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Abstract 

Karimunjawa National Park, an archipelago in northern coast of Java Sea, covering an area of 111,625 Ha. Conservation programs, 
which involve the community, have been implemented by the National Park. One of the programs is sea turtle conservation program. 
The aim of the program is to increase awareness of the stakeholders for saving sea turtles. The objective of this research is to analyze 
performance of collaborative management. Questionnaire survey for residents in Karimunjawa was conducted. Based on the results 
of questionnaire survey, game theoretic model was constructed for understanding fishers’ behaviors. It is found that fishers reaction 
depend on the value of reward, if reward is greater than benefit and cost (r>b>c), fishers attend to cooperate with National Park. 
Fishers’ reaction also depends on the ability of other fishers. Improvement of fishers’ ability will induce to the reaction of other 
fishers. Discrepancy of fisher’s ability affects the performance of conservation program. In order to improve program performance, it 
is necessary to enhance fisher’s ability. Effort, ability, reward, and cost became factors that influence collaborative management in 
sea turtle conservation program.  
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1. Introduction 

The issue of collaborative management is the balance of authority and responsibility between state and resources 
user. It will work if there is willingness, capacity, credibility, leadership, community cohesiveness, incentives, 
commitment and historic relation among it. The extension of responsibility and authority in collaborative management 
will depends on the specific condition. Collaborative management is implemented by sharing responsibility and 
authority between the government and local community. 

Karimunjawa National Park, an archipelago in north of Java Island, consists of 22 islands. It is a part of Jepara District 
with 111,625 ha wide. Karimunjawa subdistrict is divided into 4 villages. Conservation programs, which involve the 
community, have been implemented by the National Park. Groups of community members have been formed based on 
the economic background, species conservation program, livelihoods, and pacification community. One of programs is 
sea turtle conservation program. The aim of the program is to increase awareness of the stakeholders for saving sea 
turtles and their habitats. The program has been conducted for fifteen years. This research will distinguish the 
implementation of collaborative management in sea turtle conservation program. 

2. Material and Methodes  

In this study, questionnaire survey for residents in Karimunjawa was conducted. Then, Principal Component 
Analysis was applied to survey data. Finally, based on the results of questionnaire survey, game theoretic model was 
constructed for understanding fishers’ behaviors. Questionnaire of the research can describe how people participate in 
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the program and identify what kind of people participate in the program. Field observation suggests that older 
respondents tend to have better ability for finding a nest than the younger one and it seems that older respondents are 
more cooperative.  

2.1. Principal Component Analysis 

There are 13 questions used in this research, each question reflects the performance of community and 
respondent’s reaction to the program. Respondent answered into four choices, which are strongly agree, agree, not 
agree and strongly not agree. In order to reduce the number of variables, principal component analysis was applied. 
Principal component analysis is based on the statistical representation of a random variables. The general form for the 
formula to compute scores on the first component extracted in a principal component analysis is: 

Ci = b i1(X1) + bi2(X2) + ... bip(Xp)  ( 1 ) 

where 

Ci = the respondent’s score on principal component i 
bip = the regression coefficient (or weight) for observed variable p, as used in creating principal component i 
Xp = the subject’s score on observed variable p. 
 
A principal component was defined as a linear combination of optimally weighted observed variables. It refers to 

the fact that scores on a component are created by adding scores on the observed variables being analyzed and the 
observed variables are weighted in such a way that the resulting components account for a maximal amount of variance 
in the data set. 

2.2. Game theory  

Game theory is defined as mathematical models of conflict and cooperation between rational decision makers. It is a 
technique used to analyze situations, where two or more players are involved and the outcome of a conflict depends 
not only on the particular action taken by the player but also on the actions taken by the other. The measures of how 
well the player behave in possible outcome of a game are called pay-offs. In order to obtain the highest pay-off, each 
player chooses a best strategy called best response. Equilibrium in a game is a combination of players’ strategies that 
are best responses to each other. 
Strategic form game is formulated as follows. 

= (N, (Ci)i∊N, (Ui)i∊N)    (2) 
N= set of players in the game  
i= player 
Ci= set of  possible strategies available for player i 
Ui= expected utility payoff for player i 

 
Best response equivalence is based on the assumption that a player’s utility function serves only to characterize how he 
would choose strategy once his beliefs about the other players’ behavior are specified. 
 

C-i =   х  Cj        (3)  
 j∊N-i 

(N-i=the set of players other than i) 
 
Let e-i be combination of other players strategies (e-i  C-i), η(e-i) is defined as the probability that other players take e-i. 
In game player i’s set of best response to η would be: 

argmax       ∑    η (e -1) u(e-i,di)  (4) 
di∊Ci e-i∊C-i 

The concept of equilibrium is the important solution concept in game theory. In Nash equilibrium the players in a game 
choose strategies that are best responses to each other (Fiona, 2005). Note that payoff depends on the strategy profile 
chosen, i.e. on the strategy chosen by player i as well as the strategies chosen by all the other players. A strategy profile 
is a Nash equilibrium (NE) if no unilateral deviation in strategy by any single player is profitable for that player. 
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3. Result and Discussions 

3.1. Performance of sea turtle conservation program  

As a result of Principal Component Analysis, thirteen questions were reduced into four components. Components 
were named according to the classification. Based on the questionnaire, the analysis in this study Kaiser-Meyer-Olkin, 
measure of sampling adequacy was 0.753, overall significance of correlation matrix was 0.000. Bartlett's Test of 
Sphericity value was 182.196 and degree of freedom (df) was 78. It means that the variables have a significant 
correlation. The result of rotated component matrix, it portrays factor loading scores of each component. Negative and 
positive values represent factor loadings and direction of the components. Each component was named based on the 
type of questions. First component represented evaluation of the program, second component showed behavior, third 
component depicted institutional support and forth component described implementation of conservation program. 

3.2. Scatter Plot Analysis  

3.2.1. Scatter Plot  for evaluation and behavior 

Figure 1 shows scatter plot for scores of component I (evaluation) and component II (behavior). Respondents can be 

classified into groups A and B, depending on scores of component II. There are 21 respondents in Group A whose 

members have positive scores in component II. They have a concern to support the program. In Group B whose 

members have negative scores, there are 19 respondents. Respondents in group B tend to have negative reaction for 

conservation program. One of respondents showed extraordinary reaction. This person is a seller, she knows about the 

program but she felt that she had no chance to be involved in the program. Figure 2 shows distributions of respondents’ 

ages in groups A and B. Respondents in group A are relatively older. Proportion of respondents older than 45 is almost 

half. 

 

 

Figure 1. Scatter plot for evaluation and behavior 

 

Figure 2. percentage of respondents by age 

3.2.2. Scatter plot for implementation and evaluation 

Figure 3 shows scatter plot for component IV (implementation) and component I (evaluation). In group C, there are 

33 respondents, they give positive responses about implementation in conservation program. Figure 4 shows 
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distributions of ages. Group C includes all generations. As for additional information from the questionnaire, some 

respondents in Group C had opinions on improvement of conservation program. Most of respondents in Group D are in 

the age under 44 years old. They know about the program, however, some of them thought that the program has not 

been implemented. They have not been involved in conservation’s activities. Negative reaction may occur because 

respondent are not satisfied with the amount of direct payment and they thought that communication has not worked 

well.  

 
 

Figure 3. Scatter plot for evaluation and implementation 

 

Figure 4. Percentage of respondent by age 

As a result of analysis from four components, generations of respondents affect their attitude to the program. 

Respondents in the age under 44 years are not so cooperative, on the other hand respondents over 45 years tend to 

cooperate with National Park. This circumstance may happen because younger respondents are more likely to go to any 

other place for fishing. Field survey indicated, their sensibility for surounding area is not as good as the older 

respondent. Thus, their concern to the program is low. On the oposite, respondents over 45 years are fishing around 

National Park, they really know the situation around it. Their abilities for recognizing the area is better than that of the 

younger one. Therefore a discrepancy of abilities among fishers exists and may affect the performance of the program. 

If knowledge and skill of older fishers were not transfer to younger generations, then it will impact on the sustainability 

of program. According to Kelleher,G (1999), co-management legitimizes community involvement and respects the 

community’s need for socio-economic development and use of their traditional rights, while maintaining government 

interest and concern for the Protected Area. 

Understanding human behavior related to common pool resources is itself a substansial challenge (Ostrom, 1994). 

As for the circumstance, this section tries to provide an overview how the condition may influence to the program, how 

fishers’ abilities influence to the program. A model is developed in order to depict fishers’ behavior. The model has 

assumptions on fishers’ effort and ability, reward, cost, and probability for finding a nest. Questionnaire results show 

that respondents can be classified into cooperative and non-cooperative groups. It is found that older respondents are 

more cooperative than the younger ones. And also, older fishers are more skillful than the younger fishers. Ignoring the 

complexity of actual problem in real situation, the particular model tried to show the circumstance in sea turtle 

conservation program. In this game, effort levels of fishers are discrete. Following are the characteristics of the game:  

1. The game is an asymmetric game, where players have different positions. 

2. Fisher’s performance is determined by their abilities and efforts. They can choose their effort level, but ability is 

given. 

3. Two different positions are called fisher 1 and fisher 2. Fisher 1 is more skillful than fisher 2. 
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4. There is competition between fishers. One fisher’s payoff is affected by other fisher’s behavior. 

Two fishers are involved. They are called fisher 1 and fisher 2, respectively. a1 (for fisher 1) and a2 (for fisher 2) are 
variables representing their ability for finding a nest. It is assumed that fisher 1 is more skillful than fisher 2. That is, a1 
is larger than a2. First, fishers have to determine if they cooperate with national park or not. The strategy for 
cooperating with national park is represented by R, and the strategy not cooperating is represented by N. When they 
choose N, they can take a nest for their own interests. 

After choosing strategy R or N, fishers determine their effort levels. Each fisher has two levels of effort, lower effort 
or higher effort. Fisher 1 can choose e1 or ē1 (e is lower effort and ē is higher effort) and fisher 2 can choose e2 or ē2. 
When fishers take higher effort (ē1,ē2), they have to take additional cost, c. Since each fishers have 4 strategies, (R- 
higher effort, R – lower effort, N- higher effort, N – lower effort), 4 x 4 game can be modeled. 

Possibility to find a nest (P) is defined as product of effort and ability (P=ae). In game 1, it is assumed that the fisher 
whose P is larger can find a nest. When fisher choosing R finds a nest, he/she will report to national park, and obtain a 
reward. The reward is represented by r. On the other hand, if fisher choosing N finds a nest, he/she will take a nest, and 
obtain benefit b.  

Equilibrium of the game depends on relationship of parameters. As typical examples, following 3 cases are shown: 

Case 1 r>b>c ;a1e1>a2ē2, (Figure 5) 

In this case, reward is larger than benefit and cost. High reward can increase fisher’s incentive to cooperate. a1e1>a2ē2 
implies that even if fisher 1 takes lower effort and fisher 2 takes higher effort, fisher 1 can find a nest. That is, the 
difference of abilities of fishers is very large. In Figure 5, red and blue arrows represent best responses of fisher 1 and 
fisher 2. Equilibrium of the game are (Re1,Re2) and (Re1,Ne2). Fisher 1 will cooperate with National Park, and the payoff 
is r. For fisher 2, even though he chooses to cooperate, his payoff is 0, because he cannot find a nest. In case 1, fisher 1 
always chooses R (cooperating with National Park). However, fisher 1’s effort level is lower (e1) 

Case 2 r>b>c ;a1e1<a2ē2, (Figure 6) 

In the second case, the condition on r,b,and c is same as above. As for fishers’ effort and ability, when fisher 1’s effort is 
lower and fisher 2’s effort is higher, fisher 2 can find a nest. Comparing with case 1, the difference of fishers’ abilities is 
smaller. Figure 6 shows best responses of fishers. In case 2, there is no pure strategy equilibrium. Mixed strategy should 
be introduced to the reduced game shown in Figure 6. In mixed strategy equilibrium, fisher 1’s probability for taking R 

ē1 is   ,and fisher 2’s probability for taking R ē2 is   . When reward r becomes larger, skillful fisher 1 will take higher 

effort with high possibility. Comparing with case 1, fisher 1’s probability for taking higher effort (ē1) is positive in case 
2. Improvement of fisher 2’s ability (a2) can induce fisher 1’s higher effort. That implies that training for younger fishers 
may improve performance of the program. 

Case 3, b>c>r ;a1e1< a2ē2 (Figure 7) 

In this case, reward is too small and fishers do not have incentives to cooperate with national park. Figure 7 shows best 
responses in case 3. Fisher 1’s best response is always Ne1. Fisher 1 chooses not to report its findings and would prefer 
not to perform a higher effort because the reward offered is not better than the benefits of finding a nest. For fisher 2 
even if he has a willingness to cooperate by hoping a reward, he will not get a nest because his ability is worse than that 
of fisher 1. In such situation when both fishers choose not to cooperate by using their low effort, it’s equilibrium for this 
game is (Ne1, Re2) or (Ne1, Ne2). This situation is not favorable for conservation effort in National Park.  

 

Figure 5. r>b>c (a1e1>a2ē2) *Equilibrium 
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Figure 6. r>b>c (a1e1<a2ē2)          Reduced Game 

 

Figure 7. b>c>r (a1e1>a2ē2) *Equilibrium 

4. Conclusions 

1. It is found that fishers reaction depend on the value of reward, if reward is greater than benefit and cost (r>b>c), 
fishers attend to cooperate with National Park. It means that National Park should maintain the amount of reward. 

2. Fishers’ reaction also depends on the ability of other fishers. Improvement of fishers’ ability will induce to the 
reaction of other fishers.   

3. Discrepancy of fisher’s ability affects the performance of conservation program. If discrepancy is too large, fisher 
will not take their optimal effort for finding a nest. It means fisher does not show his optimal performance for 
supporting the program. 

4. In order to improve program performance, it is necessary to enhance fisher’s ability.  
5. Effort, ability, reward, and cost became factors that influence collaborative management in sea turtle conservation 

program. 
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