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Abstract :   
 
Complex dynamic systems such as common-pool resource systems can undergo a critical shift at a given 
threshold, the so-called tipping point, which potentially requires substantial changes from the 
management system. We present in this research a framed laboratory experiment design to examine how 
the threat of economic sanctions influences the strategic management of a common-pool resource. We 
use the context of the East Atlantic bluefin tuna international fishery as it has been the archetype of an 
overfished and mismanaged fishery until a dramatic reinforcement of its regulations followed the threat of 
a trade ban. We consider endogenous threats and examine their effects on cooperation through harvest 
decisions taken in the context of non-cooperative game theory in which cooperation could be sustained 
using a trigger strategy. Our experiment results show that the threat of economic sanctions fosters more 
cooperative behaviors, less over-exploitation, and a more precautionary management of resources, 
reducing the economic rent dissipation. This result is exacerbated when the location of the tipping point 
that triggers the economic sanction is uncertain. In order to avoid free-riding behaviors and foster the 
emergence of a self-enforcing agreement, we suggest to introduce economic sanctions, such as trade 
restrictions, associated with uncertain biological limit reference points. 
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3. Experimental setting 

3.1. Experimental design 
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3.2. Experimental procedure  
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3.4. Statistical Analysis 
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4. Results 

4.1. Overall exploitation management decision patterns  
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4.2. Exploring predictors for cooperation 
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9. Supplementary materials 

9.1. Appendix A. Flowchart of the steps in the experimental design. 



9.2. Appendix B. Instructions. 

Instructions treatment T0 (in quote additional instructions for T1 and T2) 

General instructions 

Figure 1 
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Resource dynamic 
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Some rules  

 

 

Figure 2 



 



9.3. Appendix C. Pre-experiment survey, test and post-experiment survey 

 

 





9.4. Appendix D. Payoff and stock (biomass) variation table used in the 

experiment for a resource size of 50 units. On the top the ‘’Payoff table’’ 

and on the bottom the ‘’Biomass variation table’’.  



9.5. Appendix E. Harvest results and stock (biomass) projection example. 



9.6. Appendix F. Relationship between the optimal stock level ( ) and the 

discount factor ( ). 

9.7. Appendix G. Relationship between the maximum number of players (N) and 

the critical discount factor  to sustain cooperative solution. 



9.8. Appendix H. Myopic symmetric paths. 
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9.9. Appendix I. Phase effects. 

 Phase 1 Phase 2 p (Mann-Whitney-Wilcoxon 
test,χ² or Fisher’s exact test)ϯ 

0.65 

Note: Standard errors in brackets. 
*Indicates significance p<0.05, ** p<0.01 and *** p<0.001. 
Ϯ Mann-Whitney-Wilcoxon test is used to compare means across phases and χ² or Fisher’s exact test (depending on the case 
frequencies) used to compare proportions across treatments and phases (see Appendix 6 for information on statistical 
analysis).

9.10. Appendix J. Random effect generalised linear mixed model (GLMM) 

regression. 

Binomial regression models 
 

Random group effect GLMM 
regression 
Best model 

Random group effect GLMM 
regression 
Best model 

 Harvest as fraction of myopic 
strategy 

Mean group harvest as fraction of 
myopic strategy 
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11. Tables 

Table 1:  

Variable Description Value 

 

 

Table 2:  
 Treatment 0 Treatment 1 Treatment 2 

 

Table 3:  

Variable Value range Description 

 
   

 

 

 
   

   
† Self-reported variable, obtained from pre and post-experiment survey (see supplementary material Appendix C). 



Table 4: 

 Treatment 0 Treatment 1 Treatment 2 p (Kruskal-Wallis test, χ² or 
Fisher’s exact test)ϯ 

 

Note: Standard errors in brackets. 
*Indicates significance p<0.05, ** p<0.01 and *** p<0.001. 
† Self-reported variable, obtained from pre and post-experiment survey (supplementary material Appendix C). 
Ϯ Kruskal-Wallis test is used to compare means across treatments and χ² or Fisher’s exact test (depending on the case 
frequencies) used to compare proportions across treatments. 
χ Average earnings (from profits and belief elicitations) doesn’t include participation fees. 
ν Average understanding index is the answer from the post-experiment survey on a five-point Likert scale.  
Ґ Average pre- experimental test understanding index is the score from the 3 pre-experiment questions (supplementary 
material Appendix C). A score of 3 indicates a perfect understanding, while a score of 0 a very weak comprehension of the 
experiment dynamic mechanisms before clarification by the experimenter.



Table 5: 

 

Binomial regression models 
 

GEE regression 
Best model 

GEE regression 
Best model 

 Harvest as fraction of myopic 
strategy 

Mean group harvest as 
fraction of myopic strategy 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

Note: Standard errors are in brackets. 
*Indicates significance p<0.05, ** p<0.01 and *** p<0.001. 
†Player classes are characterized by both belief errors and intended behavior (harvest decisions) to others pledge (Table 3): 
Optimistic; Pessimistic; Realistic and Consensual; Free rider; Altruistic. 


