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Abstract
This Working paper present a role-playing game applied to the exploitation of the small pelagic fisheries
and the international market of fishmeal and fish oil (FMFO). In order to reveal the stakes in the
management of this system, we have previously built a bio economic model, coupled to the ecological
and the economic dynamics. The coupling is based on the computing of global equilibrium, on the
network which interconnects the marine production systems (ecosystems, fisheries, manufacturing) and
the fish product markets (FMFO) around the world.
The most important problem is then to coordinate all the actors in front of their needs and under the
constraints of the exploitation of a common-pool resource. The stake in the exploitation of small pelagic
species goes through the implementation of sustainable, collective practices of exploitation, which allow
satisfying all the needs of the various actors. Role-playing games can be used to facilitate negotiation or
as an experimental tool to investigate how people interact.
The role playing game suggests here that a decision taken by one of the economic agents can have
repercussions on the whole system of production, whether it is small pelagic species or offer in FMFO.
Roles playing games emphasize the possible convergences between economist and ecologist point of
views, or between individual decisions and collective discussions. The aim of this work is to reveal the
difficulties of coordinating the various communities bound up with the exploitation and the
implementation of common-pool resource management.

Keywords: Bio economic modeling, Ecosystem approach, Networks economics, Small pelagic fisheries,
Fishmeal & Fish oil, Role playing game.
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1. Introduction: Towards global resource management
1.1.

Society and resource management

It is now assumed that human activity endangers many natural resources (soils, water, most of
renewable resources). Since early 1990s, and particularly since the Conference of Rio in 1992 and the
Convention on Biological Diversity, there is a consensus to act in favor of a better resources use at a
global scale. (United Nations 1992). This is particularly crucial concerning the right of ocean uses (Christy
1975, United Nations 1983) and exploitation of marine renewable resources because the fact 75% of
stock are over or fully exploited (FAO 2010). A real awareness of a sustainable management of the
marine resources was the object of the Reykjavik conference in 2001 (FAO 2002) and of the subsequent
decision towards an Ecosystem Approach to Fisheries, and, more specifically the Ecosystems-based
fisheries management (EFBM) (Bianchi et Skjoldal 2009). This has been one of the objectives of the
Millennium assessment declaration Johannesburg (2002): to rehabilitate 24% of stocks before 2015
(United Nations 2002).
During the same period, society has experienced an important economic globalization trend,
characterized by the opening of borders and the development of economic exchanges. Confrontation
between economic stakes and environmental principles too led often the international authorities to set
up agreements of modus vivendi for the management of the natural resource. In particular, the marine
resources adapted particularly well to this globalization of markets (Delgado et al. 2003, Taylor et al.
2007). As an example the European Union mattered every year an average volumes amount of about 60
% of its consumption of fish during the last decade (Globefish, 2011).
Beyond principles of conservation or reconstruction of ecosystems, it is essential to consider the whole
economic, social and environmental context before setting up any political decision on ecosystem
management. So, the balance between fishing activities and the reproductive capacities of the marine
resources must be considered under an ecosystem analysis such as sustainable management.

1.2.

Global fisheries
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In 1950, the landing of fishing activities represented less than 20 million tons and now they represent
about 100 million tons. However, since the 1990s we can observe the stagnation of production: landings
are between 90 and 100 million tons and are no longer increasing. This stagnation of the productions
raises the issue of the sustainability of their exploitation. If this stagnation is due to the impoverishment
of the oceans the viability of the fishing activities is not guaranteed anymore for the next decades. This
eventuality must be taken into consideration: the number of over exploited stocks has considerably
increased during the last two decades (FAO 2010), and, several researches underline the possibility of
collapse of stocks in a near future (Mullon et al. 2005, Worm et al. 2006).
The fishing activities are thus at the intersection of two important issues: They participate to the world
food security of the planet under the constraint, on the on hand, to adapt to economic exploitation of
the marine resources in balance with the stock renewability on the other hand. Indeed, according to the
FAO, the level of supply of the world marine resources is past to 9 kg per capita per year in 1960 to 13,7
kg in 2009 (FAO 2010).

1.3.

Issues

According to the declaration of Johannesburg establishing the Ecosystem Approach on the Convention
on Biological Diversity, “The objectives of management of land, water and living resources are a matter
of societal choice” (Principe 1 (United Nations, 2002)). The sustainable management of the resources is
in the heart of the socioeconomic problems. Considering the relationship between the economic
development and the services returned by the ecosystems, “Conservation of ecosystem structure and
functioning, in order to maintain ecosystem services, should be a priority target of the ecosystem
approach” (Principe 5 (United Nations, 2002)).
Through these principles of reflection and driving, oceans take a considerable place in the human
activities dynamics. It is thus advisable to guarantee a viability of the industrial systems of exploitation
of the marine resources in balance with the levels of production of these ecosystems. The issue in a
relevant Marine Ecosystems-Based Management (EBM) and EFBM is above all to allow an improvement
of decision-making at the level of management systems.
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1.4.

Negotiating for a resource

If we consider the establishment of a new global way to manage a marine system, we must take
advantage of recent advances of the research on participatory management. Participation is nowadays
considered necessary for implementing sustainable development policies (Pretty 2003, 1995, Stringer et
al. 2006). In the adaptive management field, it is the pragmatic argument that is often emphasized.
Participation allows facilitating of appropriation, the sharing of information, the improvement of
relationships and, the launching of collective learning processes (Rouwette et al. 2002).
One key issue is the coordination of different communities of practices to build a community of interest
around the use of common pool resources and finally to improve collective management of it. Several
elements are of core importance for getting efficient participatory process: among others, are the role
of mediator for balancing power relationships (Levrel et bouamrane 2008), the support of specific multiscale institutions (Gunderson et al. 1995) and the use of boundary objects (Bowker et Star 2000).
Here we are interested in one specific boundary object, which is the role-playing game for helping in the
management of common natural resources (Barreteau et al. 2001). Role-playing games represent
efficient tools for improving discussion and negotiation due to their specific properties (Bousquet et al.
2002): they are interactive, user friendly and dynamic. With the role-playing game, "the simulation is
itself the result of choices made by the players during the game. […] Role-playing in fact makes it
possible to link ecological, social, and economic dynamics to individual decisions that have an impact on
parameters concerning various players, which sooner or later prompt the participants to begin collective
discussions with the goal of proposing and negotiating solutions to deal with these collective problems"
(Levrel et Bouamrane 2008).
Role-playing games can be used for facilitating negotiation or for experimenting how people interact
(Colella 2000). Therefore, it is necessary to make this point clear and to explain how participation and
role-playing game are linked together. In our case study, we have adopted an experimental perspective.
Therefore stakeholders were involved as players and not in the construction of the model.
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We have taken into account four "broad" communities of practices who interact through the global fish
market: (1) fisheries and industries, (2) fish oil buyers, (3) scientific institutions and, (4) international
organizations. These communities support different political and commercial arguments regarding
pelagic fisheries management at an international scale. Because role-playing game is an online game, it
is possible to play at the same time from different part of the world (Barreteau et al. 2007, Barreteau et
Abrami 2007). Therefore it is possible to consider participation from a wide range of points of view and
not only from a local scale perspective (Bousset et Taverne 2005, Kasemir et al. 2003, Levin 2006) by
using a model and role games.

1.5.

Participatory management, from local to global

Most of the role games used for the participatory management of a natural resource involve the
effective stakeholders, as players. For example the fishing companies in the case of a marine resource
(cf. the game Fishbanks (Meadows 2007, Meadows et al. 1993), dedicated to the common use of several
fish’s stocks). Our goal regarding a global negotiation implies changing the roles, and considering the
representative of stakeholders as players. This is a new perspective, and implies some reflexion in the
setting of the game. For example, what are the players’ goals? Are they unique? Who is the winner of
the negotiations? Is there a specific way of playing such as asking too much when in a good position?

2. The case study: small pelagic fisheries and FMFO markets
The participation of fishing activities to food security can be paradoxal because only 70 % of these
productions are intended for human consumption (Alder et Pauly 2006, FAO 2011). Indeed, between 20
and 30 % of the landings are intended for processing industries. While the exploitation of stocks
intended for the human consumption target essentially the top of the trophic marine food web (big
predators such as: tunas, sea bass, sea breams…), the targeted fisheries for the processing industries are
at the bottom of trophic marine food webs. These last species are generally called "small pelagic
species”. Families of species such as engraulidae (anchovies), ammodytidae (sand-eel) or still gadidae
(blue whiting) can be found in this category. Considered individually, small pelagics are among the most
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exploited species in terms of volume, in particular, the anchovy of Peru in the Pacific or the blue whiting
in the North Atlantic (FAO 2010).
Two criteria distinguish small pelagic species from species intended for the human consumption: one is
a biological criterion, these small pelagic species being situated at a lower level within the trophic
marine food web, are considered key-preys for predator species. To simplify the economic relations in
this game, the prey-predators relation is taken into account in the analysis of fishing activities. The other
criterion is economic because these species are generally valued less on the seafood markets (Globefish,
2010).

2.1.

Issues

We must consider that the system undergoes a risky situation (Fig. 1): due to (1) the natural variability
of stocks, (2) the changing in production costs: more and more efficient gears, (3) the changing in
transportation costs, (4) the intensification of demand mainly from aquaculture. Considering all these
disturbances, what are the possible knock-on effect on various systems and markets? What are the
environmental, economic and social impacts, of these risky or uncertain situations?
Fig. 1

2.2.

An exemplar case study

Most of the issues of a sustainable management of marine resources are present in the exploitation of
small pelagic fish. Their exploitation allows distinguishing two fleets of fishing: those whose productions
are intended for the human consumption and those intended for the industrial reduction. This
distinction is important in the management of fish stocks because almost 1/3 of the harvest volumes are
not intended for the human consumption. These figures are all the more important as the statistical
data show that the fleets of fishing target more and more species at the inferior level to the trophic
marine food web (Pauly et al. 1998). Environmental constraints and economic worrisome that the quasitotality of the stocks of small pelagic are fully or over-exploited (FAO 2010, Péron et al. 2009).
In this context, the system constituted by small pelagic fisheries and fishmeal and fish oil (FMFO)
markets represents an exemplar ecosystem approach case study for many socio-economic and
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environmental reasons. As quoted higher in this study, 30% of global marine catches are a small pelagic.
As a consequence an important part of the fishing capacity use these fisheries (1) ; is characterized by
the variability small pelagic catches and by reverberate of the supply (2) ; The small pelagic are intended
for the industries of reduction to be transformed to the FMFO. These FMFO strongly concentrated in
animal proteins serve as food raw materials used by food processing system (3). Fish farms are the main
consumer of FMFO (Tacon et al. 2006); is characterized, these last years, by an increase of demand has
the structure of a global network structure; and an important variability of the prices of the FMFO (4)
(Graph. 1).
Graph. 1

2.3.

Diversity of stakeholders

There are many stakeholders concerned by the management of the system constituted by small pelagic
fisheries and fishmeal of fish oil markets. The most important are:

-

Small pelagic fishing companies: At the upper reaches of model important actors are
fishermen and fishing companies for small pelagic fish; the catches of small pelagic
fisheries are intended to the fishmeal and fish oil industries, but do they constitute an
independent fishery? We must also consider fishermen and fishing companies for other
species. In fact, an important feature of small pelagic is that they are located in a lower
zone of the food web chain. In this context. Overfishing of small pelagic fish may endanger
the population of their predators; stopping fishing small pelagic fish may results in the
intensification of the pressure on other fish;

-

Transforming companies: The structure of the supply chain between fisheries and
transforming companies is crucial; In fact, the capacities of transformation, i.e. the relation
between the use of small pelagic and the fishmeal and fish oil acquire are a parameter that
affect the model. How are they affected by technical progress? What is their strategy of
investment?
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-

Fishmeal consuming industries: The consuming industries for fish meal (aquaculture,
poultry, pigs…) (Hardy et Tacon 2002) and fish oil (aquaculture, cosmetics) represent an
important economic sector; will it be possible to develop these consuming industries
toward sustainable and "natural" food chains?

-

Market structures: The organization of the markets, the role of specialized traders must be
taken into account; are there specific traditions, rules, for the markets? Are they changing?

-

State Political economy: polity is an important issue; what are the means of states (taxes,
rights, subsidies) to stabilize the system?

-

Scientists: The role of scientists is not easy to determine: what role do they have in the
system?

-

Nature conservation organization: This is the same for nature conservation organizations:
what role do they have in the system?

2.4.

Modeling the small pelagic fisheries and, fishmeal and fish oil markets

As it is the basis for the role playing game, we give, here, some detail about a model of the small pelagic
fisheries and FMFO markets. Details about the model and results, mainly sensitivity analysis, are given in
a 2009 article by Mullon and his colleagues (Mullon et al. 2009). The model involves two kinds of
entities: “Production System” and “Market”. For example a quantity of small pelagic is harvested and
transformed by the production system, and resulting fish meal is sold on a market. The sector of
production systems and the sector of markets influence mutually their development (Ramos-Martin
2003). On a market the shipment are characterized by unitary price of the main producing countries of
small pelagic and, of FMFO by continent (Peru, Chile; Japan, Thailand, China; USA; Denmark, Iceland,
Norway; Morocco and, South Africa); fish meal markets where this raw materials is exported (China,
Japan, Taiwan, UK, Germany, Chile, Norway, Denmark, Russia, Indonesia) and fish oil markets (Norway,
Denmark, Chile, Japan, USA). These countries represent the most important producer of small pelagic
(FAO 2011) and, in relation, of fishmeal and fish oil; and, in the same logic, for the fishmeal and fish oil
market.
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Modeling principle lies in the coupling (Fig. 2) of an economic equilibration process on the network
relating these entities and some deterministic functions of changes inside entities.
Fig. 2
The equilibration process is based on the following considerations:
1. There is a price equation: relating prices and quantities on markets;
2. There are costs functions for fishing, production, shipments, taxes;
3. One must consider constraints on production;
4. There is a balance between production and consumption: the sum of output flows equals the
production of production system, the sum of input flows equals the sales
5. There is complementarily: if there is a flow on a path, there is an advantage (sale price is
greater than fishing, production and shipment costs), if there are positive flows on two paths starting
from the same production system, their advantages are equal. It is shown that there is equilibrium and
that it may be computed using the (Nagurney 1993).
Dynamics are related to the assumptions that:
1. Fish stock change according to classical production equations (Gordon-Schaefer model
production (Gordon 1954, Schaefer 1957), involving climate, supposed to be exogenous;
2. Demand on market is supposed to be exogenous;
3. Fishing capacity changes according to resulting rent according to a myopic investment
behavior principle (Leahy 1993).
Table 1

3. From modeling to role playing game
3.1.

The role playing game
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In the role game, we gather players, most of the time, around a table, sometimes on a computer
network. All players communicate by the mean of a computer program. They may also communicate by
chatting together.
The possible role players are: (1) Delegate of South American Fisheries and Industries, (2) Delegate of
European Fisheries and Industries, (3) Delegate of fish oil buyers Europe, (4) Delegate of fish meal
buyers Europe, (5) Delegate of fish meal buyers China, (6) Delegate of Atlantic scientific institutions, (7)
Delegate of Pacific scientific institutions, (8) Delegate of West Pacific states, (9) Delegate of East Pacific
states, (10) Delegate of European states.
They have different knowledge, different goals and different ways of acting on the system (Table 2).
Scientists do not act upon the system. Their role is to inform stakeholders of the stock level of small
pelagic, and contribute to inform the “polity” for the implementation of the frame of legislation (Pikitch
et al. 2004). They send advices to states.
The game takes place in 10 rounds amount in ten years. Every round is determined before the begging
of the game. The time of each round can be adjusted. A game progresses as follows:

-

Before round 1 : Players consult their own information, made of the results of a previous run of
the model (10 years)

-

Round 1: Decision makers independently take their decisions, scientists publish their
recommendations. Model is run during one step according to the decisions. Results of the
simulations and advices of scientists are distributed to players, according to their status

-

Round 2, 3, 4, 5 : same as round 1

-

A discussion between players: what should be the correct level for supply (TAC) and demand
that does not perturbate the system (Hannesson et Steinshamn 1991).

-

Round 2, 3, 4, 5, 6, 7, 8, 9 : the same as round 1

-

End of the game: a discussion about the effects of having negotiated
Table 2

3.2.

Articulation between model and role playing game: Game Scenarios
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The articulation of party is simple. In the model, sensitivity analyses consist in systematic changes of
parameters values. Changes are the same for all time steps and all entities. In the role playing game, at
any step, parameters are changed for an entity by in charge of its management. However, the
uncertainty of the behavior of market, as well as the strong variations which can affect the levels of
fishery productions, the game is based on various scenarios. Every played part is configured by specific
scenario with specific constraints. The scenario determines the socioeconomic environment of the
players, the progress of the part, as well as the appearance of specific event which are going to force the
players in their behavior. The processes of functioning of the scenarios consist in modifying or in
developing specific parameters of the system of production and\or the market. Concerning the
production systems, we observe the dynamics of stocks, yield, fishing capacity, effective effort, profit,
and concerning the markets, we observe volumes of exchanges and prices of commodities. In some
scenarios the players have to reach the environmental and socio-economic objectives: sustainable
income while protecting the stock. There are the objectives but there is also a method: keeping the
fishing capacity, enough supply, not too costly, enough tax income, enough yield:
Impact of climate change (El Nino event): Scenarios about the impact of climate change consist of
changing the values of production functions parameters, with a uniform increase (or decrease) of
renewal rates, assuming that it affects fish recruitment processes ; increase (or decrease) of carrying
capacity, assuming that it affects the overall productivity of ecosystems; a localized increase (or
decrease) of carrying capacity, assuming that it affects the productivity of ecosystems in a different
manner according to their latitudinal location.
Economic globalization: Building a scenario in terms of economic globalization consists of changing
production and transportation costs. We usually consider the following scenarios with a modification of
shipment costs, for example through the increasing use of containers, or the increase of fuel prices; in
increasing demand for forage fish.
Increase in fuel price scenario: This scenario affects a cost production and the market behaves with a
fuel prices increase by 5% per year, which is rather conservative, according to what has happened in
recent years. It has an effect both on fishing costs and shipping costs. At a given level of fuel prices, it is
no more profitable to fish and thus boats are idled. The inefficiency of the fishery ensures that the
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smaller supply is not compensated by an increase in commodity price. The increase in production costs
is limited, due to the necessity of taking into account fixed prices (capital costs). Profit decreases
drastically in affected countries, and even though fishing capacity decreases overcapacity reaches a high
level. This causes the collapse of several fisheries, (e.g. for example, that of Peru highly affected by
increase of transportation costs), a decrease in global supply to under 10 Mt, which is not enough to
satisfy demand. Decreases of yield results in a continued growth of stocks, underlying that collapse of
fisheries are not due only to collapses of stocks. This process will continue until a level equivalent to the
carrying capacity, in support of the idea that an increase of fuel prices would contribute to fisheries
sustainability (Cheung et Sumaila 2008, Harper et al. 2012). However, the collapse of fisheries would
have catastrophic economic effects.
Global total allowable catches (TAC) scenario: This scenario concerns the dynamics of the system under
the assumption that catch limits are imposed for all ecosystems at a level of 5% of the estimated
carrying capacity. This is a very conservative level compared to surplus production estimates, which
cannot reasonably be expected at the global level. We observe, in agreement with theory, a stabilization
of stock, yield, profit and prices. Prices are 20 % higher than in the reference scenario, insuring high
profit, and therefore high investment and thus overcapacity. In general terms this is similar to present
conditions observed in Peru (Fréon et al. 2009).
Investment Rate Increase: Investment and disinvestment are critical issues in fisheries policies. The
model assumes a myopic behavior of production systems: then investment or disinvestment according
to their income or losses. There is an investment rate relating investment and income. The model allows
studying long term effects of changes in the investment rate: what happen if production has a tendency
to increase or decrease their reactivity?

3.3.

Computer implementation

On a technical point of view, the role playing game works as follows: (1) the simulation model is
implemented on a computer server, (2) players connect on client computers, (3) they receive an
identity: function, knowledge, goals, way of acting, (4) then at each time step, they make their decision
and send it to the server, (5) it results in modifying for this time step the value of one or several of the
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above parameters for one entity they have some power on, (6) once all the players have sent their
decisions, the server compute the resulting state of the system, (7) the server send to the players the
new knowledge about the dynamics of the system.
Practically, using the principal browser (Internet Explorer, Firefox, Google Chrome or Opera), the players
connect to the server according to the following procedure:
1.

Go to web page (Picture 1 & 2)
https://tomcat.devpinwar.mpl.ird.fr/fishmealEclipse/PINWAR.html
Pictures 1 and 2
On the web page, the players can obtain all the information on the progress of the game,
the roles playing game, but also the scientific approach and the objectives.

2.

Accept certificate

3.

Give identification login: devpinwar, password: 2devpin!!

4.

If necessary re accept certificate. They get a global view of the game. It is given in pictures
(3 to 8).

3.4.

Player interface

Pictures 3 to 8 present the graphic interface of the game during the progress of the one scenario.
Pictures 3 to 8

3.5.

Setting Experiments

To define a game, one has to:

1. Define its environment:

-

a very favorable one: increase of productivity, increase of demand

-

a very unstable environment: high variability of productivity, increase of fuel prices

2. Define how to play: players do not communicate or all players can communicate during all
the game.
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3. Define what to observe about the strategies of players: what does it change having a
strategy, compared to have done always as usual?

4. Define how to collect observation on the play: the speed of reactions of players; ask the
players.

5. Define produce a synthesis about the game

4. Results: Example of a play
This game was played during the summer school of the European Institute of Marine Studies,
Climeco2about the effects of global changes on marine systems. A specific workshop was organized on
the thematic of environmental modeling. The PhD students participating in this workshop were issued
from various sciences: biologist, economist, geographer; physicists… The opportunity was given to these
students to take roles in the presented model. After a briefing explaining the scenario of the game:
"Investment Rate Increase", a specific role roles player was randomly awarded to the participants.
Before the beginning of every part, all the players arrange several minutes before the first round
launches ; it so that they can acclimatize with the digital environment, acquaint with information of
which they had as well as their objectives.

4.1.

Fisheries productions

4.1.1.

Delegate of South American Fisheries and Industries

The main objectives of the countries of South America, Chile and Peru were to maintain the income of
the activities of the fishing, while protecting the stock. Graphs below present the behavior of the
participants as well as the consequences of the operated choices. 20 rounds appear on graphs. From 1
to 10, it is about histories of the scenarios, the other words the information which is given to the
participants. From 11 to 20, the period in the course of which the participants make decisions.
At first, the representatives of the countries of South America acquaint with data relative to the stocks
of pelagic. They observe a reduction of the stock (Graph. 2), to remedy this problem, the delegates
reduced at first TAC. The progressive reduction of the Chile’s TAC (Graph. 3) has for consequence, a
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reduction of the fishing capacity on fisheries. The stabilization of stocks, then a reconstruction, observes
further to this first decision. However, the withdrawal of the fishing capacity inferred echoed on the
activities as well as on the income of the fishing activities.
Graph. 2 and Graph. 3
Afterward, the representatives of Chile decide to strongly increase taxes on the imports of FMFO
(Graph. 4). The income of Chile increases and compensate for the losses of the sector of fishing (Graph.
5). The impact of the reduction of captures, and thus, the productions of FMFO, as well as the taxes has
for incidences to increase the price of the FMFO. The delegates of South America knew how to maintain
the objectives: a stable income and a sustainable exploitation of small pelagic fisheries. The actions
shares and the decisions were led by analyzing according to the evolution of the situations. The past
data were used to anticipate the reactions to decision-making.
Graph. 4 and Graph. 5

4.1.2.

Delegate of European Fisheries and Industries

The European fisheries had more difficulties maintaining their objectives. The stocks of pelagic fisheries
of Denmark, Iceland and Norway are in damages (Graph. 6). After one year three countries reduce their
TAC to limit the collapse of stocks (Graph. 7). During the next years TAC will be more or less strongly
decreased, with more than 100 % of reduction over 10 years
Graph. 6 and Graph. 7
However, this measure in for consequence to reduce the income by reducing on one hand the value of
fisheries exploitation and on the other hand by reducing the offer of raw material necessary for
industries of FMFO. In front of the continuous growth of the investments and of an overexploitation of
fisheries the measures of reduction of the TAC do not allow to reduce the levels of fishing catachability.
The income of Denmark and Norway tends to decrease (Graph. 8). To slow down the investment and try
to make the income go back up, the delegates decided to gradually increase fishing taxes (Graph. 10).
And, at the same time, Denmark and Norway increases taxes on the imports (Graph. 11).
Graph. 8 and Graph. 9
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Graph. 10 and Graph. 11
Iceland better supports the slowing down of the productions of its fisheries. A great part of Iceland
income is based on the FMFO import/export. The increase of the price of the FMFO allows
compensating national income. However, at the end of the seventh year this compensation cannot
make it any more and the income of both sectors is going to collapse (Graph. 8). The delegate decided
to reduce strongly TAC to preserve the resource and the raw materials supply. It has a beneficial effect
on stocks but it slows down the exploitation of fisheries considerably. After this decision and, with a high
level of FMFO price, the national income increase. But, by reducing the offer of small pelagic, Iceland
has considerably decreased the offer FMFO. The price of these materials increased to reach about
$2,100 a ton (1,600$ at the beginning of the game) (Graph. 9). This increase in prices affected global
market price of the Europe FMFO, affecting the levels of import of the other countries.
In the case of the fisheries of Europe, the players made choices abrupt to cancel the negative effects of
the scenario. The indicator which the most influenced the players is the conservation of the stock.
Without taking into account the optimum of exploitation of small pelagic fisheries the measures were to
force as much as possible the fishing activities by the reduction of the TAC. These choices are echoed in
a too strong and too fast way and one had for consequence of the important variations of the main
parameters income and fish stock.

4.1.3.

Delegate of Asian Fisheries and Industries

The delegates of the Asian producers (China, Japan and Thailand) arrange the same information of
departure as the other players. If Japan and Thailand have stocks of small pelagic stable, China has a
resource which tends to decrease over past period (Graph. 12). During the first two years no decisions is
taken. The first measure was to reduce the percent of catchability, at first for Japan then for China
(Graph. 14). Afterward, a drastic measure was imposed in China by reducing almost totally TAC (Graph.
13). It allowed slowing down the collapse of the stock of small pelagic of China, but, in return, the
income knew a strong decline (Graph. 15).
Graph. 12 and Graph. 13
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Graph. 14 and Graph. 15
To compensate for the impact on the fishing activities the delegates of China decide to reduce taxes on
this sector, and, in a protective measure of the activities, taxes on the imports are strongly increased.
We observe a clear increase of the national income but the falling trend of the levels of stocks is always
present. It is also necessary to note the strong constraint of exploitation which always presses on the
fishing sector because of TAC at a low level.

4.2.

Delegate of fish meal and fish oil buyers

The Delegate of fishmeal and fish oil buyers represents the buyers for Europe (Norway, Denmark, UK,
and Germany), US, and China. They have the possibility of modifying Intensity of FMFO and Flexibility of
FMFO (Graph. 16 and 17). And, their main objective is to stock up with FMFO in the lowest market price.
In this part, the delegates of FMFO buyers have to focus their actions on fish oils to try to reach their
objectives. The players operated strong variations of the control levers of action, but by keeping
coherence in the regionalization. Firstly, a strong reduction of the intensity of the demand is made to
reduce the increase of fish oil price
The report is that the actions are too rough. The variations are made in drastic ways. It has the
important effect of slowing down, more especially in Europe.
Graph. 16 and Graph. 17
Concerning the fish meals price, it is possible to observe the impact of a local mismanagement on the
international markets, in fact, the mismanagement of the Iceland stock, and thus the availability of raw
materials, observes by a sharp increase of the fish oil prices. It has the effect of increasing all the
international prices (Graph. 18 and 19).
Graph. 18 and Graph. 19
Globally, every delegate has data to understand the economic environment. Within the framework of
natural resources it is indispensable to intervene to guarantee a sustainable exploitation. Several tools
were given to the delegates. These economic and political tools represent the means of action which the
decision-makers have in the reality to guarantee a sustainable exploitation of the resources and markets
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stability. Two type of control lever can be identified. Either they have a legal reach (TAC), or they affect
the economic behaviour (Tax). In this game context, very specific parameters encouraged the players to
intervene. The first objective that the delegates wanted to reach was the conservation of the stock. The
environmental and the conservation of the resource is the parameter which dominated. For it all the
delegates of the fishermen used at first the legal tool of the TAC. This tool seems the simplest to be used
and the most effective in the short term. It is only secondly, when income collapses that taxes are used.
However, a very specific behaviour appears because the taxes which are the most used rest taxes in the
import. The notion of protectionism is thus strongly joined into the national activities. The players thus
privileged the local decisions, protecting at first resources then their industries. The international
consequences of the actions and the theory of network have here only not enough influence on the
behaviour.

5. Discussion
The peculiarity of small pelagic species exploitation can be found in the relation that exists between an
economic activity subject to an increasing demand of FMFO, and, a system of primary production of
small pelagic species which is subject to strong landing fluctuations (Hannesson et al. 2006).
The most important problem is then to coordinate all the actors in front of their needs and under the
constraints of the exploitation of a common-pool resource (Hardin 1968). The stake in the exploitation
of small pelagic species goes through the implementation of sustainable, collective practices of
exploitation, which allow satisfy all the needs of the various actors (Dietz et al. 2003).
The role playing game suggests here feigning these interactions and advancing the fact that a decision
taken by one of the economic agents can have repercussion on the whole system of production,
whether it is small pelagic species or offer of flours and fish oils. Roles playing game emphasize the
possible relations that exist from an ecological, social and economic point of view, between individual
decisions and collective discussions. Through these simulations, the game allows to show the
negotiations which can be set up between the various agents to find solutions for the exploitation of a
common-pool resource (Roth et Erev 1995). Beyond the objective of simulation, the game is an example

19

of pooling of the knowledge of economist and ecologist (Wam 2010), so allowing to consider different
points of view in the construction of a global knowledge (Colella 2000, Kasemir et al. 2003).
The aim of the role playing game is to bring to light the difficulties of coordinating the various
communities bound to the exploitation of the small pelagic fisheries (Dodds 2005). It has been designed
to make explicit the asymmetries of information between the actors but also to show the complexity of
relationships between the various socio-economic and environmental levels. This game, is before all,
intended for the students and PhD students, and so that they understand all the problems and
implication related to the implementation of standard of management of the resources (Pretty 2003,
Dieleman et Huisingh 2006), in order to develop good practices and public interest for the exploitation
of a common-pool resource.
Several parts were already organized in various universities for developed the concept and to bring in
students stemming from different training and from different sciences, in particular: Euroceans Winter
school (2009), Summer school Climeco2 on the European Institute of Marine Studies, Brest (2010) ;
Master AERME on the Montpellier2 University (December 2010), and Master ETADD, Saint Quentin en
Yvelines University (February 2011).
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Figures and Tables
Fig. 1: Small pelagic activities considering Ecosystems-based fisheries management
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Graph. 1: Fishmeal and fish oil prices evolution since 2001 (Source: Oilworld, 2011)

Fig. 2: Simplified low chart of the model
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Table 1: Parameters of the model
Parameters related to climate changes

Parameters related to economic changes
Production system

Market
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Carrying capacity

Adaptation of fishing capacity

Changes Demand intensity

Renewal rate changes

Capital remuneration rate

Changes Demand flexibility

Latitudinal climate changes

Catchability changes

Growth of fish meal markets

ENSO Event

Total allowable catch

Growth of Chinese demand

Fuel prices changes
Fishing rights Importation taxes
Depreciation rate

Table 2: Different characteristics of players
Players
Delegate of South American

Countries
Chile, Peru

Fisheries and Industries
Delegate of European

Investment, Capital

Players Knowledge
Production, Effort, Sales

Remuneration, Compliance
Norway, Iceland, Denmark

Fisheries and Industries
Delegate of fish oil buyers

Players actions & Decisions

Investment, Capital

Production, Effort, Sales

Remuneration, Compliance
Norway, Denmark, USA

Demand Parameters

Buying, Rates

Delegate of fish meal buyers

UK, Germany, Norway,

Demand Parameters

Buying, Rates

Europe-US

Denmark, US

Delegate of fish meal buyers

China

Demand Parameters

Buying, Rates

Peru, Chile

Warnings, Recommended

Yield, Fishing capacity

Europe-US

China
Scientific Institutions South
America
Scientific Institutions
Europe

level of TAC
Iceland, Norway, Denmark

Warnings, Recommended
level of TAC

Picture 1 & 2: Web page to reach the game

Yield, Fishing capacity
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Picture 3: Player's identity

Picture 4: The past dynamics information of the system

Picture 5: Decisions of a player

Picture 6: Past & present decisions of a player

Picture 7: Game's results concerning the production

Picture 8: Game's results concerning all the players

systems
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