or to the available contacts and certainly to the lack of knowledge of the consortium builder (However, we do not have any regret to have included our sociologist colleagues), several competences were recruited: public decision specialists, family farming experts, rural sociologists and geographers. The project leader discovered during the study that there could have more differences between two sociologists than between two animal production scientists. One of the aims of the project was to study the heath issues. Therefore many contacts were initiated on the French and Brazilian side and two French veterinary institutes joined the project. However it has never been possible to include Brazilian colleagues. The main reason, strongly under evaluated by the program leaders, was that sanitary aspects are deeply impacting poultry markets through non-trade barriers. Therefore this item was only treated partially in the program and on an unbalanced way since no work was performed in Brazil. It also impacted the overall relationships with the field actors who are very sensitive to any comment on health issues due to their economical impact. To stress this point, it has to be reminded that this research program was performed during the avian flu crisis. A question was asked to the research consortium at the beginning of the program: should we include private partners? As an example, there is only one industrial actor in the developing cluster of Rio Verde. Due to the high competitiveness in the avian sector, it was therefore decided to reject this option. Nevertheless, these actors play a key-role in the program as part in the local and distant governance of the poultry production chain within a given land. At the end of the day, the consortium included 12 partners coming from contrasted scientific background and culture. Moreover a majority has never worked within the poultry production system.

Consequently three theses are proposed in this study. Firstly, a common definition of the studied system (poultry production chain * county aggregate) has to be reached. Secondly, tools should be used to collect and share a common knowledge on the system to deal actually with the sustainability paradigm. Third, rules should be found so that each discipline should accept the approaches proposed by the other ones.

Common definition of the studied system

The poultry production chain is usually considered as a highly technically evolved animal production system. It is therefore organized as an industrial sector with different specialized tasks devoted to qualified workers (including the farmers as one actor). However this very technical standpoint should be strongly questioned as soon as the locations of these different steps are exposed. As an illustration, Figure 1 is a common representation of the poultry production chain by animal production experts: the overall figure is focused on the animal or food fluxes. This representation can be considered with a very high level of genericity since you can draw the same one in every country. It can be used to discuss technological issues by firm engineers dealing with industrial logistics or to analyze the critical points regarding the production chain organization. But it is of very little use dealing with avian production sustainability in a given county. Two main drawbacks can be stressed since the central question is to understand the process driving to a given dynamics of a poultry production system * county aggregate. The first one is the lack of explicit location of the production chain. Since we intend to evaluate the economical, sociological and environmental impact of the poultry chain on a given county, the locations have to be known. Moreover the border of the county has to be defined. The second one is the lack of the actors' representation. By actors, we consider both the governing and acting bodies of the poultry chain (in a broad sense) but also all the class of actors living within the county and interacting or being impacted by the poultry chain (e.g.: local institutions). A complex issue is that some actors can have large impacts on the system but are living away from the county (e.g.: international firms, consumers or citizens unions).

From this fuzzy representation, several "sub-systems" are defined according to the studied sustainability axes. For the economical one, up to now, the system is mainly focused on evaluating the poultry production costs (by kg of living bird or kg of carcass) for the different counties to compare the competitiveness on given markets. The spatial aspect is mostly taken through the distances needed to transport the vegetal feeds, to collect the birds and to sell the meat. This economical representation is consistent with the poultry world market: even though we deal with counties in France and Brazil, they are strictly competing on the same ground due to very low sea transport costs. However, discussions with other disciplines as geographers or rural sociologists push to evaluate the economical interactions between the considered county and the local poultry chain. Therefore, economical traits as the produced employment or the public support are included. The economical system could be represented as an industrial cluster with different dynamics (young, mature or decreasing) depending on the county.

For the environmental axes, large discussions between disciplines have been held. One question was easy to solve: what were the units of measurements for the life cycle assessment? Since the economical axis was expressed in kg of carcass, the same unit was chosen. A second question was and is still difficult to fix: which spatial bounds of the systems should be fixed? Whatever the considered poultry chain, soya bean from Brazil is used. The cropping region is very important due to the Amazonian deforestation. The bound is still in debate since including or not some Amazonian area inverts some results on Green Gas Effect, which is very sensitive on the sustainability standpoint. Another interest of transdisciplinarity is the supply of large sets of information from some of the involved disciplines to the environmentalists. The latter are developing and using a new methodology while the former (Poultry chain experts) are helping its parameterization and evaluation of the results. The poultry production life cycle assessment is more or less a global environmental impact. Consequently, animal production researchers, geographers and rural sociologists pinpointed the need to deal with the environmental local impact within each county. Therefore, depending on the level of available pieces of information, environmental indicators were proposed (e.g.: water quality). However the main difficulty remains: which proportion of the measured environmental impact can be considered as linked to the poultry production chain? Asking this question could lead to include the other animal productions in the system which is certainly not worth according to the focused target of the program. For the social side, the studied sub-systems are changing according to the focus of the question. According to the expertise and the standpoint of the researchers regarding the sociological issues, several questions were raised. The approaches could be classified at three levels. The first one is a combination of the farms and the very close community. The aim is to evaluate the dynamics of the farm renewal and the long term impact on the sustainability of the poultry chain in a given county.

The key-parts of this sub-system are the farmers and their families, who are a tiny part of the overall system. The second is the local interaction with the society through a close analysis of local events. The hypothesis is that a positive interaction could be measured through the common implication of the poultry chains' actors and of the citizens, which could strengthen the bond between the poultry chain and the land. The third approach is to analyze the links and the balanced influences of the governing bodies, both from the territories and from the poultry chains. In the three cases, the proposed systems are not connected to any physical fluxes even though the results could impact them. As an example, poultry shed developments and litter utilizations are directly connected to the social interactions. The proposed sub-systems are therefore mainly including links between classes of actors. Moreover the spatial dimension is not straightforwardly included in the model. One interesting part of the program was that the sociology scientists have to explain their hypothesis and the need to test them on the different scales. The animal production scientists were not familiar to these approaches combining actors influence on the whole system behaviour or at least, they did not know how to evaluate them, since the quantifications of the social impacts are quite difficult to evaluate.

To conclude on the system definition, transdisciplinarity was a way to question the approach of each discipline. A whole frame was proposed and accepted, each partner explaining his definition to the other colleagues. However the process of the system definition is a dynamic one and is continuously questioned. An evolution could be traced during the three years long program: the first system was only to draw the poultry chain on a given field while the last version could be considered as a set of interactions including actors from the land and the poultry chain, with a concern on the land use and if possible a time dimension. Obviously, Figure 1 was an initial representation and numerous other conceptual visions could be proposed depending at least partially on the transactions between disciplines.

Share of a common knowledge on the system

The main aim of the program was to deal with the "poultry chain * county" systems' sustainability. However; mixing disciplines made it difficult to reach and agree of a common knowledge of this system. A first step was proposed by several disciplines through existing examples: classical poultry production chain representation [START_REF] Magdelaine | Etat des lieux des filières avicoles en France et au Brésil : du passé au présent, description et compréhension de dynamiques instables : La situation des filières avicoles françaises in ANR-ADD AVITER (coordinators : P Lescoat[END_REF], life cycle assessment model [START_REF] Coutinho | Les filières avicoles au Brésil : comparaison de deux bassins de production[END_REF], local production system representation [START_REF] Mior | Agricultores familiares, agroindustrias et redes de desenvolvimento rural[END_REF]. However a common tool was required so that the partners could exchange on the main characteristics of the systems and on the methodology to rank them. A conceptual frame was proposed adapted from OECD approaches [START_REF] Bonaudo | How poultry chains and territories interact towards shared sustainability? Presentation to[END_REF], Figure 2).

The main idea was to consider the whole system through five sets of parameters. Firstly, driving forces were identified. Discussions were to determine if these drivers are in or out of the system bounds. This was a between discipline issue since these limits were varying depending on the involved axes. As an example, Figure 2 is illustrating for Bretagne this question: international market is out of the system while animal density is in. The second set of parameters is the pressures on the system. A difficult task was to include pressures representing the different parts of the system, i.e. both the production chain and the county. Economical competitiveness deals with the production chain of a given county while the regulations are for the different regions even though the same pressure could be a negative or a positive one depending on the territory. The most striking example is the welfare regulations applying a consistent stress on most EU poultry producers' sustainability while it is less effective in Brazil. A difficulty that was not observed in our program was the possibility from some experts to reject the interpretation of some parameters proposed by other disciplines. Discussions have prevented this situation even though external readings could lead to new interpretation.

The third set of characteristics is the state variables of the system: how to describe it today? The proposals are the results of the dynamics induced by the driving forces and the pressures. Since the studied system is very large, the characteristics proposed could be considered as "representative samples" of the bunch of possible parameters. For the state variables in Bretagne, most of them are presenting the poultry chain including human aspects but the territory is nearly ignored, the only one-way relation being the environmental impact. No proposal on the territory influence on the system is included. This result comes from a consensus between the researchers: to keep a readable representation of the system's characteristics, each set could not have more than five items. Therefore transactions were performed and Figure 2 is a cut version of the first ones. The two last sets of parameters are flooding from the three previous ones: the impacts and the responses. The danger of this approach is that depending on the leader or on the exchange during the building of these schemes, an unbalancing between the disciplines might be observed. Moreover summarizing could simplify too much the complexity of the "poultry chain * county" sustainability. Three topics could be underestimated through this representation: the spatial issue (How to integrate the double sided interaction between the land use, the population and the poultry chain?), the time scale (How to mix short term items (e.g. annual income) and long term ones (e.g. farmers' renewal)?) and the dynamics of the system. Figure 2 is illustrating the state of the art at a given time but the last arrow between responses and driving forces underlines that the processes are iterating.

Nevertheless the choice of a unique systemic tool has very interesting advantages. It pushes the different disciplines to straightforwardly exchange on the same frame. Negotiating the items and the way to measure them help to share knowledge between researchers. This approach could be compared with the "Problem based learning" used as a pedagogical tool to deal with complex questions. We find the same steps: problem description, system representation through a conceptual model, information gathering around this system, information articulation and proposal of "solutions". However as commonly observed in system analysis, iterations are needed and since this is a very time-consuming process, it is very hard to implement due to the workload of the different partners.

Acceptation of the approaches proposed by the other disciplines

Poultry chain and land utilization are nearly independent research areas to each other due to their own dynamics. Poultry research was mainly focused on the within poultry shed technical improvement and on the economical competitiveness while land utilization is dealing with a much larger scope but is ignoring poultry production. The other disciplines involved in the program were somewhere "in between". As examples, environmentalists are developing the life cycle assessment tool but they had no connection with poultry production before this program. Rural sociologists were studying family farming systems but avian production was one amongst a large number of their activities. Therefore lack of cross-knowledge from one discipline to another leads to a compulsory time of sharing definitions and methodologies.

A difficulty issued from these different scientific cultures is the ability to comprehend the concepts proposed by the other disciplines. This aspect was partially overcome by numerous crossed presentations during the program: rural sociologists showed their analysis of the farmer status, economists presented costs comparisons and environmentalists developed their methodology in front of the other scientists. However two aspects have to be validated. The first is to ensure that the different involved scientific teams reach a minimal common level of cross-knowledge to articulate the different approaches. The second is quite correlated to the first one: each proposal on the system analysis or definition submitted by one discipline should be at least partially "peer-checked" by the other disciplines. This could be illustrated on Figure 2: "Degraded image of the animal intensive production systems" was validated as a pressure. This item was the aggregation of several sub ideas: farmers or citizens rejection of the poultry production system and environmental negative impacts. This characteristic is therefore a multidimensional one and was validated through the standpoint of each discipline. This will be clearly seen when indicators to measure this item will be determined and will raise debate between disciplines. A second example on Figure 2 was in the state set: "Global questioning over the poultry production chain sustainability". This sentence obviously reached an easy agreement since all disciplines could contribute to its building. However problems could be encountered as soon as criteria will be proposed.

From the program experience, it could be said that methodology is required to build a real transdisciplinary consortium. If a "poultry chain * county" system is studied, it is performed by a system of connected disciplines including classes of scientists. The driving of the scientific teams should therefore be carefully performed, which was not fully the case in this program due to the lack of experience of the project leader (the first author of this paper). Moreover a consistent leading would have helped to articulate the issues presented by the different disciplines specifically through an analysis to check if the different dimensions were correctly represented. An emphasis should be put on the spatial dimensions since local and global poultry chains issues could be conflicting. It should also deal with the governing bodies of both the county and the poultry chains which are in contrasted dynamics depending on the treated subject: together when public bodies finance the plants, opposed when state of federal bodies impose additional regulations. And the final dimension is the historical one describing the "poultry chain * county" system as evolving system with an own life cycle. From this standpoint, it could be concluded that some gaps are not covered by the transdisciplinarity consortium, due to the complex concept of sustainability of dynamic systems. Nevertheless, a very fruitful output of the program could be a global representation and an inventory of the studied issues on one side and the untreated ones on the other side.

Another way of confronting the proposals of the different disciplines is to include systematically the actors from the "poultry chain * county" system in the loop of the sustainability studies. Scientists are supposed to be out of the system, even though this hypothesis could be rejected since several partners are deeply connected with the poultry chains sectors. Moreover the idea of neutral scientists should not be supported: the scientists are one class of actor of the model. Therefore involving strongly the field actors is a powerful method to challenge the hypothesis proposed by the scientists. All along the program, interviews were performed by each category of scientists with actors of the system. First of all, to understand the poultry chain governance, key-industrial actors were questioned. Due to the high competitiveness in the avian sector, it was difficult to get pieces of information that could be openly used. However these discussions help to build some of the items included in the conceptual representation. Secondly, farmers were interviewed as central actors in the system. They fed the hypothesis around the dynamics and renewal of the farming systems. Additionally local governing bodies (local politician or civil servants) were also involved as witnesses of the connections between the poultry chain and the county. This inclusion of field actors should be considered as compulsory as soon as iterative building of a model representing complex system, here the poultry chain, the county and the interactions between these two sub-systems.

Synthesis

The studied system is complex: a combination dynamically evolving with varying borders, outputs and inputs. Moreover the research consortium is a gathering of disciplines which were not used to exchange at least for some of them. Therefore, several conclusions could be raised to enhance the research on the sustainability of the "poultry chain * county" through a transdisciplinary approach. First of all, building a common and consistent representation is a very time consuming process. Researchers should be convinced to include their own expertises, they should therefore exchange on a long time frame. We are looking for methods of team management to shorten this step. The hazard of the exchanges is that the only reached step at the end of the program is the description one.

Secondly, some disciplines were not included in the consortium dynamics. Either their inclusion could jeopardize the exchanges with the field actors. This was the case of our colleagues from the veterinary state services: cooperation was impossible due to the high sensitivity of the health issues. The other missing disciplines were those that we did not identified. As an example, scientists on the contractual issues or on the local environmental impacts could have been a positive addition to the consortium. The question is how to open the network since these disciplines are needed to study the overall system sustainability?

Transdisciplinarity is mostly though through the scientific actors. However, stakeholders have a key role within the "poultry chain * county" system. Their standpoints within the different areas of the systems help to cross check the hypothesis proposed by the researcher and to impulse new questions. The stakeholders are required as actors in this system analysis approach. Nevertheless, in the poultry chain sector, two guidelines should be strictly followed. Firstly, we have to be careful of not "overgrazing" the stakeholders. They have heavy workload and they would not accept easily to be interviewed too many times for the same project. Secondly, we should never forget to send them a feedback. This will increase the strength and the sustainability of the overall research system.

The last issue is that the historical perspective should not be forgotten. In the treated system, this could help to understand the status of the "poultry chain * county" interactions at a given time and to make hypothesis on coming scenario. However, this historical dimension was not easily included in our program due to a focus on the present situation. To put all in a nutshell, this program gave birth to both a first conceptual model of the system "poultry chain * county" with the inclusion of the stakeholders and a scientific network to study sustainability issues.
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 1 Figure 1. System representation: which limits and which objects and actors to include?
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 2 Figure 2. Common representation: a share tool for a transaction on the system description and evaluation.
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