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i 

 

Summary 

 

 

In this dissertation I present four essays which investigate natural resource management in 

several traditional fishing communities which face the problem of over-fishing. The goal of this 

dissertation is to find correlates of the resource users‘ over-exploitation behavior and their 

willingness-to-change. I implemented and studied the cooperation behavior in two different 

environmental programs, measured the fishermen‘s economic preferences in different economic 

experiments, and identified their social networks and environmental perceptions in surveys. By 

combining these different data sets I hope to generate starting points for successful community-

based natural resource management. The first essay in this dissertation investigates the 

relationship between integration in social networks and cooperation in manufacturing less 

exploitative shrimp traps. The results show that better integrated fishermen cooperate more and 

thus provide evidence for the relevance of social network integration. The second essay studies 

the willingness-to-change over-fishing during a fishnet exchange program and finds that 

environmental perceptions are crucially linked to fishermen‘s willingness to exchange their 

fishnets. The third essay looks at the links between social network architecture and different 

economic preferences. The findings suggest that the position in the social network is related to 

some preferences such as risk preferences whereas there seems to be no relationship to other 

preferences such as social preferences. The fourth essay explores the willingness from fishermen 

to denounce other fishermen who over-exploit the fish resources and finds that impulsivity and 

social preferences are potential determinants. 
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Zusammenfassung 

 

 

Diese Dissertation besteht aus vier Aufsätzen über das Management von natürlichen Ressourcen 

in verschiedenen traditionellen Fischerdörfern, deren Lebensgrundlage von Überfischung 

bedroht ist. Das Ziel dieser Dissertation ist es, herauszufinden, welche Faktoren mit der 

Überfischung und mit der Bereitschaft der Fischer zum Wandel zusammenhängen. Als 

Grundlage habe ich zwei Umweltprogramme entworfen und geleitet, bei deren Durchführung das 

Kooperationsverhalten der Fischer in dieser Region untersucht wurde. Darüber hinaus habe ich 

die Fischer in ökonomischen Spielen beobachtet und Interviews mit ihnen durchgeführt, um 

mehr über ihre sozialen Netzwerke und ihre Wahrnehmung der Überfischung zu erfahren. Ich 

hoffe, dass diese Dissertation durch die verschiedenen Datensätze und deren Kombination 

wichtige Ansatzpunkte für erfolgreiches Ressourcenmanagement liefert. Der erste Aufsatz 

untersucht den Zusammenhang zwischen dem Integrationslevel von Fischern in ihrem sozialen 

Netzwerk und ihrem Kooperationslevel während eines der beiden Umweltprogrammen, bei dem 

Fischer neue Shrimpfallen bauten, die weniger umweltschädlich sind. Die Ergebnisse zeigen 

deutlich, dass besser integrierte Fischer sich in diesem Umweltprogramm kooperativer verhalten. 

Der zweite Aufsatz untersucht die Bereitschaft zum Wandel während des zweiten 

Umweltprogramms und zeigt, dass die Wahrnehmung der Überfischung wesentlich mit der 

Bereitschaft zum Wandel zusammenhängt. Der dritte Aufsatz untersucht den Zusammenhang 

zwischen sozialer Netzwerkstruktur und verschiedenen ökonomischen Präferenzen. Die 

Ergebnisse suggerieren zum Beispiel, dass Risikopräferenzen von der sozialen Netzwerkstruktur 

abhängen, während dies nicht für soziale Präferenzen gilt. Der vierte Aufsatz untersucht die 

Bereitschaft von Fischern, andere Fischer, die den Fischbestand am meisten gefährden, 

anzuprangern. Dieser Aufsatz zeigt, dass Impulsivität und soziale Präferenzen dafür wohl eine 

wichtige Rolle spielen. 
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1. Introduction 

 

This dissertation consists of four essays which all study the behavior of professional small-scale 

fishermen in several traditional communities in the protected area ―Lago de Pedra do Cavalo‖ 

(see map in appendix B, figure B1). This field setting comprises a lake with approximately 150 

km
2
 in the north-east of Brazil, in the state of Bahia. Approximately 40.000 families live in this 

area, distributed in 10 municipalities and 58 traditional communities. Some of these communities 

can be considered as traditional fishing communities as the main resource for the inhabitants‘ 

lives are the fishing resources like fish and shrimp. The research in this dissertation takes place 

in several of these fishing communities. While fishing is the main source of income in these 

communities many fishermen also generate a minor income and food from agriculture. However, 

the agricultural activities are largely dependent on the rainy season and thus limited to the winter 

period.  

The fishermen in this field setting face the problem of over-exploitation of their fishing 

resources which endangers their livelihoods as they directly depend on fishing. Unfortunately, 

and despite the protected status of the area, many fishermen use fishing gear that threaten the fish 

and shrimp stock at this lake. For example, fishermen use fishnets with small mesh sizes and 

shrimp traps with small holes in which minor and immature fish and shrimp are caught. There 

seems to be no enforcement of formal or informal rules which may limit the extent to which the 

fish and shrimp stock are exploited. External interventions are quasi absent. Many fishermen 

from this region fear the depletion of the fish and shrimp resources and thus the loss of their 

livelihood. The loss of their livelihood would have severe consequences for the fishermen as 

there are few other employment opportunities in the region and fishermen are also typically little 

educated and often illiterate.  

First attempts have been made to find ways out of the dilemma. In particular, a 

Management Council for this area has been established in the last years. This Management 

Council is formed with representatives of all the communities, city halls, private and 

governmental companies, NGOs and universities that are found in this protected area. The main 

objective of this institution is to gather all these representatives in one place where they can 

discuss social, economic and biological problems from this area and try to find solutions for 
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them. Lately, the representatives of the Management Council often discussed the problem of 

overfishing in the lake ―Pedra do Cavalo‖. According to them, one potential way of decreasing 

the overexploitation of the shrimp resources would be the replacement of the currently used 

shrimp trap, Cofo (where mainly big shrimps are caught), to another one, Garrafa (where small 

shrimps are caught). Unfortunately, however, discussions have not yet led to actions and thus 

little has changed.  

I started working in this protected are already in 2002 when I helped forming its 

Management Council. Moreover, I wrote my Bachelor thesis about the characteristics of the 

communities in this protected area which helped me to identify the fishing communities in this 

setting. In 2006, as part of my Master‘s thesis, I conducted a participatory research in six fishing 

communities with the objective of finding solutions on how to mitigate their fishing related 

problems. The fishermen in three of these communities developed proposals to deal with the 

current fishing situation. One of these proposals served as the basis for the development of 

another project that I conducted in 2008 as part of my PhD thesis
1
 where I implemented their 

developed ideas on this proposal and observed their behavior towards the success of this project.  

The main objective of this project was to start a change on the use of the shrimp resources, more 

specifically, to help fishermen to exploit this resource in a more sustainable way. It is my hope 

that the four essays in this dissertation provide some new starting points of how over-exploitation 

can be addressed in this protected area and other field settings.  

The ultimate goal of my research is to reveal mechanisms that can be used to achieve the 

sustainability of natural resources. The proximate goal of this dissertation is to find correlates of 

and the willingness-to-reduce resource over-exploitation in the study region. For these reasons, I 

implemented two environmental programs, used different experimental methods, and conducted 

surveys with the fishermen from this protected area. The first environmental program had the 

objective to motivate fishermen to use different shrimp traps. The second environmental program 

had the objective to find out the fishermen‘s willingness-to-change their fishnets with small 

mesh sizes to fishnets with bigger mesh sizes. The experimental methods and surveys were 

helpful in controlling the relevance of individual characteristics for resource exploitation. In 

what follows I will provide summaries of the four essays in this dissertation. 

                            
1
 This research is presented in the first essay of this thesis. 
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In the first essay ―Social Integration, Participation, and Community Resource 

Management‖, joint with Stefanie Engel and Andreas Leibbrandt, I study the relevance of 

friendships for cooperation during an environmental program for shrimpermen that I 

implemented in several traditional fishing communities. I conducted surveys with the 

participants in this environmental program where I asked them about their friendships. In this 

way, I could derive the friendship network of the participants and measure how central 

participants are, i.e. how closely they are connected to other participants. Cooperation was 

measured in the environmental program where participants had to provide effort and time to 

manufacture new shrimp traps that are less exploitative than the shrimps fishermen currently use. 

The results show that the fishermen who have more friends manufacture more of these shrimp 

traps. Moreover, I also find that perceptions about the necessity of this environmental program 

are important for cooperation as participants cooperate more if they view that the program is 

absolutely necessary. The findings in this first essay provide new empirical evidence for the role 

of friendships and perceptions for community resource management.  

In the second essay ―Determining the Willingness-to-Change Natural Resource 

Exploitation: Field Evidence from a Fishnet Exchange Program‖, joint with Andreas Leibbrandt, 

I study the bidding behavior during a fishnet exchange program which I also implemented in the 

fishing communities. I used an auction mechanism to determine the willingness-to-change to 

exchange their fishnets with small mesh sizes to fishnets with bigger mesh sizes. Combining the 

willingness to exchange fishnets with survey responses, I find for example that fishermen who 

believe that there is high probability that over-fishing at their lake is stoppable bid higher values 

in this auction to acquire a new fishnet where less immature fish are caught. These results 

suggest the importance of hope among resource users that over-exploitation can be fought is 

important to encourage sustainable resource use.  

 In the third essay ―Social Networks and Economic Preferences‖, joint with Andreas 

Leibbrandt, I investigate whether the structure of the friendship networks depends on the 

individual characteristics of the resource users. For this reason, I invited members from different 

villages to take part in behavioral experiments to measure their risk, time, competition, and 

social preferences. I find no evidence that individuals are more likely to be friends with other 

individuals who share similar economic preferences. Rather, the findings suggest that ―opposites 

attract‖ as for example more risk-averse individuals are more likely to have friends who are less 
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risk-averse. In addition, the results show that individuals who have more friends are more likely 

to take risks and compete more. These findings may be useful to interpret relationships between 

social network characteristics and economic behaviors in general and between social network 

characteristics and resource exploitation in particular. 

In the fourth essay ―Impulsivity, Cooperativeness, and Denunciation among Fishermen‖, 

joint with Andreas Leibbrandt, I investigate determinants for fishermen‘s willingness to 

denounce resource over-exploitation. In particular, I was interested to find out whether 

laboratory impulsivity and pro-sociality are predictors for fishermen‘s stated willingness to 

denounce other fishermen in the field. The findings suggest that the more impulsive and the more 

pro-social fishermen are in the laboratory, the more they are willing to denounce others‘ 

misbehavior.  

  

The procedures and activities in the four essays are presented in more details below and in 

appendix tables A1 and A2. The fishermen‘s meetings took place in communities which were 

accessible by car and which can be considered as traditional fishing communities, i.e. in which 

the majority of the inhabitants generate their living from fishing. The experiments and surveys 

were conducted privately between the participant and one experimenter such that other 

participants could not hear or observe the behavior and responses. Trained assistants which were 

familiar with this field setting helped me in conducting the experiments. I designed the 

experiments and surveys in a very simple manner to minimize misunderstanding. In order to 

further secure fishermen‘s anonymity, I used codes on experimental decision sheets and surveys 

as identifier. I could link the codes to the participants with the help of a code form which was 

filled out by all participants before the start of the experiments and surveys.  

 In 2006, I conducted meetings in eight fishing communities. In these communities I 

organized fishermen‘s meetings where the participating fishermen took part in public goods and 

time preferences experiments. In addition, I collected from these fishermen data by surveys. A 

more detailed description of activities and in which communities these activities took place is 

provided in table A1 in the appendix. The data from these experiments and surveys provides the 

basis for the fourth essay in my dissertation. 
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 In spring 2008, I conducted meetings in nine fishing communities (eight of which took 

already part in 2006 meetings) where I explained an environmental program (see chapter 2, 

section 2.2.2) which I planned to be implemented in these communities. Moreover, during these 

meetings I conducted six different experiments with the participants and administered surveys. In 

fall 2008, the environmental program took place and an additional risk preference experiment 

was conducted with the participating fishermen. Moreover, the fishnet exchange program was 

implemented. In winter 2008-2009, complete Cofos were distributed to the fishing communities 

that took part in the environmental program. Table A2 in the appendix provides a more detailed 

summary of the procedures during the meetings in spring and fall 2008 and illustrates which 

communities participated. The data collected in 2008 provides the basis for the first three essays 

in my dissertation.  
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2. SOCIAL INTEGRATION, PARTICIPATION, AND 

COMMUNITY RESOURCE MANAGEMENT 
 

 

 

 

 

 

Abstract: This paper studies the relevance of individual social integration and participation for 

cooperation during an environmental program that we implemented in several traditional fishing 

communities in Brazil. The findings show that fishermen who are more integrated into the social 

network of their community, and fishermen who participated in the development of this 

environmental program, cooperate more during this program. We also find that perceptions about 

the necessity of the program play an important role for cooperation as fishermen who perceive 

the environmental program as more necessary cooperate more. These results provide empirical 

evidence for the role of social integration, participation, and perceptions for community resource 

management.  
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2.1. Introduction 

 

A large number of studies show that in some cases resource users invest time and energy to 

sustain common pool resources (CPRs) even in the absence of governmental interventions 

(Berkes and Folke, 1998; National Research Council, 2002; Dietz et al., 2003; Ostrom and 

Nagendra, 2006).  These findings falsify the ‗tragedy of the commons‘ hypothesis, according to 

which common pool resources cannot be sustained without external interventions (Hardin, 

1968). Several explanations have been proposed to explain cooperation in sustaining CPRs and 

providing public goods. For example, findings from laboratory experiments suggest that not all 

resource users are exclusively selfish. Rather, a significant proportion of people in these 

experiments are willing to refrain from maximum extraction (Walker et al., 1990; Ostrom et al., 

1992; Ledyard, 1995; Cardenas, 2000; Fehr and Leibbrandt, 2008), in particular if there are 

possibilities to communicate (Hackett et al., 1994; Ostrom and Walker, 1997; Ostrom, 2000). 

Theories of collective action (Olson, 1971) and insights from case studies (Ostrom, 1990, 2009; 

Feeny et al., 1990; Baland and Platteau, 1996; Sneath, 1998; Ostrom et al., 1999; Agrawal and 

Gibson, 1999; Ostrom and Nagendra, 2006) suggest a number of variables likely to affect CPR 

management outcomes, including resource characteristics, user group characteristics, and others 

(for a summary see Agrawal, 2001). Several econometric studies aim to assess the empirical 

significance of hypothesized explanatory factors in explaining CPR outcomes in the field 

(Dayton-Johnson, 2000; Meinzen-Dick et al., 2002; Araral, 2009; Behera, 2009; Naidu, 2009). 

The first objective of this paper is to investigate whether the individual level of social 

integration in a social network plays an important role for cooperation to CPR management. 

Social networks are an important element of social capital (Coleman, 1988). In contrast to 

previous econometric studies, which applied rather simplistic measures of social capital such as 

number of organizations in a community, we use social network analysis to obtain quantitative 

measures of integration in social networks.  The role of social networks has been empirically 

identified in different settings such as in the spread of information (Myers and Shultz, 1951; 

Bayer et al., 2005), criminal activity (Reiss, 1988; Glaeser et al., 1996), risk-sharing among 

individuals (Fafchamps and Lund, 2003), technology adoption (Bandiera and Rasul, 2006), and 

altruistic behavior in laboratory experiments (Leider, et al., 2010; Brañas-Garza et al., 
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forthcoming; Goeree et al., 2010). While the works on this topic from economists, political 

scientists, and in particular sociologists frequently acknowledges the importance of social 

network characteristics (Granovetter, 1978; Marwell et al, 1988; Ostrom, 1990; Putnam et al., 

1994), we are not aware of any empirical study linking individual measures of social network 

characteristics to common-pool resource management.  Specifically, we study whether individual 

social integration in a social network plays an important role for collective action during an 

environmental program, which we implemented in eight traditional fishing communities in 

Brazil. We present a social network that is defined by the friendships between the participants in 

this environmental program. The level of individual social integration into a friendship network 

may affect the participants` behavior by changing their incentives. Short-term utility 

maximizing, but socially unacceptable behavior (such as free-riding on other participants‘ 

cooperation in the environmental program) can be less tempting for more integrated participants 

for at least two reasons. First, participants who are more integrated have more friends and/or 

friends‘ friends, and may be thus more deterred from free-riding on these participants in order to 

avoid spoiling their friendships and risking negative future consequences. Second, participants 

with higher degree of social integration may face a higher probability that their behavior is 

detected and condemned. Karlan et al. (2009) provide in this regard a related theoretical model 

for repeated behavior in social networks and how cooperation depending on the network 

structure can be sustained. 

The second goal of this paper is to investigate whether fishermen who participated in the 

development of the environmental program, cooperate more during its implementation. 

Specifically, two years before its implementation, fishermen from the area developed a proposal 

on how to mitigate over-fishing at their lake which led to this environmental program. For those 

fishermen who participated in the development of the proposal, their involvement may make 

them more willing to take full opportunity of the environmental program, or feel more morally 

obliged to cooperate in it, and thus free-ride less (Ostrom, 2000; Stiglitz, 2002). Our study 

investigates the relevance of public participation (Carpini et al., 2004), also called participatory 

research (Brandao, 1999; Thiollent, 2000; Barbier, 2002; Wiber et al., 2004) for community 

resource management. The current evidence on this topic is largely based on case studies in 

which the isolation of the role of participation is difficult (Patel et al., 2007), or relies on survey-

based evidence on the willingness to contribute to a public good (Urama and Hodge, 2006) or to 
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community resource management (Cavalcanti et al., 2010). We are not aware of any previous 

study that has combined participation and objectively-measured cooperation in the field. The 

study may also be of interest for the literature on the relevance of social network characteristics 

for individual behavior in laboratory tasks as it shows that cooperation in the field outside 

laboratory tasks is positively related to individual social integration.
2
  

 Our results show that indeed the individual level of social integration and participation are 

significantly related to cooperation during the environmental program. These findings are robust 

in regression models where we control for other individual characteristics; and the coefficients 

from both variables, social integration and participation, are large. In addition, we find that 

individual perceptions about the importance of the environmental program play an important role 

for cooperation. Participants, who perceive the environmental program as more necessary, 

cooperate more. 

  The paper proceeds as follows. Section 2 is the methodology section which presents the 

field setting, the environmental program, and the data collection. Section 3 presents the empirical 

analysis. Section 4 concludes and discusses some potential policy implications.  

 

 

2.2. Methodology 

 

2.2.1. Field setting 

We study professional fishermen who specialize in catching shrimp in eight traditional fishing 

communities in the northeastern region of Brazil. The study region is mainly covered by a lake 

which is surrounded by several communities. In some of these communities fishing is the main 

profession which provides the fishermen and their families with income and nutrition. There is 

open access to the fishing resources and there are no legal regulations with regard to the catching 

                            
2
 Leider et al. (2009) and Goeree et al. (2009) show that giving in anonymous dictator games is related to the 

distance between dictators and recipients in the social network and that dictators are more altruistic towards 

recipients who are closer in the social network of the dictator. Brañas-Garza et al. (2009) find suggestive evidence 

that less integrated individuals give less money than more integrated individuals. In our study, we test whether that 

cooperation in the field outside laboratory tasks is positively related to individual social integration. 
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of shrimp. The fishing activity typically takes place the whole year, six days a week and does not 

respect the recovery periods of shrimp.   

The vast majority of the fishermen in this region catch shrimp with a type of trap made 

from plastic bottles, called ―Garrafa‖ (Figure B3 in the appendix B). The Garrafa was developed 

by the fishermen in the 1980s and rapidly adopted by the majority of the fishermen in this region, 

replacing the more traditional ―Cofo‖ trap (Figure B2 in the appendix B). The Cofo is a shrimp 

trap made mainly by bamboo or palm tree stem, and proper roots. Compared to the traditional 

Cofo trap, the Garrafa is cheaper and easier to manufacture. An important difference between the 

two traps is that in Cofos mainly big and mature shrimp are caught whereas in Garrafas large 

quantities of smaller and immature shrimp are caught. The Garrafa is not suited to catch big 

shrimp as they decay immediately in this trap due to insufficient water circulation.  

Many fishermen complain that the shrimp population has decreased over the past ten 

years and they are convinced that this is mainly due to the intensive use of Garrafas (Cavalcanti, 

2003). Many also complain about the pollution caused by tens of thousands of Garrafas left in 

the lake.
3
 According to some fishermen, fishing was more lucrative in the past before the 

introduction of the Garrafa.
4
 Nowadays, it seems that fishing is a high-effort-activity barely 

supporting livelihood needs.  

Discussions about possibilities to reduce over-fishing are common among fishermen. 

Many believe that a possible solution for reducing over-fishing may be by the return to the use of 

Cofos, combined with a restriction on or even prohibition of Garrafas.  However, while there is 

wide-spread agreement that an exchange of traps from Garrafas to Cofos may be beneficial for 

the recovery of the shrimp population, the fishermen were so far not able to initiate such an 

exchange on their own. There are several obstacles for the return to the use of Cofos. One 

problem is that fishermen need to invest a relatively large amount of money to buy the material 

                            
3
 As a reference point, in a previous research it was reported that 60000 Garrafas are used by a sample of just 197 

fishermen (Cavalcanti, 2007).  
4
As one fisherman put it: ―This was the good period to fish; we could catch shrimp and fish just by putting our 

hands in the water‖ 
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needed to manufacture a sufficient number of Cofos to survive.
5
 Even if fishermen wanted to 

invest, many would not be able to due to credit market imperfections.  

 

2.2.2. Environmental program 

We implemented an environmental program that was based on a project conducted in 2006 

where many fishermen and the representatives of the Management Council
6
 of the area were 

involved in a process of developing proposals on how to mitigate the overfishing problem at the 

lake (Cavalcanti et al., 2010). One of the developed proposals was related to the exchange of 

Garrafas for Cofos. The environmental program provided all necessary materials to manufacture 

a considerable quantity of Cofos at no cost for the fishermen.  

Not all fishermen participated during the project in 2006. Only in five of the eight 

communities where we implemented the environmental program fishermen were integrated in its 

development. In the other three communities, fishermen were not involved in the development of 

the environmental program and could not express their opinion on the proposal. The selection of 

the eight communities in this study was ―quasi random‖. By this we mean that we wanted to 

include communities where participation took place two years ago but also select additional 

communities that seem most similar to the other communities. Since there are not many 

traditional fishing communities in this field setting, we preferred this form of community 

selection over purely randomly selecting fishing communities and risking having to include a 

community in the sample that seems substantially different. 

During kick-off meetings in April-May 2008, the terms of the environmental program 

were explained to 197 fishermen in eight communities. The fishermen who participated in the 

environmental program (1) took part in a one day workshop where they learnt how to 

manufacture Cofos, (2) received all materials necessary to manufacture twenty Cofos
7
, (3) were 

visited by the experimenters after a time period of two weeks when we measured how many 

                            
5
 90 cofos are considered as sufficient by most fishermen. For 90 manufactured Cofos, a fisherman would have to 

spend about 450 Reais, which corresponds to approximately 1.5 times of an average monthly income; and, just for 

the material 270 Reais, which equals almost an average monthly income.   
6
 The Management Council of this area is formed with representatives of NGOs, city halls, University of Feira de 

Santana, and the communities from this area. The objective of this institution is to provide a discussion among its 

representatives on the problems found in the area and on the possible solutions for these.  
7
 The materials provided to the fishermen were:  knife, pliers, proper roots, wire and palm tree stems. 
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Cofos they manufactured, and (4) took part in a final fishermen‘s meeting where the 

experimenter distributed already manufactured Cofos to the participating communities 

depending on the quantity of Cofos manufactured in this community.  

We decided to implement this fourth part of the environmental program to provide the 

participants with an additional incentive to manufacture Cofos. We informed each participant 

that for each Cofo he manufactured we will give three manufactured Cofos that will be equally 

distributed among the participants of his community. For example, if there were 20 participants 

in one community and they manufactured in total 300 Cofos, this community received 900 

already manufactured Cofos and each participant could expect to receive 45 of them independent 

of how many Cofos the participant manufactured. Thus, the environmental program has 

characteristics of a collective action problem because the manufacturing of Cofos from one 

participant has a positive externality on other participants, and also because participants can 

receive manufactured Cofos even if they free-ride. Note also that only through this additional 

incentive fishermen were able obtain a sufficient number of Cofos to start at least partly fishing 

with them.  

The official start of the environmental program, i.e. the workshop on Cofos 

manufacturing and the beginning of the two-weeks manufacturing period, was in September 

2008. 154 of the 197 fishermen who attended the kick-off meetings decided to participate.
8
 

 

2.2.3. Data collection 

Our overview of the data collection is divided into three parts. In section 2.2.3.1, we explain our 

field cooperation measure, in section 2.2.3.2 the social network measures, and in section 2.2.3.3 

other measures relevant for our analysis. 

 

2.2.3.1. Measures of field cooperation 

Our measure for field cooperation is the quantity of Cofos manufactured by each participant. 

When explaining the environmental program, i.e. before its start, we told the fishermen that we 

                            
8
 39 fishermen did not show up for the workshop, and four showed up for the workshop but did not want to continue 

participating in the environmental program. Note that fishermen were free to leave the meetings and to stop taking 

part in the environmental program at any point of time. 
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will visit their homes two weeks after the start of the environmental program and count how 

many Cofos they have manufactured. The counting of the Cofos was embedded in fishermen‘s 

meetings. In each community, there was a meeting two weeks after the start of the environmental 

program. During this meeting, we picked up each participant individually and went with them to 

their homes to count how many Cofos they manufactured while the other fishermen waited in the 

meeting place for their turn. After visiting the homes of all participants in a given community, 

we computed the total number of Cofos manufactured in this community, informed the 

participants about this quantity, and the quantity of already manufactured Cofos this community 

will receive (three times the quantity of manufactured Cofos in this community). We then set a 

date to deliver the Cofos to the community.  

 We guaranteed all participants that we will never reveal to any of the other participants 

information about how many Cofos they manufactured individually. However, because this is 

not a laboratory setting and participants share fishing related information with some of their 

fellows, we expected that participants will have at some point of time some information about 

some of the other participants` cooperation in the environmental program. And we assumed that 

participants have more information about participants, who are more socially integrated than less 

integrated participants. Because individual cooperation had a positive externality on other 

participants it seems likely that cooperation in the environmental program can affect the 

individual reputation of the participants.  

 

2.2.3.2. Social network measures 

We measure the fishermen‘s integration into their social network in a survey that was conducted 

during the kickoff meetings when we explained the terms of the environmental program. Thus, 

social network characteristics were already identified before the start of the environmental 

program. Participants were asked to name up to three friends from their community who also 

took part in the kickoff meetings.  The responses to this question rendered it possible to derive 

the social networks for friendship in each community, and the level of social integration 

fishermen have in the network of their community. We limited the responses to this social 

network question to three names in order to identify the strongest links between the participants, 
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and to avoid that participants mention others not because they are linked to them but to provide 

the experimenter with the impression to be popular.  

In our analysis we use two standard concepts of centrality, degree and closeness 

(Sabidussi, 1966) to observe the individual‘s integration into a network. According to the degree 

concept an individual is more central, the more direct ties this individual possesses. In our setting 

this means that a participant is more central, the more others mentioned him. We treat our social 

network data as undirected, meaning that if A names B as a friend, we assume that B is also 

friend with A.
9
 For example, if A named three fishermen who participated in the environmental 

program and one of these and two others named him as a friend, A has a degree of five. In 

contrast, a fishermen who was never named by another participant and who named only two 

other fishermen, and only one of them participated in the environmental program, has a degree of 

one. There is also the possibility that a participant did not name any other participant as a friend 

and none of the other participants named him as a friend. In this case, this fisherman has a degree 

of zero and is called an isolate in this network.  

A more complex standard concept of centrality is closeness which takes not only direct 

but also indirect links to other actors into account, and defines how close an actor is linked to all 

other actors in the same network. Closeness defines the most central actor as the one who 

‖fastest‖ reaches all other actors in the network, i.e. this actor has the shortest paths to all other 

actors. Following the suggestion by Sabidussi (1966), the index of actor closeness is: 

C ( in ) = 

1

1

),(















g

j

ji nnd  

where C ( in ) means closeness depending on the links n of actor i, and g is the number of actors 

in the network. ),( d is a distance function and the term ),( ji nnd specifies the number of links 

in the geodesics that are necessary to connect actors i and j. ),(
1 j

g

j i nnd 
 is the total geodesic 

distance for actor i to all other actors j in the network.  

We normalize both centrality measures. Normalized measures possess two advantages. 

First, they are easier to interpret, and second, the normalization reduces the dependency on the 

                            
9
 We also investigated a directed measure for network centrality (see table A3 in appendix).  
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network size, and since we compare networks with different sizes, normalization seems 

unavoidable. The normalized measures are expressed in percentage and the most central actor 

receives the highest percentage index. The normalization of the degree measure is done by 

dividing the number of direct ties of one actor by the amount of actors minus one in a given 

network. Thus, in the earlier example where A has a degree of five, assuming there are 25 

participants in this community, A would have a degree of  
125

5


 = 20.83 percent. For the 

calculation of the normalized closeness, we follow the suggestion by Beauchamp (1965) where 

)( inC  is multiplied by g-1, and thus the maximum value equals one. 

 

2.2.3.3. Other measures 

Besides the field cooperation and social network measures, we collected measures on the socio-

economic characteristics of the participants and their perceptions about necessity of the 

environmental program. These data were collected in private surveys with the participants. In 

addition, all participants took part in an anonymous public goods game where they had to decide 

how many out of ten monetary units (MUs) they want to contribute (  10,0ix ) to a public 

good. The game was played in anonymous three-player groups. For each contributed unit, the 

participant increased the monetary payoff of each of his group members j by 0.5 MUs, but at the 

same time, his own balance was reduced by 0.5 MUs. For each unit one of the group members 

decided to contribute, his own balance was increased by 0.5 MUs. Since the participant‘s net 

return from contributing was negative, selfish fishermen should never contribute. After the 

participants played this game, there was a 40 percent probability that the decision became payoff 

relevant
10

. The amount of contributed points to the public good provides us with a measure of 

individual laboratory cooperativeness from each participant. Figure B4 in appendix B illustrates 

the conducting of the experiment in one of the fishing communities. 

 

 

                            
10

 Participants took part in an experimental session with five independent games in which two out of five games 

were determined to be paid out at the end. If the public goods game was chosen for payment, each monetary unit 

equalled one Real (=$ 0.61, exchange rate from Sep, 1
st
 2008). 
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2.3. Result section 

 

In this section we first present an overview of the collected data. Then, we provide first evidence 

on the relationship between social integration, participation, and field cooperation. Finally, we 

present regression analyses of the relationship between social integration, participation, and field 

cooperation controlling for potential covariates. 

 

2.3.1. Descriptive overview 

In total, we have data from 154 fishermen who participated in the environmental program and 

manufactured 1331 Cofos. On average, each participant manufactured 8.6 Cofos, i.e. participants 

used 43.2 percent of the distributed materials to manufacture Cofos. Figure 2.1 is a histogram 

showing that 29.9 percent (N=46) did not manufacture any Cofo, whereas 20.1 percent (N=31) 

used all materials and manufactured 20 Cofos. The remaining 50 percent manufactured between 

one and 19 Cofos.     

  

Figure 2.1 - Cooperation in environmental program (Cofos manufacturing) 
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 The participants are on average linked to 20.6 percent of the other participants (variable: 

degree centrality). Figure 2.2 presents the distribution of the extent to which participants in our 

study are linked according to degree centrality. We observe that many participants (48 percent) 

are linked to between 10 and 20 percent of the participants but also that a considerable fraction 

(34.4 percent) is linked to between 20 and 40 percent. The two centrality measures degree and 

closeness are correlated with r=0.792 which is significant at p<0.0001. The development of the 

environmental program in 2006 took part in five of the eight communities. Approximately 70 

percent of the participants come from these five communities (variable: participation 

community). 39.6 percent of the participants in the environmental program already took part in 

the development of the environmental program (variable: participation) and were asked about 

their opinion of the environmental program (variable: perception). Note that degree centrality 

and participation (r=-0.014, p=0.868) as well as degree centrality and perception are not 

significantly correlated (r=-0.096, p=0.245). 

 

2.2 - Individual social integration 
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Table 2.1 provides a summary of all data we report in this study. Our participants are on 

average 38.1 years old and 75 percent are male. They have an average of 3.3 years of schooling 

and live in households of 5.4 persons (variable: family). They have on average 17.9 years of 

professional experience as fishermen (variable: experience) and spend 21.9 hours per week on 

the lake (variable: hours). Note, that fishermen spend additional time for preparing the traps, 

cooking the shrimp, selling the shrimp etc. 51 percent state that the environmental program is 

absolutely necessary for them, and 45 percent say it is necessary for them. In the public goods 

game, participants contributed on average 3.6 out of their 10 monetary units (variable: 

laboratory cooperativeness). Laboratory cooperativeness is not significantly correlated to degree 

centrality (r= 0.096, p=0.238) and participation (r=0.057, p=0.486). 
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Table 2.1: Summary of the data 

Variable Description    

Explanatory variables Mean SD N 

Degree centrality Index for degree; higher number means more 

central; measure is normalized and undirected 

20.614 12.039 154 

Closeness centrality Index for closeness; higher number means more 

central; measure is normalized and undirected 

39.824 11.468 154 

Laboratory 

cooperativeness 

How many points between 0 and 10 contributed in 

the public goods experiment; 

3.642 2.744 154 

Individual 

participation 

Variable for participation in EP development: 0 = 

no participation, 1 = with participation;  

0.396 0.491 154 

Community 

participation  

Variable for participation of community in EP 

development: 0 = community did not take part in 

development of EF, 1 = community did take part. 

0.701 0.459 154 

Hours fishing Number of hours fishermen fish per week; 21.948 10.507 154 

Age Age of fishermen in years 38.117 13.652 154 

Gender 0 = female, 1 = male; 0.753 0.433 154 

Education Years spent in school; 3.299 2.611 152 

Household size Number of people living in fishermen‘s house; 5.429 2.901 154 

Perception EP Perception about benefits of EP, more specifically, 

whether fishermen believed that EP would be 

necessary for them personally: 0= no, 1= probably, 

2 = yes, and 3 = very much so; 

2.456 0.620 149 

Experience fishing How many years fishermen fish professionally 17.938 12.250 153 

Dependent variable    

Cofos made Number of Cofos manufactured. 8.643 7.897 154 

Notes: SD indicates standard deviation and N the number of observations. 
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2.3.2. Relationship between social integration, individual participation, and field 

cooperation 

 

RESULT 1: There is a positive and significant correlation between the individual level of social 

integration (degree centrality) and the number of Cofos manufactured. 

Figure 2.3 illustrates the social network from community 5 and provides first insights into the 

relationship between the individual level of social integration measured by the degree and the 

quantity of manufactured Cofos. We observe that fishermen with larger nodes, i.e. those who are 

more connected to the other fishermen tend to manufacture more Cofos. For example, we can see 

that the most central participants in this network often manufacture 20 Cofos, and that the one 

isolated fisherman does not manufacture any. 

Across all communities, and not taking into account differences between communities or 

participants, we find that participants who are linked to less than ten percent of the other 

participants, manufacture on average 6.52 Cofos (N=25). The participants who are linked to at 

least ten percent but no more than 30 percent, manufacture an average of 8.55 Cofos (N=106), 

whereas the participants who are linked to more than 30 percent manufacture 11.4 Cofos (N=23). 

Overall, there is a positive and highly significant correlation between the individual level of 

social integration as measured by degree centrality and the number of Cofos manufactured 

(Pearson, r=0.215, p=0.007). Note, however, that we do not find a significantly positive 

relationship between closeness centrality and Cofos manufacturing (r=0.071, p=0.378). 
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Figure 2.3 — Social integration and Cofos manufactured in community 5 

 

Notes: Each node indicates one participant. The size of the nodes increases by individual social 

integration measured by degree centrality. The numbers indicate the quantity of 

Cofos manufactured. The lines indicate an undirected link between two actors. 

 

 

RESULT 2: There is a positive and significant correlation between individual participation in 

the development of the Environmental Program and the number of Cofos manufactured. 

Table 2.2 shows the average quantity of Cofos made on community level, and distinguishes 

between fishermen who did or did not participate in the development of the environmental 

program. The average quantity of Cofos manufactured in communities which did not participate 

in the development of the environmental program is 7.87 (communities 1, 3, 7). This quantity is 

less than the average quantity of Cofos manufactured from communities which did participate in 

the development of the environmental program (8.97 Cofos), but the difference is not yet 

significant (Wilcoxon rank-sum test, z=0.54, p=0.587). There are, however, clear differences in 

Cofo manufacturing between fishermen who did and did not participate in the development of 

the environmental program. For example, in table 2.2 we can see that in four of the five 



 
 

22 

 

communities where the development took place (communities 2, 4, 5, 8), the quantity of Cofos 

manufactured is larger from participants than non-participants. If we compare the average 

quantity of Cofos manufactured from participants (11.16) and non-participants (6.99) across all 

eight communities, we observe a large and significant difference (Wilcoxon rank-sum test, 

z=3.003, p=0.0025). There is also a significant difference if we only take the five participating 

communities into account (Wilcoxon rank-sum test, z=3.016, p=0.0026). 

 

 

Table 2.2: Cooperation in the environmental program on community level and depending on participation 

Community 1 2 3 4 5 6 7 8 

Percentage of participants who 

took part in development of EP -- 51.7% -- 30.0% 50.0% 69.2% -- 47.4% 

Number of Cofos made 7.6 3.6 6.5 6.8 13.2 8.1 11 17 

Number of Cofos made from 

participants  5.5  10.7 15.1 7.9  20 

Number of Cofos made from 

non-participants  1.4  4.6 10.3 8.7  11 

N 9 24 25 25 25 22 12 12 

Notes: Participants = fishermen who participated in the development of EP (environmental program) in 

2006. N is the number of observations. 

 

 

2.3.3. Regression Analysis 

In this section, we take into account other factors than social integration and individual 

participation that may be related to cooperation in the environmental program, and also check 

whether social integration and individual participation are simultaneously predicting the 

manufacturing of Cofos. Control variables included in all of the regressions are gender, 

laboratory cooperativeness, experience fishing, education, hours fishing, perception EP, and 

household size (see table 2.1 for a detailed description of these variables). Gender may play a 

role because there is evidence suggesting that women are in some situations more cooperative 

than men (Croson and Gneezy, 2008). Laboratory cooperativeness may be important as more 

cooperative participants in the laboratory may be more cooperative during the environmental 
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program (Fehr and Leibbrandt, 2008). One may expect that more experienced participants more 

correctly perceive the benefits of a change in fishing traps (more experienced participants may be 

more aware of a decline of the fishing resources and typically know more about Cofos). The 

variables education and hours fishing may be important because they indicate the extent to which 

our participants depend directly on the fishing resources. It could be that participants who 

depend less on the fishing resources also cooperate less because they have better outside options 

in case the fishing resources collapse.  

 We also measured the participants` perceptions about the environmental program because 

it seems likely that participants cooperate more if they perceive the relevance of the 

environmental program for themselves to be higher (variable: perception EP). In addition, we 

control for household size because we observed that family members, typically from the same 

household, sometimes helped the participants in manufacturing Cofos. Therefore, participants 

living in larger households may have an advantage in Cofos manufacturing.  

 We present four models. In the first three models we include the degree measure as an 

explanatory variable. The first three models differ in whether we control for community fixed 

effects (only in model 2) and the variable community participation instead of individual 

participation (only in model 3). The fourth model corresponds to the first model with the 

exception that we replace the degree by the closeness measure. We use Tobit regressions that are 

censored at 0 and 20 because many participants did not manufacture Cofos and we provided 

participants only with material to manufacture 20 Cofos.
11

  

 

RESULT 3: In regressions with controls we find that degree and closeness centrality, individual 

participation, and community participation all are significant factors in explaining Cofos 

manufacturing.  

In regression table 2.3, we can see in all four models with Cofos manufactured as the dependent 

variable that the individual level of social integration (for degree and closeness centrality) is 

positive and significant at p<0.017. The higher the individual levels of social integration, the 

more Cofos are manufactured. The coefficients for degree centrality show that for each 

percentage increase in connectedness to other participants 0.264-0.400 more Cofos are 
                            
11

 Note that standard OLS regressions lead to qualitatively very similar findings.  
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manufactured, i.e. the models predict that a participant who is linked to 20 percent more of the 

other participants manufactures 5.28-8 Cofos more. Model 2 shows that the relationship between 

social integration and Cofos manufactured is robust to the inclusion of community fixed effects, 

and model 3 that it is robust for controlling for community participation. The comparison of 

model 1 and 4 shows that not only degree centrality but also closeness centrality is significantly 

predictive for Cofos manufacturing (at p=0.009). 

 Model 3 shows that the variable community participation is positively related to Cofos 

manufactured after controlling for social integration and other covariates. Fishermen from 

communities which participated in the development of the environmental program manufacture 

on average 6.11 Cofos more (p=0.037). The variable individual participation is highly significant 

in all models (p<0.011) and the coefficients are large. Fishermen, who participated in the 

development of the environmental program manufacture on average between 7.62 (model 2) and 

9.84 Cofos (model 4) more.  
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Table 2.3 — Determinants of field cooperation I (Cofos manufacturing, Tobit) 

Model 1 2 3 4 

     

Degree centrality 0.208
***

 0.156
**

 0.247
***

  

 (0.061) (0.070) (0.078)  

Closeness centrality    0.149
**

 

    (0.064) 

Laboratory 

cooperativeness 

-0.080 0.253 -0.068 -0.033 

 (0.293) (0.273) (0.333) (0.297) 

Gender (male dummy) 0.271 -3.085
*
 0.068 1.255 

 (1.676) (1.847) (1.939) (1.655) 

Experience fishing -0.043 -0.026 -0.013 -0.033 

 (0.068) (0.060) (0.051) (0.072) 

Education 0.224 0.317 0.122 0.171 

 (0.301) (0.277) (0.348) (0.302) 

Hours fishing 0.106 0.056 0.090 0.106 

 (0.069) (0.062) (0.083) (0.069) 

Perception EP 3.249
***

 1.789 3.764
***

 3.075
***

 

 (1.042) (1.128) (1.076) (1.045) 

Household size 0.404 0.357 0.507
***

 0.334 

 (0.318) (0.292) (0.170) (0.324) 

Individual participation 6.119
***

 5.264
***

  6.634
***

 

 (1.743) (1.813)  (1.844) 

Community participation    4.329
**

  

   (1.952)  

Community fixed effects? No Yes No No 

Constant -9.469
**

 -9.705
**

 -12.520
**

 -11.460
**

 

 (3.867) (4.561) (5.281) (4.547) 

N 146 146 146 146 

Notes: *** 99-percent significance, ** 95-percent significance; * 90-percent significance; numbers 

represent linear estimates and standard errors in parentheses.29 observations are right-censored at 20 and 

46 observations are left-censored at 0; in model 3, standard errors are clustered on community level 

because we use community participation as an independent variable. Variables are explained in table 2.1.  
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RESULT 4: In regressions with controls we find that perception EP has a significant effect on 

Cofos manufacturing. Other characteristics of the participants play a minor role. 

The variable perception EP, which specifies the degree to which participants perceive the 

environmental program as necessary for themselves, is significantly related to Cofos 

manufacturing, i.e. fishermen who perceive EP as more necessary for themselves manufacture 

more Cofos In models 1, 3, and 4 we observe that perception EP is significant at p<0.006 (in 

model 2 it is marginally significant at p=0.086). Already the correlation between perception EP 

and Cofos manufacturing is strong (r=0.219, p=0.007). Participants who perceive the 

environmental program as absolutely necessary manufacture on average 9.79 Cofos (N=76) 

compared to participants who perceive it as necessary who manufacture 7.89 Cofos (N=67), 

participants who do not perceive it as necessary manufacture 0.75 Cofos (N=4). 

 None of the other covariates is highly significant in any of the four models in regression 

table 2.3 besides household size in model 3. Participants from larger households tend to 

manufacture more Cofos, but this effect is not significant in the models 1, 2, and 4 (p>0.169). 

The gender dummy is negative and marginally significant in model 2 (p=0.066), but largely 

insignificant in the other models. The variables education and hours fishing are positive but 

never significant suggesting that fishermen with better exit options are not significantly less 

cooperative in sustaining fishing resources. 

 Interestingly, in none of the models in regression table 2.3, we find that laboratory 

cooperativeness is significantly predictive for Cofos manufacturing. This may be surprising as 

there is evidence of significant correlations between laboratory cooperativeness and 

cooperativeness in the field (Benz and Meier, 2008; Fehr and Leibbrandt, 2008). However, our 

findings suggest that our measure for field cooperation, Cofos manufacturing, is driven by 

reputation concerns as fishermen who are more central in the network manufacture more Cofos. 

This contrasts with our measure for laboratory cooperation which cannot be driven by reputation 

concerns because we observe behavior in a one-shot situation. Therefore, there are differences in 

the determinants for these two types of cooperation which may at least partly explain the non-

significant relationship between the two. In addition, the contexts in which we measure 

cooperativeness differ greatly in the laboratory and field which may also explain the null finding 

if we assume that preferences are context-dependent (e.g. Tversky and Thaler, 1990). 
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 2.4. Discussion and conclusions 

 

In this study, we investigate whether individual social integration and individual participation in 

the development of an environmental program are related to cooperation during this program. 

We find evidence that fishermen who participated in the development of the environmental 

program manufacture more of the less exploitative shrimp traps and that two standard measures 

for social integration – degree centrality and closeness centrality – are significantly related to our 

measure for community resource management outcomes, the quantity of shrimp traps 

manufactured that are less exploitative. The findings are consistent with the assumption that 

actors feel more obliged to cooperate if they were involved in the development of the 

environmental program and are deterred from free-riding because they are concerned about 

harming their friendships and their reputation and/or facing a higher probability of being 

discovered as free riding.  

  Going beyond identifying the relationship between social network characteristics and 

cooperation behavior and investigating whether social network characteristics cause cooperation 

is very difficult. The reason is that social network characteristics such as individual social 

integration are likely to be endogenous and dependent on characteristics of the actors in the 

network and the environment. In particular, there is much evidence showing that actors are more 

likely to connect to other actors with whom they share similar characteristics (like age or gender; 

for an overview see McPherson et al., 2001). Therefore, it is difficult to exclude the possibility 

that unobserved correlates of social network characteristics are the determinants for the 

economic behavior of interest. There are various approaches to deal with this challenge such as 

investigating social networks that have been subject to an exogenous mechanism (Beaman, 2007; 

Laschever, 2007), experimentation (Duflo and Saez, 2003), or the use of instrumental variables 

(Munshi, 2003). However, the usefulness of these techniques often hinges on the availability of 

large sample sizes which are frequently not available, in particular in settings like ours where one 

observes the implementation of a policy in small communities.  

 Since it was also not practicable feasible to randomize fishermen into the participation in 

the development of the environmental program, it remains speculative whether the participation 

influenced the cooperation in the environmental program. However, because communities where 
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quasi randomly selected to participate in the development, the fact that cooperation is more 

pronounced in these communities provides some suggestive evidence that participation has 

influenced cooperation in the environmental program. 

 We used different regression models to control for important covariates. An interesting 

feature of our study is that we can exclude the possibility that the level of social integration is 

driven by the level of cooperation in the environmental program because we measured the social 

network before the environmental program was implemented. This feature and the finding that 

social integration and individual participation are little subject to the inclusion of covariates 

provide some confidence that the insights from our study are not purely correlational and render 

it less likely that the reported relationships are exclusively driven by unobserved correlates.  

 At the minimum, our findings provide evidence on the relationship between individual 

social integration, individual participation and field cooperation. These insights may be also 

useful for policy makers, managers, and educational trainers. For instance, it may encourage 

them to include actors in the development of a policy from an early stage and increase 

investment in programs that try to better integrate individuals into their network
12

 and/or to 

identify and then select the more socially integrated actors as agents of change.  

 We imagine two avenues for future research. First, it would considerably strengthen the 

evidence on the relevance of individual social integration and participation for field cooperation 

if researchers had access to a setting where social integration and participation were either 

randomly influenced or exogenously changed, for example, by a field experiment. Second, it 

would be interesting to see the extent to which policy or educational interventions are successful 

in influencing social integration, and whether this change manifests in an enduring change of 

cooperation behavior.  

                            
12

 One possibility to strengthen social integration could be by engaging people in more joint activities, e.g. through 

policy or educational interventions designed in a way such that they facilitate the interaction of different actors. 
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3. DETERMINING THE WILLINGNESS-TO-CHANGE 

NATURAL RESOURCE EXPLOITATION:  

FIELD EVIDENCE FROM A FISHNET EXCHANGE 

PROGRAM  
 
 

 

 

 

 

Abstract: We implemented a fishnet exchange program targeted at professional fishermen who 

use fishnets with small mesh sizes and thus endanger the fish resources. In the fishnet exchange 

program we used a simple auction mechanism to identify the individual willingness to acquire 

fishnets with larger mesh sizes in exchange for fishnets with smaller mesh sizes. Although 

participants could obtain a new fishnet in exchange for their used fishnet and place negative bids, 

i.e. offer to exchange their used fishnet in combination with monetary compensation, we find 

that a substantial fraction does not place any or only negative offers. Interestingly, the individual 

heterogeneity in bids cannot be explained by the age of the used fishnets but by environmental 

perceptions and experiences with fishnets with larger mesh sizes. Fishermen, who are more 

optimistic that local over-fishing can be stopped and who have already used fishnets with larger 

mesh sizes place significantly higher bids. These findings may provide useful information about 

the limitations and possibilities of changing the behavior of the least cooperative resource users.  
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3.1. Introduction 

 

The omnipresent use of natural resources such as fish stocks challenges policy makers to find 

mechanisms which are successful in getting the resource over-exploitation under control. While 

it is sometimes argued that we often cannot prevent the ―tragedy of the commons‖ (Hardin, 

1968) and examples abound of resource over-exploitation, there are also cases of sustainable 

resource use and ideas about the mechanisms at work (Ostrom, 1990, 2009). However, still little 

is known about the true willingness of resource users to change and reduce their level of over-

exploitation. 

 In this study, we implemented a novel fishnet exchange program in several traditional 

fishing communities which face the problem of over-fishing. In this study region, one reason for 

over-fishing is the use of fishnets with small mesh sizes in which large amounts of small and 

immature fish are caught. The least cooperative fishermen, those who use fishnets with small 

mesh sizes, were invited to take part in a fishnet auction in which we offered for the highest bids 

new fishnets with larger mesh sizes in exchange for their used fishnets with smaller mesh sizes. 

Fishermen could either place no, negative (= willingness-to-accept (WTA); i.e. exchange in 

combination with monetary compensation), zero (= exchange without compensation or 

payment), or positive bids (= willingness-to-pay (WTP)). In addition to identifying the resource 

users` true WTA/WTP for the fishnet exchange by using an auction mechanism, we relate their 

auction behavior to several individual characteristics such as their risk preferences, 

environmental perceptions, and experiences with fishnets with larger mesh sizes. Moreover, 

because we have also older data from the same fishermen on their hypothetical WTA a fishnet 

exchange we can also compare their hypothetical to their true WTA. 

 We observe in the fishnet auction that a substantial fraction of the participants decides not 

to place bids or only negative bids. Only a small fraction places positive bids whereas the 

majority places zero bids, i.e. is willing to exchange fishnets without compensation/payment. 

Interestingly, the individual heterogeneity in bids cannot be explained by the age of the used 

fishnets. However, we find that environmental perceptions and experience with fishnets with 

larger mesh sizes are important determinants for auction behavior. Fishermen who are more 

optimistic that over-fishing can be stopped and who have already used fishnets with larger mesh 
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sizes place significantly higher bids. In addition, we observe that more risk-averse fishermen 

tend to place higher bids and we also find that the hypothetical willingness to exchange fishnets 

is relatively accurately predicting the actual WTA/WTP. 

 These results are difficult to reconcile with standard economic theory. Even if fishermen 

fear or experience significant income losses when using a fishnet with a larger mesh size, they 

should still bid for this fishnet because they still have the possibility to sell it. Moreover, because 

the fishnet which they have to hand over is used and therefore less valuable than the offered 

fishnet, one should expect that the age of their used fishnet matters and that fishermen with older 

fishnets place higher bids. The findings that a considerable fraction of fishermen is not willing to 

bid and that the age of the fishnet is not taken into consideration are, however, consistent with 

the ―endowment effect‖ (Kahneman and Tversky, 1979; Thaler, 1980; Kahneman et al 1990): 

Individuals place a higher value on goods such as a fishnet with a small mesh size if they are part 

of their endowment.  

 While our results provide suggestive evidence that the endowment effect may be an 

additional hurdle for reducing resource users` over-exploitation, they may also suggest two 

means to mediate over-exploitation. First, it may be useful for policy makers to attempt to 

influence the perceptions of the resource users about the likeliness that over-exploitation is 

stoppable. Second, because we find that resource users place higher bids if they have previously 

experienced using the auctioned fishnet, it may be useful to provide resource users with test 

material such as fishnets with larger mesh sizes. 

 To the best of our knowledge this is the first study investigating the WTA/WTP to change 

the natural resource exploitation from individuals who generate their livelihood from this natural 

resource. Furthermore, while there is a large literature on the WTA/WTP for goods such as mugs 

(Kahneman et al 1990), air quality, and other environmental goods (Rowe et al, 1980; 

Brookshire and Coursey, 1987) we explore the actual WTA/WTP for comparatively valuable 

goods. This contrasts with much of the existing evidence which investigates the actual 

WTA/WTP for goods of little value typically significantly below a low hourly wage (Shogren et 

al, 1994; Lusk et al, 2001) or only the hypothetical WTA/WTP (for a review consult Horowitz 

and McConell, 2002).  
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 This difference may be important as other studies have shown that the hypothetical 

WTA/WTP can be largely biased because it is not incentive-compatible (Bohm, 1972; Bishop 

and Heberlein, 1979; Shogren, 1990; Seip and Strand, 1992; Neill et al., 1994; Carson et al., 

1996; List and Shogren, 1998; List and Gallet, 2001) and it seems plausible that larger stakes 

further reduce mistakes and biases especially if the decisions in the WTA/WTP auction are 

affected by moral concerns (Levitt and List, 2007) which may be present when the auctioned 

goods are environmental goods. An additional special feature of our auction is that participants 

can place negative and positive bids and this allows us to study auction behavior when it is 

unclear whether bidders have a WTA or WTP for a good whereas most other studies separate the 

WTA from the WTP. 

 Our study is also related to the literature on the relevance of human determinants for the 

sustainability of natural resources more generally (Walker et al, 1990; Ostrom et al, 1992; 

Cardenas, 2001; Ostrom and Nagendra, 2006; Bouma et al, 2008; Cavalcanti et al, 2010; Fehr 

and Leibbrandt, 2008). For example, Bouma et al (2008) investigate the correlates of community 

resource management and find that measures of social capital are related to household 

contributions to soil and water conservation maintenance. Fehr and Leibbrandt (2008) show that 

the mesh size of the fishnet can be predicted by the fishermen‘s level of pro-sociality and 

impatience which the authors measured with laboratory experiments. Our study differs from this 

stream of literature in several ways. In particular, we investigate the behavior in an auction 

context aiming at a change in natural resource management and also because our study is 

targeted towards the least cooperative resource users.  

 Section 3.2 presents the field setting and section 3.3 the fishnet exchange program. Section 

3.4 provides information on the survey data and section 3.5 reports the behavior in the fishnet 

auction and relates it to the survey data. Section 3.6 concludes. 
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3.2. Field setting 

 

The fishnet auction took place with professional fishermen from eight traditional fishing 

communities located around a lake in the north-eastern region of Brazil. In these communities 

fishing is the main and often only possible full-time profession.
 
Fishermen sell their catch at fish 

markets and thus provide their family with income and nutrition. Most fishermen go fishing 

alone in small boats and use fishnets as fishing gear.
13

 These fishnets differ according to their 

mesh size. Fishnets with smaller mesh sizes pose a threat to sustainable fishing because the 

smaller the mesh size of the fishnet, the more small and immature fish are caught in the fishnet. 

However, the use of fishnets with smaller mesh sizes leads to higher short-term incomes as 

smaller and bigger fish are caught at the same time.
14

 Thus, it is of little surprise that the use of 

small mesh sizes is wide-spread in this region. As a rough reference point, note that small fish 

that are below the legal minimum size are frequently caught in fishnets with mesh sizes that are 

smaller than five centimeters. Fehr and Leibbrandt (2008) report that approximately two-thirds 

of the fishermen from this field setting use a mesh size that is smaller than five centimeters, with 

a mean of 4.43 centimeters. The most frequently used mesh size is 3.5 (28.9 percent) 

centimeters.  

 There is free access to the fishing grounds and there are no legal constraints concerning the 

mesh size of the fishnet. There is just one legal regulation concerning the catching of fish which 

is the prohibition of catching small fish (below 20–30 centimeters, depending on fish type).
 
This 

regulation is, however, rarely enforced. Most fishermen do not fear controls and small fish are 

frequently offered at markets and in restaurants. In recent years, many fishermen have 

complained about decreasing catch rates and report finding fewer big fish, which they mostly 

blame on the overexploitation of the fish resources, i.e., the catching of large amounts of small 

                            
13

 Note also that many fishermen at this lake catch shrimp. For catching shrimp, fishermen use modified plastic 

bottles as traps. 
14

 We asked some fishermen to fill out a daily report for several weeks where they reported which mesh size they 

used, the amount of fish they caught, and the weight in kilograms of fish they caught. Nine fishermen reported 

frequently using two different mesh sizes. When they use the smaller mesh size, they report catching a 21.5 percent 

larger number of fish per hour (p < 0.01) and 16 percent more kilograms of fish per hour (p = 0.07). If we assume 

that the additional fish caught with a small mesh size are all small fish that are sold at a 50 percent lower price (i.e., 

instead of a normalized price of 1 for larger fish the small fish are sold at a price of 0.5), the fisherman who use a 

small mesh size earn roughly 8 percent (0.16 x 0.5) more income per hour. A 50 percent lower price for small fish is 

a realistic assumption.  
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and immature fish (Cavalcanti, 2003; Cavalcanti et al., 2010). Governmental and local university 

institutions have taken note of the severity of the situation and first steps, such as the 

development of a local management council, were initiated to fight over-exploitation of the 

fishing grounds. The fishnet auction in this study may also be viewed as an attempt in this 

regard. 

 

 

3.3. Fishnet exchange program: the fishnet auction 

 

The fishnet auction took place in 2008. Before, already in 2006, we conducted a survey with 

fishermen from this field setting in which we asked the participants whether they would be 

willing to exchange their fishnet with a small mesh size (< five centimeters) to a fishnet with a 

mesh size of five centimeters. In this survey, a majority of 61 percent stated their willingness to 

exchange and this provided the basis for the fishnet exchange program.  

 The fishnet exchange program conducted in 2008 used a sealed bid first-price auction for 

mainly two reasons. First, the first-price auction mechanism is useful to identify the true 

WTA/WTP if the number of bidders is sufficiently large (which is the case in our auction)
15

, and 

second, the first-price auction is comparatively easier to understand than alternatives such as the 

Vickrey auction or the Becker-DeGroot-Marschak method. Consequently, we asked fishermen 

who possessed a fishnet with a mesh size smaller than five centimeters to place bids for a new 

fishnet with a mesh size of five centimeters in exchange for their fishnet. We told the participants 

that we auction in total ten fishnets in different communities that are given to the ten highest bids 

from all participating fishermen in the different communities. Fishermen knew that the number 

of bidders is large but they did not know the exact number of bidders.  

 It was clear to the participants that their behavior in this auction is binding and that the 

exchange will actually take place. Note that while the exchange was binding it was not binding 

                            
15

 If bidders are independent, homogenous, and risk-neutral then the Nash equilibrium in the first-price auction is to 

bid ii v
N

N
b 







 


1
, where bi is the bid of individual i, N the number of bidders in the auction, and vi the true 

value of the good for the bidder (Vickrey, 1961). 
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that the participants actually use the acquired fishnets – they had the option to sell the fishnet on 

the market at any time.
16

 Participants could either decide not to offer their fishnets, or place 

negative (= exchange in combination with compensation), zero (= exchange without 

compensation or payment), or positive bids (= exchange with additional payment). More 

precisely, fishermen could either place no bids, a negative bid of 50 Reais
17

 (the cost of a new 

fishnet), 25 Reais, 0 Reais, or any positive bid
18

. Note that 50 Reais is a comparatively high-

stake for fishermen –fishermen approximately generate this amount from one week of fishing 

(assuming five working days). In total, 69 fishermen participated in the fishnet exchange 

program. Pictures from a fishnet with mesh size 8 and the fishnet exchange program can be 

found in the appendix B, figures B4 and B5, respectively. Figure B6 shows a fisherman holding 

the old and the new fishnet.  

 

 

3.4. Survey data 

  

The fishnet auction was implemented at the end of a survey that was conducted individually such 

that the responses of other participants were unknown. Participants were also not allowed to talk 

about the survey and their bids until all participants were interviewed. Before fishermen knew 

that the survey includes a fishnet auction we asked them whether they have a fishnet with a small 

mesh size (3 – 4.5 centimeters
19

), and if yes, how old this fishnet is. Then, and only if fishermen 

responded to the first question with yes, we announced that there will be a fishnet auction and we 

explained its details. During this survey we also collected information on the participants‘ socio-

demographic characteristics, fishing related information, and their perceptions about the fishing 

situation.  

                            
16

 Note that it would have been extremely difficult to monitor fishermen not to sell their acquired fishnets and that 

the possibility that fishermen can sell their fishnet also facilitates deriving predictions in the auction.  
17

 The Brazilian currency is called Real (singular) or Reais (plural). 1 Real equaled US $ 0.61 in September 2008; 

mean daily available income is approximately 10 Reais. 
18

 We chose discrete bid options for negative bids to facilitate understanding for the participants and continuous bid 

options for positive bids because we were unsure which kinds of amounts participants were willing to bid.  
19

 There are fishnets with mesh sizes smaller than three centimeters. These fishnets, however, are typically only used 

to catch bait. This is why we did not offer the possibility to exchange this kind of fishnets. 
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 From the 69 participants in the fishnet auction 88.4 percent are male. The mean age is 

38.75 years and the mean participant visited school for 3.11 years (variable: education). 62.3 

percent of the fishermen who participated in the fishnet auction already possessed the auctioned 

fishnet in the past (variable: fishnet experience). The fishnets that participants would have to 

hand over in case of a successful bid were on average used for 2.19 years (variable: fishnet age). 

We also find that fishermen differ in their perception of the likeliness that over-fishing is 

stoppable. 42.2 percent believe that it is very likely that over-fishing is stoppable, 45.6 percent 

believe that it is likely, 5.9 percent believe it is unlikely, 4.4 percent very unlikely, and 2.9 

percent do not believe that it is stoppable (variable: environmental perception). All reported 

survey responses are summarized in appendix table A4. 

 After the surveys (and the fishnet auction) the participants took part in an experimental 

session that included a lottery game to measure their risk preferences. Fishermen received ten 

points and chose how many of these points they wanted to invest in a lottery. The lottery was 

implemented with the help of a coin flip. If participants guessed the right side of the coin in 

advance, their investment was multiplied by 2.5; however, if they guessed wrong they lost their 

complete investment. If players are risk-neutral, they should invest all ten points as the expected 

payoff is 0.5 × 2.5 = 1.25 times the investment. In contrast, for risk-averse participants, the 

investment depends on their extent of risk-aversion. There was a 40 percent probability that the 

outcome in the lottery game became payoff relevant. If the lottery game was payoff relevant, one 

point equaled one Real. We find large levels of risk-aversion. On average, participants invest 

3.19 points, i.e. do not invest 6.81 points. 21.7 percent do not invest at all in the lottery. The 

mode is to invest five points (24.6 percent).  

 

 

3.5. Predictions and results  

 

In this section we first derive the predictions for the expected bidding behavior in the fishnet 

auction and then investigate the extent to which bidding behavior is consistent with these 

predictions. Thereafter we make use of the survey responses and the behavior in the lottery game 
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to better understand bidding. We finish this section by comparing the actual bids in the fishnet 

auction to the hypothetical willingness of the same fishermen to exchange fishnets. 

 

3.5.1 Predictions for bids in the fishnet auction   

Because the first-price auction reveals the true WTA/WTP (see also footnote 14) participants 

should bid:  

(i) ctfctfbi  )())(50(50 , 

where bi is the bid of individual i and the first 50 in this formula is the value of the offered new 

fishnet. The second 50 in this formula is the maximal value of the fishnet the fishermen have to 

hand over (in our setting the prices of the commonly used fishnets are 50, i.e. a fishnet with a 

mesh size of 3.5 centimeters has the same value as a fishnet with 5 centimeters). f(t) is a function 

for the diminishing value of the used fishnet running from 0 (if it is fishnet is new) to maximally 

50 (if the value of the fishnet is 0, i.e. it is very old and useless). c is a variable which measures 

any potential costs either from using the new fishnet (less catch) or from selling the new fishnet 

and buying a fishnet with a smaller mesh size (whichever is smaller)
20

.  

 While the income loss from using a fishnet with a small mesh size as compared to using a 

fishnet with a big mesh size may be large (see footnote 13), there is little reason to believe that 

the transaction costs for selling and buying fishnets are significant in our setting as fishnets are 

frequently traded on fish markets where fishermen sell their catch. Thus, if we conservatively 

assume that transaction costs are lower than 100 percent of the costs of a fishnet we have: c < 50 

)50(  c , we can simplify (i) to:  

(ii)  50)(tfbi , 

 

Thus, there are two predictions in this auction: 

Prediction 1: All participants bid 50b   

                            
20

 The only use of this model is to derive the minimal bids from participants assuming they are self-interested. This 

is not to say that participants will actually behave according to the prediction and sell their auctioned fishnets right 

away. 
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Prediction 2: Participants with older fishnets place higher bids than participants with newer             

fishnets  

 

3.5.2 Bids in the fishnet auction  

Table 3.1 reports the behavior in the fishnet auction and table A5 in the appendix reports the 

behavior in the fishnet auction for each community separately. In table 3.1 and in our 

consecutive analysis and tables we continue using six categories of bids (no bid, -50, -25, 0, 1-

10, 11-35).
21

 We observe that 17.4 percent (12 out of 69 participants) did not place any bid, i.e. 

they did not want to exchange their fishnets even if they were given 50 Reais in compensation, 

i.e. the cost of a new fishnet. 5.8 percent (4 participants) placed a negative bid of 50 Reais. Thus, 

17.4 percent placed bids that are lower than predicted. 4.4 percent (3 participants) placed a 

negative bid of 25 Reais. The majority of fishermen (59.4 percent; 41 out of 69 participants) 

placed a zero bid, and nine placed positive bids (1, 1, 5, 10, 10, 15, 16, 20, 35). Thus, all 

participants with positive bids won the new fishnet, and in addition, one participant who was 

randomly chosen among those who offered zero bids.  

 

Table 3.1: Bids in the fishnet auction 

Bids No bid -50 -25 0 1-10 >10 

       

N 12 4 3 41 5 4 

Percentage 

(cumulative) 
17.4 23.2 27.5 87.0 94.2 100 

Notes: Bids are in Brazilian currency (Reais). N is the number of observations. 

 

Finding 1: Almost one fourth of the bidders do not bid or bid too low.  

We also find no evidence in favor of prediction 2. Table 3.2 shows for each of the six bidding 

categories the mean fishnet age and the percentage of old fishnets (> 6 months).
22

 We observe, 

for example, that the mean fishnet age from fishermen who did not place any bid is 3.12 years, 

the mean fishnet age from fishermen who placed zero bids is 2.21 years, and the mean fishnet 

                            
21

 Our analysis is not sensitive to this categorization. The findings are very similar when using different 

categorizations. 
22

 We chose six months as a threshold because 50 percent have fishnets that are not older than six months. 
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age from fishermen who placed positive bids is < 1.63 years. We also observe that the fraction of 

fishermen having old fishnets is considerably large (> 36.4 percent) for all the different bidding 

categories and that there is no clear pattern in these percentages according to the six categories.  

 

 

Table 3.2: Bids in the fishnet auction and age of the used fishnet 

Bids No bid -50 -25 0 1-10 >10 

Age (mean) 3.12 0.77 3.08 2.21 1.63 0.90 

Percentage 

fishnets older 

than six months 

36.4 50.0 66.7 46.1 80.0 50.0 

Notes: Bids are in Brazilian currency (Reais).  

   

  

 In table 3.3, we use four ordered probit models in which we regress bids on fishnet age and 

other potential covariates.
23

 In particular, we control for income, experience with fishnets with a 

larger size, and the fishermen‘s risk-aversion. It is possible that fishermen with a lower income 

are less willing to exchange fishnets as they are less able to compensate potential income loses 

from fishing with a larger fishnet. Experience with fishnets with a larger mesh size may play a 

role as experienced fishermen have more information about the costs and benefits about this 

particular fishnet. Risk-aversion may play a role for bids in the auction as more risk-averse 

fishermen may place higher bids to decrease the possibility to not win the auctioned fishnet. In 

addition, we control for age, gender, environmental perception, and education. 

Interestingly, we find in none of the four models that fishnet age plays a significant role for 

bidding (p > 0.146). In models 1 and 2 in which the z-values are largest for the fishnet age, the 

coefficients are even negative.  

 

Finding 2: Fishermen with older fishnets do not place higher bids than fishermen with newer 

fishnets.  

                            
23

 We use an ordered probit model because our dependent variable is ordinal and has six categories. Results are very 

similar, however, if we use OLS regressions.  
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Table 3.3: Predicting bids in the fishnet auction (ordered probit)  

Model 1 2 3 4 

     

Fishnet age -0.033 -0.051 0.017 0.040 

 (0.034) (0.035) (0.037) (0.050) 

     

Fishnet experience  0.867
***

 1.114
***

 1.040
***

 

  (0.292) (0.345) (0.382) 

Environmental perception  0.737
*** 

(0.169) 

0.808
***

 

0.808
***  

(0.198) 

 

0.827
*** 

(0.203) 
  (0.169) (0.198) 

 

(0.203) 

Risk-aversion  0.118 0.147
*
 0.148

*
 

  (0.072) (0.077) (0.079) 

Age   -0.021
* 

 

-0.021
* 

(0.012) 

-0.022 

 

-0.022 

(0.014) 

   (0.012) (0.014) 

Gender (male dummy)   -0.032 

(0.448) 

0.035  

      

(0.506) 

 

   (0.448) (0.506) 

 
Education   0.019       

 (0.061) 

0.012      

(0.068) 

 

   (0.061) (0.068) 

 
Income   -0.001 

(0.001) 

-0.000 

 

(0.001) 

   (0.001) (0.001) 

Community fixed effects? no no no yes 

Pseudo R2 0.005 0.115 0.139 0.152 

N 66 65 63 63 

Notes: *** 99-percent significance, ** 95-percent significance; * 90-percent significance; numbers 

represent linear estimates and standard errors in parentheses. Variables are explained in appendix table 

A4. 
 

 

3.5.3 Which variables predict bids in the fishnet auction? 

The last section shows that there is individual heterogeneity in bidding behavior which cannot be 

explained by the fishnet age and which is difficult to reconcile with monetary self-interest. One 

factor which may account for the differences in bidding is individual differences in risk-aversion. 

Risk-aversion can play a role in our auctions for two reasons. First, because acquiring a new 

fishnet involves to some extent unknown costs c and therefore it could be that more risk-averse 

participants place lower bids. Second, because bidding too low increases the risk of not acquiring 

the new fishnet, more risk-averse participants may place higher bids. The observed relationships 

suggest that the latter element of risk plays a more important role. For example, in table 3.3, 

models 3 and 4, we observe that participants who are more risk-averse in the lottery game tend to 
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offer higher bids (p < 0.062). The relationship between risk-aversion and bids can also be seen in 

table A6 in the appendix. 

 An additional factor that may play a role is whether fishermen have already used in the 

past a fishnet with the auctioned mesh size. It seems plausible that fishermen who have already 

used this mesh size can better evaluate the profitability of using this fishnet and/or are less 

hesitant to use fishnets with larger mesh sizes and thus place different bids in the fishnet auction. 

On the other hand, it could also be that those fishermen place lower bids because they have 

switched to using a fishnet with a smaller mesh size. Table 3.4 illustrates the bids for fishermen 

depending on their experience with using fishnet with larger mesh sizes. Without controlling for 

other variables there is a positive but insignificant relationship between fishnet experience and 

bids (Spearman, r = 0.127, p = 0.298). 

 

Table 3.4: Bids in the fishnet auction and fishnet experience using the auctioned fishnet 

Bids No bid -50 -25 0 1-10 >10 

       

No fishnet 

experience (% 

cumulated) 

23.1 30.8 34.6 88.5 100  

Fishnet 

experience (% 

cumulated) 

14.0 18.6 23.3 86.1 90.7 100 

Notes: Bids are in Brazilian currency (Reais). No fishnet experience means that fishermen have never 

used the mesh size of the auctioned fishnet.  

 

 

 However, in table 3.3 and models 2, 3, and 4 we observe that fishnet experience is a highly 

significant predictor for auction behavior (p < 0.006). Fishermen who are experienced with the 

auctioned fishnet place significantly higher bids. The impact of fishnet experience becomes 

highly significant as soon as we control for environmental perception, a variable which plays 

also a highly significant role for bids.
24

  

                            
24

 Interestingly, experience and environmental perception are negatively correlated with r = -0.208 (Spearman, p = 

0.088), i.e. fishermen who have not already used a fishnet with a larger mesh size tend to be more optimistic that 

over-fishing is stoppable. This negative relationship helps explaining why experience is significantly related to bids 

after controlling for environmental perception. 
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 Table 3.5 below illustrates the relationship between bidding behavior and the perception 

about the extent to which over-fishing is stoppable – which we termed environmental perception. 

Participants who believe that there is a higher likeliness that over-fishing is stoppable place 

significantly higher bids. For example, 24 out of 28 participants who believe that it is very likely 

that over-fishing can be stopped place non-negative offers, whereas 6 out of 9 participants who 

believe that over-fishing is not likely to be stopped place negative offers. 22 out of 31 place non-

negative offers if they believe that it is likely that over-fishing is stoppable. The correlation 

between bids and environmental perception is highly significant (Spearman, r = 0.321, p = 

0.008). 

 

Table 3.5: Bids in the fishnet auction and environmental perception 

Bids No bid -50 -25 0 1-10 >10 

Is over-fishing 

stoppable? 

      

no  2      

very unlikely 1 1  1   

unlikely 1  1 1 1  

likely 6 2 1 19 1 2 

very likely 2 1 1 19 3 2 

Notes: Bids are in Brazilian currency (Reais). Numbers in cells indicate number of bids.  

 

 In table 3.3, we can see that environmental perception also plays a highly significant role in 

our different model specifications (p < 0.001). Why does environmental perception play such a 

crucial role for placing higher bids in our fishnet auction? First, the relevance of environmental 

perception (and fishnet experience) is at odds with the assumption that fishermen only view the 

fishnet auction as a way to make some money by selling their acquired new fishnet with a large 

mesh size in order to then buy immediately a fishnet with a small mesh size. The relevance of 

environmental perception may suggest that an individual willingness-to-change exists to reduce 

resource exploitation if there is optimism that unsustainable fishing in general is stoppable. 

However, as soon as there are doubts that a tragedy cannot be avoided, this willingness-to-

change seems to disappear.  
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 Table 3.3 also shows the relevance of the other control variables. We observe that one 

additional variable plays a marginal significant role: age. Older fishermen tend to place lower 

bids (0.084 < p < 0.119). None of the other control variables (gender, education, income from 

fishing) is predictive for auction behavior (p > 0.551).  

 

3.5.4 How predictive is the hypothetical willingness for the true willingness to exchange    

fishnets?  

In 2006, 61.1 percent (33 out of 54) stated their willingness to exchange fishnets without 

compensation. In the fishnet auction, we observe that a slightly but insignificantly higher 

percentage of 72.5 percent (50 out of 69) offered zero or positive bids (Fisher Exact test, p = 

0.245, two-sided). We have also data from 26 fishermen who took part in the 2006 survey and 

the fishnet auction in 2008. This data is illustrated in table 3.6. 17 fishermen stated that they are 

willing to exchange fishnets without compensation and they placed non-negative bids in the 

fishnet auction. Four fishermen out of six who stated they are not willing to exchange fishnets 

placed two years no or negative bids in the fishnet auction. Only two fishermen stated to be 

willing to exchange fishnets without compensation but placed no bids. The relationship between 

the binary survey response and the six categories of bids in the auction is significant at p = 0.017 

(Spearman, r = 0.463) and suggests that in our environment and for this type of auction, the 

hypothetical WTA/WTP may be a quite accurate predictor for the real WTA/WTP. This finding 

is also in line with List and Shogren (2002) who find that the hypothetical WTA (in contrast to 

the WTP) can be a good predictor of the actual WTA (WTP).  

 

Table 3.6: Bids in the fishnet auction and hypothetical willingness to exchange fishnets 

Bids No bid -50 -25 0 1-10 >10 

Hypothetical willingness?       

No  2 1 1 3   

Yes 2   13 3 1 

Notes: Hypothetical willingness = fishermen‘s response in 2006 survey to exchange a fishnet with a small 

mesh size to a fishnet with a big mesh size without compensation. Bids are in Brazilian currency (Reais). 

Numbers in cells indicate number of bids.  
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3.6. Conclusions  

 

In this paper we investigate the willingness-to-change natural resource exploitation with the help 

of a fishnet auction where participants had the possibility to place bids to exchange their old 

fishnet with a small mesh size for a new fishnet with a large mesh size. We observe that almost 

one fourth of the participants places no or only very negative offers and that offers do not depend 

on the age of their fishnet. These findings are difficult to explain by standard economic theory 

and suggest that endowment effects (Kahneman and Tversky, 1979; Thaler, 1980; Kahneman et 

al., 1990) play an important role in this auction. Some fishermen do not want to give up their 

fishing gear even if it is in their own monetary self-interest. 

 A more optimistic evaluation of the environmental situation and experience with fishnets 

with larger mesh sizes seem to be driving factors behind higher bids. In addition, we observe that 

the hypothetical willingness to exchange fishnets predicts the actual willingness relatively 

accurately. Our findings may help policy makers in designing environmental programs aiming at 

changing resource over-exploitation. Belief management and test material for resource users 

seem promising means to increase the willingness to refrain from resource over-exploitation. For 

example, one could speculate that environmental programs which employ frames such as ―the 

glass is half full, not half empty‖ are more successful in mitigating resource over-exploitation 

than those who remind resource users that it is ―five minutes to midnight‖.  

 An interesting feature of our study is that it is targeted at the least cooperative individuals. 

Understanding the behavior and finding means to change the behavior of the individuals which 

exploit the resources the most may go a long way as there is evidence that many individuals are 

conditionally cooperative, i.e. they are willing to cooperate in sustaining resources but tend to 

only do so if there are no other free-riding resource users (Fischbacher et al., 2001, Keser and 

van Winden, 2002; Frey and Meier, 2004; Shang and Croson, 2008). 
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 4. SOCIAL NETWORKS AND ECONOMIC 

PREFERENCES 
 

 

 

 

 

 

Abstract: Social network characteristics are often regarded as key determinants for a wide 

variety of behaviors. In this study, we investigate whether segregation patterns in networks and 

network centrality are related to economic preferences. We identified social networks from nine 

small villages and invited members from these villages to take part in behavioral experiments to 

measure their risk, time, competition, and social preferences. We find no evidence that 

individuals are more likely to be friends with other individuals who share similar economic 

preferences. On the contrary, our results suggest that opposites attract for risk and time 

preferences because we find a negative relationship between individuals` and their friends` risk-

taking and patience. In addition, our results suggest that risk and competition preferences are 

related to network centrality. Individuals who are more central in the network are more likely to 

take risks and compete more. We also find that social preferences are not in a robust manner 

related to segregation patterns in networks and network centrality. These findings may be useful 

to interpret relationships between social network characteristics and economic behaviors. 
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4.1. Introduction  

 

Researchers from different fields such as computer science, medicine, and economics have 

joined sociologists in studying the relationships between social network characteristics and a 

wide variety of outcomes and behaviors (Coleman, 1988; Putnam, 2000; Goyal, 2007; Christakis 

and Fowler 2009, Jackson, 2009). For economic behavior, examples about the role of social 

networks include purchasing decisions (Katz and Lazarsfeld, 1955), labor market behavior 

(Myers and Shultz, 1951; Bayer et al., 2005), criminal activity (Reiss, 1988; Glaeser et al., 

1996), risk-sharing among individuals (Fafchamps and Lund, 2003), technology adoption 

(Bandeira and Rasul, 2006), and altruistic behavior (Leider et al., 2009 & 2010; Brañas-Garza et 

al., forthcoming; Goeree et al., 2010).  

 However, because most social networks are endogenously formed it is difficult to argue 

that social network characteristics, and not factors related to these, are the primary drivers for 

economic behaviors (Durlauf, 2004). In particular, segregation patterns in the network – a 

phenomenon denoted ―homophily‖ which describes the widely observed tendency of individuals 

to be more connected to others with similar attributes – may play an important factor for 

economic behaviors (Katz and Lazarsfeld, 1955; McPherson et al, 2001; Currarini et al, 

forthcoming). In addition, social integration patterns in the network which may result from a 

tendency of individuals with certain attributes to be more central in the network – i.e. better 

integrated –  may provide explanations for economic behaviors (Jones and Rachlin, 2006; 

Brañas-Garza et al, forthcoming; Fosco and Mengel, 2009; Leider et al, 2009 & 2010). 

 In this study, we investigate whether segregation and social integration patterns are related 

to different individual attributes. In contrast to most of the existing literature we do not relate 

attributes such as race and gender to social network characteristics, but to different economic 

preferences. Uncovering the relationships between network architecture and economic 

preferences can be important to better understand the relationships between social networks and 

economic behaviors. If we find that social network characteristics are unrelated to different 

individual economic preferences we provide evidence supporting social networks as an 

important factor for economic behaviors independent of economic preferences. However, if we 

find that social network characteristics are significantly related to economic preferences we 
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provide evidence suggesting that relationships between social networks and economic behaviors 

may at least be partly explainable by taking into account the economic preferences of the actors 

in the network. 

 We identified social networks in several small villages and invited members from these 

nine villages to take part in behavioral experiments in the field to measure their risk, time, 

competition, and social preferences. For our subject pool we chose professional fishermen who 

have lived and worked for many years in close geographical proximity in order to identify well-

established social networks and to achieve high levels of participation by individuals whose daily 

activity is coined by similar economic behaviors. By combining their social network 

characteristics with their behavioral preference measures we can gain insights into the 

relationships between social network segregation patterns, social network centrality patterns, and 

different economic preferences that may help to understand the relevance of social network 

characteristics for economic behaviors.  

 The relationships we observe suggest that social network characteristics are related to 

some, but not all, economic preferences. In particular, we find that risk preferences are related to 

network segregation and centrality. Individuals who are more willing to take risks tend more to 

be friends with less risk-taking individuals than do individuals who are less willing to take risks. 

Risk-takers also tend to be more central in the social network. Impatient individuals are more 

likely than patient individuals to be friends with patient individuals. Competitive individuals are 

more central in the social network. Social preferences, on the other hand, are not in a robust 

manner related to network segregation and centrality. 

 Our findings speak against homophily patterns with regard to economic preferences and 

support conventional wisdom and empirical findings showing that in some situations opposites 

attract (for the choice of allies see Simon and Gartzke, 1996; for the choice of partners and 

differences in dominance see Dryer and Horowitz, 1997; for differences in extraversion see 

Kristof-Brown et al, 2005). Because we do not find that individuals prefer to be friends with 

others who share equal economic preferences, it seems unlikely that social network segregation 

is a proxy for individual economic preferences. However, our findings also suggest that social 

network segregation is not independent of risk and time preferences. The observed negative 

relationships may caution against using social network segregation as an independent variable 
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and improve our understanding of the functioning of institutions that are typically composed of 

groups of friends such as microfinance lending groups (Morduch, 1999) or small businesses. One 

may speculate that part of the success of such institutions is determined by the complementarity 

of their members.
25

 

   Other experimental studies have shown that social network characteristics are relevant for 

giving in dictator games (Leider et al. 2009 & 2010, Goeree et al. 2010, Brañas-Garza et al., 

forthcoming). Leider et al. (2009) and Goeree et al. (2010) study the networks from students and 

show that giving in anonymous dictator games is related to the distance between dictators and 

recipients in the social network. They find that there is more giving towards recipients that are 

closer in the social network. Leider et al. (2009) also observe that participants who give less in 

the dictator game have more friends who give less and that there is no relationship between 

dictator game giving and the number of friends the dictators have. In contrast, Brañas-Garza et 

al. (forthcoming) find suggestive evidence that less integrated students give less money to others 

compared to more integrated students.  

 Despite a different setting we find similar to Brañas-Garza et al. (forthcoming) that there is 

a marginally significant relationship between donations to a charity and network centrality if we 

categorize participants into two groups according to their level of donations.
26

 We also show, 

however, that the relationship we find is not significant if we use the level of donations
27

, and if 

we use instead public goods contributions as a measure for pro-social preferences. Moreover, 

similar to Leider et al. (2009) we find a positive overall correlation between individuals` and 

their friends` pro-sociality in our charity game. However, we also show that in our setting this 

relationship is not robust to the inclusion of controls, and that there is no significant relationship 

between individuals` and their friends‘ pro-sociality for our second measure: public goods 

contributions.   

 Our study employs a different focus and research strategy than previous studies as we 

investigate the relationships between social network segregation and centrality, and risk, time, 

                            
25

 For example consider a business partnership between two equal partners and that one partner is risk-averse. In this 

case, it would be probably better if the other partner is risk-loving and not also risk-averse. 
26

 Note, however, that Brañas-Garza et al (2009) and Leider et al (2009) use a dictator game where the recipient is a 

member of the social network. 
27

 This finding is very much in line with the findings in Brañas-Garza et al (2009) who find a stronger relationship 

between pro-sociality measured by a dictator game and network centrality if they categorize dictators into two 

categories. 
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and competition preferences from individuals who are engaged in similar economic behaviors to 

provide suggestive evidence for understanding differences in their economic behaviors. For this 

purpose it is worth mentioning that some of the behavioral preference measures that we use in 

this paper have been shown to correlate significantly with economic behaviors in the field with 

subjects drawn from a similar subject pool (Fehr and Leibbrandt, 2008; Leibbrandt, 2009). Our 

study may also complement other studies (Leider et al. 2009 & 2010, Goeree et al. 2010, Brañas- 

Brañas-Garza et al., forthcoming) because we observe well-established albeit small social 

networks from adults and not single, large, and forming social networks from students. 

 The next section presents the methodology in this study and provides more information on 

the field setting, social network, and preference data. In section 3 we combine the social network 

and preference data, and investigate the relationships between the two data sets. Section 4 

finishes with a discussion. 

 

 

4.2. Methodology  

 

In this section, we provide an overview of the field setting and subject pool (4.2.1), the measures 

of the social network characteristics (4.2.2), and laboratory preference measures (4.2.3). 

 

4.2.1 Field setting and subject pool 

This study took place in nine small fishing villages at a lake in northeastern Brazil with in total 

216 professional small-scale fishermen. In the study area, fishing is the main and often the only 

possible profession. Fishermen typically go fishing on their own, sell their catch on markets, and 

in this way earn a living for their family. The fishermen in this study have few private 

possessions. There is free access to the fishing grounds and capital requirements to become a 

fisherman are rather low. In recent years, many fishermen have complained about decreasing 

catch rates, which they mostly blame on the overexploitation of the shrimp and fish resources, 

i.e., the catching of large amounts of small, not yet fertile, shrimp and fish (Cavalcanti, 2003). 
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The mean age of the subject pool is 37.8 years, and 78 percent of the subjects are male (see also 

table 4.1). 
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Table 4.1: Summary of the data 
Variables Description    

 Mean SD N 

Riskiness Whether fishermen decided to gamble in the risk 

game; 0 = if they decided to not toss a coin and 

keep 1.10 Reais, 1 = if they decided to toss a coin 

and win with a 50% probability either 2 or 0 Reais; 

0.62 0.49 150 

Patience Whether fishermen are patient in the time 

preference game; 0 =  if they preferred two 

chocolates immediately, 1 = if they preferred three 

chocolates approximately two hours later; 

0.67 0.30 105 

Competitiveness Whether fishermen decided to compete in the 

competition game; 0 = if they decided not to 

compete and win 1 token for each of 10 balls that 

entered the bucket, 1 = if they decided to compete 

and win 3 tokens for each ball that entered the 

bucket in case they outperformed their competitor 

or win 0 if they performed worse than their 

competitor; 

0.44 0.50 216 

Donation How many tokens between 0 and 10 fishermen 

donated to orphanage; 

3.85 2.34 216 

Contribution How many tokens between 0 and 10 fishermen 

contributed in the public goods game; 

3.67 2.79 216 

Donation friends Mean tokens of friends donated to orphanage; 3.93 1.46 214 

Contribution friends Mean tokens of friends contributed in the public 

goods game; 

3.66 1.67 214 

Friends‘ risk taking Mean decision of friends in the risk game; 0.69 0.33 190 

Friends‘ patience Mean decision of friends in the time preferences 

game; 

0.67 0.30 105 

Friends‘ competitiveness Mean decision of friends in the competition game; 0.50 0.32 214 

Degree Index for degree; higher number means more 

central; measure is undirected; 

2.78 2.31 216 

Normalized degree  Index for degree; higher number means more 

central; measure is normalized and undirected; 

10.41 9.57 216 

Normalized closeness Index for closeness; higher number means more 

central, measure is normalized and undirected; 

2.34 2.18 216 

Normalized betweeness  Index for betweeness; higher number means more 

central, measure is normalized and undirected; 

5.12 5.52 216 

Age Age of fishermen; 37.83 12.87 216 

Gender Gender of fishermen; 0 = female, 1 = male. 0.78 0.42 216 

Notes: SD indicates standard deviation and N the number of observations. 
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4.2.2 Social network data 

The social network measures were collected from a survey that was conducted during 

fishermen‘s meetings in the different village. In these meetings, to which all fishermen from the 

village were invited by the village leader, a survey was administered in which we asked each 

participant to name up to three friends who are present in the meetings. The responses to this 

question rendered it possible to draw the complete social network of the group of fishermen in 

this meeting and to derive the subjects` social network segregation and centrality. We restricted 

responses to three names to identify the strongest links between the participants and also to avoid 

that participants claim many friendships in order to appear popular. The large majority of the 

participants mentioned three (83.3 percent), 13 percent two, 2.8 percent one, and 0.9 percent no 

one as friend.  

 In our analysis we investigate homophily patterns by relating the participants` economic 

preferences to the mean economic preferences of the other participants who they named as their 

friends. Thus, if A has named B, C, and D as friends, we relate A`s trait to the mean trait of B, C, 

and D. To observe individual network centrality we use three standard concepts: degree, 

closeness, and betweenness (Wasserman, 1994). We find that these three measures of network 

centrality are highly correlated (0.394 < r < 0.642; p < 0.0001). For brevity and because the 

different measures largely lead to the same interpretation of our findings, we mainly focus on the 

simplest measure, degree centrality, and only shortly report the analysis of the other measures. 

According to degree centrality in our setting a participant is defined as more central the more 

others mention him as a friend.  

 We observe that participants are named on average by 2.78 individuals as friends (variable: 

degree). 15.74 percent (N = 34) are named by nobody and 12.5 percent by more than five. We 

also normalized the degree measure to reduce the dependency on the network size which differs 

from 16 to 34 (N in networks 1-9 = 16, 19, 19, 30, 26, 29, 28, 34, 15). Appendix figures B7-B15 

illustrate the social networks in all nine villages. The normalized degree measure is obtained by 

dividing the number of degrees of one actor by the amount of actors minus one in a given 

network. The mean normalized degree measure is 10.4; i.e. participants are on average named by 

10.4 percent of the participants as a friend. We observe that the normalized degree varies from 0 

to 50. 
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4.2.3 Economic preference data  

The subjects participated in five behavioral experiments that we conducted during fishermen‘s 

meetings. Decisions in all experiments were anonymous and we used comparatively high 

monetary stakes. The measure for risk preferences was conducted in fall 2008, the other 

measures in spring 2008. 

 We measured risk preferences in a simple gambling task. We gave subjects 1.10 Reais
28

 

and asked them whether they want to risk this money by tossing a coin. If they decided to toss 

the coin, they had to beforehand announce whether they would like to choose heads or tails. If 

the announced side of the coin showed up, they received two instead of 1.10 Reais. If the other 

side showed up, they received zero instead of 1.10 Reais. This experiment was conducted in 

eight of the nine villages with in total 150 participants. We observe that 62 percent of the 

subjects were risk-takers and decided toss the coin in this experiment.  

 For obtaining a measure of time preferences, we chose a simple inter-temporal choice 

experiment. In this experiment, which was implemented at the beginning of the experimental 

sessions in spring, subjects had to indicate whether they preferred two pralines immediately or 

three pralines approximately two hours later at the end of the experimental session. The pralines 

(―Sonho de Valsa‖) are very popular among the fishermen (97 percent stated that they like this 

pralines). We chose pralines instead of money because pralines measure better immediate utility 

in the study area. The study area is remote and there are very few possibilities for spending 

money at once in the immediate vicinity. We also chose to measure time preferences on the same 

day to avoid potential confusion with uncertainty of getting the goods which may occur if the 

transfer was not taking place on the same day. We find that 63.8 percent are patient in this task 

and wait two hours to receive one praline more. This experiment was conducted with 105 

participants and in only four villages because the pralines were temporarily sold out in the local 

stores. 

 For deriving a measure for competition preferences we used a ball game where subjects 

could either decide to compete against another anonymous subject or play the game on their own 

(Gneezy et al., 2009). In this game the subjects` task was to throw ten tennis balls into a bucket 

                            
28

 The Brazilian currency is called Real (singular) or Reais (plural). 1 Real equaled US $ 0.61 in September 2008; 

mean daily income is approximately 10 Reais. 
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that was placed three meters distant. If they decided to compete they gained three tokens for 

every ball that entered the bucket but only if they entered more balls than their assigned 

competitor. In case their competitor performed better in this task, they did not gain any token no 

matter how many of their balls entered the bucket.
29

 If they decided to play the game on their 

own, however, they gained one token for certain for every ball that entered the bucket.
30

 We 

observe that 43.5 percent competed in the competition game. There is a marginally significant 

relationship between the decision to compete and the decision to gamble in the risk game 

(Fisher‘s exact test, p = 0.092). 

 As measures for social preferences we use the behavior in a charity experiment (Eckel and 

Grossman, 1996) and a one-shot public goods experiment. One main difference between these 

two experiments is that in the charity experiment, we can identify pro-sociality towards 

individuals outside of the environment of the participants, whereas in the public goods 

experiment, we identify pro-sociality among participants from the same village.  

 More precisely, in the charity game we gave participants an envelope containing ten tokens 

and another empty envelope. The subjects‘ choice was to decide over how many of the ten 

tokens they want to donate to a local orphanage, i.e. allocate to the empty envelope for the 

charity. Subjects could decide over their allocation in private without being observed by the 

experimenters. We find that the mean donation is 3.85 out of 10 tokens, and that only 13.9 

percent donated zero or one token whereas 36.1 percent donated at least five tokens.  

 In the one-period public goods experiment, subjects decided how to allocate ten tokens 

between a private and a group account. For each token allocated to the group account, the 

participant increased the token balance of each of his two anonymous group members by 0.5 

tokens, but at the same time, his own balance was reduced by 0.5 tokens.
31

  For each token one 

of the group members decided to contribute, his balance was increased by 0.5 tokens. Since the 

subject‘s net return from contributing was negative, selfish fishermen should never contribute. 

The mean contribution was 3.67 out of 10 points. 16.2 percent contribute nothing whereas 38.4 

                            
29

 If they entered as many balls as their competitor, both received one token per ball. 
30

 Participants took part in an experimental session with five games with a probability of 40 percent were paid out. If 

the game was chosen for payment, each token equalled one Real. 
31

 The group size in the public goods experiment was three but in one experimental session where it was four 

(N=16). The behavior in this session is very similar compared to all other sessions (average contribution in this 

session = 3.75, in all other sessions = 3.66; t=-0.12, p=0.90). Excluding this session from further analysis would not 

lead to systematic different results.   
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percent contribute at least five tokens. We find that the two measures for pro-sociality are 

correlated with r = 0.399 and p < 0.0001.  

 

4.3. Results  

 

In this results section we provide eight results, each discussing a different economic preference 

and its respective relationship to homophily and individual network centrality. We start with risk 

preferences (1 and 2), move to time preferences (3 and 4), over to competition preferences (5 and 

6), and then finally to social preferences (result 7 and 8).  In all results, we first present an 

analysis of the relationship across all networks (which may dilute relationships in the different 

social networks) before we investigate the relationship after controlling for network fixed effects, 

and also for age, and gender which may be related to economic preferences and social network 

characteristics. 

 

RESULT 1 Friends appear to segregate by risk preferences. There is a negative relationship 

between participants’ and their friends` willingness to take risks.   

Overall, we do not find a significant correlation between participants` and their friends decision 

to gamble in the risk game (Pearson, r = -0.054, p = 0.517). However, when observing each 

network, we find suggestive evidence for segregation according to risk preferences. Table 4.2 

illustrates the different social networks and the mean behavior in each network separately and 

shows that participants who gamble in the risk game have in six out of seven networks friends 

who are on average less risk-taking than the friends of participants who do not gamble. 
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Table 4.2: Characteristics of subjects and their friends in each network 

  Network   

Subject  1 2 3 4 5 6 7 8 9 Total 

Not a risk-

taker 

 Friends‘ risk taking  ― ― 0.64 0.70 0.79 0.79 0.54 0.74 1.00 0.70 

Degree 3.00 ― 2.71 2.44 1.44 2.25 2.42 2.89 2.50 2.37 

N 1 ― 7 9 9 8 12 9 2 57 

             

Risk-taker 
 Friends‘ risk taking  0.88 ― 0.37 0.57 0.78 0.64 0.68 0.51 0.88 0.67 

Degree 2.75 ― 4.60 3.75 3.62 2.69 2.92 2.75 3.30 3.17 

N 8 ― 5 12 13 16 13 16 10 93 

Impatient 
Friends‘ patience ― ― ― ― ― 0.79 0.40 0.93 0.83 0.69 

Degree ― ― ― ― ― 2.38 3.43 2.22 1.71 2.61 

N ― ― ― ― ― 8 14 9 7 38 

             

Patient 
Friends‘ patience ― ― ― ― ― 0.76 0.43 0.74 0.57 0.66 

Degree ― ― ― ― ― 3.00 2.50 3.08 3.71 3.00 

N ― ― ― ― ― 21 14 25 7 67 

Not 

competitive 

Friends‘ competitiveness 1.00 0.67 0.64 0.17 0.33 0.60 0.43 0.68 0.52 0.48 

Degree 2.50 2.00 1.91 2.91 2.58 2.25 3.44 1.87 1.88 2.47 

N 4 10 11 23 19 16 16 15 8 122 

             

Competitive 
Friends‘ competitiveness 0.71 0.50 0.56 0.45 0.24 0.50 0.22 0.74 0.69 0.54 

Degree 2.83 2.78 3.88 2.86 3.43 3.54 2.33 3.63 3.29 3.19 

N 12 9 8 7 7 13 12 19 7 94 

Less 

altruistic 

Donation friends  3.23 3.67 3.35 2.52 4.64 5.11 3.71 3.07 3.52 3.54 

Degree 2.25 3.00 1.64 2.82 2.58 2.11 2.53 3.22 1.50 2.48 

N 8 12 11 22 12 9 15 9 8 106 

             

More 

altruistic 

Donation friends  4.44 3.48 2.23 2.67 4.88 4.93 2.90 3.45 3.86 3.78 

Degree 3.25 1.29 4.25 3.13 3.00 3.15 3.46 2.72 3.71 3.07 

N 8 7 8 8 14 20 13 25 7 110 

Less 

cooperative 

Contribution friends 2.72 4.06 3.22 2.52 4.81 4.97 3.61 3.61 4.23 3.59 

Degree 

Degree 

3.00 3.38 2.31 3.00 2.78 2.82 2.71 2.71 2.25 2.77 

N 9 8 13 22 9 11 17 14 8 111 

             

More 

cooperative 

Contribution friends 5.26 3.22 2.14 2.67 4.75 5.00 2.91 3.17 3.05 3.74 

Degree 2.43 1.64 3.67 2.63 2.82 2.83 3.36 2.95 2.86 2.79 

N 7 11 6 8 17 18 11 20 7 105 

Notes: Subject is categorized as less altruistic if she donated less than 4 out of 10 tokens and as less 

cooperative if she contributed less than 4 out of 10 tokens. Variables are explained in table 4.1. N is the 

number of observations. 
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 The first columns in regression table 4.3a and 3b show that once we control for network 

fixed effects and degree, the average risk-taking of the subjects` friends significantly predicts 

participants risk-taking negatively on the ten percent level (p = 0.078 in table 4.3a). This effect is 

more pronounced and significant on the five percent level after additionally controlling for age – 

which significantly predicts risk-taking and gender (Table 4.3b).  

         Table 4.3a: Homophily for risk, time, and competition preferences (Probit)  

  Risk-taking Patience Competitiveness 

Friends` risk-taking -0.205   

(0.078)   

Friends` patience  -0.356  

 (0.077)  

Friends` competitiveness   -0.143 

  (0.302) 

Degree  0.01 0.006 0.009 

(0.017) (0.277) (0.033) 

Network fixed effects? yes Yes yes 

Pseudo R2 0.113 0.073 0.081 

N 145 104 214 

Notes: Notes: Coefficients are in marginal effects, p-values in parentheses. N is 

the number of observations. Variables are explained in table 4.1. 

 

Table 4.3b: Homophily for risk, time, and competition preferences (Probit) 

  Risk-taking Patience Competitiveness 

Friends` risk-taking -0.247     

(0.043)   

Friends` patience  -0.423  

 (0.040)  

Friends` competitiveness   -0.154 

  (0.268) 

Degree  0.008 0.009 0.008 

(0.070) (0.100) (0.061) 

Age 0.009 -0.009 0.002 

(0.003) (0.029) (0.589) 

Gender 0.017 -0.15 0.097 

(0.879) (0.298) (0.328) 

Network fixed effects? yes Yes yes 

Pseudo R2 0.162 0.117 0.082 

N 145 104 214 

Notes: Coefficients are in marginal effects, p-values in parentheses. N is the 

number of observations. Variables are explained in table 4.1. 
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RESULT 2 Participants, who take more risks, are more central in the social network.  

Table 4.2 shows that subjects who choose to gamble in the risk game have on average 3.17 

others naming them as their friends (degree), whereas individuals who prefer not to gamble have 

only 2.37 (t = 2.10, p = 0.038). The individuals who are named by more than five others as 

friends gamble with a probability of 88.2 percent (N = 17) whereas individuals who are named 

by nobody as friend gamble with a probability of only 55 percent (N = 20). 

 The correlation between the choice to gamble in the risk game and network centrality is 

positive and significant for degree centrality (Pearson, r = 0.170, p = 0.038) and betweenness 

centrality: r = 0.189, p = 0.021) but not significantly related to closeness centrality (r = 0.042, p = 

0.606). The second columns in regression table 4.3a and 3b show that degree centrality 

positively predicts subjects risk-taking behavior on the two and ten percent level (p = 0.017 in 

table 4.3a, and p = 0.070 in table 4.3b). We also find that betweenness centrality significantly 

predicts risk-taking if we use betweenness instead of degree centrality in table 4.3 (p = 0.011 in 

table 4.3a, and p = 0.066 in table 4.3b).  

 

RESULT 3: Friends appear to segregate by time preferences. There is a negative relationship 

between subjects and their friends` patience.   

While we only measured time preferences in four networks and thus our analysis relies on a 

restricted sample, we find some interesting relationships. The correlation between participants` 

and their friends` impatience is overall negative and insignificant (r = 0.044, p = 0.661). 

However, table 4.2 suggests that in two of the four networks where we measured impatience, 

impatient participants have on average friends who are more patient compared to friends of 

patient participants.  

 Both of our regressions with patience as dependent variable further support that there is a 

significant negative relationship between participants` and their friends patience as we find that 

the average patience of the participants` friends is negatively predictive for the participants` 

patience (p = 0.077 in table 4.3a, and p = 0.040 in table 4.3b). 
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RESULT 4 We find no robust evidence that participants, who are more patient, are more 

central in the social network.  

Table 4.2 shows that individuals who choose not to wait in the time preference game have on 

average 2.61 others naming them as their friends, whereas individuals who preferred to be 

patient have three others naming them, which is an insignificant difference (t = 0.86, p = 0.393). 

In the regressions in the third columns of tables 4.3a and 4.3b, we find that degree is positively 

predicting patience with a p-value of 0.277 (Table 4.3a) and p = 0.100 (Table 4.3b) after 

controlling for age and gender. If we use instead of the degree, the closeness or betweenness 

measure, network centrality is not significantly predictive for impatience (p > 0.228). 

 

RESULT 5: We find no evidence that friends segregate by competition preferences.  

Table 4.2 suggests no clear pattern for the relationship for participants` and their friends‘ 

willingness to compete in the ball game. The overall correlation is positive but insignificant (r = 

0.086, p = 0.211). In the third columns of tables 4.3a and 4.3b, we observe that the friends` level 

of competitiveness is also not predictive for competitiveness after taking into account differences 

across networks, age, and gender (p > 0.26). 

 

RESULT 6 Subjects who are more competitive are more central in the social network.  

We observe that the individuals who are named by more than five others as friends (N = 27) 

compete with a probability of 55.6 percent whereas individuals who are named by nobody (N = 

34) compete only with a probability of 20.6 percent. In table 4.2 we observe that individuals who 

choose to compete have on average 3.19 others naming them as their friends, whereas 

individuals who prefer not to compete have only 2.47 others naming them (t = 2.20, p = 0.033).  

 The correlation between the choice to compete in the competition game and network 

centrality is positive and significant for degree centrality (r = 0.155, p = 0.022), closeness 

centrality (r = 0.178, p = 0.009), and betweenness centrality: (r = 0.134, p = 0.0498). In the third 

column of tables 4.3a and 4.3b, we observe that degree is also predictive for competitiveness 

after controlling for network fixed effects and covariates (Table 4.3a: p = 0.022, table 4.3b: p = 

0.061). 
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RESULT 7 We find no robust evidence that friends segregate by social preferences.  

While we observe that the correlation between the subjects` donations to an orphanage and their 

friends` donations is positive and marginally significant (r = 0.122, p = 0.075), we also observe 

that the overall correlation between subjects` and their friends` contributions in the public goods 

game is insignificant (r = 0.072, p = 0.293). Table 4.2 also suggests that there is no clear pattern 

of the relationship between subjects` and their friends` pro-sociality when looking separately at 

the different networks. 

 In the first column of regression table 4.4, we use the level of donations as dependent 

variable and control for network fixed effects, the average donation of the friends, and degree. In 

the third column of this table, we control in addition for age and gender. We find that the average 

friends` donation is insignificant and negative (p > 0.59). The second and fourth column of 

regression table 4.4, are the corresponding regressions for the level of public goods 

contributions. We find that the average friends` public goods contributions is insignificant and 

negative (p > 0.36).   

 

RESULT 8 We find no robust evidence that more pro-social subjects are more central in the 

social network.  

At first sight table 4.2 suggests that the participants who donated more in the charity game (i.e. 

donated at least four out of ten tokens) are better integrated than the participants who gave less (t 

= 1.89, p = 0.060). This relationship is also robust if we control for village fixed effects, age, and 

gender (p = 0.077) and use closeness instead of degree in the same regression (p = 0.061).
32

 

However, the effect is not robust if we do not separate participants in two categories. For 

example, the correlation between donations in the charity game (0, 1, 2,.., 10) and network 

centrality is positive but insignificant – regardless whether we use degree, closeness, or 

betweenness as centrality measure (p > 0.25).  

 The correlation between contributions in the public goods game and network centrality is 

equally low and largely insignificant for all three centrality measures (Spearman, p > 0.37). The 

relationship is also not significant after controlling for covariates in regression table 4.4. We do 

                            
32

 However, if we use betweenness instead, there is no significant relationship (z = 0.10, p = 0.922). 
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not observe that degree is significantly related to any of the two measures for social preferences 

(p > 0.43). 

 

 

Table 4.4: Homophily for social preferences (OLS)  

  Donation Contribution Donation Contribution 

Friends` risk-taking -0.098 -0.122   

(0.14) (0.134)   

Friends` patience   -0.025 -0.07 

  (0.135) (0.133) 

Friends` competitiveness 0.008 -0.003 0.013 0.002 

(0.02) (0.021) (0.016) (0.017) 

Degree   0.008  0.004 

 (0.014)  (0.011) 

Age  1.243
***

  1.339
***

 

 (0.468)  (0.407) 

Gender 3.987
***

 1.961 4.260
***

 2.290
*
 

(0.971) (1.211) (1.011) (1.178) 

Network fixed effects? yes Yes yes yes 

 R2 0.084 0.108 0.088 0.126 

N 214 214 214 214 

Notes: Robust standard errors in parentheses. N is the number of observations. Variables 

are explained in table 4.1. 
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4.4. Discussion  

 

In this study we observe different social networks and the relationship between social network 

characteristics and individual behavior in behavioral experiments in the field identifying risk, 

time, competition, and social preferences. We show that the architecture of social networks is 

related to some economic preferences in a probably surprising manner: We do not find that birds 

of a feather flock together when it comes to economic preferences. We rather find that opposites 

attract for risk and time preferences. In addition, we observe that individual network centrality is 

related to risk and competition preferences. Risk-takers and competitive individuals are more 

likely to be located in the center of the social network. However, we find no robust evidence that 

social preferences are related to social network characteristics.  

 Both, the significant relationships between network centrality and risk and competition 

preferences as well as the insignificant correlations between network centrality and social and 

time preferences may help to understand the channels through which social networks can affect 

behavior. On the one hand, it seems likely that a relationship between individual network 

centrality and behavior which involves risk is at least partly due to different risk preferences. On 

the other hand, at least in our setting it seems unlikely that a relationship between individual 

network centrality and pro-social behavior is due to differences in social preferences. 

 This study cannot determine whether the observed relationships between network 

architecture and economic preferences are caused by the network or preference. However, our 

finding of negative relationships between subjects` and their friends` risk-taking and impatience 

suggests that for the formation of social networks, the selection of individuals with certain traits 

plays a non-negligible role and thus provide suggestive evidence that some economic preferences 

can foster social network segregation. On the other hand, it is unclear whether individuals 

become more risk-taking and competitive if they are more in the center of the social network or 

if their traits are the reasons for their network centrality. Experimental methods may allow 

researchers to control for network dynamics (see e.g. Goeree et al., 2009) and clarify the role of 

risk and time preferences for network centrality. We also hope that our findings encourage more 

theoretical work on network formation investigating under which circumstances there are not 
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only good reasons for ―birds of a feather flock together‖ but also for a tendency that ―opposites 

attract‖. 
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5. IMPULSIVITY, COOPERATIVENESS, AND 

DENUNCIATION AMONG FISHERMEN 

 
 

 

 

 

 

Abstract: Abundant laboratory evidence shows that many people incur costs to punish free-riders. 

However, from an evolutionary perspective it is puzzling whether such punishment can be 

interpreted as an evolved adaptation. In this paper, we investigate punishment in the context of 

fishermen who decide whether to denounce other fishermen who catch illegally small fish. Our 

results suggest that the level of impulsivity plays an important role for costly punishment. 

Fishermen who are more impulsive during a laboratory inter-temporal choice task report to have a 

higher propensity to denounce misbehavior from other fishermen. This finding suggests that 

impulsivity, which is regarded as an inheritable trait, may help to explain why many people incur 

costs to punish free-riders. Moreover, we also find that fishermen, who are more cooperative in a 

laboratory public goods experiment, are also more likely to denounce free-riding in the field, 

suggesting that cooperativeness is important to account for denunciation in the field.  
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5.1. Introduction 

 

Humans are remarkable for their propensity to incur costs to punish unfair behavior. This 

individual propensity can deter people from free-riding, thus implicates important group benefits, 

and facilitates cooperation for human activities such as big game hunting and fishing which 

played a crucial role in ancestral societies (Acheson, 1988; Richerson and Boyd, 1998; Sober and 

Wilson, 1998). Laboratory studies (Fehr and Gächter, 2002; Ostrom et al., 1992; Yamagishi, 

1986) show that many individuals even spend money for punishment in environments where it is 

implausible that the costs are repaid in the future, a phenomenon commonly denoted as ―altruistic 

punishment‖ (e.g. Fehr and Gächter, 2002). These studies suggest that many people are ―strong 

reciprocators‖ (Gintis et al., 2003), i.e. have predispositions to cooperate voluntarily and punish 

uncooperative behavior at a personal cost even if no individual benefits are expected. Such 

behavior is puzzling in evolutionary terms and cannot be explained by standard evolutionary 

theories, such as reciprocal altruism (Trivers, 1971) or kin altruism (Hamilton, 1964).  

 However, recent studies challenge the existence of strong reciprocity and its relevance for 

costly punishment or cooperation. Several laboratory studies suggest that reputational benefits 

cannot be completely removed even in anonymous one-shot laboratory experiments (Barclay, 

2006; Haley and Fessler, 2005) and thus imply that costly punishment and voluntary cooperation 

in the laboratory environment can be the (subconscious) product of self-interest. In addition, 

other researchers argue that the laboratory context is too abstract to explain complex naturally-

occurring behavior and that there is less cooperation outside the laboratory because in the ―real 

world‖ individuals are subject to markets and market experience (Levitt and List, 2007; List, 

2006). 

 While most researchers are concerned about clarifying the role of strong reciprocity for 

costly punishment, we propose an additional possible explanation for costly punishment: 

Impulsivity. Impulsivity specifies the extent to which an individual acts in a spontaneous, 

unplanned fashion without careful deliberation of the resulting costs (Loewenstein et al., 2001). 

Numerous animal and human studies show that high degrees of impulsivity are common and can 

be transmitted by genes rendering it likely that it is the product of evolved adaptation (e.g. 

Fairbanks et al., 1999; Manuck et al., 2000; Seroczynski et al., 1999). It has been shown that the 



 
 

78 

 

individual degree of impulsivity – or, more generally, impatience – has a strong effect on 

important decisions including investment choices (Warner and Pleeter, 2001), vaccination 

behavior (Chapman and Coups, 1999), and occupational choices (Munasinghe and Sicherman, 

2000).  

 There is also a literature on the relationship between impulsivity and aggression. 

―Impulsive aggression‖ or ―reactive aggression‖ is considered as one distinct form of aggression 

that often occurs in response to provocation or frustration (Berkowitz, 1993; Dollard et al., 

1939). And there is suggestive evidence that the level of impulsivity is positively correlated to 

aggression. For example, the study by Patton et al. (1995) shows that people who are more 

impulsive are also more likely to exhibit impulsive aggression. Therefore, it seems plausible, 

that more impulsive individuals are also more likely to incur costs to satisfy a sudden urge such 

as the one to punish uncooperative behavior.  

 In this study, we present laboratory and field data from fishermen to explore the role of 

impulsivity and cooperativeness for the denunciation of the catching of illegally small fish. Our 

study takes place with fishermen from a lake in Brazil where fishing is the main and often only 

possible profession. Most fishermen catch fish alone, sell their catch on fish markets and in this 

way provide their family with nutrition and income. Our subject pool faces a common pool 

resource dilemma in their daily lives: While it is optimal for the individual fishermen to catch 

small and big fish, for the group of fishermen it is optimal to refrain from fishing small fish.  

 There is one legal regulation which prohibits the catching of small fish (below 20–30 

centimeters depending on fish type). This regulation is, however, hardly enforced by the legal 

authority. One possibility to reduce the catching of small fish seems to be that fishermen 

denounce other fishermen who catch or sell small fish to the legal authorities. Denouncing other 

fishermen for over-exploiting the fish resources may be regarded as a behavior similar to costly 

punishment: It can involve high costs (a denounced fisherman may find out who was denouncing 

him and take revenge) and uncertain, small benefits (even if one fishermen stops the catching of 

small fish, it will not significantly change the overall level of over-exploitation at the lake).  

 During fishermen‘s meetings we asked the participants individually about their willingness 

to denounce the catching of small fish. In addition, in different meetings, the participants took 
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part in two laboratory experiments, an inter-temporal choice experiment to measure impulsivity
33

 

and a public goods experiment to measure cooperativeness. We find that fishermen who are 

more impulsive in the laboratory inter-temporal choice task and those who contribute more in a 

public goods experiment have indeed a higher propensity to denounce the catching of small fish. 

Note also that the behavior in the two experiments is independent: More impulsive fishermen in 

the inter-temporal choice experiment are not more/less cooperative in the public goods 

experiment. Therefore, our study suggests that impulsivity is in addition to cooperativeness a 

potential source for costly punishment. In addition, we also find that many fishermen appear to 

be conditionally cooperative; i.e., they are more willing to denounce other fishermen if they 

believe that more other fishermen denounce (Fischbacher et al., 2001; Frey and Meier, 2004). 

 

 

5.2. Methods 

 

Our experiments and surveys took place in 2006 with fishermen in the northeast of Brazil. We 

report data from 112 fishermen who all participated in two different fishermen‘s meetings that 

were announced by a community leader and conducted typically in a local school building. In the 

first meeting, the fishermen participated in an inter-temporal choice and public goods experiment. 

In the second meeting, which took place approximately two weeks later fishermen were 

individually interviewed about the fishing situation and their willingness to denounce the catching 

of small fish.  

 

 

5.2.1 Field measure for costly punishment: denouncing catching of small fish 

One possible way to deter the exploitation of the fishing grounds is by punishing the catching of 

illegally small fish. In our field setting, a legal authority is in charge to control that fishermen 

                            
33

 We do not attempt to distinguish in this inter-temporal choice task  ‗impulsivity‘ and ‗impatience‘. Generally 

speaking, while impulsivity is ‗unplanned‘, impatience can be a viewed as a preference; i.e. express a ‗planned‘ 

behavior. 



 
 

80 

 

comply with the legal fishing rule to not catch small fish. This rule is, however, hardly enforced, 

probably also because monitoring is difficult in this remote field setting and it involves high costs 

for the legal authority. Most fishermen do not fear controls and small fish are frequently caught.  

 In contrast, for the fishermen monitoring is logistically easier and because they have a better 

knowledge when and where small fish are caught, they could then denounce this illegal behavior 

to the legal authority. However, such peer monitoring likely involves costs and at the same time 

insecure benefits. Most importantly, fishermen run the risk of revenge by the fishermen they 

denounce – even if the denouncing to the legal authority was anonymous, the denounced 

fishermen may still have a good idea who denounced them. From the perspective of an individual 

fisherman, this risk probably outweighs the potential benefits. Even if the denounced fisherman 

stops catching small fish it seems unlikely that the denouncing fisherman will be able to 

significantly catch more fish – there are too many other (free-riding) fishermen at the lake. Thus, 

monitoring and denouncing other fishermen shares characteristics with costly punishment.  

 During fishermen‘s meeting we informed the participants of the possibility to denounce 

someone to the legal authority for catching small fish – which was not common knowledge 

among the fishermen. Later at this meeting during individual interviews, we asked under which 

circumstances they were willing to denounce the illegal catching of small fish. There were five 

response categories: (i) never, (ii) if they observe another fisherman catching a lot, (iii) some, (iv) 

few, or (v) very few small fish (variable: denunciation).  

 In addition, we wanted to know more about their expectations about the other fishermen‘s 

willingness to denounce. We measured expectations by asking participants about their belief how 

many out of ten fishermen are generally willing to denounce the catching of small fish (variable: 

denunciation beliefs).  

 

 

5.2.2 Laboratory measure for impulsivity  

We chose a simple inter-temporal choice experiment to proxy impulsivity. There is suggestive 

evidence that inter-temporal choice experiments may be well suited to capture impulsiveness, 

also in comparison to psychometric tests (Alessi and Petri, 2003). In our inter-temporal choice 
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experiment, all fishermen decided whether they prefer 1.5 Reais
34

 immediately or 3 Reais the 

next day. Note that these are comparatively high stakes for the participants which generate on 

average a daily income of 12 Reais. If they preferred the single amount immediately, fishermen 

received it shortly after their decision. If they preferred the double amount the next day, we 

distributed vouchers with which they could collect their good the next day in the house of a 

village leader. The village leader was elected by the residents and is considered as an 

extraordinarily trustworthy person.
35

  

 

5.2.3 Laboratory measure for cooperativeness  

We used a public goods experiment as a proxy for cooperativeness. In this experiment, fishermen 

were anonymously separated in groups of four and played five periods within the same group. 

Each period, they could decide to contribute between zero and seven monetary units (MUs) to a 

public good. One MU equaled one Real. For each unit they decided to contribute, they received 

additionally 0.5 MUs to their endowment of 10 MUs. For each unit they decided not to contribute, 

they received additionally 1 MU but also reduced the balance of each of their group members by 

0.5 MUs. For each unit their group members decided not to contribute, their balance is reduced by 

0.5 MUs. Thus, the fishermen‘s return from contributing one unit was 0.5 MUs, whereas the 

group return was 2 MUs. Because the return from not contributing was higher, it was always in 

the material interest to never contribute. The experiment was played with comparatively high 

stakes (fishermen earned on average 1.4 times of their daily income). 

 

 

5.3. Results 

 

From our 112 participants, 99 are male (variable: gender) and they aged 18-75 years (variable: 

age, mean = 37.45, S.D. = 12.14). The average fisherman spent 3.59 years in school (variable: 

                            
34

 The Brazilian currency is called Real (singular) or Reais (plural). 1 Real = US $ 0.47, 3 Reais = US $ 1.41. 
35

 Note also that the experimenters have been working in this setting and with most of these participants for several 

years and are thus no strangers. Thus, participants could also complain to us if they did for whatever reason not 

receive their payoff from the village leader. This, however, did never happen. 
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education, S.D. = 2.72), reported to fish for 25.05 hours per week (variable: hours fishing, S.D. 

13.81) and has approximately three children (variable: children number, mean = 3.16, S.D. 3.33).  

 

5.3.1 Denouncing of catching small fish 

The large majority of fishermen are generally willing to denounce the catching of small fish 

(90.17 percent, 101 out of 112). Yet, there are differences under which circumstances fishermen 

are willing to denounce: 57.14 percent report to be willing to denounce already someone catching 

very few small fish, whereas 25.89 percent only want to denounce someone who is catching large 

amounts of small fish. 7.14 percent want to denounce someone who is catching few small fish and 

7.14 percent want to denounce someone who is catching a lot of small fish. 

  

5.3.2 Impulsivity and cooperativeness 

In the inter-temporal choice experiment we observe that 46.64 percent of the fishermen were 

impulsive and preferred the single amount of money immediately (variable: impulsivity, 50 out of 

112). The remaining 62 fishermen were less impulsive and decided to wait one day for the double 

amount of money. In the public goods experiment we find that only 8.92 percent of the fishermen 

do not contribute to the public good in the first period. 18.75 percent contributed the maximum 

amount of seven MUs, 51.78 percent contributed between three and five MUs in the first period. 

Average contributions declined constantly over the five periods (period 1: 4.27, period 2: 4.18; 

period 3: 4.05, period 4: 3.76, period 5: 3.67). In the last period, 29.46 percent did not contribute 

and 17.86 percent contributed between three and five MUs.  

 

 

5.3.3 Relation between laboratory measures for impulsivity and cooperativeness 

Impulsivity and cooperativeness may be both important to understand the willingness to 

denounce the catching of illegally small fish. The two laboratory experiments provide the 

opportunity to derive distinct measures for both factors. We use the inter-temporal choice 

experiment to obtain a measure for impulsivity and the public goods experiment to obtain an 

individual measure for cooperativeness. We expected that there is no relationship between the 
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behaviors in the two experiments because there are no inter-temporal spillovers in the public 

goods experiment. This is confirmed by our data. There is no significant relationship between 

impulsivity in the inter-temporal choice experiment and cooperativeness behavior in the public 

goods experiment. Impulsive fishermen are not more (less) likely to contribute more (Spearman 

Correlation, r = -.01, p = .857). Thus, the two laboratory experiments provide us with 

independent measures for impulsivity and cooperativeness to predict costly punishment in the 

field.  

 

5.3.4 Impulsivity and costly punishment 

We now compare the behavior in the laboratory inter-temporal choice experiment to our measure 

of costly punishment, i.e. the willingness to denounce the catching of small fish. Figure 5.1 

distinguishes between impulsive fishermen who preferred the single amount of money 

immediately and those who were more patient and preferred the double amount the next day. We 

can see that impulsive fishermen tend to be more willing to denounce the catching of small fish. 

For instance, 34 out of 50 (68%) impulsive compared to only 30 out of 62 (48.4%) patient 

fishermen are willing to denounce someone who catches very few small fish. In contrast, only 8 of 

50 (16%) impulsive fishermen will only denounce someone for catching a lot of small fish 

compared 21 of 62 (33.9%) patient fishermen. The difference in the willingness to denounce 

between the impulsive and patient fishermen is highly significant (Mann-Whitney, n1 = 50, n2 = 

62, p = .034).  

  This relationship is even more pronounced in a regression model where we control for 

several covariates such as the cooperation behavior in the public goods experiment and the 

beliefs about other fishermen‘s denunciation behavior. In table 5.1 we can see that the dummy 

for impulsivity (which is one if the fishermen preferred the single amount of money 

immediately) is significant at the 1-percent level (p = 0.003) and has a large impact. The 

coefficients are represented in marginal values to reach the highest category in the denunciation 

variable. This means that an impulsive fisherman is 28.2 percent more likely than a patient 

fisherman to report to denounce someone who catches already very few small fish. 
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Figure 5.1- Impulsivity and willingness to denounce catching of small fish 
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5.3.5 Cooperativeness in the laboratory and costly punishment in the field 

In this section we investigate whether cooperativeness from fishermen in a laboratory public 

goods experiment predicts their willingness to denounce the catching of small fish. Figure 5.2 

distinguishes between four categories of fishermen according to their contribution behavior in 

the first period of the public goods experiment. We observe that fishermen who contribute more 

are more likely to report to denounce the catching of already very few small fish. 38.46 percent 

of the fishermen who contribute between 0-1 points in the first period of the public goods 

experiment report to denounce the catching of very few small fish compared to 70.59 percent of 

the fishermen who contributed at least six points. The positive correlation between 

cooperativeness and the willingness to denounce is almost significant at the 2-percent level (r = 

.24, p = .011). There is also a highly significant positive relationship between the average 

cooperation behavior during all five periods and the willingness to denounce (r = .24, p = .010).  
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 In table 5.1 we observe that cooperativeness in the laboratory is also positively related to 

costly punishment tendencies in the field if we control for several covariates, including 

impulsivity (z = 2.04, p = .042). For each MU a fishermen contributes more in the first period of 

the public goods experiment, he is 5.1 percent more likely to denounce the catching of very few 

small fish, i.e. a fisherman who contributed seven instead of zero MUs is 35.7 percent more 

likely to denounce another fishermen for catching very few small fish.  

Figure 5.2 - Cooperativeness and willingness to denounce catching of small fish 
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Table5.1: Determinants of costly punishment (Ordered probit) 

Dependent Variable:   

Controls Yes  

 Marginal P - Value 

Impulsivity  28.2% 0.003 

Cooperativeness 5.1% 0.042 

Denunciation beliefs 3.2% 0.055 

Age 1.3% 0.006 

Marital status  21.5% 0.036 

Catch composition 7.2% 0.051 

Participantion EP  29.8% 0.004 

Notes: Observations: 112. Ordered probit regression for non-parametric analysis. Marginal values 

indicate increase in probability to reach the highest category (denounce always catching of small fish). 

Control Variables include beliefs in the first period of the public goods game (variable: beliefs PGG), 

gender, education, religiosity, weekly hours fishing, perception which mesh size of fishnet is harmful 

(variable: perception fishnet), leader opinion about costly punishment. All independent variables that are 

not shown are insignificant (p>0.10). Variables are explained in table A7 in appendix. 

 

 

5.3.6 Further determinants of costly punishment 

So far we have concentrated on the relationship between our two laboratory measures and 

the willingness to denounce the catching of small fish. In this section, we turn to the 

investigation of other variables we find to have a meaningful impact on costly punishment 

in the field. In table 5.1 all significant covariates are mentioned explicitly (all covariates 

are mentioned in the ―notes‖ of this table). The results show that the expectation of the 

denunciation behavior of the other fishermen (variable: denunciation beliefs) is 

significantly predicting denunciation. Fishermen who believe that more other fishermen 

denounce the catching of small fish are also more likely to denounce (z = 1.92, p = 0.055), 

which is in line with conditional cooperation, i.e. the willingness to cooperate if others 

cooperate (Fischbacher et al., 2001; Frey and Meier, 2004).  

 In addition, age, marital status and fishing behavior seem to play an important role. 

Older fishermen (z = 2.75, p = 0.006), married fishermen (z = 2.10, p = 0.036), and 

fishermen who report to catch a higher fraction of big fish (variable: catch composition, z 

= 1.95, p = 0.051) report to be more willing to denounce. It is possible that older fishermen 

have been more exposed to the overexploitation of the fishing resources and therefore 

favor more denunciation. One may also speculate that married fishermen are more 
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concerned about over-fishing because they want to secure that their offspring can live in 

this setting as fishermen. Moreover, because fishermen who catch a higher fraction of big 

fish are probably more negatively affected by the catching of small fish, it seems plausible 

that they are more willing to denounce.  

 Finally, we report that environmental education can increase the willingness to 

denounce the catching of small fish. Some of our fishermen took part in an environmental 

program with the goal to find solutions to mitigate the exploitation of the fishing grounds 

(Cavalcanti et al, 2010). We find that these participants are more likely to denounce 

(variable: participation EP, z = 2.86, p = 0.004). All other covariates that we use in table 

5.1 (like gender, education and religiosity) are not significant on the 10-percent level.   

 

 

5.4. Discussion 

 

In this study, we investigate the relationship between impulsivity, cooperativeness, and 

costly punishment in the context of fishermen who face the problem of over-fishing. We 

find that fishermen who are more impulsive in a laboratory inter-temporal choice task 

report to be more likely to denounce the catching of small fish. In addition, we observe 

that fishermen who are more cooperative in a laboratory public goods experiment have 

also a higher tendency to denounce. These relationships are robust to the inclusion of 

covariates. Importantly, we find that these relationships are distinct: Cooperativeness and 

impulsivity are unrelated in the laboratory but both predict a form of costly punishment in 

the field. 

 One limitation of our study is that we measure costly punishment in the field by 

responses in a survey. While this is the best we could do in our field setting and there are 

to the best of our knowledge no studies actually observing altruistic punishment in the 

field it is important to note that it is possible that participants do not respond truthfully to 

survey questions. It is also possible that participants may decide not to denounce other 

fishermen when actually observing them catching small fish even if they believed that they 
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would. In addition, the rather strongly pronounced willingness to denounce that we find in 

our survey suggests that fishermen over-state their willingness. However, as long as all 

fishermen overstate their willingness equally or the extent of overstating is unrelated to 

our laboratory measures, our findings should not be subject to the way we elicited the 

willingness to denounce.   

 Our results support earlier investigations that suggest that  cooperativeness is an 

important reason for costly punishment (Fehr and Gächter, 2002; Ostrom et al., 1992; 

Yamagishi, 1986) by combining field with laboratory data. The novel insight of this paper 

is that impulsivity seems to be an additional reason for costly punishment. Existing 

research seems to have neglected to investigate the link between impulsivity and the 

tendency to punish altruistically. We hope that our study is a starting point to look further 

into the relationship between impulsivity and costly  punishment, for example, also in light 

of cultural differences in punishment (Henrich et al., 2006; Herrmann et al., 2008; Price, 

2005) which may also result from cultural differences in impulsivity. 
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APPENDIX  

 

Appendix A: Tables 

 
 

Table A1: Activities in 2006 

Activity Communities participating 

(1) Code form Xavante (X), Trapia and Mamona (TM),Tupiacu and 

Timborinha (TT), Amarela and Mergulho (AM), 

Ponte do Rio Jacuipe and Tres Riachos (PR),Fazenda 

Pernambuco (FP), Ilha de Sao Goncalo (IS), and Novo 

Porto Castro Alves (NP) 

(2) Questionnaire 1 X, TM, TT AM, PR
36

, FP, IS, and NP 

(3) Public goods experiment X, TM, TT AM, FP, IS, and NP 

(4) Time preferences experiment X, TM, TT AM, FP, IS, and NP 

(5) Questionnaire  2 X, TM, TT AM, PR, FP, IS, and NP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            
36

 PR is a pilot community which took part in different public goods and time preference experiments. We decided 

to modify the procedures of these experiments substantially in the other communities. 
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Table A2: Activities in 2008 

Activity Communities participating 

In spring 2008 

(1) Code form X, TM, TT AM, PR, FP, IS, NP, Ilha de Antonio Cardoso 

(IA), and Pontal de Itapora (PI) 

(2) Time preferences experiment TT, PR, NP, and PI 

(3) Risk-aversion experiment X, TM, TT, AM, PR, FP, IA, NP, and PI 

(4) Public goods experiment X, TM, TT, AM, PR, FP, IA, NP, and PI 

(5) Coordination experiment X, TM, TT, AM, PR, FP, IA, NP, and PI 

(6) Competition experiment  X, TM, TT, AM, PR, FP, IA, NP, and PI 

(7) Donation experiment X, TM, TT, AM, PR, FP, IA, NP, and PI 

(8) Explanation of EP X, TM, TT, AM, PR, FP, IA, NP, and PI 

(9) Questionnaire 3 X, TM, TT, AM, PR, FP, IA, NP, and PI 

(10) Questionnaire  4 X, TM, TT, AM, PR, FP, IA, NP, and PI 

(11) Fishnet exchange program X, TM, TT, AM, PR, FP, IA, NP, and PI 

In fall 2008 

(12) Workshop in Cofos 

manufacturing 

X, TM, TT, AM, PR, FP, NP, and PI
37

 

(13) Counting of Cofos  X, TM, TT, AM, PR, FP, NP, and PI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            
37

 The community Ilha de Antonio Cardoso did not take part in steps 12 and 13 because their members decided not 

to participate in the implementation of the environmental program. 
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Table A3: Robustness check: Determinants of Field Cooperation (Cofos manufacturing, Tobit) 

Model 1 2 3 

    

Indegree 1.365
**

 1.222
**

 1.643
***

 

 (0.531) (0.470) (0.396) 

Laboratory cooperativeness -0.128 0.421 -0.101 

 (0.488) (0.443) (0.583) 

Gender 0.946 -5.777
*
 1.372 

 (2.698) (3.052) (3.227) 

Experience fishing -0.063 -0.045 -0.031 

 (0.107) (0.097) (0.086) 

Education 0.143 0.420 0.035 

 (0.517) (0.490) (0.638) 

Hours fishing 0.162 0.113 0.147 

 (0.106) (0.095) (0.135) 

Perception EP 5.502
***

 3.403
*
 5.962

***
 

 (1.948) (1.967) (2.000) 

Household size 0.602 0.629 0.749
***

 

 (0.494) (0.444) (0.252) 

Individual participation 7.326
***

 6.881
**

  

 (2.774) (2.901)  

Community participation    3.155 

   (4.021) 

Constant -19.396
***

 -20.741
**

 -21.860
**

 

 (6.949) (7.986) (9.598) 

N 146 146 146 

Notes: Notes: *** 99-percent significance, ** 95-percent significance; * 90-percent significance; numbers 

represent linear estimates and standard errors in parentheses.29 observations are right-censored at 20 and 

46 observations are left-censored at 0; in model 3, standard errors are clustered on community level 

because we use community participation as an independent variable. Indegree = number of fishermen 

who named participants as friends.  
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Table A4: Summary of variables 

Variables Description    

 Mean SD N 

Bid bid in auction; 0 =  no bid, 1 = -50, 2 = -25, 3 

= 0, 4 = 1-10, 5 >=10 

2.51 1.39 69 

Hypothetical WTA whether fishermen reported in 2006 to be 

willing to exchange fishnet; 0 = no, 1 = yes 

0.61 0.49 54 

Fishnet age age of fishnet participants offer in auction 2.19 3.96 66 

Fishnet experience did fishermen already use auctioned fishnet?; 

0 = no, 1 = yes 

0.62 0.49 69 

Environmental perception how likely fishermen believe over-fishing is 

stoppable; 0 = impossible, 1 = very likely, 2 = 

unlikely, 3 = likely, 4 = very likely 

3.18 0.95 68 

Risk-aversion not invested points in lottery game; 0 (least), -

10 (most) 

6.81 2.30 69 

Age age of fishermen 38.75 13.02 69 

Gender gender of fishermen; 0 = female, 1 = male 0.88 0.32 69 

Education how long fishermen went to school 3.11 2.48 68 

Income generated monthly income from fishing in 

Reais 

276.98 220.62 68 

Notes: SD indicates standard deviation and N the number of observations. 
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Table A5: Bids in the fishnet auction across communities 

Bids No bid -50 -25 0 1-10 >10 

Community       

1  1  2        

2    2        

3 3  1 4        

4 2  1 10 1 1 

5 1  1 8 1 1 

6 3   4 1       

7 1 2  6 1 1 

8 2 1   5 1 1 

Notes: Bids are in Brazilian currency (Reais). Numbers in cells indicate number of bids.  

 

 

 

 

 

Table A6: Bids in the fishnet auction and risk-aversion in the lottery game 

Bids No bid -50 -25 0 1-10 >10 

Risk-aversion       

10  3   9 2 1 

9    1        

8 1  1 7 1 1 

7 3 1  5 1       

6 3   4 1       

5  1 2 13  1 

4  2  1  1 

2 2           

0       1         

Notes: Bids are in Brazilian currency (Reais). Numbers in cells indicate number of bids.  
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Table A7: Summary of variables 

Variables Description    

 Mean SD N 

Denunciation Under which circumstances fishermen are 

willing to denounce illegal catching of small 

fishing; 0 = never, 1 = if they observe other 

fishermen catching a lot, 2 = some, 3 = few, 

4 = very few small fish; 

2.72 1.57 112 

Denunciation beliefs Fishermen‘s belief on how many out of 

ten fishermen are generally willing to 

denounce the catching of small fish; 

6.21 3.01 112 

Impulsivity  Fishermen‘s behavior in the preference 

game 0 = if they preferred 1.5 Reais 

immediately, 1 = they preferred 3 Reais 

on next day; 

0.55 0.50  112 

Cooperativeness Fishermen‘s contribution between 0 and 

7 in the first period of the public goods 

game; 

4.27 2.09 112 

Beliefs PGG Beliefs about others contribution in the 

first period of public goods game; 

3.77 1.67 112 

Gender Gender of fishermen; 0 = male, 1 =  female; 0.12 0.32 112 

Age Age of fishermen; 37.45 12.14 112 

Education Years spent in school;  3.59 2.72 112 

Hours fishing Number of hours fishermen fish per week; 25.05 13.81 112 

Children number Number of children fishermen have; 3.16 3.33 112 

Marital status Whether fishermen are married; 0 = no, 1 = 

yes; 

0.60 0.49 112 

Religiosity How religious fishermen consider 

themselves; 1 = not religious, 2 = a little bit, 

3 = a bit, 4 = somewhat, 5 = very religious; 

3.71 1.20 112 

Catch composition What fraction of your catch is smaller than 2 

centimeters? 0 = zero, 1 = very low, 2 = 

low,3 =  medium, 4 =  large; 

2.82 1.24 112 

Participation EP Whether fishermen participated in an 

environmental program with the goal to 

find solutions to mitigate the exploitation 

of the fishing grounds; 0 = no, 1 = yes; 

0.50 0.50 112 

Perception fishnet Perception which mesh size of fishnet is 

harmful for fishing population; 

6.49 1.28 112 

Leader opinion Whether fishermen were informed about the 

leader‘s opinion of the environmental 

program; 0 = no, 1 = yes; 

0.49 0.50 112 

Notes: SD indicates standard deviation and N the number of observations. 
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Appendix B: Figures  

 

                       Figure B1: Protected area ―Lago de Pedra do Cavalo‖ 

 

                                   

 

                                 Figure B2 - Cofo 
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                                Figure B3 - Garrafa 

 

 

 

 

 

 

                    Figure B4 -  Conducting of experiments.  
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                                Figure B5 - Fishnet with mesh size 8 (4 cm x 4 cm) 

 

 

 

                               Figure B6 – Fisherman with old and new fishnet  
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Figure B7 – Social Network from village 1 

 

 

Figure B8 - Social Network from village 2 

 

Figure B9 - Social Network from village 3 
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Figure B10 - Social Network from village 4 

 

 

Figure B11 - Social Network from village 5 

 

 

 

 

Figure B12 - Social Network from village 6 
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Figure B13 - Social Network from village 7 

 

 

 

Figure B14 - Social Network from village 8 

 

 

 

 

Figure B15 - Social Network from village 9 
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Appendix C: Code form: administered at beginning of first meetings in 2006 and 2008 

 

Your code is: 

Name: 

Address: 

Phone number: 

Age: 

Gender 

Marital Status: 

Number of children: 

Your income come mainly from: 

 fish     shrimp 
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Appendix D: Questionnaires 

 

Questionnaire 1 - Pre-experimental questionnaire (conducted in first meeting in 2006 after code form) 

 

1. Since when are you fishing? 

2. How long do you want to continue fishing? 

 forever               until I find another job           others __________ 

3. Do you have another job besides fishing? 

 agriculture           others___________________ 

4. You went to school until what class? 

5.1. What is your religion? 

5.2. How religious do you consider yourself?  

 not religious    a little bit     a bit    some   a lot 

6. How many « cordas » do you catch per week? 

_____ cordas per week   

7. For how much do you sell each ―corda‖ ?                                          

                                                           ______reias 

8. How many hours do you go catching fish per week? 

                                                             _____ hours per week 

9. How many ―piabas‖ do you catch per week? 

        none   very few     few       some    a lot  

10. Consider your catch: how many of your caught fish are bigger than 25 cm?    

 none   very few     few       some    a lot 

11. What is the size of the smallest fishnet that you are using? 

 4     5    6     7     8      9      10     11      12 

12. What is the size of the fishnet that you are using most of the time? 

 4     5    6     7     8      9      10     11      12 

13. Would you be willing to change your smallest fishing net into a new fishing net size 10? 
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 yes        no 

 

14. What do you believe, which fishing net are fishermen from your community using most of the time? 

 4     5    6     7     8      9      10     11      12 

15. What do you believe, which fishnet are fishermen from other communities at the Lago Pedra using 

most of the time?  

 4     5    6     7     8      9      10     11      12 

16. Do you know which of the following fishing nets are forbidden?  

 none  2    3      4     5     6     7    8     9    10     11     12    I do not know 

17. What do you believe, the usage of which of the following fishnets is harmful for the fishing 

population? 

 4     5    6     7     8      9      10     11      12 

18. Do you know if it is forbidden to catch fish the whole year? 

 yes, it is forbidden             no, it is not forbidden          I don`t know 

 

19. What do you believe, out of 10 fishermen, how many will stop fishing during the recovery period if 

they have the fishing card and receive money during this period?  

 0     1     2      3      4      5      6     7     8      9      10 

 

20. What do you believe, out of 10 individuals, how many are burning garbage in the communities around 

the Lago Pedra?  

 0     1     2      3      4      5      6     7     8      9      10 

21. What do you believe, out of 10 individuals from your community, how many are willing to help 

cleaning the community for free?  

 0     1     2      3      4      5      6     7     8      9      10 

 

22. What do you believe, how bad is it for the fishing population to fish the whole year?  

                              
 

23. What do you believe, how bad is it for the nature to burn garbage?  
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24. How many hours per week would you be willing to help cleaning your community?  

 0     2     4      6      8     10      12 

25. If you burn garbage where you live, how do the individuals from your community react?  

                              
 

26. How do you react, if you see someone from your community burning garbage?  

                              
 

27. If you see someone from your community catching piabas, how do you react?  

                              
 

28. How would the other fishermen from your community react if they see you catching fishing which are 

spawning? 

                              
 

29. Consider the fishermen from your community how catches the most fish.  

How many ―cordas‖ is s/he catching per week? 

_____cordas per week 

How many piabas is s/he catching per week? 

             none   very few     few       some    a lot  

Consider her/hiscatch: how many of  her/his caught fish are bigger than 25 cm?    

        none   very few     few       some    a lot  

 

30. How many litres shrimp are you catching per week? 

_____ litre per week 

31. With how many ―bottles‖ are you catching shrimp? 

_______bottles 
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32. For how much do you sell 1 litre of your shrimp? 

_____ reias 

33. How many hours are you catching shrimp per week? 

                                                       _____ hours per week 

34. Consider your catch: how many of your caught shrimp are small (< 2cm)? 

        none   very few     few       some    a lot  

35. Consider your catch: how many of your caught shrimp are big (> 3cm)? 

 none   very few     few       some    a lot 

36. Consider the fishermen from your community how catches the most shrimp.  

How many litres is s/he catching per week? 

_________litre shrimp per week 

Consider her/his catch: how many of her/his caught shrimp are small (< 2cm)? 

        none   very few     few       some    a lot  

Consider her/his catch: how many of her/his caught shrimp are big  (> 3cm)? 

        none   very few     few       some    a lot  
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Questionnaire 2 - Post-experimental questionnaire conducted in 2006 

 

1. How many « cordas » do you catch per week? 

                        _____  cordas per week  (in a good period)               

                        _____  cordas per week (in a bad period)    

2. What do you believe, which fishnet are fishermen from your community using most of the time? 

 4     5    6     7     8      9      10     11      12 

3. What do you believe, which fishnet are fishermen from other communities at the Lago Pedra using most 

of the time?  

 4     5    6     7     8      9      10     11      12 

4. Do you know which of the following fishnets are forbidden? 

 none   2    3    4    5    6    7    8   9    10    11    12    I do not know 

5. What do you believe, the usage of which of the following fishnets is harmful for the fishing population? 

 4     5    6     7     8      9      10     11      12 

6. Do you know if it is forbidden to catch fish the whole year? 

 yes, it is forbidden       no, it is not forbidden          I do not know 

7. What do you believe, out of 10 fishermen, how many will stop fishing during the recovery period if they 

have the fishing card and receive money during this period? 

 0     1     2      3      4      5      6     7     8      9      10 

8. What do you believe, out of 10 individuals, how many are burning garbage in the communities around 

the Lago Pedra? 

 0     1     2      3      4      5      6     7     8      9      10 

9. What do you believe, out of 10 individuals from your community, how many are willing to help cleaning 

the community for free? 

 0     1     2      3      4      5      6     7     8      9      10 

10. What do you believe, how bad is it for the fishing population to fish the whole year? 

                              
 

11. What do you believe, how bad is it for the nature to burn garbage?  
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12. If you burn garbage where you live, how do the individuals from your community react? 

                              
 

13. If someone from your community burns garbage, how would you react? 

                              
 

14. How would the other fishermen from your community react if they see you catching fishing which are 

spawning? 

                              
 

15. How many litres shrimp are you catching per week? 

_____ litres per week (in a good period) 

_____ litres per week (in a bad period) 

PROPOSAL: The fish and shrimp are just sold through the “colonia” to control for selling of small 

fish and shrimp. 

16. How many hours per week would you be willing to work for free in the ―colonia‖? 

                                             ______hours per week 

17. How many hours per week do you think each of the other fishermen from your community would be 

willing to work for free in the ―colonia‖? 

                                             ______hours per week 

18. Would you sell the fish and shrimp you catch just in the ―colonia‖? 

                                               yes                              no 

19. What do you believe, out of 10 fishermen from your community, how many would sell fish and shrimp 

just in the colonia? 

 0     1     2      3      4      5      6     7     8      9      10 

PROPOSAL: It should have more fiscalization on the fish market  

 

20. Exactly when will you denounce someone to the IBAMA? If he/she sells: 

   you would never denounce him/her              very few small fish            few small fish 
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   some small fish       a lot small fish    

21. What do you believe, out of 10 fishermen from your community, how many would denounce someone 

to the IBAMA selling small fish in the market? 

 0     1     2      3      4      5      6     7     8      9      10 

PROPOSAL: The Management Council (MC) gives bamboo to the fishing communities but in return 

fishermen shall hand over some of their old fishing gear (“bottle”). The community organizes the 

manufacturing of the “cofo”. 

22. How many hours per week would you be willing to organize the distribution of the bamboo and the 

manufacturing of the cofo? 

_____hours per week 

23. What do you think, how many hours per week do you think each fishermen from your community 

would be willing to organize the distribution of the bambo and the construction of the cofo? 

______hours per week 

24. How many of your ―bottles‖ are you willing to hand in if we give you enough bamboo to make 120 

cofos? 

 none    60    120    180    240     300     360    420    480     540     600 

25. What do you believe, how many ―bottles‖ are the other fishermen willing to hand in if we give them 

enough bamboo to make 120 cofos?  

 none    60    120    180    240     300     360    420    480     540     600 

PROPOSAL: An institution buys the bamboo and sells it to the fishing communities for a price that 

is below the market price.  The fhishermen organize the manufacturing of the “cofo”. 

26. How many hours per week would you be willing to organize the purchase and distribution of the 

bamboo and the manufacturing of the cofo?                   ____hours per week 

27. . What do you think, how many hours per week do you think each fishermen from your community 

would be willing to organize the distribution of the bambo and the construction of the cofo? 

______hours per week 

28. How many of your ―bottles‖ are you willing to hand in if we give you enough bamboo to make 120 

cofos? 

 none    60    120    180    240     300     360    420    480     540     600 

29. What do you believe, how many ―bottles‖ are the other fishermen willing to hand in if we give them 

enough bamboo to make 120 cofos? 

 none    60    120    180    240     300     360    420    480     540     600 
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Questionnaire 3 – Pre-experimental questionnaire (conducted in first meeting in 2008 after code 

form) 

 

 

1. How many people live in your household?  

_______number of people 

2. If you walk 2 minutes from your house in each direction how many people live there?  

______ number of people 

3. How many minutes does it take to walk from your house to this meeting place?  

_____minutes 

4. Since when are you living in this community?  

________ 

5. How many people live in your house?  

________ 

6. How many relatives live in your community?  

_______number of people 

7. Name people in this community who you ask frequently for a favor (no number limit, always 

report full name) (favor, favor 1, 2, 3….)  

______________________________________________________________________________

________________________________________________________________________ 

8. Since when are you fishing professionally?     _____    

9. Do you fish alone?  

 Always   Almost always  often  sometimes  rarely  never 

9.1. If he/she fishes with another person, ask him/her with whom he/she fishes and the type of 

relation he/she has with him/her.  

_____________________________________________________ 
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10. Please list the names of the three most respected fishermen in your community.  (respected 1, 

2, 3) 

___________________________________________________________________________ 

11. Until what class did you go to school?     _____  

12. How often do you go to church per month?   

 Never        Rarely       Once a Month     Every Sunday      Every day  

13. Do you have another job besides fishing?  

 No   Agriculture           Others___________________ 

14. How much do you earn per month:  

  With fishing only______________________ reias  

  With the other activity_________________ reais  

15. Do you sell the shrimp directly on the fishing market?  

 No   Sometimes   Often  Always 

16. If you do not sell your shrimp always directly on the fish market, you sell it to:  

 one     two   three  more than three      traders  

17. How many days per week do you catch shrimp?     ________days  

18. How many hours per day do you catch shrimp?     _______hours 

19. Which months do you consider as a good period to catch shrimp?   

  _____________________________________ 

20. Which months do you consider as a bad period to catch shrimp? 

 ______________________________________ 

21. How much money do you make per week with fishing: 

in a good period?________________ Reias  

in a bad period? __________________Reais  
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22. Which kind of traps do you use to catch shrimp?  

 With Garrafas only   With Cofos only   With Garrafas and Cofos 

23. How many traps are you using at the moment to catch shrimp?  

  Garrafas:________________ (bottles)  

  Cofos:__________________ (cofos)  

24. How many spots do you use in the lake to catch shrimp?  

 1 Spot  2 Spots  3 Spots  4 Spots     5-10 Spots  more than 10 

25. With whom, not from your family, do you frequently spend time (name 3)?  

________________________________________________________ 

26. How many liters of shrimp do you catch per week with Garrafas: 

  in a good period? ________________________liters  

  in a bad period? _________________________liters  

27. How many liters of shrimp do you catch per week with Cofos: 

  in a good period? _________________________ liters  

  in a bad period? __________________________liters  

28. What fraction of your catch is smaller than 2 cm?   

 None  Very few  Few   Medium    High 

29. What fraction of your catch is bigger than 3 cm?  

 None  Very few  Few   Medium   High 

30. What do you get for 1 liter shrimp on average?   ______Reais 

31. What do you get for 1 kg fish on average?         ______ Reais  

32. List the names of 3 friends who participate in this meeting: 

___________________________________________________________________________ 
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Questionnaire 4 – Post-experimental questionnaire conducted in 2008 

 

1. What do you believe, what is the fraction the other fishermen from your community catch that 

is smaller than 2 cm?   

 None  Very few  Few   Medium   High 

2. What do you believe, what is the fraction the other fishermen from your community catch that 

is bigger than 3 cm?  

 None  Very few  Few   Medium   High 

3. From which fishermen do you know how much they earn for 1 Liter shrimp (name 3)?  

___________________________________________________________________________ 

4. Do you think that the use of Garrafas by the majority of the fishermen can endanger the 

shrimp population?  

 No  Very unlikely   unlikely   likely   very likely 

5. Do you think that the over-fishing in the APA can be stopped?  

 No  Very unlikely   unlikely   likely   very likely 

6. Do you believe the EP is necessary for you personally?   

 No   probably       yes   yes, very much so 

7. How many Cofos do you need so that you can stop using Garrafas?  

_______ number of Cofos 

08. What do you believe, how many of the fishermen will hand over at least 100 Garrafas?   

 no one  few  some  half      majority   almost all  all 

09. Will you dislike having your name on the board where it shows that you have not handed 

over enough amounts of Garrafas at the end of EP?  

 Yes, very much    Yes   yes, a bit    hardly      not at all 
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10. How many days in a month do you believe the other fishermen from your community will be 

willing to manufacture Cofos?  

 None      0,5      1     2    3    4   5    6  7  More than 7 days 

11. What would you change in the EP?  

 Nothing   Something: __________ 

12. Would you like to be excluded from this EP?  

 Yes   No 

13. How many days in a month do you have leisure time (days without working)?  

 None  0,5  1  2  3   4      5   6  7  More than 7  

14. Do you believe that politicians really take care about your problems?  

 No  barely  sometimes  often    always 

15. How poor do you consider yourself in comparison to the other participants in this meeting?  

 a lot poorer   a bit poorer  about the same  a bit richer  a lot richer 

16. From which fishermen do you know which mesh size of the fishnet they use most of the time 

(up to five)? 

___________________________________________________________________________ 

17. With which fishermen do you discuss fishing related issues (up to 5)? 

___________________________________________________________________________ 

 

18. Do you catch fish with fishnet? (continue if yes, otherwise stop) ______  

19. What are the meshsizes of the fishnets you have?  _____  

20. What are the meshsizes you have that are bigger than 5 and smaller than 10 (if he does not 

have any fishnet with meshsize 6-9, you do not have to ask the following questions) 

21. How old is your fishnet with the smallest meshsize between 6 and 9?  ______  
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Let me explain you about a fishnet exchange program we are offering. We will be offering a new 

fishnet with mesh size 10 in exchange for your fishnet with the smaller mesh size. Unfortunately, 

we cannot give all fishermen such a fishnet. We have in total about 10 fishnets with mesh size 10 

and we are giving them to the fishermen who are offering us the best deal. Please note we ask 

this question to many fishermen in several communities.  

 

22. These are the options for you:  

 

I: I am not willing to hand over my old fishnet in exchange for a new fishnet with mesh size 10 

II: I am willing to hand over my old fishnet in exchange for a new fishnet with mesh size 10 if 

you give me 50 Reais in addition 

III: I am willing to hand over my old fishnet in exchange for a new fishnet with mesh size 10 if 

you give me 25 Reais in addition 

IV: I am willing to hand over my old fishnet in exchange for a new fishnet with mesh size 10 and 

I do not get money but I also do not have to pay money  

V: I am willing to hand over my old fishnet in exchange for a new fishnet with mesh size 10 and 

I am willing to pay _____ Reais (enter 1-50 Reais) for this.  

 

Obviously, the best deal for us is the more money we get (or the less money we lose) when we 

offer this fishnet exchange program. Please note that your chances to get the new fishnet in 

exchange for your old fishnet increase with the money you offer for this fishnet. The more 

money you offer, the more likely you get the new fishnet. Please note also that, if you belong to 

the ten lucky winners, we will come to you in August this year to make the exchange. 

 

Please tell me now how much we would have to pay you/ how much money you are offering! 
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Appendix E: Laboratory experiments instructions 

 

General instructions for 2006 and 2008 experiments 

 Thank you for coming to today‘s meeting. Please note that you are free to leave this 

meeting at any point of time. Today‘s meeting starts with several games. Thereafter, there will be 

a short survey. During the games, you will have the chance to earn money. The money you earn 

will be paid out at the end of the meeting. No one other than me will know what you earn today. 

The payment will be private. You should know that the money comes from research funds and 

not from our own pockets or from the pocket of politicians. Please note that there is no right or 

wrong in playing the games, this is not a test. During today‘s session you will receive a code. 

This ensures that everything you do – your decisions in the games and your answers in 

questionnaires – will remain anonymous.  

 

 

Instructions for games played in 2006 

 

This is game 1 (Public goods experiment) 

In this game you will be in a group of four participants. No participant will know in which group 

he is. You will have the chance to earn money in this game. How much you will earn depends on 

your decisions and the decisions of the other three participants in your group. No participant will 

know how you decided. This experiment has 5 periods. The group composition does not change 

during these 5 periods. In each period, each group member makes one decision. The decision is 

the same for all participants. In this experiment, we will speak of points and 3 points are worth 1 

Real. At the end of this game, we will add up the points you made during the 5 periods, divide 

them by three and pay you after you finished playing the second game. 

 The setting: imagine that you are a fisherman and share a lake with three other fishermen. You 

all possess a small boat in which there are two fishnets, one fishnet with a small mesh size and 

one fishnet with a big mesh size.  
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 Your decision: you decide in each of the five periods (which is presented as a week) on how 

many of the seven days of a week you will use the fishnet with the small mesh size and on how 

many of the seven days of a week you will use the fishnet with the big mesh size. The fish god 

―Iara‖ gives you 10 points in each period. Iara will also give you for every day you will use a 

fishnet with a big mesh size 0.5 points. For every day you decide to use the fishnet with the small 

mesh size, Iara will give you 1 point, but at the same time reduce the balance of the other three 

participants in your group by 0.5 points. You will know after you have made your decision how 

the other participants decided in the previous period. 

 

Example: 

(Explanation for all participants: experimenter is Iara, four helpers stand in front of all 

participants and represent one group. Experimenter gives each group member ten cards, each 

representing one point.) 

 Iara asks the first group member: ―On how many days of the first week will you use the fishnet 

with the big mesh size?‖ 

First group member replies: ―On four days‖. 

Iara gives the first group member four half cards (each representing one half point) 

Iara then gives the first group member three cards (each representing 0.5 points) for the decision 

to use on the remaining three days with the fishnet with the small mesh size. 

Iara approaches all three other group members and cuts three cards from each into two parts and 

takes half because the first group member decided to catch three days with the fishnet with a 

small mesh size. 

  

Iara asks the second group member: ―On how many days of the first week will you use the 

fishnet with the big mesh size?‖ 

First group member replies: ―On two days‖. 

Iara gives the first group member two half cards (each representing 0.5 points) 
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Iara then gives the second group member five cards (each representing one point) for the 

decision to use on the remaining three days with the fishnet with the small mesh size. 

Iara approaches all three other group members and cuts five cards from each into two parts and 

takes half because the first group member decided to catch five days with the fishnet with a small 

mesh size. 

  

Iara asks the third group member: ―On how many days of the first week will you use the fishnet 

with the big mesh size?‖ 

First group member replies: ―On seven days‖. 

Iara gives the third group member seven half cards (each representing 0.5 points). 

  

Iara asks the fourth group member: ―On how many days of the first week will you use the fishnet 

with the big mesh size?‖ 

First group member replies: ―On zero days‖. 

Iara gives the fourth group member seven cards (each representing one point) for the decision to 

use all seven days the fishnet with the small mesh size. 

Iara approaches all three other group members and cuts seven cards from each into two parts and 

takes half because the first group member decided to catch seven days with the fishnet with a 

small mesh size. 

  

Iara asks the first group member: ―Show me your cards!‖ 

First group member replies: ―I have 1 card and 16 half cards‖ 

Iara asks the first group member: ―So how many points do you have!‖ 

First group member replies: ―I have 9 points!‖ 

Iara asks the first group member: ―So how much money did you earn in the first week!‖ 

First group member replies: ―I made 3 Reais!‖ 
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Iara asks the second group member: ―Show me your cards!‖ 

Second group member replies: ―I have 5 cards and 12 half cards‖ 

Iara asks the second group member: ―So how many points do you have!‖ 

Second group member replies: ―I have 11 points!‖ 

Iara asks the second group member: ―So how much money did you earn in the first week!‖ 

Second group member replies: ―I made almost 4 Reais!‖ 

  

Iara asks the third group member: ―Show me your cards!‖ 

Third group member replies: ―I have 12 half cards‖ 

Iara asks the third group member: ―So how many points do you have!‖ 

Third group member replies: ―I have 6 points!‖ 

Iara asks the third group member: ―So how much money did you earn in the first week!‖ 

Third group member replies: ―I made 2 Reais!‖ 

  

Iara asks the fourth group member: ―Show me your cards!‖ 

Fourth group member replies: ―I have 9 cards and 8 half cards‖ 

Iara asks the fourth group member: ―So how many points do you have!‖ 

Fourth group member replies: ―I have 13 points!‖ 

Iara asks the fourth group member: ―So how much money did you earn in the first week!‖ 

Fourth group member replies: ―I made a bit more than 4 Reais!‖ 

  

Questions: Is this clear? We will come to you, explain the game one more time individually, and, 

ask you about your decision.  
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This is second game (Time preference experiment) 

The second game is very simple. In this game, you decide whether you want to have a good 

today or more of the same good tomorrow. If you decide to have the good today, we will give it 

to you at the end of today‘s meeting. If you decide to have more of the same good tomorrow, we 

will give you a voucher to collect the good tomorrow in the village leader's house. Is this clear? 

  

You will decide over three different goods (the order of the presentation of the three goods was 

randomly determined) but you will only receive one of the three goods. After you have made 

your choice for the three different goods, you will draw a card that determines which of the three 

goods you will actually receive. Is this clear? 

 

Please tell me now your decision for the following three goods. Do you prefer:  

o 1,5 L mineral water today  or o 3 L mineral water tomorrow 

o 1,5 Reais today  or  o 4 Reais tomorrow  

o 12 bananas today or o 24 bananas tomorrow. 

 

 

Instructions for games played in 2008 (I) 

 

We will now play 5 different games and then the meeting is over. You will be paid according to 

the outcome from two of the five games. But, you will only know after you played all five games 

which of the two games will count towards payment. After you have played all 5 games, you will 

draw two cards and the cards will determine which two games will be relevant for payment. This 

means that you should take your decisions in all five games seriously because there is a very 

high chance that any one game will become relevant for your payment. During the five games, 
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we will speak of points. 1 Point is worth 1 Real in the two games that will be chosen for 

payment. In the other three games, the points will be not converted to Reais.  

 

Time preferences experiment 

Before we start with the games, I would like to ask you something. Do you like this praline? 

Would you like to have two of these pralines now or three of them at the end of the experimental 

session?  

 

This is game 1 (Donation experiment) 

I will now give you two envelopes. In one envelope for you are 10 points, in the other are no 

points. Your decision is the following: You decide how many of the 10 points you take out of 

your envelope and transfer to the other. Each point that you transfer from your envelope to the 

other envelope will be donated to an orphanage. Thus, the more points you take out of your 

envelope, the less you have, but the more points the orphanage receives. Let me give you two 

examples: You transfer 9 points; this means you will receive 1 point and the orphanage 9 points. 

Or, you transfer 3 points which means you will receive 7 points and the orphanage will get 3 

points. Of course you can transfer as many of the 10 points as you want, that is, from zero to ten 

points. 

Do you understand? While you make your decision, I will turn my back. Please do not tell me 

what you plan to do. Please decide now and transfer the amount of points from this envelope to 

the other envelope and then put the two envelopes in the box in front of you. Tell me when you 

are ready!  

  

Let's move on to game 2 (Risk-aversion experiment) 

I will now give you 10 points. They are yours. If this game is one of the two games selected for 

payment, it would mean that you get 10 Reais. You can play with these points, however, playing 

is risky: you can multiply these points or lose them. This depends on this coin. You will throw 

this coin and choose heads or tails. If you choose heads and heads shows up, the points you 
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decided to play with are multiplied by 2.5. If you choose heads and tails shows up, you will lose 

all of the points with which you decided to play. You can decide not to play or to play with 1 – 

10 points. Let me give you an example: I decide to play with 5 points, which means that I have 5 

points for certain. Then I will choose heads or tails, and afterwards I will throw the coin. If I 

choose heads and tails shows up, I will only receive 5 points. In contrast, if heads shows up, I 

will receive 5 * 2.5 = 12.5 points + 5 points = 17.5 points. Do you understand? How many points 

do you want to risk?   

 

Now, the third game (Public goods experiment)  

The outcome in this game depends on your decisions and the decisions of two others in this 

meeting. Note that you will never know who these two others are and these two others will never 

know that they played with you. You and the two others will have to make the same decision. 

Here are two envelopes. In one envelope, which is denoted your envelope, are 10 points. These 

points are yours. The other, which is denoted your group envelope, is empty. You decide how 

many of the 10 points you transfer to your group envelope. What happens if you transfer points 

to your group envelope? First, of course, you will have fewer points in your envelope. Second, 

for every point you transfer to the group envelope, we will add 0.5 points. Thus, if you transfer 

(for example) 10 points, we will add 5 points and there will be 15 points in the group envelope. 

If you transfer nothing, we will not add points to the group envelope. What happens to the points 

in the group envelope? They will be equally distributed among all participants in your group 

including you. So, if there are 15 points in the group envelope, you and the other two in your 

group get 5 points. You do not know how many points the others transfer to the group envelope. 

The other two participants in your group will also have to decide how many points they transfer 

to the group envelope before knowing the decisions of their group members.  

Let me give you an example. Imagine all three participants (including you) decide to transfer no 

points to the group envelope. Thus, there are no points in the group envelopes and all three 

participants stay with their 10 points in their private envelope. Imagine now all three participants 

including you decide to transfer all 10 points to the group account, i.e., there are 30+0.5x30=45 

points in the group envelopes. We will then divide the 45 points equally and each of you will 

receive 15 points. One last example: Imagine participant 1 gives 10 points to the group envelope, 
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participant 2 gives 0 points to the group envelope und you give 5 points to the group envelope. 

We will then add 0.5 points for each point in the group envelopes, i.e. there are 

(10+0+5)×1.5=22.5 points. Then we divide these points equally among the three participants so 

that all get 7.5 points in addition to the points they kept in their individual envelopes. So, 

participant 1 gets 0+7.5=7.5 points, participant 2 gets 10+7.5=17.5 points and you get 

5+7.5=12.5 points. Note that participant 2 received more points than you and participant 1 

because he did not transfer any point to the group envelope. In contrast, participant 2 received 

less because he transferred all 10 points to the group envelope.  

 Do you understand? While you make your decision, I will turn my back. Please do not tell 

me what you plan to do. Please decide now and transfer the amount of points you want from this 

envelope to the other and then put the two envelopes in the box in front of you. Tell me when 

you are ready! In this game you have an additional possibility to earn money. You can receive 5 

more points if you guess correctly how many points the others transfer to the group envelope. 

You have two guesses.  

 

This is game 4 (Coordination experiment – not part of this dissertation) 

In this game you will play with one other participant from this meeting but you do not know 

who, and the other participant does not know that s/he plays with you. You will not know until 

the end of the meeting how the other participant decided in this game. Imagine you are a hunter. 

You and the other participant have to make the following decision: Hunting a rabbit or a stag. 

The rabbit can be hunted individually but hunting the stag is only possible together. If you decide 

to hunt a rabbit you will get 7 points (= a rabbit is worth 7 points). If both of you decide to hunt a 

stag you will both get 10 points (= a stag is worth 20 points). However, if you decide to hunt the 

stag and the other participant the rabbit, you will get no points (because you cannot hunt the stag 

alone) and the other will get 7 points (the rabbit can be hunted alone). Likewise, if you decide to 

hunt the rabbit and the other the stag, you will get 7 points and the other 0 points.  

Will you hunt the rabbit or the stag? What do you believe, how will the other participant decide? 

 

This is game 5 (Competition experiment)  
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The goal of this game is to throw this tennis ball into the bucket. You have 10 tries. There are 

two options of how you can earn money in this task. 

Option 1: For each ball that enters the bucket and stays in it, you will get 1 point. 

Option 2: You will play against another fisherman in this meeting but you do not know who. The 

fisherman who enters more balls in the bucket is the winner. Only the winner gets paid. He gets 3 

points for each ball that enters the bucket, the loser gets nothing. In the case that you and the 

other fisherman enter the same amount of balls in the bucket, there is no winner and both of you 

get 1 point for each ball entered. 

Which option do you choose? 

 

 

Instructions for game played in 2008 (II) 

 

Risk Game (played in a different session, not together with the other2008 games) 

I will now give you 1.10 Reais. The money is yours. You can play with this money, however, 

playing is risky: you can get 2 Reais or lose your 1.10 Reais. This depends on this coin. You will 

throw this coin and choose heads or tails. If you choose heads and heads shows up, you will get 2 

Reais. If you choose heads and tails shows up, you will lose your 1.10 Reais. Do you 

understand? Do you want to play?   
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