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Abstract—The Wonorejo mangrove ecotourism in Surabaya was protected mangrove forest area based on Regional Regulation 

Number 12/ 2014 concerning 2014-2034 Regional Spatial Planning. The mangrove forest management was conducted by planting 

mangroves in coastal border areas. However, the decline tree-level mangrove density reached 13.24% in 2016-2017. It caused 

sustainable forestry development at Wonorejo mangrove ecotourism was not reached the target of National Level Foresty Plan for 

2011-2030. The aim of the present study was to determine the priority strategy in the sustainable management of Wonorejo mangrove 

ecotourism. Primary data were collected using questionnaire with interview technique and analyzed using Analytical Hierarchy 

Process (AHP) with Expert Choice 11 software. The result showed that a priority strategy in Wonorejo mangrove management was 

the protection and enhancement of the mangrove ecosystem. 
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I. INTRODUCTION 

The Mangrove forest was ecosystem component that was found in tidal zones of tropical and subtropical coastal areas [1].  

Mangroves were a group of woody plants that grow at high salinity, high temperatures, strong winds, high waves, and anaerobic 

muddy sediments [2]. Mangroves function as protective of coastal erosion, sediment traps, natural habitats of marine biota and 

wildlife, food and beverage raw materials, fuel sources, building materials, fisheries, and tourism [3]. Indonesia was the largest 

mangrove forest in the world, which was about 20% of the total area of mangrove forest in the world. Based on official data 

from the Indonesian Government, mangrove forest area before 1980 was 4.2 million hectares, but this time the mangrove forest 

area is 3.2 million hectares. This condition was due to mangrove deforestation in 1980-2005 [4]. One of the areas in Indonesia 

was participating in an increase of mangrove deforestation was the East Coast of Surabaya (Pamurbaya). 

 

In 1985-2010, the mangrove ecosystem condition in Pamurbaya fluctuated but it tended to decline. This condition occurred 

due to the mangrove forests conversion into housing and aquaculture areas. Wonorejo was an area of the highest damaged 

mangrove in Pamurbaya. Wonorejo mangroves damage were caused by illegal logging in 2000-2005 [5].  Based on these 

problems, the Surabaya City Government designated the Wonorejo as a protected mangrove forest area in Regional Regulation 

Number 3/ 2007 and continued in Regional Regulation Number 12/ 2014 concerning the 2014-2034 Regional Spatial Plan.The 

mangrove forest management in Wonorejo was carried out mangroves planting in coastal border areas by stakeholders and 

community. However, based on data from the Surabaya Environmental Service there was decreased in tree level mangrove 

density by 13.24% in 2016-2017. This condition did not correspond target of  2011-2030 National Forestry Plan on sustainable 

forestry development. Therefore, sustainable management is needed. The purpose of this study was to determine priority 

strategies of mangrove management for sustainable Wonorejo Mangrove Ecotourism in Surabaya. 
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II. MATERIAL AND METODHS 

Research location was at the Ecotourism Mangrove Wonorejo area, Surabaya (Figure 1). The regional boundary was in the 

northern borders by Sukolilo Subdistrict, in the east borders by the Madura Strait, the south and west border with ponds and 

settlements. Data collection were conducted using questionnaires and interview. The method of determining respondents was 

conducted by purposive sampling that respondent who were competent in mangrove forests management. The selected 

respondents from Environmental activist (R1), the Department of Agriculture Service and Food Security Surabaya City  (R2), 

and the Department of Environmental Service Surabaya City  (R3). Moreover, then analyzed was carried out using Analytical 

Hierarchy Process (AHP) with Expert Choice software 11 to determine strategy mangrove management priority in Wonorejo 

Mangrove Ecotourism Surabaya. AHP approach was conducted using pairwise comparison scale with grades 1-9 (Table 1) [6]. 

The criteria and alternatives in this study were arranged in a hierarchy on the first level was the goal, the second level was the 

criteria to achieve the goal, the third level was alternatives. 

 

 

 
Fig. 1  Research location 

 
TABLE I The pairwise comparison scale 

 

Level of 

Importance 
Definition Description 

1 Equal importance Both elements have the same effect 

3 Moderate importance Judgment favor one element compared to the other 

5 Strong importance 
One element is very popular, and practically its dominance is 

very real compared to the other 

7 Very strong importance 
One element is proved to be very well liked and practically very 

liked compared to the other 

9 Extreme importance 
One absolute element is preferred compared to the other and it 

has the highest level of confidence 

2,4,6,8 
Intermediate values between two 

opinions 
These values are needed for a discussion 
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III. RESULTS AND DISCUSSION 

In this study, the first level hierarchy was a strategy mangrove management priority at Ecotourism Mangrove Wonorejo 

Surabaya. The second level hierarchy consists of technical aspects, environmental aspects, and aspects of society. The third 

level hierarchy was recommended alternative consists of the protection and enhancement of mangrove ecosystems, water 

pollution control and waste, training and skills development Wonorejo, and socialization of the mangrove ecosystem and 

environmental management. Based on the results of questionnaires,  analysis using AHP with software Expert Choice 11 to 

determine the inconsistency ratio of respective respondents (Table 2) and combination of sensitivity analysis among criteria 

(Figure 2) and an alternative (Figure 3). The inconsistency ratio was less than 0.10. It indicated that the respondents in the 

questionnaires were consistent, so it did not need to be repeated questionnaires [6]. Furthermore, a sensitivity analysis was 

carried out between the combined criteria of the three respondents. 
TABLE 2 Inconsistency ratio 

Respondent Inconsistecy ratio 

R1 0.08 

R2 0.08 

R3 0.09 

 

 

 
Fig. 2  The results of sensitivity analysis between criteria 

 

Based on criteria sensitivity analysis (Fig. 2), it was obtained criteria technical aspects (0679), environmental aspects (0255), 

and aspects of society (0066). The technical aspects were selected aspects in sustainable Wonorejo mangrove management. The 

technical aspects were a factor that affects the growth and mangroves enhancement such as salinity, temperature, pH, dissolved 

oxygen, nutrients, rainfall, and tide. [7]. Furthermore, the sensitivity analysis of three aspects were combined to determine the 

alternative sensitivity analysis between the three respondents. 

 

 
Fig. 3  The results of alternative sensitivity analysis  
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Based on Fig. 3, the alternative sensitivity analysis was obtained protection and enhancement of mangrove ecosystem 

(0.410), control water pollution and waste (0.395), socialization of mangrove ecosystems and environmental management 

(0.111), and training and skill development (0.084). The high value of alternative was protection and enhancement of mangrove 

ecosystems. The  protection and enhancement of mangrove ecosystems indicated a strategy mangrove management priority at 

Ecotourism Mangrove Wonorejo Surabaya. This strategy can be carried out through routine mangrove maintenance, planting 

mangroves on muddy soil or with silvofishery technology, regulations about mangrove conservation zone boundaries, and 

enforcing policies related to tolerance limits for physical development in ecotourism areas. 

 

At present, the strategy of mangrove management had been carried out by the Department of Agriculture and Food Security 

Surabaya City and the Manager of Ecotourism Mangrove Wonorejo Surabaya. This strategy were planting mangroves and 

routine maintenance. Meanwhile the current implementation strategy for mangrove management by the Department of 

Environmental Service Surabaya City was monitoring seawater quality. The services can coordinate on Wonorejo mangroves 

management through mangrove planting that pays attention technical aspects considering mangroves have potential to 

phytoremediation, especially the accumulation of heavy metals [8]. Also, the enhancement of mangroves also needs to be 

carried out such as routine maintenance, for example by replacing dead or damaged mangroves, take the trash, trapper put trash 

and weeding out disturbing plants. Mangrove protection can use regulations regarding mangrove conservation zone boundaries, 

considering the residential development area around the Wonorejo mangrove Ecotourism area. Also, it need implemantation to 

increase of tolerance limit policy related to physical development in mangrove planting area considering the ecotourism area 

into a tourist visited and the possibility to disrupt the mangrove ecosystem. 

 

IV. CONCLUSIONS 

Based on AHP, the strategy mangrove management priority at Wonorejo mangrove ecotourism, Surabaya was protection and 

enhancement of mangrove ecosystems that pay attention to technical aspects. Therefore, the services collaboration for 

mangroves management between all responsible department need to be improved to reach sustainable and accordance target of 

the 2011-2030 National Forestry Plan. 
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