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I. RESUMEN 

 

 
Este trabajo explora factores biológicos e institucionales que afectan la 

cooperación humana utilizando la aproximación de la economía experimental. 

Incluye dos artículos publicados, el primero titulado “No association between 

genetic variants in MAOA, OXTR, and AVPR1a and cooperative strategies” y el 

segundo titulado “Effects of experience with access regimes on stewardship 

behaviors of small-scale fishers”. El primer estudio explora las bases genéticas 

de estrategias cooperativas. Para ello se evalúa la asociación que existe entre 

estrategias cooperativas expresadas en un juego de bien público y tres variantes 

genéticas en una muestra de estudiantes universitarios. El segundo estudio 

explora el rol de instituciones formales en promover normas de cooperación en 

grupos de usuarios de recursos naturales. Con esta finalidad se compara la 

conducta cooperativa de pescadores artesanales en un juego de recurso común 

contextualizado bajo dos escenarios que recrean dos regímenes de acceso que 

gobiernan las pesquerías que estos pescadores enfrentan en la vida real. Las 

diferencias conductuales observadas en el juego entre ambos escenarios son 

sugestivas de las normas y creencias que los sujetos han internalizado a partir 

de su experiencia con cada régimen de acceso en la vida real.  
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II. ABSTRACT 
 
 

This dissertation explores biological and institutional factors determining human 

cooperation using an experimental economics approach. It includes two published 

articles. The first one is called “No association between genetic variants in MAOA, 

OXTR, and AVPR1a and cooperative strategies” and the second one is named 

“Effects of experience with access regimes on stewardship behaviors of small-

scale fishers”. The first study explores the genetic basis of cooperative strategies 

in humans. To do so it assesses the association between the strategies displayed 

by university students in a public good game with the variability observed in three 

candidate genetic variants. The latter study explores the role played by formal 

institutions in fostering cooperative norms in groups of users of natural resources. 

To do this it compares the cooperative behaviors displayed by artisanal fishers in 

a common pool resource game framed under two scenarios. Each scenario 

recreates one of two access regimes these fishers face in their real life. The 

differences in behavior displayed between the two scenarios are suggestive of 

the norms and expectations that subjects have internalized under each access 

regime in real life.  
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III. INTRODUCTION 
 
 

Cooperation in social dilemmas is key for the success of human societies (Fehr & 

Fischbacher, 2003). In social dilemmas, self-interest is unaligned with social 

efficiency (Dawes, 1980; Olson, 1965). Cooperation involves decisions that 

require the bearing of individual costs in the pursuit of collective benefits. Although 

cooperation is a ubiquitous phenomenon in humans, variation in cooperative 

behaviors has been widely documented. Cooperative behaviors differ not only 

across populations (Balliet & Van Lange, 2013; Henrich et al., 2001; Herrmann et 

al., 2008; Lamba & Mace, 2011), but also across situations for the same 

population (Bouma & Ansink, 2013; Dufwenberg et al., 2011; Liberman et al., 

2004).  

 

Variability in cooperation has been explained by both biological and social factors. 

Cumulative evidence suggests a role for neurological structures, hormones, and 

genes in shaping cooperative behaviors (Ebstein et al., 2010; Kasper et al., 2017). 

Standards of behavior that apply to specific groups and contexts (i.e., social 

norms) also affect cooperation by shaping people’s expectations and motivations 

(Ellingsen et al., 2012; Gächter et al., 2010; Goerg & Walkowitz, 2010). 

Cooperation is key to solve some of the issues most pressing for humanity 

including climate change and natural resources overexploitation (Ostrom, 1990; 

Ostrom et al., 1999). Uncovering the biological and social drivers of cooperation 
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can inform the design of effective institutions to promote collective action at the 

local and global scales. 

 

A major challenge in the study of cooperation is to measure cooperative behaviors 

in a systematic and unbiased manner. Experimental economics provides a 

platform to study cooperation under controlled environments, allowing to isolate 

the effects of different factors on cooperation (Ostrom, 2006). In economic 

experiments, cooperation is operationalized through the decisions that subjects 

make in tasks. These tasks are designed based on game theory. Decisions are 

attached to material payoffs, usually, money, to provide control over subjects’ 

preferences (V. Smith, 1982; V. L. Smith, 1976).  

 

Two decision tasks often used to study cooperation in groups are the public good 

game and the common pool resource game. The first requires subjects to decide 

on individual contributions to a public project that brings positive externalities to 

others. The latter, on the contrary, involves a negative externality that gets 

materialized when an individual decide to extract units from a common pool. 

Standard rational theory predicts that people will free ride in both problems 

(Hardin, 1986). Nonetheless, behaviors displayed in this tasks are heterogenous 

and often deviate from free riding (Fehr & Schurtenberger, 2018). The ability to 

capture this diversity in a systematic and controlled manner makes experimental 

economics a crucial tool to uncover the biological and social mechanisms 
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underlying cooperation. This dissertation uses experimental economics to explore 

biological and social foundations of human cooperation.  

 

The first study, called “No association between genetic variants in MAOA, OXTR, 

and AVPR1a and cooperative strategies”, assesses to what extent genetic 

variability accounts for differences in cooperative strategies displayed in a public 

good game. This work combines behavioral and genetic data from 188 

undergraduate students to test the association between cooperative strategies 

and variability in three genetic variants thought to influence sociality in humans — 

MAOA-uVNTR, OXTR rs53576, and AVPR1 RS3.  

 

The results from previous association studies linking genetic variants with 

cooperative actions are not robust (Duncan & Keller, 2011; Hewitt, 2012). This 

lack of robustness is often attributed to low statistical power. Alternatively, it could 

be due to a confounded measurement of cooperative phenotypes. To explore this 

latter possibility, this study characterizes cooperative phenotypes based on 

strategies rather than actions. Unlike actions, strategies do not involve 

expectations providing a less confounded measurement of cooperative 

phenotype (Fischbacher et al., 2001; Selten, 1967). To systematically 

characterize subjects’ strategies, this research uses a public good game in its 

strategic version (Fischbacher et al., 2001). The results show no evidence of 

association between cooperative strategies and the genetic variants. These 
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results suggest that refining the characterization of cooperative phenotypes as 

strategies is not enough to overcome the low power of association studies linking 

candidate genetic variants with cooperative behaviors.  

 

The second study presented here is called “Effects of experience with access 

regimes on stewardship behaviors of small-scale fishers”. It investigates the role 

of formal institutions in shaping cooperative norms in groups of users of natural 

resources. The study uses behavioral data of 120 fishers that face two types of 

access regimes in their real-life fishing activities — collective exclusive access 

and de facto open access.  

 

Fishers played a common pool resource game framed either as the fishing of loco, 

which is harvested under collective exclusive access or as the fishing of hake, 

which operates as a de facto open access. The results show that fishing 

communities that have shown high cooperation under collective exclusive access, 

in real life, displayed higher cooperation in the loco game than in the hake game. 

There were no differences between frames for communities that have presented 

relatively low signs of cooperation under collective exclusive access in real life. 

The observed framing effects in the game are suggestive of the context-specific 

norms that each group of users holds under each access regime in the real world. 

These results provide experimental support to the role of collective exclusive 

access policies in promoting cooperation among users. Yet, they highlight that 
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these formal regimes alone cannot guarantee the internalization of cooperative 

behaviors.   
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Abstract

The effort to understand the genetic basis of human sociality has been encouraged by the

diversity and heritability of social traits like cooperation. This task has remained elusive

largely because most studies of sociality and genetics use sample sizes that are often

unable to detect the small effects that single genes may have on complex social behaviors.

The lack of robust findings could also be a consequence of a poor characterization of social

phenotypes. Here, we explore the latter possibility by testing whether refining measures of

cooperative phenotypes can increase the replication of previously reported associations

between genetic variants and cooperation in small samples. Unlike most previous studies of

sociality and genetics, we characterize cooperative phenotypes based on strategies rather

than actions. Measuring strategies help differentiate between similar actions with different

underlaying social motivations while controlling for expectations and learning. In an admixed

Latino sample (n = 188), we tested whether cooperative strategies were associated with

three genetic variants thought to influence sociality in humans—MAOA-uVNTR, OXTR

rs53576, and AVPR1 RS3. We found no association between cooperative strategies and

any of the candidate genetic variants. Since we were unable to replicate previous observa-

tions our results suggest that refining measurements of cooperative phenotypes as strate-

gies is not enough to overcome the inherent statistical power problem of candidate gene

studies.

Introduction

The questions of why and when people are willing to cooperate, bearing individual costs in the

pursuit of collective benefit, have been a major focus in the social and natural sciences [1–4].

Although cooperation is widespread among humans, there is considerable diversity among

cooperative behaviors [5–8]. Evidence supporting the heritability of social traits has encour-

aged efforts to understand the genetics underlying this diversity [9–11]. Although several
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studies have searched for genetic variation associated with cooperation and related behaviors,

such as trust, reciprocity, and altruism, this task has remained elusive [3].

The existing literature relies heavily on studies that test the association between social phe-

notypes and a handful of candidate gene variants using small sample sizes of few hundred indi-

viduals (i.e. candidate genes studies) [12, 13]. The results of these studies are inconsistent and

usually not replicable [14–17]. The most accepted explanation for the lack of robust findings is

that most candidate gene studies lack statistical power given the small effects that single vari-

ants may have on complex social traits [14, 18–20]. The lack of robust associations could also

be a consequence of a poor characterization of cooperative phenotypes. This possibility, which

we aim to address in this study, has largely been overlooked in the literature.

A common approach to characterizing social phenotypes is to measure actions displayed in

incentive-based tasks grounded on game-theoretic experimental paradigms (see Table 1 for a

summary of this literature). However, actions displayed in these tasks result from the interac-

tion of multiple cognitive processes. For example, in tasks for which the outcome is given by

the simultaneous decisions of multiple players, actions are influenced by the expectations of

subjects about the behavior of others [21]. Additionally, in tasks involving repeated decisions,

actions are influenced by learning [22]. Expectations and learning are likely to involve different

neural networks and structures [23]. Therefore, unpacking cooperative traits into more ele-

mentary constructs could help elucidate associations with particular genetic variants [24].

Strategies are game-theoretic constructs that can reflect social motivations while controlling

for expectations and learning. A strategy is a player’s contingent plan specifying her/his actions

in response to all the possible actions of the other players. The standard prediction in econom-

ics is that, in contexts that require cooperation, individuals will choose to free-ride no matter

what others do. However, strategies in cooperative contexts are diverse and the “free-riding”

strategy is not the most prevalent [5, 6, 8]. Most people condition their cooperation on their

counterparts’ behaviors. The majority chooses to closely match the levels of cooperation of

their counterparts, a strategy that is usually referred to as “conditional cooperation”[2]. Some

individuals prefer to match the levels of cooperation of their counterparts only up to a certain

level at which they start decreasing their contributions, a strategy that is referred to as “hump-

shaped” [5]. In situations where the actions of others are unknown, those that like to condition

their actions on what others do will behave based on their expectations about the decisions of

others [2]. Therefore, if only actions are observed, as is the case in most candidate gene studies,

it is not possible to discriminate between conditional cooperation, hump-shaped, and free-rid-

ing strategies. This differentiation is possible, however, if incentive-based tasks are designed to

elicit strategies rather than actions. Specifically, to use the “strategy-method” [25] rather than

the standard direct response method allows identifying underlying strategies in the context of

a public goods game (PGG), a task widely used to study cooperation [5].

Recent evidence supports the inheritability of cooperative strategies [11] and sheds light on

its neurological basis [26]. To our knowledge, only Mertins et al. [27] have reported association

of a genetic variant with cooperative strategies, MAOA-uVNTR, located in the gene that codes

for monoamine oxidase A, which metabolizes monoamine neurotransmitters. Variants in this

gene lead to a lower expression (MAOA-L) or higher expression (MAOA-H) of monoamine

oxidase A [28]. Mertins et al. [27] found that women with MAOA-L variants are less likely to

behave like free-riders than MAOA-H carriers. Similarly, it has been observed that women car-

rying MAOA-L variants cooperate more in repeated interactions [29] and that MAOA-L geno-

types correlate with social sensitivity [30].

Other variants that have been associated with social behaviors are in genes that encode

receptors for oxytocin and vasopressin, two neurotransmitters highly linked to sociality [31].

The single nucleotide variant rs53576 in OXTR and the microsatellite RS3 in AVPR1a have
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Table 1. Summary of previous studies of genetics and sociality using incentive-based tasks.

Reference Sample

size

Population Incentive-

based task

Involves

expectations (i.e.

simultaneous

decisions)

Involves

learning (i.e.

repeated

decisions)

Social trait Candidate

gene

Result

Knafao et al.,

2008 [37]

203 (101

women)

College students

from Israel

Dictator game No No Altruism AVPR1A Carriers pf shorter variants of

the AVPR1a RS3 repeat showed

less altruistic behavior than

carriers of longer variants.

Israel et al.,

2009 (first

sample) [75]

203 (102

women)

College students

from Israel and

their families

Dictator game No No Altruism OXTR Variants of rs1042778,

rs237887, and rs2268490 were

association with altruism.

Israel et al.,

2009 (second

sample) [75]

98 (all

women)

Mothers from

Israel

Dictator game No No Altruism OXTR Variants of rs1042778,

rs237887, and rs2268490 were

association with altruism.

Apicella

et al., 2010

[67]

684 (80%

women)

Swedish twins Dictator game No No Altruism OXTR No association

Trust game

with trustee

role in strategy

method

Yes, for the trustor No Trust and

trustworthiness

Zhong et al.,

2010 [76]

208 (54%

women)

Chinese Han Ultimatum

game

Yes No Fairness DRD4 DRD4 is associated with

fairness preference

Avinun et al.,

2011 [43]

158 (81

women)

Israeli preschool

twins

Dictator game No No Altruism AVPR1A Carriers of the variant with 327

bp showed lower altruism

compared to other subjects

Mertins et al.,

2011 [29]

96 (60

women)

Students at the

University of

Trier in Germany

Repeated

public good

game

Yes Yes Cooperation MAOA Men carriers of the low activity

alleles cooperate significantly

less than those carrying the

high activity alleles

Krueger

et al., 2012

[66]

108 (all

men)

College students

with European

ancestry

Trust game Yes Yes Trust and

trustworthiness

OXTR GG genotype for rs53576

showed higher trust than AA

and AG genotypes

Chew et al.,

2013 (first

sample) [77]

208 (112

women)

Han Chinese Ultimatum

game

Yes No Fairness AR, ERα,

and ERβ
AR associated with minimal

acceptable offers in men. Erβ
associated with minimal

acceptable offers in women.

Chew et al.,

2013 (second

sample) [77]

257 (125

women)

Israeli Ultimatum

game

Yes No Fairness AR, ERα,

and ERβ
Erβ marginally associated with

minimal acceptable offers in

women.

Mertins et al.,

2013 [27]

91 (58

women)

Students at the

University of

Trier in Germany

Public good

game using

strategy

method

No No Cooperation MAOA Women carriers of the low

activity alleles were less likely to

behave as weak free riders

compared to women carrying

high activity alleles

Reuter et al.,

2013 [78]

130 (105

women)

Caucasians Ultimatum

game

Yes No Fairness DRD2 and

DRD4
4/4 genotype for the DRD4
variant showed a higher

minimal acceptable offer than

other genotypes

Schroeder

et al., 2013

[79]

184 (107

women)

Students at

Newcastle

University in

England

Repeated

Public good

game

Yes Yes Cooperation SLC6A4 and

HTR2A
SLC6A4 was associated with

cooperation in the absence of

punishment. In the presence of

punishment, cooperation was

associated with HTR2A
Feng et al.,

2015 [36]

204 (100

women)

Students at the

Emory

University in the

United States of

America

Iterated

sequential

Prisoner’s

Dilemma

Game

No Yes Cooperation OXTR Sex differences in effects of

intranasal oxytocin treatment

for individuals with the GG

genotype

(Continued)
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emerged as promising candidates for social behavior. Individuals homozygous for the G allele

(GG) of OXTR rs53576 show higher levels of empathy [32], sociality [33, 34], and higher levels

of trust [35] compared to individuals with one or two copies of the A allele (AA/AG). It has

also been suggested that the G allele modulates the effect of oxytocin in cooperative interac-

tions [36]. The lengths of variants of AVPR1a RS3 also correlate with cooperation-related

social traits. For instance, individuals with relatively long repeats in AVPR1a RS3 are more

altruistic [37, 38], but are less trusting and disposed to reciprocity [39].

We aim to explore whether more refined measures of cooperative phenotypes—underlying

strategies rather than observable actions—support the replicability and robustness of previously

reported associations. We replicate the analysis of Mertins et al. [27], by testing the association

between cooperative strategies and MAOA-uVNTR variants in an admixed Latino population

and extended it by including OXTR rs53576, and AVPR1a RS3 as additional candidates (n = 188).

Methods

Subjects and recruitment

Our sample consisted of 200 Chilean students (18 to 25 years old, women = 109) from Univer-

sidad del Desarrollo (UDD), in Santiago, Chile. Subjects were recruited two weeks prior to the

experimental sessions by emailing all students an invitation to participate in a study about

genetics and decision-making and recruitment posters were distributed on campus. Volun-

teers filled out an online form with their contact information and availability. The only inclu-

sion criterion was that subjects be students at UDD at the time of participation.

Experimental procedures

We conducted 10 sessions in a computer laboratory at UDD between June and September

2013. Subjects were notified of an experimental session via email and were offered a show-up

fee of $2.500 CLP, plus additional earnings from the incentive-based task. In each session, 20

students entered the room and were seated in front of an individual computer. The facilitator

Table 1. (Continued)

Reference Sample

size

Population Incentive-

based task

Involves

expectations (i.e.

simultaneous

decisions)

Involves

learning (i.e.

repeated

decisions)

Social trait Candidate

gene

Result

Nishina et al.,

2015 [35]

470 (242

women)

Non-student

Japanese

Trust game

with trustee

role in strategy

method

Yes, for the trustor No Trust and

trustworthiness

OXTR GG genotype for OXTR
rs53576 showed higher trust

than AA genotype in men

Wang et al.,

2016 [38]

278 (150

women)

Chinese Han Dictator game No No Altruism AVPR1A Men with relatively short

variants of RS3 allocated less

money to others compared

with men carrying two copies

of long variants

Nishina et al.,

2019 [39]

434 (221

women)

Non-student

Japanese

Trust game

with trustee

role in strategy

method

Yes, for the trustor No Trust and

trustworthiness

AVPR1a Men with a short form of

AVPR1a showed more trust

than those carrying other

variants. Additionally, subjects

with a short form of AVPR1a
displayed higher

trustworthiness

Summary of the design features of candidate gene association studies using incentive-based tasks to measure social traits.

https://doi.org/10.1371/journal.pone.0244189.t001
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informed the subjects that their participation would consist of playing a four-person PGG,

after which they would provide a saliva sample. Subjects were also informed that decisions

would be recorded anonymously and that they could leave the experiment at any moment.

The game was programmed in z-Tree [40] and communication during the game was not

allowed. A printed copy of the instructions of the game was handed to each participant and the

facilitator read them aloud at the beginning of the session (S1 Text). Examples of outcomes

were shown, and questions were answered aloud before the game started. Our protocol was

approved by the UDD Research Ethics Committee.

Each individual in the game was given 20 tokens (valued $250 CLP) and had to privately

decide how many tokens to contribute to the public good and how many to keep for them-

selves. Contributions to the public goods were doubled and divided into equal parts among

the four members in the group, regardless of how many each member contributed. The game’s

payoff function was:

pi ¼ ð20 � gi þ 0:5
Xj¼4

j¼1

gjÞ � $250 CLP

Where πi is the final payoff of subject i, gi 2 {0,1,. . ., 20} is the contribution of individual i
to the public goods, and gj 2 {0,1,. . ., 20} is the contribution of each member of the group. As

the marginal gain of contributing one token to the public good is 0.5 while the marginal gain

of keeping it is one, we expected no contributions to the public good under the assumption of

self-interested, profit-maximizing individuals.

We used the PGG game protocol developed by Fischbacher et al. [5] in which subjects are

asked to make two types of decisions: an “uninformed contribution” and a “contingent contribu-

tion”. The uninformed contribution was the answer to the question: You have 20 tokens; how

many tokens will you contribute to the public goods? (S1 Fig). This question did not provide sub-

jects with information about what other members of the group were contributing. Consequently,

this decision involved individual expectations about the contributions of others. The contingent

contribution required that subjects answer the question of how many of their 20 tokens they

would contribute to the public goods given a scenario in which the other members of the group

contribute an average of �g j6¼i tokens (rounded to the integer), with �g j6¼i 2 {0,1, 2. . .20} (S2 Fig).

The answer to this question elicited cooperative strategies which exclude the confounding effects

of intertemporal strategies, learning or expectations about the cooperative behavior of others.

After subjects provided their answers for their uninformed and contingent contributions,

they were randomly and anonymously matched by the software into groups of four. The unin-

formed contributions of three random players in the group were averaged and rounded to the

integer to obtain �g j6¼i, which was then employed to find the contribution of the fourth player

based on her/his contingent contribution. This provided the total contribution to the public

goods, and individual payoffs were calculated. This procedure ensured that both answers were

incentive compatible as both could be considered to calculate individual payoffs.

Saliva samples were collected at the end of the session using Saliva Self-Collection Kit OG

500 (DNA Genotek, Canada). Each subject provided a sample in a tube labeled with the same

identification code under which the subject’s answers in the game were recorded. Subjects col-

lected their profits privately in a separate room.

Genotyping

DNA was successfully extracted from 188 samples (women = 107). The three candidate vari-

ants were analyzed as described in the protocols of previous studies [41–43]. Results revealed
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four alleles for MAOA-uVNTR in our sample presenting 3.5, 4.5, 5.5, and 6.5 repeats (S1 Table).

These alleles correspond respectively to the 3, 4, 5, and 6 repeats alleles observed in previous

studies [44]. Given the low frequencies of the 5.5 and 6.5 repeats alleles in our sample, we

excluded their carriers from the analysis. Since the MAOA gene is in the X chromosome, men

only have one allele for MAOA-uVNTR, therefore genotypes for men are 4.5 and 3.5 repeats,

equivalent to the MAOA-H and MAOA-L, respectively [28]. In the case of women, one of the

two X chromosomes in somatic cells becomes transcriptionally inactive early in development

[45]. We cannot determine which of the alleles is being expressed in women that are heterozy-

gous for MAOA-uVNTR, therefore we excluded them from the analysis. This left us with the

two homozygous genotypes of MAOA-uVNTR in women—4.5/4.5 and 3.5/3.5 repeats—equiva-

lent to the MAOA-H and MAOA-L variants, respectively [28]. Consequently, genotypes for

MAOA u-VNTR were coded under “MAOA-H” or “MAOA-L” in both women and men.

Genotypes for OXTR rs53576 were coded as “GG”, “GA”, and “AA”. Alleles for AVPR1a
RS3 were classified as “Short” if they were between 324 bp to 341 bp long and as “Long” if they

were between 342 bp to 356 bp long (S2 Table). This cutoff was established to ensure that both

groups were balanced in the number of observations. This classification method is often used

for microsatellite repeats due to a usually high number of low-frequency alleles [37]. Geno-

types for the RS3 AVPR1a were coded as “Short/Short”, “Short/Long” and “Long/Long”.

The resulting genotype distribution satisfies Hardy-Weinberg equilibrium for AVPR1a RS3

(X2 = 2.84, p = 0.09) and MAOA u-VNTR (X2 = 0.18, p = 0.67, tested only for women because

it is a sex-linked variant), but not for OXTR rs53576 (X2 = 5.29, p = 0.02) (S3 and S4 Tables

show genotype distributions for women and men).

Identification of cooperative strategies

We classified each subject’s cooperative strategy into four types using the following classifica-

tion algorithm. First, subjects whose maximum contribution in the contingent contribution

table was below or equal to 20% of the endowment (4 tokens) were considered as free riders

(FR). For strategies that did not enter the FR category, we proceeded as follows; for each strat-

egy we ran two simultaneous Spearman rank correlations between the subject’s contingent

contribution and others’ hypothetical average contribution. Initially, the first correlation con-

sidered the first three entries in the contingent contribution table (when others’ hypothetical

average contribution was 0, 1, and 2) and the second correlation considered the rest of the

entries in the contingent contribution table (when others’ hypothetical average contribution

was 3, 4, . . ., 20). We repeated this procedure for each strategy by including each entry sequen-

tially in the first correlation and removing it from the second correlation until the first correla-

tion considered the first 18 entries in the contingent contribution table (when others’

hypothetical average contribution was 0, 1, . . ., 17) and the second correlation considered the

last three entries in the contingent contribution table (when others’ hypothetical average con-

tribution was 18, 19, 20). Strategies were classified as hump-shaped (HS) if they showed at

least one positive-to-negative change between the first and second correlation in the sign of

their Spearman correlation coefficient at a 1% significance level. The remaining strategies were

classified as conditional cooperators (CC) if they displayed a significantly positive Spearman

coefficient (at a 1% significance level). Following Fischbacher et al. [5], we classified all the

strategies that did not fall into FR, HS, or CC as others (OT). The OT category consists of strat-

egies that presented miscellaneous patterns of contributions, including unconditional coopera-

tion (three players) (see S3 Fig for individual OT strategies). We ran robustness checks with

different FR classification criteria which considered subjects whose maximum contribution in

the contingent contribution table was below or equal to 10% and 30% of the endowment.
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Statistical analysis

We ran all our analysis separately for each sex since previous studies suggest sex-specific asso-

ciations [e.g. 27, 39]. We applied Bonferroni correction to account for multiple hypotheses

testing in each set of analyses. Associations between genetic variants and cooperative strategies

were tested using a Fisher exact test (α = 0.008 given six hypotheses). Additionally, to test the

relationship between specific genotypes and cooperative strategies we ran a multinomial logis-

tic regression model with bootstrapped standard errors for each variant. Then, we calculated

the marginal effects of each genotype on the probability of a subject displaying a given cooper-

ative strategy (α = 0.00125 given 40 hypotheses).

Following Mertins et al. [27], we also tested whether mean contingent contributions dif-

fered between genotypes under three cooperative scenarios. The “low contribution scenario” is

the first seven entries in the contingent contribution table (i.e. when the mean hypothetical

others’ contribution goes from 0 to 6 tokens), the “mid contribution scenario” is the next

seven entries in the table (i.e. when the mean hypothetical others’ contribution goes from 7 to

13 tokens), and the “high contribution scenario” is the last seven entries in the table (i.e. when

the mean hypothetical others’ contribution goes from 14 to 20 tokens). We ran Kruskal-Wallis

rank tests to test significant differences in mean contribution between genotypes for each vari-

ant under the three scenarios (α = 0.003 given 18 hypotheses) ant to test whether uninformed

contributions significantly differed between genotypes for each variant (α = 0.008 given six

hypotheses). All analyses were run in R Studio v1.1.456 except multinomial logistic regressions

which were run in Stata v.12.0. Data and code are available at https://github.com/ignacia-

rivera/genetics_coop.

Results

The distribution of cooperative strategies is presented in Table 2. No significant difference was

observed in the distribution of cooperative strategies of women and men (p = 0.545, two-sided

Fisher test). The average profile for each type of strategy is shown in Fig 1. The average CC

strategy deviates from the diagonal (perfect conditional cooperation) downwards displaying a

bias towards selfishness.

The distribution of cooperative strategies for each genotype is shown in Fig 2. No associa-

tion between cooperative strategies and any of the variants was found, either for women or

men (p� 0.145, two-sided Fisher exact test). This result holds for classification criteria that

use a cutoff of 10 and 30% of the endowment to characterize the FR strategy. Our regression

analysis confirmed this result since no genotype was found to have a significant effect on the

probability of a subject displaying a particular type of strategy after correcting for multiple

hypotheses testing (p� 0.01 with α = 0.00125, dy/dx from multinomial logistic regression, S5

and S6 Tables).

Table 2. Percentage distribution of cooperative strategies.

Cooperative strategy Percentage of women (%) Percentage of men (%)

CC 44.86 54.32

HS 12.15 11.11

FR 9.35 9.88

OT 33.64 24.69

Percentage distribution of cooperative strategies for women (n = 107) and men (n = 81). Considering as a FR any

strategy in which the maximum contingent contribution was equal or below 20% of the endowment.

https://doi.org/10.1371/journal.pone.0244189.t002
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Some patterns could be distinguished between genotypes in their average strategy (Fig 3).

For OXTR rs53756, AA women tended to contribute more than other genotypes when the

average contribution of others was between around six and 14 tokens, while AA men seemed

to contribute less than other genotypes when the average contribution of others was below 10

tokes. Women carrying Long and Short copies for AVPR1a RS3 reduced their levels of contri-

bution once the average contribution of others reached approximately nine tokens relative to

the homozygous types. Among men, Long/Long genotypes of AVPR1a RS3 presented strate-

gies with generally lower contributions compared to the strategies of Short alleles carriers.

MAOA-L women displayed strategies with higher contributions relative to MAOA-H women

when the average contribution of others was less than approximately 6 tokens. In the case of

men, MAOA-L showed higher contribution levels than MAOA-H when the average contribu-

tion of others was higher than 10 tokes. Despite these observed patterns, we found no statisti-

cally significant differences between genotypes regarding their mean contingent contribution

under different cooperative scenarios (i.e. “high contribution”, “mid contribution” and “low

contribution” scenarios) (p� 0.025 with α = 0.003, Kruskal-Wallis rank test). No significant

differences in uninformed contributions were found between genotypes for any of the variants

neither for women nor men (p� 0.18, Kruskal-Wallis).

Discussion

Unlike most candidate gene studies that investigate associations with observable actions, we

tested whether candidate variants are associated with underlying strategies. Our results showed

Fig 1. Average profile for each type of strategy. Average cooperative strategy for free riders (green), conditional

cooperators (red), hump shaped (light blue) and others (purple). Dashed line represents the contribution profile of a

perfect conditional cooperator.

https://doi.org/10.1371/journal.pone.0244189.g001
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no association between cooperative strategies and the three studied variants: MAOA-uVNTR,

OXTR rs53576, and AVPR1 RS3. Therefore, our findings did not replicate previous results by

Mertins et al. [27] for MAOA-uVNTR and did not match expected associations based on pre-

vious results linking OXTR rs53576, and AVPR1 RS3 with sociality. This suggests that when

cooperative phenotypes are measured more precisely as strategies—which exclude learning

and expectations—associations with candidate genetic variants cannot be consistently repli-

cated in small samples. This is in line with the consensus amongst geneticists that no single

gene can explain a meaningful part of the variance observed in humans social traits [14, 15,

17–20, 46].

We characterize a cooperative phenotype as the subjects’ strategies in a PGG using the pro-

tocol by Fischbacher et al. [5]. The results from applying this method have been replicated in

samples around the world, showing that the most prevalent strategy is CC [8]. To our knowl-

edge, we report the first application of this protocol to elicit cooperative strategies in an

admixed Latino sample. We replicated the main finding that the most frequent strategy is CC

in both women and men, with frequencies that fall within the range of previous studies (from

around 40% to 70% of trials) [8]. Typically, studies find that the second most frequent strategy

is FR. In our sample, however, the second most frequent strategy was HS. Nonetheless, the fre-

quencies we found for both HS and FR fall within the ranges observed in previous studies [8].

We found a high number of strategies that could not be categorized within the CC, FR, or HS

Fig 2. Distribution of cooperative strategies for each genotype. Percentage distribution of cooperative strategies, conditional

cooperators (red), hump shaped (light blue), free riders (green) and others (purple) for AA (n = 18), GA (n = 38), and GG (n = 48) OXTR
rs53576 genotypes; for Long/Long (n = 29), Short/Long (n = 42), and Short/Short (n = 35) AVPR1a RS3 genotypes; High (n = 9) and Low

(n = 38) MAOA u-VNTR genotypes in women (panel A). Percentage distribution of cooperative strategies for AA (n = 9), GA (n = 29),

and GG (n = 40) OXTR rs53576 genotypes; for Long/Long (n = 13), Short/Long (n = 38), and Short/Short (n = 28) AVPR1a RS3

genotypes; High (n = 31) and Low (n = 40) MAOA u-VNTR genotypes in men (panel B).

https://doi.org/10.1371/journal.pone.0244189.g002
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categories (i.e. around 34% for women and 24% for men), which we classified as OT. The

share of OT observed in our sample is high compared to what has been observed in most stud-

ies, but still within the ranges reported by other researchers [47]. The high number of OT in

our sample relative to other studies can be due to differences in classification criteria as well as

in populations. Overall, our behavioral results replicate broader strategy patterns found in pre-

vious studies and therefore provide a robust characterization of the cooperative inclinations

defined in the experimental economics literature.

The strategy method purposely minimizes the effect that others have on individual deci-

sions to elicit a controlled measure of cooperative preferences. Yet, cooperative interactions

also involve social cognitive processes such as emotion recognition [48, 49], empathy and the-

ory of mind [50], social communication [51], and social reward seeking [52]. All of those are

excluded from our measurement of cooperation and could be influenced by the genetic vari-

ants studied here. Indeed, a study by [29] suggests that variation in MAOA-uVNTR correlates

with differences in expectations about others’ behaviors, and variations in OXTR have been

associated with empathy [53] and social reward [12, 54]. Furthermore, it has been suggested

that empathy and perspective taking mediate the effects of OXTR on prosocial behavior [55].

This highlights the importance of disentangling the multiple cognitive phenomena involved in

complex behaviors such as cooperation when aiming to link them to variation in candidate

genes.

At least, three reasons can explain the lack of replicability and mismatch with previous

related observations. First, our admixed Latino population differs, both genetically and

Fig 3. Average cooperative strategies per genotype. Average cooperative strategies per genotype for OXTR rs53576, AVPR1a RS3, and

MAOA u-VNTR in women (panel A) and in men (panel B).

https://doi.org/10.1371/journal.pone.0244189.g003
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environmentally, from the Caucasian and Asian populations commonly studied in similar can-

didate gene studies (see Table 1). Variability in associations between populations can arise due

to differences in gene-environment interactions [56]. Indeed, it has been suggested that social

behaviors are influenced by culture which can mask genetic influences differentially across

populations [57]. Different patterns of linkage disequilibrium can also explain differences in

gene-trait associations across populations [58].

A second possible reason why we did not find the associations suggested by previous studies

is that previous studies may have misrepresented the association between these candidate vari-

ants and cooperative traits. Despite having selected our candidate variants based on an exhaus-

tive literature review, new evidence has come to question common findings in this body of

research. In particular, there are serious methodological concerns about the validity of several

observations linking oxytocin with trust, which is one of the most studied associations in social

neuroscience [59–62]. For instance, the association between exogenous intranasal oxytocin

and higher levels of trust [54, 63] and the correlation between trust and oxytocin plasma levels

[64] has been poorly replicated [60, 65]. Lack of robust results linking trust with OXTR has

also been evidenced in candidate gene studies. For example, while [66] reported a significant

association between OXTR rs53576 and investments in a trust game, [67] reported no associa-

tion in a larger sample (N = 684). Moreover, many results of candidate gene studies are

thought to be false positives since most of them do not account for family-wise error [46].

Indeed, if we had not corrected for multiple hypotheses testing, we would have observed signif-

icant misleading associations. All this demonstrates the susceptibility of candidate gene studies

to fall into biases by following genetic variants overrepresented in the literature and under-

scores the value of publishing null results.

The third explanation for the lack of associations observed in our study is insufficient statis-

tical power. In theory, more refined measurements of social phenotypes should increase a

study’s capacity to detect associations between genes and social traits. Nonetheless, our results

suggest that refining the characterization of cooperative phenotypes is not enough to overcome

the problem of inherently low statistical power of candidate gene studies. This detection prob-

lem is fundamentally due to the small effects that single genes have on complex social behav-

iors, such that they would require massive sample sizes to be detected. Consequently,

geneticists seriously question the value of candidate gene studies to understand the underlying

genetics of complex social behaviors [14, 17–19].

Successful candidate gene studies would require sufficiently large samples and candidate

variants that have a credible high prior probability of being associated with the trait of interest

[19, 46]. Therefore, there is still a need to better understand the links between genotype and

cooperation using approaches with higher statistical power before implementing promising

candidate genes studies. Genome-wide association studies (GWAS) ―which simultaneously

explore thousands of variants while accounting for family-wise error in a hypothesis generat-

ing manner ― have a lot to offer in terms of pointing to potentially relevant genetic variants

[68–72]. Nonetheless, GWAS that directly explore cooperation are still lacking and those that

have looked into similar prosocial constructs have not found significant associations [14, 73].

Studies involving neuroimaging and neurotransmitter measurements are also promising to

identify neurobiological pathways involved in cooperative decision making [38, 74]. These

studies can further point to promising candidate genes by narrowing down the neural struc-

tures, molecules, and networks involved in cooperative decisions.

We explored whether refining the measurement of cooperative phenotypes as strategies

rather than actions increases the capacity of a candidate gene study to replicate associations

between candidate variants and cooperation in a small sample. Our results suggest that this

approach alone cannot solve the inherent statistical power problem of this type of studies.
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Nonetheless, the refinement of cognitive constructs in GWAS and their proper measurement

is still a promising approach to improve our ability to detect genes associated with complex

behaviors. Better measurements can be informed by novel designs developed by behavioral sci-

entists that allow unpacking decisions involving multiple cognitive phenomena like the strat-

egy method implemented in our study.
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PLOS ONE No association between cooperative strategies and genetic variability

PLOS ONE | https://doi.org/10.1371/journal.pone.0244189 December 23, 2020 12 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244189.s011
https://doi.org/10.1371/journal.pone.0244189


Data curation: Marı́a I. Rivera-Hechem.

Formal analysis: Marı́a I. Rivera-Hechem, Ricardo A. Guzmán, Vı́ctor Landaeta-Torres, Gab-

riela M. Repetto.

Funding acquisition: Carlos Rodrı́guez-Sickert.

Investigation: Marı́a I. Rivera-Hechem, Ricardo A. Guzmán, Felipe Benavides, Vı́ctor Land-

aeta-Torres, Gabriela M. Repetto.

Methodology: Marı́a I. Rivera-Hechem, Carlos Rodrı́guez-Sickert, Ricardo A. Guzmán, Tadeo

Ramı́rez-Parada, Vı́ctor Landaeta-Torres, Gabriela M. Repetto.

Project administration: Marı́a I. Rivera-Hechem, Carlos Rodrı́guez-Sickert, Ricardo A. Guz-

mán, Gabriela M. Repetto.

Software: Ricardo A. Guzmán.

Supervision: Carlos Rodrı́guez-Sickert, Ricardo A. Guzmán, Gabriela M. Repetto.

Writing – original draft: Marı́a I. Rivera-Hechem.

Writing – review & editing: Carlos Rodrı́guez-Sickert, Ricardo A. Guzmán, Tadeo Ramı́rez-

Parada, Mauricio Aspé-Sánchez.
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Abstract

Governance regimes that assign exclusive access to support collective action are increas-
ingly promoted to manage common-pool resources under the premise that they foster
environmental stewardship. However, experimental evidence linked to existing policies that
support this premise is lacking. Overlapping access policies in small-scale fisheries provide
a unique opportunity to test the effects of access regimes on users’ stewardship behaviors.
We performed a lab-in-the-field experiment to assess how fishers’ previous experience with
access regimes relates to compliance and peer enforcement (n = 120). Fishers’ compliance
and peer-enforcement decisions were compared in a common-pool-resource game. Treat-
ments differed in framing to represent exclusive access and pseudo-open access regimes,
both of which fishers face in real life. To contrast behavior in the game with real-life obser-
vations, we compared fishers’ associations that have shown relatively high and low manage-
ment performance under exclusive access policies. Compliance and peer enforcement were
higher under the exclusive access treatment than under the pseudo-open access treatment
only for fishers’ associations with high management performance in real life. Behaviors in
the game reflected differences between associations in real life. Our results support previ-
ous research on ocean governance by experimentally assessing the role of access regimes
in determining users’ stewardship and suggest potential mechanisms for stewardship inter-
nalization.

KEYWORDS

collective action, environmental stewardship, external validity, lab-in-the-field experiment, small-scale fisheries,
territorial user rights for fisheries

Efectos de la experiencia con regímenes de acceso sobre comportamientos de gestión
responsable de pescadores a pequeña escala
Resumen: Las políticas que asignan acceso exclusivo a grupos de usuarios para apoyar la
acción colectiva son cada vez más promovidas para el manejo de recursos de uso comu-
nitario bajo la premisa de que fomentan la gestión ambiental responsable. Sin embargo, la
evidencia experimental vinculada a políticas existentes que respalde esta premisa es insufi-
ciente. La superposición de diversas políticas de acceso en las pesquerías a pequeña escala
proporciona una oportunidad única para analizar los efectos de los regímenes de acceso
sobre el comportamiento de gestión de los usuarios. Realizamos un experimento, llevando
el laboratorio al campo, para evaluar cómo la experiencia previa de los pescadores con
regímenes de acceso se relaciona con sus comporatamientos de cumplimiento y de san-
ción de pares (n = 120). Comparamos el cumplimiento con cutoas de extracción de los
pescadores y sus decisiones de sancionar a pares que incumplian las cuotas en un juego
de recursos de uso comunitario entre dos tratamientos. Los tratamientos variaban en la
contextualización del juego para representar una pesquería de acceso exclusivo y una de
pseudo libre acceso, a las que se enfrentan los pescadores en la vida real. Para contrastar el
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comportamiento en el juego con las observaciones de la vida real, comparamos los resul-
tados de asociaciones de pescadores que han mostrado un desempeño de manejo relati-
vamente alto y bajo con las políticas de acceso exclusivo. El cumplimiento y la sanción de
pares fueron mayores bajo el tratamiento de acceso exclusivo que bajo el de pseudo libre
acceso sólo para aquellas asociaciones de pescadores con un alto desempeño de manejo
en la vida real. Los comportamientos en el juego reflejaron las diferencias entre las aso-
ciaciones en la vida real. Nuestros resultados respaldan investigaciones previas sobre la
governanza de recursos marinos mediante la evaluación experimental del papel que tienen
las políticas de acceso en la determinación de la gestión del usuario y sugieren mecanismos
potenciales para la internalización de dicha gestión.

PALABRAS CLAVE

acción colectiva, derechos de uso territorial para las pesquerías, experimento de campo, gestión ambiental, pes-
quería a pequeña escala, validez externa

INTRODUCTION

Environmental stewardship is a promising pathway toward
the sustainable use and conservation of natural common-pool
resources (CPRs) (Bennett et al., 2018). Local environmental
stewardship can trigger the protection and responsible harvest
of CPRs and avert “the tragedy of the commons” (Bennett
et al., 2018; Ostrom, 1990). Compliance with appropriation
rules and peer enforcement are stewardship behaviors linked
to successful conservation and management outcomes across
ecosystems (Bergseth et al., 2015; Ostrom, 1990; Rustagi et al.,
2010; Wright et al., 2016). Therefore, identifying policies that
enhance user compliance and peer enforcement is an impor-
tant step to advance the conservation of CPRs. An approach
increasingly applied to foster these behaviors among CPRs users
is the establishment of formal, collective, and exclusive access
regimes (CEARs) (Nguyen Thi Quynh et al., 2017). These
regimes grant legal rights to a group of users to exclusively
access, use, and manage resource stocks (Schlager & Ostrom,
1992). In theory, CEARs incentivize environmental stewardship
relative to open access (OA) resource use by securing future
benefits to those investing in a stock’s sustainability and involv-
ing users in decision-making (Jentoft et al., 1998; Wilen et al.,
2012).

Achieving sustainability by implementing CEARs rests, in
part, on the assumption that formal access rights promote user
compliance and peer enforcement. However, research shows
mixed results regarding the relationship between access policies
and local environmental stewardship (e.g., Gelcich et al., 2006;
Gilmour et al., 2012; McDonald et al., 2020). This mixed per-
formance is likely the consequence of the lack of counterfactu-
als (van Putten et al., 2014), reliance on self-reported behaviors
prone to biases, especially when involving sensitive behaviors
such as compliance (Gavin et al., 2010), and case studies encom-
passing a range of resource systems operating under different
institutional and legal settings (van Putten et al., 2014; Gelcich
et al., 2019). Experimental economics provides a complemen-
tary approach to assess the determinants of human behaviors
by controlling for confounding variables (Smith, 1982; Ostrom,
2006). Moreover, by attaching financial consequences to deci-

sions, economic experiments reduce the biases inherent to self-
reporting (Smith, 1982). To recreate the collective-action prob-
lem faced by CPR users, researchers use CPR games. Insights
from lab-in-the-field experiments based on CPR games have
increased the robustness of findings from case studies and
helped uncover the role of institutional arrangements in CPR
use (Ostrom, 2006; Cardenas, 2011). Behaviors displayed by
users in these experiments have been proven to relate to real-life
observations supporting the external validity of this approach
(Rustagi et al., 2010; Carpenter & Seki, 2011; Gelcich et al., 2013;
Basurto et al., 2016). Accordingly, lab-in-the-field experiments
constitute an appealing way to unpack the relationship between
access regimes and local environmental stewardship.

Small-scale fisheries are CPRs for which compliance and peer
enforcement are particularly important given the difficulty of
establishing effective centralized management and enforcement
(Costello et al., 2012; Donlan et al., 2020). Small-scale fish-
eries can be managed through different and overlapping access
regimes, depending on the different target species, and therefore
provide a unique opportunity to test the role of access policies
in determining local stewardship. In central Chile, fishers oper-
ate in at least two distinct fishery-management access regimes:
a CEAR that takes the form of territorial user rights for fish-
eries (TURFs) granted to fishers’ associations to harvest benthic
resources and a pseudo-OA regime for demersal fish species. We
empirically assessed how Chilean fishers’ experience with for-
mal CEARs relates to compliance and peer enforcement with a
between-subjects lab-in-the-field experiment.

We compared behaviors of fishers in CPR games conducted
under two treatments that involved the same monetary incen-
tives but differed in framing to represent a fishery that is man-
aged under CEAR and another that operates as pseudo-OA. To
assess the external validity of our experiment, we considered
two types of fishers’ associations depending on their real-life
performance (high or low) with CEAR.

Assuming standard rationality, the predicted outcomes for
the game were no compliance and no peer enforcement. How-
ever, deviations from rationality are common in social dilem-
mas such as CPRs due to subjects’ internalized expectations
and norms (e.g., Cárdenas & Ostrom, 2004; Rustagi et al.,
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TABLE 1 Between-subjects design of an experiment that compares behaviors of fishers in a common-pool-resource game under two treatments that differ in
framing to represent the loco fishery, which is managed under collective and exclusive access, and the hake fishery, which operates under pseudo-open access.
Fishers were recruited from associations that have shown signs of relatively high and low performance under collective and exclusive access

Collective and exclusive access regime (Loco frame) Pseudo-open access (Hake frame)

Treatment

Association type

Unenforced stage

(first 10 rounds)

Peer-enforced stage

(last 10 rounds)

Unenforced stage

(first 10 rounds)

Peer-enforced stage

(last 10 rounds)

High performance 30 (six groups of five players) 30 (six groups of five players)

Low performance 30 (six groups of five players)a 30 (six groups of five players)a

aIn two of the 12 game sessions, groups were randomly reallocated in each round (Appendix S5). Because subjects were unaware of the reallocation, behaviors should not differ from those
expected in fixed groups. Subjects in these sessions potentially interacted with all the other nine subjects in the session. Therefore, to obtain independent observations, we computed the
group mean compliance and probability of reporting across all 10 subjects in each of these two sessions.

2010; Fehr & Schurtenberger, 2018). Based on the premise that
exclusive access favors the internalization of stewardship, we
expected compliance and peer enforcement to be higher under
the CEAR treatment than under the pseudo-OA treatment
for high-performance associations. If our experiments were
externally valid, high-performance associations would exhibit
more compliance and peer enforcement than low-performance
associations under the CEAR treatment but not necessarily
under pseudo-OA. We additionally evaluated how peer enforce-
ment affects compliance and explored the role of expectations
and norms in the different settings.

METHODS

Implementation

In the CEAR treatment, the game was framed as the har-
vest of loco (Concholepas concholepas), which is harvested within
TURFs (Gelcich et al., 2010). In the pseudo-OA treatment, the
game was framed as the fishing of hake (Merluccius gayi), which
is fished in a quota scheme that operates as pseudo-OA due
to poor enforcement and unclear stock boundaries (Plotnek
et al., 2016; Oyanedel et al., 2020). Fishers were recruited from
fishers’ associations that targeted loco and hake, were located
<200 km apart to minimize geographical differences (Appendix
S1), and could be categorized ex ante into high-performance
and low-performance depending on their real-life performance
with CEAR. We recruited a total of 120 fishers from two high-
performance and three low-performance associations. Associa-
tions were categorized as having high or low performance with
CEARs according to a TURF-performance index developed
by Marín et al. (2012). The index includes indicators of fish-
ers’ pride in their TURF, compliance with TURF rules, trends
of annual TURF quotas, and third-party assessments of TURF
management (Appendix S2). All these variables are related to
collective action in TURF management. We conducted 12 ses-
sions, two in each association (one with each frame), except for
one high-performance association in which we conducted four
sessions (two with each frame). Half the fishers in each associ-
ation were randomly assigned to the CEAR treatment and half
were to the pseudo-OA treatment. The experimental design is
summarized in Table 1.

In each session, 10 fishers from the same association entered
the room and seated themselves in front of an individual lap-
top. A facilitator informed the subjects that they would play
20 rounds of a CPR game in fixed groups of five, randomly
and anonymously assembled by the software. Subjects were also
informed that decisions would be recorded anonymously and
that they could leave the experiment at any time. After the
instructions were read, subjects played three trial rounds. Game
instructions were identical for both treatments except for the
words used to describe the resource units (i.e., number of locos

or kilos of hake), the action (i.e., harvesting or fishing), and the
enforcement authority (i.e., association’s board or National Service of

Fisheries) (Appendix S3). The game was programmed in z-Tree
(Fischbacher, 2007), and no communication was allowed. Once
a session was completed, fishers left the room to receive their
payments in private and the next group entered the room, thus
avoiding communication. We obtained informed consent from
all participants. Our protocol was approved by the ethics com-
mittee of Pontificia Universidad Católica de Chile.

The CPR game

At the beginning of each round t ∈ {0, … , 9}, each fisher was
given 100 units of the resource representing their individual
quota, which was assumed to be harvested completely. Then,
simultaneously, each fisher i ∈ {1, … , 5} had to privately decide
the x ∈ {0, … 50} number of units to harvest above their quota
(i.e., overharvest). There was a negative externality to mimic the
cost that overharvest imposes on other users in real life. For
each unit that a fisher decided to overharvest, all other mem-
bers of their group ( j ∈ {1, … , 5} ≠ i ) lost half a unit. The
unitary price of a unit was $10 CLP (US$ ∼0.014). The individ-
ual payment per round was given by

𝜋i,t =
(

100 + xi,t −
1
2

∑
j∈S−i

x j ,t

)
× $10. (1)

The first 10 rounds of the game constituted the unenforced
stage. At the beginning of the 11th round, the peer-enforced
stage started, and a peer-enforcement mechanism was intro-
duced unexpectedly and permanently. In the remaining rounds,
once all fishers had entered their overharvest, two fishers were
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randomly assigned as inspectors and randomly and anony-
mously assigned to inspect another group member. The har-
vest of the inspected fisher was revealed to their inspector, and
if overharvest was >0, the inspector had the opportunity to
report the offender. Inspectors were never assigned to inspect
themselves and subjects were aware of this. Once an offender
was reported, their harvest for the round was seized. This mech-
anism recreates fishers’ real-life decisions on whether to report
noncompliance to authorities. Once inspectors entered their
decisions, a summary screen revealed to each fisher their har-
vest, others’ mean harvest, the number of units lost due to oth-
ers’ overharvest, their earnings, and whether their harvest was
seized due to a peer’s report. To recreate the payment a fisher
would earn for patrolling, we added $250 CLP to a fisher’s
account each time they were appointed as an inspector. Because
reporting a peer is costly in real life, inspectors had to pay $250
CLP to report.

The expected outcomes for the game differed under differ-
ent models of behavior. Assuming standard rationality, the game
equilibrium in the unenforced stage is a tragedy of the commons
in which each subject overharvests the maximum and earns the
minimum (Gelcich et al., 2013). Complying and reporting are
rational decisions in the peer-enforced stage only if subjects
expect high levels of others’ compliance (above 80%) and a high
probability of being reported (above 0.83) (Appendix S4). Mod-
els of other-regarding preferences can account for compliance
and engagement in peer enforcement. For example, under mod-
els of negative reciprocity subjects are willing to pay for level-
ing of payments (Rabin, 1993; Fehr & Gächter, 2000). Similarly,
subjects are willing to pay to sanction prejudicial behavior under
inequity aversion (Fehr & Schmidt, 1999; Bolton & Ockenfels,
2000). Alternatively, models of altruism predict compliance and
a lack of reports because altruistic subjects will refrain from
reducing their peers’ payments (Andreoni, 1990). More impor-
tant for our study, however, is that most models predict no dif-
ferences between settings with the same monetary payments,
such as our treatments, unless they consider context-specific
parameters, expectations, or norms (Dufwenberg et al., 2011;
Ellingsen et al., 2012).

Statistical analyses

We operationalized compliance as the percentage of resource
units that were not overharvested (i.e., an overharvest of 50
units corresponded to 0% compliance and an overharvest of 0
units to 100% compliance). Peer enforcement was assessed as
the probability of reporting (i.e., the number of reports divided
by the number of opportunities to report). We aggregated
individual behavior over the rounds and used nonparametric
analyses to test the differences. We ran pairwise comparisons
of the individual mean percent compliance and the individual
probability of reporting between treatments for each associa-
tion type and between association types under each treatment.
We also compared the individual mean percent compliance
between the unenforced and peer-enforced stages and between
the first and last round in each treatment–stage–association

type combination. We used the Wilcoxon test with two-sided
hypotheses testing for each comparison. We adjusted p-values
for multiple hypotheses testing within each set of compar-
isons with the Bonferroni correction at a 5% significance
level.

We additionally applied a parametric approach, which pro-
vides greater power to test whether our results held when obser-
vations were aggregated at the group level in every round. We
ran different specifications of ordinary least squared regres-
sions (OLS) with robust standard errors to test the effects
of experimental variables on compliance and peer enforce-
ment. The independent variable for compliance was the group
percent compliance in each round and for peer enforcement
was the group probability of reporting in each round. The
different OLS specifications sequentially included blocks of
explanatory variables to check for the stability of coefficients
across specifications and to disaggregate the effects of inter-
acting variables. Explanatory variables used in the OLSs for
compliance included dummies for the CEAR treatment, high-
performance associations, and the peer-enforced stage; con-
tinuous variables to enumerate the rounds in the unenforced
and peer-enforced stages (from 0 to 9); and interactions of
these variables. In OLSs for peer enforcement, explanatory
variables included dummies for the CEAR treatment, low-
performance associations, and high-performance associations.
We also included two control variables—a variable enumerat-
ing the round of the peer-enforced stage (from 0 to 9) and
the mean overharvest of the inspected fisher in each group and
round.

In the main text, we discuss only effects that were consis-
tent across model specifications and report the results of the
most parsimonious OLS for compliance and peer enforcement,
which were selected based on Akaike’s information criterion. In
two of the 12 sessions, groups were randomly reallocated in each
round (Appendix S5). Because subjects were unaware of the
reallocation, behaviors should not differ from those expected
in fixed groups. Subjects in these sessions potentially interacted
with all the other nine subjects in the session. Therefore, to
obtain independent observations, we computed the group mean
compliance and probability of reporting across all 10 subjects in
each of these two sessions. We added weights to the OLS based
on the number of players aggregated in each observation. To
assess how others’ decisions affected individual compliance and
peer enforcement, we ran a linear mixed model and a Probit
model, respectively, for each treatment–association type combi-
nation (Appendix S6).

RESULTS

Differences in compliance

Compliance was higher under the CEAR treatment than under
the pseudo-OA treatment for high-performance associations,
which presented a mean individual percent compliance of
72% under the CEAR treatment and 44% under the pseudo-
OA treatment (Wilcoxon test, W = 965, adjusted p < 0.01,
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FIGURE 1 Mean percent compliance in the common-pool-resource game with the individual quota of loco, which is fished under collective, exclusive access
(CEAR) in real life and with the individual quota of hake, which is fished under pseudo-open access (OA) in real life for high-performance associations and
low-performance associations (error bars, 95% CIs computed at the individual level; n = 30).

n = 60) (Figure 1). In the case of low-performance associa-
tions, the mean individual percent compliance was 57% and
49% under the CEAR and pseudo-OA treatments, respec-
tively, and there were no statistically significant differences
(Appendix S7).

Strategies of players that chose to comply in every round
(i.e., overharvest zero in every round) were revealing regarding
motivations toward compliance. We found that in high-
performance associations, 10 subjects chose to comply in every
round under the CEAR treatment and only two applied this
strategy under the pseudo-OA treatment (Fisher exact test,
adjusted p = 0.042, n = 60). This difference was not significant
in low-performance associations.

Differences in compliance between high- and low-
performance associations under the CEAR treatment reflected
real-life differences regarding success with CEAR. The mean
individual percent compliance was significantly higher in high-
performance associations compared with low-performance
associations under the CEAR treatment (W = 2362.5, adjusted
p = 0.02, n = 60) (Figure 1) but not under the pseudo-OA
regime treatment (Appendix S7).

The most parsimonious OLS showed that the mean
group percent compliance was almost 20% higher in high-
performance associations under the CEAR treatment relative
to the other treatment–association type combinations (CEAR
× high-performance association = 19.81, p < 0.001, 95% confi-
dence interval [CI]: 10.03–29.59 in model 5) (Appendix S8).

Differences in peer enforcement

Peer enforcement was higher under the CEAR treatment than
under the pseudo-OA treatment (Figure 2). However, statisti-
cal differences were weaker than for compliance behavior. For
high-performance associations, the mean individual probabil-
ity of reporting was 0.70 under the CEAR treatment and 0.41
under the pseudo-OA treatment. This difference was signif-
icant but did not survive correction for multiple hypotheses
testing (W = 215.5, p = 0.03, adjusted p = 0.11). In the case
of low-performance associations, the mean individual probabil-
ity of reporting was 0.31 and 0.19 under the CEAR and the
pseudo-OA treatments, respectively, with no significant differ-
ences between treatments (Appendix S9).

Differences in peer enforcement between association types
reflected real-life differences with CEAR. The mean individual
probability of reporting under the CEAR treatment was signif-
icantly higher in high-performance associations compared with
low-performance associations (W = 476.0, adjusted p = 0.02)
(Figure 2). In the case of the pseudo-OA treatment, differences
between association types did not survive correction for multi-
ple hypotheses testing (W = 560.5, p = 0.02, adjusted p = 0.06).

The most parsimonious OLS revealed that the group prob-
ability of reporting was significantly higher under the CEAR
treatment for high-performance associations compared with
the other treatment–association type combinations (CEAR
× high-performance association = 0.24, p < 0.05, 95%
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FIGURE 2 Mean probability of reporting a peer to authorities in the common-pool-resource game due to noncompliance with the individual quota of loco,
which is fished under collective, exclusive access (CEAR) in real life, and due to noncompliance with the individual quota of hake, which is fished under pseudo-open
access (OA) in real life for high-performance associations and low-performance associations (error bars, 95% CIs computed at the individual level). Sample sizes
differ because the inspector role was randomly assigned in each round and inspectors could only report if the inspected fisher had overharvested. Therefore, not
every fisher had an opportunity to report (for high-performance associations under CEAR treatment, n = 22; for high-performance associations pseudo-open access
treatment, n = 30; for low-performance associations under CEAR treatment, n = 30; for low-performance associations under pseudo-open access treatment, n = 28)

CI: 0.03–0.46 in model 5; no overlap between the 95% CI of
CEAR × high-performance association and other coefficients
in model 7) (Appendix S10).

Effect of peer enforcement on compliance

There were no significant differences in the mean individual
percent compliance between the unenforced and peer-enforced
stages (Appendix S7). Nonetheless, peer enforcement averted
the decline of compliance under the CEAR treatment for
high-performance associations (Figure 3). In this case, the
mean individual percent compliance was 80% in the first round
of the unenforced stage and significantly declined to around
60% by the end of the unenforced stage (paired Wilcoxon test
comparing the first and last round in the unenforced stage, W =

147, adjusted p< 0.01, n= 60). In the peer-enforced stage, high-
performance associations under the CEAR treatment restored
high levels of compliance, which remained unchanged until the
end of the game (Appendix S11). No significant changes in the
mean individual percent compliance occurred within stages for
the other treatment–association type combinations (Appendix
S11).

A marginally significant decline in compliance during the
unenforced stage was confirmed by the most parsimonious
OLS with observations aggregated at the group level (unen-

forced rounds = −1.10, p = 0.06, 95% CI: −2.36 to 0.16 in
model 5) (Appendix S8). Peer enforcement generated a net
earnings loss in all the treatment–association type combinations
(Appendix S12). The highest aggregated losses occurred in
high-performance associations under the CEAR treatment, but
losses, in this case, tended to decrease over rounds (Appendix
S13).

Discussion

Identifying policy levers to promote environmental stewardship
among users is necessary to prevent CPRs degradation in the
absence of effective centralized management. We found evi-
dence that access policies governing resource extraction can
influence users’ compliance and peer enforcement. Our results
showed that fishers who experienced effective management
under CEAR displayed higher stewardship in a CPR game
framed as the harvest of loco, which operates under CEAR in
real life, than in the same game framed as the fishing of hake,
which operates under pseudo-OA. Although this result sup-
ports the role of formal CEARs in promoting users’ steward-
ship behaviors, our results also showed that CEARs alone did
not guarantee the internalization of environmental stewardship.
This was confirmed by the relatively low stewardship displayed
by low-performance associations under the CEAR treatment.
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FIGURE 3 Mean percent compliance in the common-pool-resource game with the individual quota of loco, which is fished under collective, exclusive access
(CEAR) in real life, and with the individual quota of hake, which is fished under pseudo-open access (OA) in real life for high-performance associations and
low-performance associations in early (rounds 1, 2, and 3), middle (rounds 4, 5, 6, and 7), and late (rounds 8, 9, and 10) rounds of the unenforced and peer-enforced
stages of the game (error bars, 95% CIs computed at the individual level; n = 30)

Our results provide experimental support consistent with
observations that suggest that CEAR policies motivate fish-
ers’ local stewardship (Gelcich et al., 2010; McDonald et al.,
2020). We found that for the same group of users, stewardship
increased under the CEAR treatment relative to the pseudo-OA
treatment. Our experimental approach accounted for potential
selection biases that have raised concerns relative to previous
studies in which stewardship behaviors were compared across
access regimes with different samples (van Putten et al., 2014).
Although we cannot establish a causal link between CEARs and
increased local stewardship, our results suggest a role in shaping
users’ incentives toward stewardship. Similar results support the
broader idea that the institutions that people deal with in their
daily activities shape their capacity for collective action (Cárde-
nas & Ostrom, 2004; Leibbrandt et al., 2013; Bouma & Ansink,
2013).

Differences in behaviors observed in our experiment are
arguably influenced by the expectations and norms that differ-
ent fishers hold under each access regime. The levels of compli-
ance observed in the first round suggest that the highest expec-
tations about others’ compliance occurred in high-performance
associations under a CEAR treatment. On expecting high com-
pliance from other group members, these fishers started with
high levels of compliance in accordance with common recipro-

cation principles (Fehr & Schurtenberger, 2018). These expec-
tations of high compliance are likely shaped by these fishers’
real-life experience harvesting loco under effective CEAR (Cár-
denas & Ostrom, 2004). Similar framing effects on expectations
are reported in the experimental economics literature (Ellingsen
et al., 2012).

Several fishers engaged in peer enforcement; it is common
in social dilemmas such as CPRs games (Chaudhuri, 2011; Fehr
& Schurtenberger, 2018). This cannot be justified by standard
rationality in our game. Although reciprocity and inequity aver-
sion could explain reporting decisions, they do not account
for the differences between frames. The high levels of peer
enforcement observed for high-performance associations under
the CEAR treatment could be signaling the presence of social
norms for cooperation (Fehr & Schurtenberger, 2018). These
norms are theorized to be crucial for effective management
under CEAR (Ostrom, 1990, 1998; Jentoft et al., 1998). Treat-
ments did not differ in payments and strategic behavior can-
not explain complete restrain from overharvesting. Thus, dif-
ferences in the number of fishers that complied in every round
suggest the presence of internalized norms in these settings.
Our results are consistent with evidence from experiments that
show norms are sensitive to framing (Krupka & Weber, 2013;
Bouma & Ansink, 2013) and evidence from the field that shows
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that normative motivations relate to compliance of small-scale
fishers (Oyanedel et al., 2020).

Peer enforcement did not affect mean levels of compli-
ance as predicted by standard rationality. Nonetheless, in high-
performance associations under CEAR, peer enforcement was
key to averting the decline of compliance observed in the
unenforced stage. This result is consistent with observations
from experiments and the field that underscore the role of
peer enforcement in sustaining collective action (Ostrom, 1990;
Rustagi et al., 2010; Wright et al., 2016). The net earnings
loss generated by the peer-enforcement mechanism is common
in social dilemmas (Chaudhuri, 2011). Peer enforcement was
particularly costly in high-performance associations under the
CEAR treatment due to the high frequency and size of the con-
fiscations. Nonetheless, net losses declined over the rounds for
this setting, indicating that peer enforcement could become effi-
cient in the long run (Gächter et al., 2008).

Correlates of individual decisions in high-performance asso-
ciations under the CEAR treatment support the idea that
norms and expectations guide stewardship behaviors (Appendix
S6). On average, subjects behaved as conditional cooperators,
adjusting their compliance to that displayed by others in the
previous round. Because the match between one’s and oth-
ers’ compliance presented a selfish bias, cooperation declined
as subjects updated their expectations (Fehr & Schurtenberger,
2018). In the peer-enforced stage, the average strategy switched
from conditional to unconditional compliance, showing that
peer enforcement created an effective enforcement alternative
that relieved subjects from having to overharvest to retaliate
for the low levels of compliance of their peers (Andreoni,
1995). Interestingly, compliance was sustained by the presence
of peer enforcement rather than by the actual implementation
of reports because subjects did not adjust their compliance
after being reported. Subjects either internalized the compli-
ance norm in the presence of peer enforcement or anticipated
a high probability of being reported that deterred them from
overharvesting. Under the observed probability of reporting,
peer enforcement cannot deter a rational subject from overhar-
vesting. Therefore, the most likely explanation is norm internal-
ization. This norm seems to mandate full compliance with the
quota because the probability of reporting did not scale with the
number of units overharvested.

Our experimental design involved trade-offs between simu-
lating real life and the ability to make unbiased inferences. For
example, the use of an alternative design in which the words
for the managing authority (i.e., association’s board or National Ser-

vice of Fisheries) and the species (i.e., loco or hake) varied sep-
arately could have helped isolate the effects of each element
in the frame. However, some of the resulting frames would
have lacked parallels in real life. Similarly, to recreate the real-
life situation of reporting, the peer-enforcement mechanism in
our game involved a binary decision that only allowed for the
punishment of defectors. Incorporating stock dynamics could
have made the game more realistic but would have also made
it more difficult to understand, hindering the interpretation of
the observed behavior. All these features may affect behav-
ior. Static, repeated dilemmas facilitate cooperation relative to

dynamic ones (Vespa, 2020) and allowing for the punishment
of cooperators can reduce cooperation (Herrmann et al., 2008).
Gradual sanctions may increase cooperation relative to binary
systems (Couto et al., 2020). Nonetheless, our focus was not on
the levels of cooperation per se, but on the relative differences
between frames and samples.

Our results highlight that framing is a crucial feature of
lab-in-the-field experiments (Alekseev et al., 2017). Its con-
sideration allowed us to design the experiment and interpret
the results. Norms and expectations are context specific and
are unconsciously activated by situational cues (Cárdenas &
Ostrom, 2004; Krupka & Weber, 2013; Bouma & Ansink, 2013).
Framing increased subjects’ familiarity with the task providing
the situational cues for each fishing context as suggested by
the differences between treatments in high-performance asso-
ciations. Our study also contributes to the literature supporting
the external validity of lab-in-the-field experiments because per-
formance under CEAR in real life correlated to the stewardship
displayed in the game (Rustagi et al., 2010; Carpenter & Seki,
2011; Gelcich et al., 2013; Basurto et al., 2016).

The interpretation that access regimes drive the differences
between frames should be made with caution. Access regimes
are not the only difference between the loco and the hake fish-
ery. Loco is harvested by diving, whereas hake is fished using
gill nets and longlines. The loco fishery collapsed in the 1980s.
After its transition to the TURF system, its status has improved
(Gelcich et al., 2010). Instead, the hake fishery started its decline
in the early 2000s and its status is still unstable (Arancibia &
Neira, 2008; Plotnek et al., 2016). Differences like these can
affect the mental models that drive decisions under each fishing
context (Gelcich et al., 2007). Yet, the fact that the differences
between frames occurred only in high-performance associations
indicates that access regimes explain the framing effect, at least
in part. All associations in our sample share the same historical,
biological, and regulatory backgrounds for each of the fisheries
(Arancibia & Neira, 2008; Gelcich et al., 2010; Phillips & Pérez-
Ramírez, 2017). Arguably, the only difference between high- and
low-performance associations was their ability to self-organize
under CEAR. If characteristics other than the access regime
were driving the differences between the treatments, we would
have observed the same patterns of behavior in both types of
associations.

The implementation of formal CEARs is a promising
approach to respond to the current call for a sustainable and
equitable blue economy (Bennett et al., 2019). In our study, fish-
ers from the same association behaved differently when ran-
domly assigned to CPR games signaling different access regimes
that they face in real life. This design accounts for the possibility
that differences in behavior are only due to subjects’ predispo-
sitions for collective action, suggesting that CEAR policies can
shape users’ stewardship. Access regimes seem to shape norms
and expectations, but not in all users’ groups operating under
CEAR. This stresses the need to further identify the conditions
under which access policies lead to group dynamics that favor
resource stewardship. This knowledge is crucial to guide the
design of access regimes that promote the sustainable use of
CPRs.
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