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Abstract:



The concept of ecosystem services, which are the direct and indirect benefits of nature to humans, has been established as a supporting tool to increase the efficiency in decision-making regarding environmental planning. However, preceding studies on decision-making in relation to ecosystem services have been limited to identifying differences in perception, whereas few studies have reported cooperative alternatives. Therefore, this study aimed to present a method for cooperative decision-making among ecosystem service stakeholders using Q methodology. The results showed three perspectives on ecosystem services of small mud flat areas: ecological function, ecotourism, and human activity. The perspectives on cultural services and regulating services were diverse, whereas those on supporting services were similar. Thus, supporting services were considered crucial for the cooperative assessment and management of small mud flat ecosystems as well as for the scientific evaluation of regulating services. Furthermore, this study identified practical implementation measures to increase production through land management, to manufacture related souvenirs, and to link them to ecotourism. Overall, our results demonstrated the ideal process of cooperative decision-making to improve ecosystem services.
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1. Introduction


The concept of ecosystem services as “benefits from nature” [1] has been established as a decision-making tool that converts ecosystems into market value [2] to assist its sustainable management [3]. Various studies have aimed to provide detailed information on provisioning, regulating, supporting, and cultural services [4] to identify correlations among said services and factors that influence them [5] and to assist stakeholders in making rational decisions [6,7]. In terms of research methodology, ecosystem service studies are different from other ecological studies, since the participants’ perspectives are reflected in converting an ecosystem into market value [8]. The ever-changing perspectives of people to evaluate ecosystem services and a decision-making method as well as an alternative plan based on the evaluation have remained unresolved tasks to a large extent.



Some researchers have investigated the differences in perception among stakeholders of ecosystem services depending on occupation [9,10], scale [11], time [12], and expertise [13]. Furthermore, other studies have aimed to establish expected scenarios to demonstrate trade-off relationships [14]. However, such methods have generally been unable to identify the extent of the differences in stakeholders’ perceptions.



Recently, numerous ecosystem service studies have been conducted using a stakeholder analysis method called Q methodology in order to analyze the complex interests involved in ecosystem services. Q methodology is a method of analyzing the interests of stakeholders, which can solve the priority puzzle based on interviews and prior research data [15]. In addition, Q methodology analyzes the interests of a small number of stakeholders, as opposed to analyzing shared traits from numerous samples; thus, it is possible to conduct research that includes a small number of participants (even one individual) [16]. Thus, Q methodology is useful for studies on ecological areas with a small number of residents [17]. Based on this advantage, perspectives toward ecosystem services have been analyzed, targeting maritime environments [18], the aquatic ecosystem of an area [19], and mangroves [20]. However, prior ecosystem service studies using Q methodology were limited to categorizing perception groups, which is the most basic analysis method; thus, they simply identified various perspectives toward ecosystem services regarding each ecological resource and failed to present detailed alternative plans for cooperation.



This study aimed to use variance analysis in Q methodology combined with correlation analysis among Q statements in order to identify alternative plans of cooperation among ecosystem service stakeholders with varying perspectives. Variance analysis in Q methodology can organize items with different perspectives and items with similar perspectives [21,22], whereas correlation analysis among Q statements is useful in seeking mutually shared solutions and presenting measures for cooperation. This methodology is useful for establishing universally agreeable alternatives for microscopic and complex issues. Overall, our main objective was to establish cooperative plans for stakeholders with constantly changing perspectives that fit the microscopic situation of the study area.




2. Methodology


2.1. Study Area


The study area is a mud flat area in Seocheon, Korea, that was designated as a Ramsar wetland in 2009 and covers 72.5 km2, including five towns. Since the coastal sand dunes and sand flats are well established, various fishery resources have been formed such as seaweed (laver and green algae), shellfish (Manila clam, Mactra veneriformis, and razor shell), and crustaceans (jumbo shrimp, blue crab, squilla, Japanese mud shrimp, and Charybdis japonica). This area supplies abundant food to migrants such as spoonbill, blackfaced spoonbill, Chinese egret, plover, Chinese goose, and bean goose that use the mud flat as a resting place (Figure 1).


Figure 1. Study area.



[image: Sustainability 09 00769 g001]







2.2. Q Methodology


This study used Q methodology to present cooperative alternatives by analyzing interests related to ecosystem services. Q methodology is an analysis method that lies between qualitative and quantitative analysis. A qualitative investigation of the subject is conducted by field trips and extensive interviews, followed by priority puzzles, including numerous local stakeholders’ perspectives, which are analyzed quantitatively [15]. First, we identified local issues of the Seochoen mud flat toward ecosystem services by field trips and extensive interviews conducted from 29 April to 4 May 2016. The interviewees were people related to the village, shops, environmental non-governmental organizations (NGOs), and administrative offices that included in the guidebook for ecotourism in Seocheon. The seven participants comprised two residents of the village, two merchants, one member of environmental NGO, and three officials. The time of interview was approximately 1 h per individual.



Second, the information collected through the interviews was organized into four categories of ecosystem services: provisioning services, such as the provision of resources; regulating services, such as regulating the function of the ecosystem; supporting services, such as providing habitat for various organisms; and cultural services, such as supporting human activity through the ecosystem [1]. Subsequently, information regarding the seafood and food resources produced in the mud flat was classified under the provisioning service category, information regarding regulating climate change and erosion through the mud flat under the regulating service category, information regarding the mud flat provision of habitat for living creatures, including migrant birds, under the supporting service category, and information regarding ecotourism and aesthetic function of the mud flat under the cultural service category. Based on this categorization, 25 statements were created regarding the ecosystem service of the mud flat as shown in Table 1.



Table 1. Q statements and stakeholders for the Q survey.







	
Q Statement of Ecosystem Services




	
No.

	
Division

	
Q Statement

	
No. of Q Statement




	
1

	
Provisioning Services

	
(1) Laver, (2) Shellfish, (3) Webfoot octopus, (4) Food source, (5) Cosmetics, (6) Handicraft

	
6




	
2

	
Regulating Services

	
(7)Air purification, (8) Water purification, (9) Tsunamis or typhoons, (10) Pollution reduction, (11) Erosion reduction, (12) Global warming education, (13) Damage to farm, (14) Seawater inflow

	
8




	
3

	
Supporting Services

	
(15)Resting to migrants, (16) Food to organisms, (17) Habitat to organisms, (18) Abundant soil

	
4




	
4

	
Cultural Services

	
(19)Travel, (20) Recreation, (21) Scenic Quality, (22) Art, (23) Religion, (24) Education, (25) Tradition

	
7




	
Total

	
25




	
Types and Number of Stakeholders Included in This Study

	




	
No.

	
Type

	
Detailed Information

	
No. of People




	
1

	
Resident

	
Representative of Mud-Flat Experience Village, Local Ecotourism Interpreter

	
5




	
2

	
Merchant

	
Pension Operator, Personal Museum Operator

	
3




	
3

	
NGO *

	
Sustainable Development Committee

	
2




	
4

	
Official

	
Tourism Team in Local Government, Ministry of Environment

	
7




	
5

	
Researcher

	
National Institute of Ecology, National Marine Biodiversity Institute of Korea

	
8




	
Total

	
25








* NGO: non-governmental organization.








Lastly, for the quantitative study, a P sample was set, including numerous stakeholders towards ecosystem services in the Seocheon mud flat. An additional 19 subjects were selected using the snowball extraction method in addition to the seven stakeholders that participated in the previous interviews. A survey was conducted on the total of 26 participants, including residents, merchants, environmental NGO members, officials, and researchers from 2 to 5 August 2016. The survey used a questionnaire in which statements were arranged into a forced normal distribution in line with Q methodology that allowed us to verify the maximized interests. All analyses were performed using SPSS 22 (IBM Corp., Armonk, NY, USA).





3. Q Analysis


The Q factor analysis of stakeholders’ perspectives indicated six factors with an eigenvalue of 1 or higher. Each factor in Q methodology can be interpreted as a stakeholder group. The high number of groups secures diversity but decreases the clarity of interpretation [18]. The number of factors is settled by the eigenvalue, a distinguishing statement, and the number of stakeholders [23]. Factors that rapidly decreased to an eigenvalue of 2 or lower were excluded, and the study was conducted based on three factors (Table 2 and Table 3).



Table 2. Eigenvalue and cumulative percentage of stakeholders in each factor.







	
Factor

	
1

	
2

	
3

	
4

	
5

	
6






	
Eigenvalue

	
11.346

	
2.967

	
2.204

	
1.331

	
1.249

	
1.081




	
Cumulative %

	
43.638

	
55.051

	
63.527

	
68.647

	
73.450

	
77.609










Table 3. Results of Q factor analysis.







	
No.

	
Status

	
Factor 1

	
Factor 2

	
Factor 3

	
Age

	
Gender

	
Residence

	
Duration of Residence

	
Educational Level






	
1

	
Researcher

	
0.817

	
−0.008

	
−0.271

	
30s

	
Female

	
Other city

	
Less than 1 year

	
University




	
2

	
NGO

	
0.815

	
0.068

	
−0.294

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
High school




	
3

	
Resident

	
0.808

	
0.100

	
0.238

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
University




	
4

	
Researcher

	
0.784

	
0.401

	
0.013

	
30s

	
Female

	
Other city

	
2–5 years

	
Graduate school




	
5

	
Researcher

	
0.743

	
0.027

	
0.292

	
20s

	
Male

	
Other city

	
1–2 years

	
University




	
6

	
Official

	
0.725

	
0.334

	
0.323

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
University




	
7

	
Resident

	
0.694

	
0.387

	
−0.044

	
40s

	
Male

	
Seocheon

	
Over 10 years

	
University




	
8

	
Researcher

	
0.667

	
0.115

	
0.360

	
40s

	
Female

	
Seocheon

	
2–5 years

	
Graduate school




	
9

	
Merchant

	
0.653

	
0.377

	
0.127

	
30s

	
Male

	
Seocheon

	
Over 10 years

	
University




	
10

	
Researcher

	
0.651

	
0.040

	
0.379

	
30s

	
Male

	
Other city

	
1–2 years

	
Graduate school




	
11

	
Resident

	
0.624

	
0.484

	
0.177

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
College




	
12

	
Resident

	
0.617

	
0.388

	
0.302

	
50s

	
Female

	
Seocheon

	
Over 10 years

	
College




	
13

	
NGO

	
0.503

	
0.198

	
0.416

	
40s

	
Male

	
Seocheon

	
Over 10 years

	
University




	
14

	
Official

	
0.220

	
0.814

	
−0.154

	
50s

	
Male

	
Seocheon

	
Over 10 years

	
University




	
15

	
Researcher

	
0.445

	
0.755

	
−0.064

	
20s

	
Female

	
Other city

	
Over 10 years

	
University




	
16

	
Researcher

	
0.234

	
0.714

	
0.331

	
30s

	
Male

	
Other city

	
Less than 1 year

	
Graduate school




	
17

	
Official

	
0.175

	
0.702

	
0.152

	
30s

	
Female

	
Seocheon

	
Over 10 years

	
University




	
18

	
Official

	
0.340

	
0.676

	
0.418

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
College




	
19

	
Official

	
0.275

	
0.624

	
−0.029

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
High school




	
20

	
Resident

	
−0.059

	
0.622

	
0.250

	
30s

	
Female

	
Seocheon

	
1–2 years

	
High school




	
21

	
Official

	
−0.351

	
0.549

	
−0.097

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
College




	
22

	
Official

	
0.493

	
0.503

	
0.480

	
40s

	
Male

	
Seocheon

	
Over 10 years

	
University




	
23

	
Merchant

	
0.451

	
0.480

	
0.309

	
Over 60s

	
Male

	
Seocheon

	
Over 10 years

	
High school




	
24

	
Merchant

	
0.130

	
0.214

	
−0.745

	
40s

	
Female

	
Seocheon

	
Over 10 years

	
University




	
25

	
Official

	
0.160

	
0.481

	
0.657

	
20s

	
Male

	
Seocheon

	
1–2 years

	
University




	
26

	
Researcher

	
0.353

	
0.294

	
0.653

	
30s

	
Female

	
Other city

	
1–2 years

	
Graduate school




	
% of Var.

	
43.638

	
11.413

	
8.476

	
Total

	
63.527








Note: The number in shading parts means the significant lording in each factor.









4. Results


4.1. Interpretation of the Group


Factor 1 included five researchers, four residents, two environmental NGO members, one official, and one merchant. They all focused on the ecological function of the mud flat and had a negative opinion about human activity. Hence, they were named the “ecological function” factor. They had a strong positive opinion about the regulating and supporting services for the mud flat, providing a +4 (Strongly Agree) for Statement 12 (Seocheon mud flat plays a role in global warming reduction by absorbing carbon), a +3 (Agree) for Statement 10 (Seocheon mud flat plays a role in pollution reduction), and a +3 (Agree) for Statement 17 (Seocheon mud flat supplies habitat for numerous organisms). However, they had a strong negative opinion about provisioning and cultural services, providing a −4 (Strongly Disagree) for Statement 6 (Seocheon mud flat provides resources for producing handicraft souvenirs), a −3 (Disagree) for Statement 19 (Seocheon mud flat is a travel experience for tourists), and a −3 (Disagree) for Statement 23 (Seocheon mud flat inspires religious activity) (Table 4).



Table 4. Q statements of the three factors used in this study.







	
Factor 1: Ecological Function




	
No.

	
Service

	
Q Statement

	
Z Value *




	
12

	
Regulating

	
Seocheon mud flat plays a role in global warming reduction by absorbing carbon

	
+4 (Strongly Agree)




	
17

	
Supporting

	
Seocheon mud flat provides a habitat to numerous organisms

	
+3 (Agree)




	
10

	
Regulating

	
Seocheon mud flat plays a role in pollution reduction

	
+3 (Agree)




	
19

	
Cultural

	
Seocheon mud flat is a travel experience for tourists

	
−3 (Disagree)




	
23

	
Cultural

	
Seocheon mud flat inspires religious activity

	
−3 (Disagree)




	
6

	
Provisioning

	
Seocheon mud flat provides resources for producing handicraft souvenirs

	
−4 (Strongly Disagree)




	
Factor 2: Ecotourism




	
No.

	
Service

	
Q Statement

	
Z Value




	
19

	
Cultural

	
Seocheon mud flat is a travel experience for tourists

	
+4 (Strongly Agree)




	
15

	
Supporting

	
Seocheon mud flat provides a resting place to migrants

	
+3 (Agree)




	
2

	
Provisioning

	
Seocheon mud flat produces shellfish, including clam and oyster

	
+3 (Agree)




	
9

	
Regulating

	
Seocheon mud flat has a disaster regulating function for tsunamis or typhoons

	
−3 (Disagree)




	
22

	
Cultural

	
Seocheon mud flat inspires artistic activity

	
−3 (Disagree)




	
23

	
Cultural

	
Seocheon mud flat inspires religious activity

	
−4 (Strongly Disagree)




	
Factor 3: Human Activity




	
No.

	
Service

	
Q Statement

	
Z Value




	
21

	
Cultural

	
Seocheon mud flat is beautiful

	
+4 (Strongly Agree)




	
24

	
Cultural

	
Seocheon mud flat helps educational activity

	
+3 (Agree)




	
25

	
Cultural

	
Seocheon mud flat reflects the tradition of the area

	
+3 (Agree)




	
7

	
Regulating

	
Seocheon mud flat has an air purification function

	
−3 (Disagree)




	
12

	
Regulating

	
Seocheon mud flat plays a role in global warming reduction by absorbing carbon

	
−3 (Disagree)




	
4

	
Provisioning

	
Seocheon mud flat is a food source

	
−4 (Strongly Disagree)








* Z values of +3 and +4 were interpreted as a “strong positive opinion”, whereas those of −4 and −3 were interpreted as a “strong negative opinion”. 








Factor 2 included six officials, two researchers, one resident representative, and one merchant. They all thought that the mud flat was a beneficial location for ecotourism. Hence, they were named the “ecotourism” factor. They had a strong positive opinion about cultural services, supporting services, and provisioning services, providing a +4 (Strongly Agree) for Statement 19 (Seocheon mud flat is a travel experience for tourists), a +3 (Agree) for Statement 15 (Seocheon mud flat provides a resting place to migrants), and a +3 (Agree) for Statement 2 (Seocheon mud flat produces shellfish, including clam and oyster). However, they had a strong negative opinion about regulating services and cultural services not based on ecological resources, providing a −3 (Disagree) for Statement 9 (Seocheon mud flat has a disaster-regulating function for tsunamis or typhoons), a −3 (Disagree) for Statement 22 (Seocheon mud flat inspires artistic activity), and a −4 (Strongly Disagree) for Statement 23 (Seocheon mud flat inspires religious activity) (Table 4).



Factor 3 included one official and one researcher. They both had numerous concerns about cultural services associated with human activity. Hence, they were named the “human activity” factor. They had a strong positive opinion about the ecological, educational, and cultural value of the area, proving a +4 (Strongly Agree) for Statement 21 (Seocheon mud flat is beautiful), a +3 (Agree) for Statement 24 (Seocheon mud flat helps educational activity), and a +3 (Agree) for Statement 25 (Seocheon mud flat reflects the tradition of the area). However, they had a strong negative opinion about provisioning, air purification function, and carbon reduction, providing a −4 (Strongly Disagree) for Statement 4 (Seocheon mud flat is a food source), a −3 (Disagree) for Statement 7 (Seocheon mud flat has an air purification function), and a −3 (Disagree) for Statement 12 (Seocheon mud flat plays a role in global warming reduction by absorbing carbon) (Table 4).




4.2. Variation Analysis


Variation analysis was conducted to identify differences among the three factors, comparing statements between common and distinct perspectives. The results showed that Statements 12 (Seocheon mud flat plays a role in global warming reduction by absorbing carbon), 19 (Seocheon mud flat is a travel experience for tourists), 25 (Seocheon mud flat reflects the tradition of the area), 9 (Seocheon mud flat has a disaster regulating function for tsunamis or typhoons), and 21 (Seocheon mud flat is beautiful) had a large variation among the factors, revealing that the assessment methods and policies regarding regulating services and cultural services might cause some conflicts. Thus, a more accurate investigation from ecological researchers as well as proper publicity and education are necessary for reducing the variation level (Table 5).



Table 5. Statements with the highest variance and the lowest variance among the three factors used in this study.







	
Highest Variance among Factors




	
No.

	
Service

	
Q Statement

	
F1

	
F2

	
F3

	
Var.




	
12

	
Regulating

	
Seocheon mud flat plays a role in global warming reduction by absorbing carbon

	
4

	
−2

	
−3

	
14.33




	
19

	
Cultural

	
Seocheon mud flat is a travel experience for tourists

	
−3

	
4

	
0

	
12.33




	
25

	
Cultural

	
Seocheon mud flat reflects the tradition of the area

	
−2

	
−2

	
3

	
8.33




	
9

	
Regulating

	
Seocheon mud flat has a disaster regulating function for tsunamis or typhoons

	
2

	
−3

	
1

	
7.00




	
21

	
Cultural

	
Seocheon mud flat is beautiful

	
−1

	
0

	
4

	
7.00




	
Lowest Variance among Factors




	
No.

	
Service

	
Q Statement

	
F1

	
F2

	
F3

	
Var.




	
16

	
Supporting

	
Seocheon mud flat supplies food to numerous organisms

	
1

	
1

	
2

	
0.33




	
17

	
Supporting

	
Seocheon mud flat provides a habitat to numerous organisms

	
3

	
2

	
1

	
1.00




	
15

	
Supporting

	
Seocheon mud flat provides a resting place to migrants

	
1

	
3

	
1

	
1.33




	
5

	
Provisioning

	
Seocheon mud flat provides resources for producing cosmetics or medicines

	
−2

	
0

	
−2

	
1.33




	
22

	
Cultural

	
Seocheon mud flat inspires artistic activity

	
−2

	
−3

	
0

	
2.33




	
24

	
Cultural

	
Seocheon mud flat helps educational activity

	
0

	
1

	
3

	
2.33










Additionally, the results revealed that, regarding supporting services, Statements 16 (Seocheon mud flat supplies food to numerous organisms), 17 (Seocheon mud flat provides a habitat to numerous organism), and 15 (Seocheon mud flat provides a resting place to migrants) showed little variation among the factors. Regarding provisioning services, Statement 5 (Seocheon mud flat provides resources for producing cosmetics or medicines) showed a negative score with little variation. In addition, regarding cultural services, Statement 22 (Seocheon mud flat inspires artistic activity) showed a negative score with little variation, whereas Statement 24 (Seocheon mud flat helps educational activity) showed a positive score with little variation (Table 5).




4.3. Correlation Analysis of Q Statements


Correlation analysis revealed that the majority of Q statements were negatively correlated, whereas some of them were positively correlated within the same service category (regulating service and supporting service). Statement 18 (Seocheon mud flat supplies abundant soil to organisms) under the supporting service category was positively correlated with Statements 3 (Seocheon mud flat produces Webfoot octopus), 5 (Seocheon mud flat provides resources for producing cosmetics or medicines), and 6 (Seocheon mud flat provides resources for producing handicraft souvenirs) under the provisioning service category, whereas Statement 6 (Seocheon mud flat provides resources for producing handicraft souvenirs) was strongly positively correlated with Statement 19 (Seocheon mud flat is a travel experience for tourists). Therefore, many people have a positive opinion about managing the land of the mud flat to manufacture handicraft souvenirs for tourists. In addition, Statement 9 (Seocheon mud flat has a disaster-regulating function for tsunamis or typhoons) was positively related to Statement 23 (Seocheon mud flat inspires religious activity), showing that some people relate religion and natural disasters (Table 6).



Table 6. Correlation analysis of Q statements.







	
Correlation among Q Statement

	
Provisioning Service

	
Regulating Service




	
(1) Laver

	
(2) Shellfish

	
(3) Webfoot Octopus

	
(4) Food Source

	
(5) Cosmetics

	
(6) Handicraft

	
(7) Air Purification

	
(8) Water Purification

	
(9) Tsunamis or Typhoons

	
(10) Pollution Reduction

	
(11) Erosion Reduction

	
(12) Global Warming Reduction

	
(13) Damages to Farm

	
(14) Seawater Inflow




	
Provisioning service

	
(1) Laver

	
1

	
0.153

	
0.339

	
0.336

	
0.276

	
−0.074

	
0.026

	
−0.401

	
0.052

	
−0.174

	
0.159

	
−0.081

	
−0.468 *

	
−0.085




	
(2) Shellfish

	

	
1

	
0.051

	
−0.105

	
0.010

	
0.120

	
−0.386

	
−0.184

	
−0.203

	
−0.272

	
−0.341

	
−0.210

	
−0.259

	
−0.163




	
(3) Webfoot octopus

	

	

	
1

	
0.199

	
0.303

	
0.252

	
0.026

	
−0.317

	
−0.285

	
0.005

	
−0.334

	
−0.011

	
0.039

	
−0.048




	
(4) Food source

	

	

	

	
1

	
0.318

	
−0.004

	
0.353

	
−0.092

	
−0.003

	
0.260

	
−0.037

	
0.197

	
0.043

	
0.055




	
(5) Cosmetics

	

	

	

	

	
1

	
0.307

	
0.119

	
−0.326

	
[image: there is no content]

	
−0.288

	
−0.280

	
−0.256

	
−0.067

	
−0.001




	
(6) Handicraft

	

	

	

	

	

	
1

	
0.018

	
[image: there is no content]
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−0.270

	
−0.458 *

	
−0.023

	
0.223

	
−0.240




	
Regulating service

	
(7) Air purification

	

	

	

	

	

	

	
1

	
0.241

	
0.281

	
0.205

	
−0.046

	
0.308

	
0.135

	
−0.131




	
(8) Water purification

	

	

	

	

	

	

	

	
1

	
0.433 *

	
0.352

	
0.182

	
0.159

	
−0.129

	
0.144




	
(9) Tsunamis or typhoons

	

	

	

	

	

	

	

	

	
1

	
0.172

	
[image: there is no content]

	
0.270

	
0.198

	
0.054




	
(10) Pollution reduction

	

	

	

	

	

	

	

	

	

	
1

	
−0.043

	
0.475 *

	
−0.114

	
−0.119




	
(11) Erosion reduction

	

	

	

	

	

	

	

	

	

	

	
1

	
0.093

	
0.075

	
0.059




	
(12) Global warming reduction

	

	

	

	

	

	

	

	

	

	

	

	
1

	
0.113

	
−0.343




	
(13) Damages to farm

	

	

	

	

	

	

	

	

	

	

	

	

	
1

	
0.083




	
(14) Seawater inflow

	

	

	

	

	

	

	

	

	

	

	

	

	

	
1




	
Supporting services

	
(15) Resting to migrants

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(16) Food to organism

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(17) Habitat to organism

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(18) Abundant soil

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Cultural service

	
(19) Travel

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(20) Recreation

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(21) Scenic Quality

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(22) Art

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(23) Religion

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(24) Education

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
(25) Tradition

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Correlation among Q Statement

	
Supporting Services

	
Cultural Service




	
(15) Resting to Migrants

	
(16) Food to Organisms

	
(17) Habitat to Organisms

	
(18) Abundant Soil

	
(19) Travel

	
(20) Recreation

	
(21) Scenic Quality

	
(22) Art

	
(23) Religion

	
(24) Education

	
(25) Tradition




	
Provisioning service

	
(1) Laver

	
−0.088

	
−0.187

	
−0.194

	
0.061

	
−0.010

	
−0.033

	
−0.333

	
−0.025

	
0.127

	
−0.253

	
−0.079




	
(2) Shellfish

	
0.004

	
−0.066

	
0.041

	
0.321

	
0.229

	
0.157

	
−0.007

	
−0.430 *

	
0.063

	
0.233

	
0.143




	
(3) Webfoot octopus

	
−0.297

	
−0.265

	
−0.488 *

	
0.454 *

	
0.321

	
0.020

	
−0.213

	
−0.053

	
−0.383

	
−0.259

	
−0.225




	
(4) Food source

	
−0.341

	
−0.477 *

	
−0.126

	
0.011

	
−0.208

	
0.106

	
−0.469 *

	
0.135

	
0.083
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−0.484 *




	
(5) Cosmetics

	
−0.057

	
−0.218

	
−0.286

	
0.434 *

	
0.154

	
−0.120

	
0.025

	
0.290

	
−0.198

	
−0.334

	
−0.229




	
(6) Handicraft

	
−0.160

	
−0.218

	
−0.342

	
0.447 *
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0.293

	
−0.037

	
0.208

	
−0.408 *

	
−0.017

	
−0.248




	
Regulating service

	
(7) Air purification

	
−0.103

	
−0.367

	
−0.118

	
−0.364

	
−0.148

	
−0.039

	
−0.331

	
0.018

	
0.158

	
[image: there is no content]

	
−0.369




	
(8) Water purification

	
0.044

	
0.131

	
0.230
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−0.343

	
−0.135

	
0.171

	
−0.057

	
0.096

	
0.005

	
−0.020




	
(9) Tsunamis or typhoons

	
−0.250

	
−0.047

	
−0.056

	
[image: there is no content]

	
−0.414 *

	
−0.152

	
−0.054

	
−0.344

	
0.389 *

	
0.059

	
0.135




	
(10) Pollution reduction

	
0.126

	
−0.085

	
0.204

	
−0.042

	
−0.435 *

	
−0.188

	
−0.337

	
−0.108

	
0.043

	
−0.066

	
−0.256




	
(11) Erosion reduction

	
−0.115

	
0.281

	
0.118

	
−0.425 *

	
−0.399 *

	
−0.315

	
0.025

	
−0.045

	
0.087

	
0.154

	
0.073




	
(12) Global warming reduction

	
−0.188

	
−0.027

	
0.168

	
−0.126

	
[image: there is no content]

	
−0.199

	
−0.289

	
−0.090

	
0.000

	
−0.367

	
−0.228




	
(13) Damages to farm

	
−0.386

	
−0.129

	
−0.070

	
−0.022

	
−0.084

	
−0.004

	
0.059

	
−0.155

	
−0.124

	
−0.031

	
0.094




	
(14) Seawater inflow

	
−0.274

	
0.007

	
−0.262

	
−0.254

	
−0.004

	
0.098

	
0.052

	
0.270

	
0.173

	
−0.050

	
0.267




	
Supporting services

	
(15) Resting to migrants

	
1

	
0.187

	
[image: there is no content]

	
0.089

	
−0.109

	
0.015

	
0.155

	
−0.200

	
−0.042

	
0.328

	
0.165




	
(16) Food to organism

	

	
1

	
0.332

	
0.037

	
−0.104

	
−0.497 **

	
0.131

	
0.225

	
−0.056

	
0.288

	
0.166




	
(17) Habitat to organism

	

	

	
1

	
−0.082

	
−0.443 *

	
−0.191

	
−0.002

	
−0.206

	
0.146

	
0.094

	
0.099




	
(18) Abundant soil

	

	

	

	
1

	
0.181

	
0.016

	
0.010

	
−0.064

	
−0.297

	
0.118

	
−0.288




	
Cultural service

	
(19) Travel

	

	

	

	

	
1

	
0.415 *

	
0.007

	
0.235

	
−0.250

	
0.132

	
−0.002




	
(20) Recreation

	

	

	

	

	

	
1

	
−0.105

	
−0.128

	
−0.014

	
−0.074

	
−0.018




	
(21) Scenic Quality

	

	

	

	

	

	

	
1

	
0.034

	
−0.062

	
0.281

	
0.272




	
(22) Art

	

	

	

	

	

	

	

	
1

	
−0.046

	
−0.177

	
−0.214




	
(23) Religion

	

	

	

	

	

	

	

	

	
1

	
−0.142

	
0.075




	
(24) Education

	

	

	

	

	

	

	

	

	

	
1

	
0.247




	
(25) Tradition

	

	

	

	

	

	

	

	

	

	

	
1








* Significance at p < 0.05. ** Significance at p < 0.01. Red: positive correlation. Blue: negative correlation.










5. Discussion


Using demographic information, this study concluded that human activity was a strong concern among relatively new residents in the area, whereas ecological function and ecotourism were a strong concern among long-term residents in the area, which comprised the majority of the population. Additionally, the ecological function factor included more researchers, residents, and environmental NGO members, whereas the ecotourism factor included more officials. Thus, officials focus both on the use and conservation of ecological resources, whereas researchers, residents, and environmental NGO members are more concerned about the original functions of ecological resources and their conservation (Table 7).



Table 7. Factor distribution per stakeholder type.







	
Per Stakeholder Status




	
Factor

	
Official

	
Researcher

	
Resident

	
NGO

	
Merchant

	
Total




	
Factor 1

	
1

	
5

	
4

	
2

	
1

	
13




	
Factor 2

	
6

	
2

	
1

	

	

	
10




	
Factor 3

	
1

	
1

	

	

	

	
2




	
Total

	
8

	
8

	
5

	
2

	
2

	
25




	
Per Time of Residence




	
Factor

	
Less than 1 Year

	
1–2 Years

	
2–5 Years

	
5–10 Years

	
Over 10 Years

	
Total




	
Factor 1

	
1

	
2

	
2

	

	
8

	
13




	
Factor 2

	
1

	
1

	

	

	
8

	
10




	
Factor 3

	

	
2

	

	

	

	
2




	
Total

	
2

	
5

	
2

	

	
16

	
25










The results revealed the point where the interests toward ecosystem services arise. The process of identifying such points and establishing mutual understanding is necessary for ecosystem service cooperation [4]. Otherwise, conflicts will not be reduced because each stakeholder will keep their original opinion. This study showed that long-term residents mostly focus on the ecological and ecotourism function of the mud flat, whereas relatively new residents focus on the cultural service. However, all participants agreed on the importance of education under the supporting service and cultural service categories, indicating that supporting services should be strengthened in order to bridge differing opinions and establish ecosystem service cooperation in the area. In addition, more research on regulating services is required to identify practical measures to foster cooperation by increasing the production of mud flat products through a better management of land and producing souvenirs for experience-based tourists [24]. Our results provided specific alternatives to encourage cooperation in improving ecosystem services in the area.




6. Conclusions


In this study, we aimed to analyze different stakeholders’ perspectives regarding ecosystem services and identify appropriate cooperation alternatives. To this end, we used Q methodology for cooperative planning towards ecosystem services to limit the size of the representative sample from a large population. Q methodology pre-determines the number of stakeholders and aims to reveal the process of cooperative alternatives rather than identifying typical characteristics. Although our results cannot be generalized, this study was significant because it explored the process of seeking alternatives for the cooperative planning process of ecosystem services, which could be applied to other areas. Overall, further empirical research on the measures and steps of ecosystem service cooperation may improve ecosystem services under a broad consensus.
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