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Analysis of water quality parameters and pollution level status in the 
Bay Waters of Meulaboh 

Neneng Marliana 
aLecturer of Teuku Umar University, Alue Peunyareng, Meulaboh, 23615, Indonesia  

Abstract 

The reaserch on  analysis  water quality parameters and status of pollution in waters of bay of Meulaboh was  

conducted on Mei-July 2014 in Meulaboh Bay. Sampling Location was divided over 10 observation stations consisting of 

river, mouth river, bay waters, middle of bay to outer of bay. The purpose in this research was to analyze water quality 

parameters of physics-chemistry and to identified pollution lavel status in waters of bay of Meulaboh. The result in this 

research showed  that the values of  waters quality parameters on each observation station consecutive, including 

current velocity range 0,02-0,25 m/sec, themperature range  21-29 0C, salinity range 0–35 ppm, brightness range 

39,55-161 cm, turbidity range 0,20-30,8 NTU acidity range 7,11-8,20, dissolved oxygen  range  39,55-161 cm, nitrate 

range 0,014-0,646 mg/L, ortophosphate range 0,001-0,693 mg/L. As for pollution level status Meulaboh bay  included 

into the medium category (medium polluted/ class C). Water quality parameters, such themperature, salinity, acadity, 

dissolved oxygen and ortophosphate had accordance with the quality standard. While water quality parameters such, 

nitrate, transparancy and turbidity were not  accordance with the quality standard for organisms merine according to 

Decree of  the Minister of Environment Number 51 on marine water quality standard for marine life. 2004. 

©2017 The Authors. 
Peer-review under responsibility of the authors of ICM-MBT 2016. 
 

Keywords:: Parameters, Pollution, Level Status  

1. Introduction 

The waters of Meulaboh bay is coastal waters of the sea  that has a strategic role for the benefit on the surrounding 
land areas. Various interest began from capture fisheries, and aquaqulture fisheries potential, port and tourism is 
located in buy of Meulaboh.  With the variety benefit is reserved to the livelihood of human being. In the one side bay 
waters  of  Meulaboh receive  numerous ecological pressure that continuously wich in turn can influence toward water 
quality in Meulaboh bay.  

Water quality parameters are  physic-chemistry factors that most determine survival life aquatic organisms. Water 
quality parameters  also play a role  as an  indicator of the  fertility of a body waters, as well as whether or not polluted 
waters. Today  in this condition of a population more increasing from time to time that  drain nutrients load especially 
anorganic matter from urban (domestic), plantation, agriculture, fisheries, industry  and tourism has aggravated water 
quality environment condition of the Meulaboh bay.  According to Melosi  2000; Nixon et al 2008 that the great wave of 
coastal merine eutropication was allocthonous and accured in urban coastal areas  beginning in the second half of the  
ninetenth century as public water supplies.  The nutrients  pollution from mainland that drain to bay waters has  
caused the height  amount of  nutrient load. Nutrients load continuously  drain to bay waters can be implicated 
occurrence of nutrient enrichment eutrophication.  Wulff 1990 stated that  the most common cause  of eutropication 
was an anthropogenic enrichment with fertilizing nutrients N and P.  

http://pksplipb.or.id/
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Water quality parameters that are not accordance to the quality standard designation must be known, in order to 
minimize  the impact of the damage or  if it is not contaminated preventable cause of pollution. Based on Decree of the 
Minister of Environment No. 115 on Guidelines for Determination of Water Quality Status. 2003. Declare that the status 
of water quality is the level  water quality  state  that shows the condition of blackened or good condition at a water 
source within a certain time by comparing water quality standards setting. Status of water quality in the bay of 
Meulaboh  will be compared  with  the  water quality standard that refer to Decree of  the Minister of Environment 
Number 51 on marine water quality standard for marine life. 2004. This research is very important to conduct it. 
Beacause the Meulaboh bay is located  on the edge of Meulaboh city which has the largest population compared to 
other regions in the area of West Aceh.  As well as  anorganic matter waste is produced  by the activities of the  
population, can be anytime flowing into the bay waters of Meulaboh. The purpose on this study was to determine the 
water quality parameters, both physical and chemical, as well as determine the level of status pollution of the water 
quality parameters were compared  with the  water quality standard. 

2. Material and Methodes 

2.1 Time and Place 

The  surface water samples of physics- chemistry  were   collected in monthly intervals during period from  Mei to  
July 2014  and  started  at  7:00  to 14:00 am. Analisis were conducted in the Proling laboratory Faculty of Fisheries and 
Marine Science, Bogor Agricultural Institut. 

2.2 Tools and Materials 

The  tools  used in the field, including bottles  sample  of  250 ml, Van  dorn,  plastic bucket  size of 15 liters, 
thermometer, refractometer, secci disk, pH meter, DO meter, floats,  stop watch, ice box, GPS and  materials to 
preserved  nitrate and  orthophosphate  in the field was H2SO4 solution. Laboratory equipment used  were  pipette,  
beakers,  test tubes,  vacuum pump, erlenmeyer, turbidimeter,  spectrophotometer, as well as chemicals used in the 
laboratory for analyzed turbidity, nitrate and orthophosphate. 

2.3 Location Sampling 

Sampling sites were divided into 10 sampling points that were considered to represent the environmental research 
condition as follows:  

Station A: located in the waters of the Krueng Cangkoi River related to the bay 
Station B: location  around the  Krueng Cangkoi estuarine  (estuarine).   
Station C: located around the edge of the bay near the residential village of Padang 

Serahet 
Station D:   located on the seashore  near the restaurant and cafe Pasar Baru Village 
Station E:  located in the seashore area but there is no human activity in the Meurebo 

District 
Station F:   located in the middle of the bay (inner of the  bay). 
Station G: located in the seashore  area adjacent to the cruise port.   
Station H: located  in the western area that led out of the bay that was located far away 

from the beach 
Station I: located  in the western area that led out of the bay that was located far away 

from the beach.  
Station J: located in the eastern area  that led out of  the bay  that   located  away  from  

the beach. 
 

Table. 1 The geographical position of each observation    stations  in the buy  waters of  Meulaboh 
Stations Latitude Longitude 

A 4°8’341” LU 96°7’883” BT 
B 4°8’,167” LU 96°7’975” BT 
C 4°8’120” LU 96°7’934” BT 
D 4°8’067” LU 96°8’008” BT 
E 4°8’273” LU 96°8’118” BT 
F 4°8’120” LU 96°8’182” BT 
G 4°7’648” LU 96°9’008” BT 
H 4°8’209” LU 96°8’309” BT 
I 4°7’980” LU 96°8’323” BT 
J 4°7’798” LU 96°9’020” BT 
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2.4 Sampling Water Procedure 

Water quality sampling, among others temperature, salinity, current velocity, transparancy, turbidity, pH and 
dissolved oxygen  was conducted with  in situ  (in thefield) and  exsitu  (in the laboratory) and the measurement refers 
to Alaerts and Santika (1984). The water sampling in the field for  nitrates  and phosphates  did  in the surface waters at 
a depth of 1 meter to a bottle  volume of  250 ml  fully charged,  then the bottle was given of preservative solution of 
concentrated H2SO4  and the bottle wrapped with  aluminum foil, the next step the bottle inserted  into ice box. 
Analysis of the nutrients content  refer to APHA (2005). 

2.5 Data Analysis 

Data of  Physical and chemical parameters  were analyzed descriptively. The distribution parameters of physico-
chemical water quality at each station observations were analyzed using one-way ANOVA. While the relationship 
several water quality parameters were statistically analyzed  using the Pearson Correlation. As for knowing the 
pollution water level status were performed using STORET methods analysis (Decree of the Minister of Environment 
No. 115 on Guidelines for Determination of Water Quality Status. 2003). To determine water quality status was used 
value system from  “US-EPA (Environmental Protection Agency)” with water quality classification in four  classes  were:  
(1) Class A : Verry good, score = 0  (accordance with water quality standard) 
(2) Class B : Good, score = -1 s/d -10  (lightly polluted)     
(3) Class C : Medium, score  = -11 s/d -30   (medium polluted) 
(4) Class D : Bad, score ≥  -31  (heavily polluted) 

3. Results And Discussion 

3.1 Quality Paremeters Analysis of  Physics and Chemistry  

The Meulaboh  bay  was a semi-closed waters. Meulaboh  bay had  some rivers that flow into, such as Jembatan Besi 
River in Sub Johan Pahlawan  at Meulaboh city and river from the sub Meureubo. Meulaboh of bay was influenced by 
the movement of the tide.  The type of tidal  included in the semidiurnal category. It indicated the condition of ups and 
downs twice daily with different heights. At the highest high tide and low tide The first was 0.7 meters and 0.1 meters, 
while the range of the highest and second lowest tide was 0.5 meters and 0.2 meters (Geospatial Information Agency, 
2014). 

Table 2. Quality Paramters of  Physics and Chemistry Meulaboh Bay 
 

 

 

 

 

 

 

 

 

 

 

Current velocity variation  in Meulaboh  bay was recorded in the range  of  0.02 to 0.25 m / sec (Table 2 and Fig. 1) 
showed that the relatively quiet waters, where the lowest current velocity encountered at station A and the highest 
current velocity encountered at station C. The  pattern of  Current showed  that high current velocity value was found 
on waters, such as estuaries and coastal waters of  bay and decreased  in the middle of  bay to the outer waters of bay, 
while the lowest current velocity value found in the river waters that was more quiet. High current velocity at the edge 



4 Marlian/ Proceeding – ICM-MBT (2017) 1–7 

 

of bay  in the coastal  region. It  related to events tides (tide) merine waters leading to the coastal waters of bay. Along 
with that Rahmansyah (2004) suggested the occurrenced of current  in the coastal waters  was closely connected with 
the events tides (tide). Based on the analysis of variance (ANOVA, p> 0.05) showed no significant difference in the 
current velocity of each research station in the bay Meulaboh. 

Temperature  variation  during the study  was recorded in  the  range  of  21-29 0C (Table 2 and Fig 1). The highest  
temperature contained at station F and the lowest  temperature  was at staiun A. Illahude and Birowo 1987 states 
during the western season, usually high surface temperatures 29-300 0C dominated in  the Western Coast of Sumatera 
and the eastern waters of  Indonesia. Based on the resulted analysis of variance (ANOVA, p <0.05) showed significant 
difference. From the resulted of the further test least significant difference (LSD) showed that the value of the 
temperature station A and F showed significant difference. The temperature range was contained in Meulaboh bay had  
accordance with  quality standard  for marine life by Decree of  the Minister of Environment Number 51 of 2004. 

 
Fig 1. The Graphic of Parameters Physics and Chemistry 

 
Salintity  variaton  during the study was recorded  in the range  of  0-35 ppm (Table 2 Fig 1), where the lowest value 

salinity was found at station A and the highest value  salinity  were  found at stations J and  H. The distribution of 
salinity as well as those reported by Damar (2003) with the difference only in the size range of salinity value obtained. 
The pattern reflected the input of fresh water from the mainland mainly through the river that into the sea. Based on 
the resulted of the analysis of variance (ANOVA, p <0.05) showed salinity values between research stations showed 
significant differences. From the resulted of a further test least significant difference (LSD) showed that the value of the 
salinity at stations A and H, I, J showed a difference. The salinity value was found in Meulaboh bay had accordance with 
quality standard for marine life by Decree of the Minister of Environment Number 51 of 2004. 

Brightness variation during the study was recorded in the range of 39.55 to 161 cm (Table 2 and 3Fig 1). Lowest 
brightness value found at station A. It was the river zone. The highest brightness found in station J. It was the outer of 
bay zone. The low value of brightness at station A due to the high suspended particles and organic materials in river 
that came from the mainland. Basmi et al (1995) suggested that the transmission of light (brightness) closely associated 
with suspended particles, such as organic matter and sedimentation caused  turbidity in the water, which ultimately 
affected  on the light penetration of depth. Based on the analysis of variance (ANOVA, p> 0.05) showed no significant 
difference in the brightness values of each research station. The Brightness of Meulaboh bay was relatively low, this 
condition showed that waters contain high dissolved organic matter. Therefore the brightness value was > 5 contained 
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in Meulaboh bay was not accordance with quality standard for marine life according to Decree of the Minister of 
Environment Number 51 of 2004. 

Turbidity variation during the study was recorded in the range of 0.20 to 30.8 NTU (Table 2 and Fig 1). Turbidity 
was lowest at station I. It was the outer station of the bay. The highest turbidity value found in the station A.  Based on 
the analysis of variance (ANOVA, p> 0.05) showed no significant differences turbidity value at each research station.  
The turbidity value in the Meulaboh bay contained relatively high.  The height turbidity value was inversely 
proportional to the brightness value. The amount of suspended particles and organic materials dissolved in the water 
was caused by high turbidity in the Meulaboh bay. Odum (1971) stated that the turbidity often played an important 
role as a limiting factor in a body of water. The presence of turbidity could inhibit s the penetration of light into the 
body of water, so that the process of photosynthesis of phytoplankton will be disrupted. This was evidenced by the 
turbidity value <5 were not accordance with quality standards for marine life according Decree of the Minister of 
Environment Number 51 of 2004. 

The degree of acidity variation during the study was recorded in the range of 7.11 to 8.20 (Table. 2 and Fig 1). The 
lowest pH value was found at the station A (river). The highest pH value was faound at the station J (the outer zone of 
the bay). As stated by Damar (2003) that the decomposition rate of the high waters of the river mouth (estuary) for the 
low pH value in these waters. Based on the analysis of variance (ANOVA, p <0.05) showed significant differences. The 
results of a further test least significant difference (LSD) showed that the average pH at station A and J showed 
significant differences. The degree of acidity (pH) in the Meulaboh of bay was accordance with the quality standards for 
marine life by Decree of the Minister of Environment Number 51 of 2004. 

The dissolved oxygen variation during the study was recorded in the range of 5.30 to 8.50 mg / L (Table 2 and Fig 
1). Dissolved oxygen was lowest for the station C. It was located in the coastal zone of the bay. The highest dissolved 
oxygen were found at the stations H and J. They were located in the outer zone of the bay (mouth of the bay). 
Brotowidjoyo et al (1995) found in the open waters, the dissolved oxygen value was in nature state, so rarely 
encountered in the open water oxygen condition was   poor. The distribution of dissolved oxygen content between 
station observations showed that relatively uniform values. It was accordance with the analysis of variance (ANOVA, p> 
0.05) showed no significant difference. Dissolved oxygen in the Meulaboh bay was accordance with quality standards 
for marine life according to Decree of the Minister of Environment Number 51 of 2004. 

The Nitrate concentration variation during the study was recorded in the ranged of 0.014 to 0.646 mg/l (Table 2 
and Fig 1). Lowest nitrate concentration was found in the H station. It was located in the outer zone of the bay.  The 
highest nitrate concentration was found at the station B. It was the estuarine of the river. The high of nitrate 
concentration was found at the station B, because this zone was a river that got nutrients input from the river flowing 
into the estuarine were derived from agricultural waste. Liu et al. (2003) stated the river water transport is the main 
way of dissolved nutrients from land to sea. This phenomenon was an indication that the major source of nutrients 
from the river had played an important role against to the high-low distribution of nutrients present in the waters of 
bay. Results of analysis of variance (ANOVA, p <0.05) between stations nitrate concentration showed significant 
differences. From the results of a further test least significant difference (LSD) showed that nitrate at the stations B and 
H showed significant differences. Nitrate concentration in the Meulaboh bay if we saw by the quality standard for 
nitrate value of 0.008, it was not accordance quality standard for marine life organisms by Decree of the Minister of 
Environment Number 51 of 2004. 

The orthophosphate concentration variation during the study was recorded in the range of 0.001 to 0.693 mg /l 
(Table 2 and Fig 3). Lowest orthophosphate concentration was found at the stations J and G. While the highest 
orthophosphate concentration was found at station A. The distribution of orthophosphate concentration between 
station of observations were relatively uniform, except at the station A (river waters) with the heighest value. Valiela 
(1995) stated that the input from the stream and other fresh water were often a major source of nutrients for some 
coastal. Based on the analysis of variance (ANOVA p> 0.05) showed no significant difference between station 
observations. Therefore, the orthophosphate concentration in the Meulaboh bay was accordance with the quality 
standard for marine life by Decree of the Minister of Environment Number 51 of 2004. 

3.2 The Pollution Level Status   in Meulaboh Bay 

Overall the pollution level status on this reaserch in the Meulaboh bay were in medium condition category (medium 
polluted / Class C), for marine life (Decree of the Minister of Environment Number 51 of 2004 on Quality status of the 
Sea Water). Pollution in the Meulaboh bay due to the nutrient load of nitrate. It was recorded in the   range of. 0.014 to 
0.646 mg/l. nitrate consentration value was not accordance with quality standards assigned (Table2 2 and 3). The 
nutrient concentration, especially nitrate load had the highest value obtained at the stations around the river and 
coastal of bays. This condition occured beacause the source runoff from the land into river filled with the input load of 
domestic waste from the city. The high level of nutrient (nitrate) became indication that pollution caused by the influx 
of organic materials, domestic sewage, industrial and agricultural activity in the Meulaboh bay. Nixon, 1995 in Hoyer et 
al, 2002 noticed that nutrients enrichment in the coastal waters of N and P has become one of the many effects of 
human activities on aquatic ecosystems for 50 years. Jamshidi B and Abu Bakr B N (2011) added nutrients enrichment 
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that enter to the sea waters originating from agricultural activities, industrial and urban waste has been threatening the 
aquatic ecosystem of the Caspian Sea. 
 

Table 3. The pollution Levels in Meulaboh bay Based on Standard Quality for Marine organisms According KepmenLH 

                   No 51 of 2004 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The cause of pollution in the Meulaboh bay came  from the low brightness level and the  high turbidity level in 

Meulaboh  bay  was recorded in the range of  39.55 to 161 cm and 0.20 to 30.8 NTU (Tables 2 and 3).  The brightness 
value was inversely related to turbidity. Pearson correlation (r = -0.828 at the level of α 0.05).  

The low brightness value and the high turbidity value due to a lot of organic materials and suspended particles in 
Meulaboh bay. This condition could be seen from the relationship nutrient nitrate with brightness values and turbidity 
consecutive (r = -0.75855 and 0.868468 on the level of α 0.05). Basmi et al (1995) suggested that the transmission of 
light (brightness) is closely related to the suspended particles causing turbidity in the water, which ultimately affected 
the light penetration of depth. The higher brightness value, so that the deeper light penetration into the water column. 
The Limited of light penetration effected on the effectiveness of phytoplankton photosynthesis. 

Pollution level status in the Meulaboh bay was a middle condition (medium polluted). This problem if we allow to 
continue and is not anticipated soon. The condition will continue to grow up in worse condition or heavily polluted. In 
order to the Government of Meulaboh city, stakeholders, and citizens in around  of the bay to   do prevention activities 
joinly, reducing the cause / source of pollution, especially that derived from agriculture, fisheries and domestic waste 
residents on a regular basis, so that the ecological balance  waters of Meulaboh  bay is maintained. 

Conclusion 

The distribution water quality parameters of physico-chemical in the Meulaboh bay showed the distribution varied 
at each observation station. The parameter values of temperature, salinity, pH, dissolved oxygen and orthophosphate 
were accordance to the quality standard for marine life. But for the brightness value, turbidity and nitrate were not 
accordance with quality standard for marine life. This condition should receive serious attention from all stakeholders 
to reduce periodically the impact or the source of pollution, especially organic waste that flowing into the waters of the 
bay. Overall the pollution level status contained in the Meulaboh bay was in medium category (medium polluted / Class 
C). 
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Abstract 

Green Turtle  (Chelonia mydas), is a marine reptile that the existence is endangered due to a various factors such as hunting and 
illegal turtle egg collection, marine environment pollution, and habitat damage caused by the human. The aim of this research was 
determine the success hatching rate of green turtle nest that hatched naturally, relocating and hatchery. Research was conducted in 
Juli-Augst 2012. This research uses descriptive method. From the data processing is known that the success of hatching in a naturally 
are 90.97%, hatching by relocating are 92.11%, and hatching in the hatchery unit are 84.62%. Based the comparison of hatching 
percentage rate, hatching by relocation better than naturally or hatchery unit, because the nest is considered unsafe relocated to the 
safe place.  
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1. Introduction 

Sea turtles are reptiles that live in the sea and were able to migrate long distances along the Indian Ocean, the Pacific 
Ocean and Southeast Asia. Its existence has long been threatened, either the threat of natural and human activities that 
endanger the population, directly or indirectly. 

Turtle nests, where the mother turtles hatch their eggs, are found only in certain places on the beach. Several 
previous studies mentioned are mostly found on the beach that does not have a tides. Suitability of place where the nest 
is located seems to be affecting the success of the eggs in the nest to hatch (Yustina, 2004). The aim of this study was to 
determine the ratio of hatching success of green turtle (Chelonia mydas) nest is done by natural hatching, relocating 
nests, and hatchery. 
 
2. Material and Methods  

This research uses descriptive method. The research location is divided into 15 sectors and each sector is composed 
of four parts sub-sector that is located has been determined by the Bureau of Sangalaki Island Marine Natural Park (see 
in figure 1.). 
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Figure 1. Map of Potential Landing and Sector of Green Turtle Nest on the Sangalaki Island 
(Source: Conservation Section Region 1 of  BKSDA of Berau Regency, Year 2010) 

 
Note:  N = Naturally 

 R = Relocation 
 H = Hatchery 

2.1. Observations Nest 

Green Turtles nest observations performed at sector 1, 5, 9, 14, 8, 13, 3 were selected as the sample is a nest in the 
period June as many as 78 nests were divided into three ways based on the presence of vegetation on the location of the 
nest as presented in Table 2. 

Table 2. Location of Hatching of the Green Turtle Nest 

Hatching 
Treatment 

Sector Land Cover Amount of Nests 

Naturally  

1 Open Area 8 

5 Bush vegetation 12 

9 Herbaceous plant 7 

14 Trees vegetation 6 

Relocation 
8 Open Area 16 

13 Trees vegetation 14 

Hatchery 3 Open Area 15 

 

2.2. Location of Green Turtle Nest 

A. Naturally Hatching 

Hatching by naturally is the process of hatching turtle eggs until hatching eggs without any treatment. Because 
the nests safe from the tide. In the natural hatching will do data collection methods at four sectors with different 
conditions of the beach side and the vegetation is different. 

Sangalaki Island 
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(a)  

 
(b)  

 

(c)  (d)  

 

Figure 2. (a) Location of natural hatching in sector 1 (open area); 

(b) Location of natural hatching in sector 5 (bush vegetation); 

(c) Location of natural hatching in sector 9 (herbaceous plant); 

(d) Location of natural hatching in sector 14 (trees vegetation). 

B. Nest relocation 

Relocation is the transfer of eggs from an unsafe place to a safer place, for example inundated by sea water at high 
tide, interference from predators as well as the state of the location allows hinder the development of turtle eggs as tree 
roots and debris. If the turtle nesting nearby hatchery and in unsafe conditions, it will be relocated to the hatchery but if 
the nest egg that will be relocated away from the hatchery, it will be moved to a sector of about relocating near the 
nest. This is done to avoid shocks that can cause failure of the hatch. Sampling was carried out by way of relocating 
nests in sectors 8 and 13 in which the two sectors are the relocation hatcheries by BKSDA of Berau Regency. 

(a)  

 

(b)  

 

Figure 3. (a) Location of hatching in the relocation of the sector 8 (open area);  

 (b) Location hatching is relocating to the sector 13 (woody vegetation). 

C. Hatchery 

Captive breeding or hatchery is created or constructed for the proliferation or enlargement of a biota that aims to 

protect against threats such as predators. Hatchery was built on the location of the research is intended as a place to 

relocate the turtle egg nests are threatened by sea water when the tide and minimize the threat of predators from the 

nest. Hatching in the hatchery in controlled periodically. 
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Figure 4. Location hatchery in sector 3 

3. Results and Discussion 

The results of observation of hatching by the third methods is described in below. 

3.1. Naturally Hatching 

Observation of Green Turtle eggs are hatched naturally during the study are showed in Table 3. 

Table 3. Rate of observations hatching eggs naturally 

Sector 
Amount 
Of Eggs 

Amount 
of Cells 

UD UH D ND 
Incubation 
time (day) 

Temp 

(0 C) 
Hatching 

(%) 

1a 94 88 6 - - 60 58 29 93.61 

1a 77 73 1 3 - 60 56 30 94.80 

1b 138 132 6 - - 80 53 30 95.65 

1b 55 53 1 1 - 65 59 28 96.36 

1c 79 73 2 - 4 70 50 29 92.40 

1c 78 74 2 2 - 65 57 29.5 94.87 

1d 110th 100 7 3 - 65 53 28 90.90 

1d 136 134 1 - 1 65 57 29 98.52 

Average 95.88 90.88 3.25 2.25 2.50 66.25 55.38 29.06 94.64 

5a 103 97 3 3 - 65 51 29 94.17 

5b 86 76 10 - - 65 54 27.5 88.37 

5b 64 57 - 3 4 80 57 28 89.06 

5b 64 57 - 3 4 80 59 30 89.06 

5b 151 128 7 13 3 60 56 29 84.76 

5c 114 108 1 4 1 60 49 29 94.73 

5c 84 81 2 1 - 65 54 28 96.42 

5c 83 63 4 13 3 60 56 29 75.90 

5c 97 96 1 - - 60 60 28 98.96 

5d 95 80 4 7 4 60 56 28.5 84,21 

5d 108 90 13 - 5 70 56 29 83.33 

5d 93 82 - 4 7 70 56 28 88.17 

Average 95.17 84.58 5.00 5.67 3.88 66.25 55.33 28.58 88.93 

9a 110th 88 5 15 2 70 52 27 80.00 

9b 91 86 2 3 - 65 55 28 94.50 

9b 77 68 5 3 1 65 56 27 88.31 

9c 168 128 24 16 - 70 50 29 76.19 

9c 164 162 1 1 - 65 52 27 98.78 

9c 96 89 3 4 - 70 52 28 92.70 

9d 113 109 2 2 - 70 57 27 96.46 

Average 117.00 104.29 6.00 6.29 1.50 67.86 53.43 27.57 89.56 
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Sector 
Amount 
Of Eggs 

Amount 
of Cells 

UD UH D ND 
Incubation 
time (day) 

Temp 

(0 C) 
Hatching 

(%) 

14a 83 78 1 4 - 65 56 27.5 93.97 

14a 103 99 2 1 1 70 57 28 96.11 

14b 83 62 14 5 2 65 55 27 74.69 

14c 86 85 1 - - 65 53 27 98.83 

14c 84 73 6 4 1 60 54 27.5 86.90 

14d 66 62 2 1 1 65 55 28 93.93 

Average 84.17 76.50 4.33 3.00 1.25 65.00 55.00 27.50 90.74 

 

Table 3 shows that the success of hatching at open location is better than the vegetated location. Sector 1 is open 

areas with high state beach side, so it is not affected by the tide as well as the intensity of sunlight that reaches the 

surface. This is in accordance with Berok (1997) which states that open areas have higher temperature fluctuations and 

it will have a considerable influence on the success of hatching. 

Sivasundar and Prasad (1996) was conducts research of turtle on the Andaman Islands, India. He was reported that 

the success of leatherback turtle eggs hatch lower in nests located under vegetation. There is less favorable for 

Leatherback thus avoiding vegetation for nesting and away from the limits of the highest tides as the green 

turtle. Presence the roots of trees and plants make it difficult for turtles to dig nests, so the turtles will be looking for a 

place to get a suitable place to make a nest. 

Trees vegetation (sector 14) show the number of UD (undeveloped) average of 4%, UH (unhatched) 3%, D (dead) 1% 

with a depth of 65 cm, long of incubation of 55 days, the temperature 27,50°C with hatching percentage 90,74%. 

Fitryanto (2006) was said that in Sangalaki Island, behavior of green turtle is under certain conditions that lead to 

ignoring obstacles that lie ahead, and continue to move toward the nesting site, although it must pass through a 

log. Such conditions may occur when the turtles are in a state of urgency and immediately pull out their eggs. This 

causes the turtle remains were found nesting in the area of vegetation. 

Ngatung (2001) states that make nests together in a place where leatherback turtles make their nests means 

opportunities interference competition with leatherback turtles. Green Turtle body size is much smaller than the size of 

the leatherback turtle's body, so the competition interference with leatherback turtles can be fatal for the Green 

Turtle. These considerations can be one of the factors that led to the green turtle permanently opt vegetation niche as a 

nesting site. 
Based on observation in bush vegetation (sector 5), turtle eggs hatching percentage is 88.93%. The low percentage 

in this sector compared to other sectors due to the unfavorable factors for turtles to nest in the bush vegetation. Before 
you start digging nests, turtle usually necessary to first clean the surface of the sand from the plant cover. In addition, 
the sand under bush vegetation root systems must be available that can make it difficult to dig a nest Green Turtle. 
Shading by bush vegetation can also reduce the intensity of sunlight reaching the surface of the nest, so the percentage 
of hatching eggs Green Turtle smaller than the nest without vegetation, moreover when the hatchlings out of the nest, 
they was hampered by plants spreading and hard to get to the surface sea, so they can be caught by predators (Longdy, 
2003). 

3.2. Relocation 

The result of observation of Green Turtle eggs are hatched by relocation can be seen in Table 4. 

 

Table 4. Data rate observations hatching eggs by means of relocation. 

Sector 
Number 

of Eggs 
number 
of Cells 

UD UH D ND 
Incubation 
time (day) 

Temp 

(0 C) 
Hatching 

(%) 

8c 97 92 5 - - 65 54 28.5 94.85 

8c 96 82 14 - - 65 56 30 85.42 

8c 66 66 - - - 65 49 27 100 

8c 89 75 14 - - 70 50 28 84.27 

8c 90 86 - 4 - 65 54 27 95.56 

8c 75 75 - - - 70 56 28.5 100 

Average 85.5 79.33 11 4 - 66.7 53.17 28.17 93.35 

          

8d 94 88 5 1 - 70 49 29 93.61 
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Sector 
Number 

of Eggs 
number 
of Cells 

UD UH D ND 
Incubation 
time (day) 

Temp 

(0 C) 
Hatching 

(%) 

8d 96 95 - 1 - 65 50 29 98.95 

8d 77 77 - - - 60 53 28 100 

8d 105 90 1 14 - 65 56 30 85.71 

8d 127 123 4 - - 65 57 29 96.85 

8d 133 116 6 7 4 65 52 27.5 87.21 

8d 100 94 3 2 1 70 57 27 94 

8d 75 75 - - - 65 52 28 100 

8d 101 80 - 20 1 65 55 28.5 79.2 

8d 68 60 8 - - 55 57 28 88.23 

Average 97.6 89.8 4.5 7.5 2 64.5 53.8 28.4 92.38 

13d 92 88 4 - - 60 51 29 95.65 

13d 85 73 1 11 - 65 57 27 85.88 

13d 123 108 5 7 3 70 51 27 87.8 

13d 117 98 3 13 3 60 56 27 83.76 

13d 94 85 5 1 3 60 56 29 90.42 

13d 99 97 2 - - 65 55 28 97.97 

13d 95 79 7 9 - 65 52 27 83.15 

13d 79 75 3 1 - 65 51 27 94.93 

13d 85 84 1 - - 65 41 27 98.82 

13d 95 88 4 3 - 60 53 27 92.63 

13d 87 76 3 7 1 60 54 29 87.35 

13d 78 71 2 3 2 90 54 27 91.02 

13d 84 78 2 4 - 80 55 27 92.85 

13d 94 81 12 1 - 60 56 27 86.17 

Average 93.357 84.36 3.86 5.45 2.4 66.1 53 27.5 90.6 

 

Hatching by relocation indicates that hatching success between open areas compared with vegetation areas is 

difference. Sangalaki Island narrative of managers stated that there is certain level of hatching will be better because in 

a state that does not control at all times as well as in natural nests. This sector used for relocation sector given the 

distance is too far when a nest that will be relocated to the hatchery to be everything to avoid a shock that would occur 

if will be brought to the hatchery. This is the consideration that both the sector into the sector relocation. 

The percentage of egg hatching success by relocation is not only influenced by temperature, but there are other 

factors that greatly influence, among other predators. Nests were relocated relatively safe from natural disturbance of 

the natural nests like the tide. Nests were relocated on the island of Sangalaki largely inseparable from predators 

disorder. This is because the location of the nest relocation that are not covered making it easier for predators to 

enter. Predator which are found in the location hatching relocation is monitor lizards and ants. Nest vegetated success 

rate is lower than the nest is in the open area because the area is vegetated light intensity is low due to the presence of 

plants that block sunlight so it will indirectly affect the temperature of the nest while the nest is located in open areas 

will receive enough sunlight so that the temperature is more stable and will provide a more hatching. 

3.3. Hatchery 

At hatchery location, there were 15 nests in an open area. The lowest of the green turtle eggs hatch is hatching at the 

hatchery. One reason is transfer of eggs or transporting eggs. In addition, the hatchery is also frequented visiting by 

tourists, causing disruption in the nests, for example trampled by visitors who causes the sand to be solid so indirectly 

would disturb a nest egg is in the nest or interference from humans. Hatching success of Green Turtle eggs are hatched 

in a hatchery can be seen in Table 5. 

Bustrat (1972) states that eggs that fail to hatch caused by embryo death that occurs during egg collection or 

removal of eggs from natural nests. Eggs with dead fetus may occur before or after laying the eggs into the nest. The 

percentage of successful hatching eggs by means of the hatchery is not only influenced by internal factors but also 

influenced by external factors, among others predators. Logically, nest in relatively safer hatchery better than disorder 

or disturbance of natural predators like the tide. Hatchery made Charitable Island can not be separated from nuisance 

predators, this is because the hatchery location that is not covered with neatly making it easier for predators to enter.  
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Table 5. Hatching success of green turtle egg by hatchery 

Sector 
Number 
of Eggs 

Number 
of Cells 

UD UH D ND 
Incubation 
time (day) 

Temp 

(0 C) 
Hatching 

(%) 

A7 89 74 10 3 2 65 63 28 83.14 

B0 109 26 78 5 
 

60 51 28.5 23.85 

C0 81 79 1 1 
 

65 52 28.5 97.53 

D1 127 103 7 11 6 65 51 29 81.1 

E0 44 36 6 2 
 

70 50 28 81.81 

E1 99 86 8 5 
 

75 60 30 86.86 

F0 95 81 5 6 3 65 53 28 85.26 

F1 73 65 5 2 1 70 48 29 89.04 

F1 73 68 2 3 
 

65 53 28.5 93.15 

F3 108 99 6 2 1 75 54 28 91.66 

G1 85 80 5 
  

65 55 30 94.11 

H4 124 109 9 4 2 70 48 27 87.9 

H5 98 90 5 3 
 

70 49 29 91.83 

H6 77 71 3 3 
 

65 48 28 92.2 

I2 79 71 7 1 
 

70 49 28 89.87 

Average 90.73 75.87 10.47 3.64 2.50 67.67 52.27 28,50 84.62 

 

4. Conclusion 

From the data is known that the success of hatching naturally are 90.97%, hatching by relocating are 92.11%, and 
hatching in the hatchery unit are 84.62%. Based the comparison of the hatching percentage rate, hatching by relocation 
better than natural way and hatchery unit, because the nest is considered unsafe relocated to the safe place. 
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Abstract 

Research on the distribution analysis on the cyst abundance of HAB causing Dinoflagellates at green mussel (Perna viridis) culture 
area in Kamal Muara, North Jakarta, has been conducted in October 2014 at 9 sampling stations. The objectives of the research were 
to determine the presence and abundance, mapping the spatial distribution, and to determine the environmental factors that 
influence the distribution of cysts from HAB causing Dinoflagellates. Sediment sampling was carried out using Eijkman Grab. Cyst 
sample preparation was carried out using the sieving technique.  The results showed 8 genus of Dinoflagellate cysts, which were 
Alexandrium, Cochlodinium, Diplopsalis, Gonyaulax, Gymnodinium, Polykrikos, Protoperidinium, and Scrippsiella, in which 5 of them 
were HAB causing, namely Alexandrium, Cochlodinium, Gonyaulax, Gymnodinium, dan Scrippsiella. The abundance of cyst at 
sediments were ranged between 4--324 cysts/ml.  Cyst with highest abundance was genus Alexandrium (324 cysts/ml) and the 
lowest was genus Diplopsalis (4 cysts/ml).  Cyst distribution pattern at the study site showed that cysts were concentrated at 
stations located in the eastern region.  Environmental factors that mostly influence the distribution of cysts in the study site was 
water current, whereas environmental factors that affect the germination of cysts was DO, light, and temperature.  
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1. Introduction 

Harmful Algal Bloom (HAB) is a mass population growth of a certain microalgae that can cause negative impacts to 
the aquatic environment. HAB events could cause losses in aspects of economy, health, ecosystem health, tourism, and 
aquaculture (GEOHAB, 2001; Panggabean, 2006). One group of microalgae which can potentially cause the HAB 
phenomena is from The Dinophyceae Class, or more commonly known as the Dinoflagellates, which is one of the 
primary producers in the aquatic ecosystems. Dinoflagelllates that can cause HAB occurrence are grouped by the 
negative impacts it causes to the environment, by either producing toxins or causing discoloration to the water body. 
These groups of Dinoflagellates are named toxin producer group and red-tide maker group, respectively (Nontji, 2006). 
Cyst is a dormant phase of a Dinoflagellate, produced through sexual reproduction by the planktonic cells. When the 
environmental conditions met are not optimal for the cell’s physiological conditions, planktonic Dinoflagellates will go 
through sexual reproduction and form a resting zygot or more commonly referred to as cyst (Matsuoka & Fukuyo, 2000; 
Panggabean, 2006). Dinoflagellates’ cyst plays an important role in the occurrence of HAB, among others, as a inoculum 
source of population growth, toxin source, and distribution indicator of the HAB species (Anderson & Morel, 1979).  

Jakarta Bay is an area that is utilized for various purposes, among others, recreational activities, industrial activities, 
and aquaculture. The waters of Jakarta Bay has many terrigenous inputs derived from 13 estuaries located in the area. 

                                                
1 Corresponding author.  

E-mail address: ratu.fathia@gmail.com; rianiwid@yahoo.co.id 

http://pksplipb.or.id/
mailto:ratu.fathia@gmail.com


15 Rahmadyani et al. / Proceeding – ICM-MBT 00 (2017) 014–021 

 

Thus, the waters of Jakarta Bay are rich in nutrients, causing a high eutrophication level in the area.  Eutrophicated 
waters are prone to the occurence of HAB events.  

Kamal Muara, North Jakarta is located in the Jakarta Bay and is utilized for aquaculture activities for Green Mussel 
(Perna viridis). The aquaculture activities in the area are growing more rapidly to meet the increased demand for 
shellfish products. The potential of HAB occurrence in the location of aquaculture should be taken into concern, as it 
could possibly bring harm to the  public health or the aquaculture business itself (Hutomo et al., 1977; Hallegraeff, 
1991). Mulyani,2012 identified 11 species of HAB causing Dinoflagellates in the green mussel culture area in Kamal 
Muara. According to Giat, 2013 green mussels product farmed from these culture area also contains toxin substances 
that allegedly related to food poisoning diseases, such as Diarrhetic Shellfish Poisoning (DSP) and amnesic Shellfish 
Poisoning (ASP). Thus, baseline data of cyst, specifically from the HAB causign group in the Kamal Muara culture 
location could be used as an additional information to the potential of HAB occurence in the culture area. This study 
aims to determine the presence, abundance value, as well as the spatial distribution of the HAB causing Dinoflagellate 
cysts, and to identify the environmental factors that influence the distribution of HAB causing Dinoflagellates at the 
green mussel (Perna viridis) culture area in Kamal Muara, North Jakarta. 

2. Material and Methodes  

2.1. Sediment  sampling and preservation  

The sediment samples were collected using an Ekman Grab. The Ekman Grab was withdrawn carefully onto the 
surface so that the layer of fine silt atop of the sediment trapped remained intact. The sediment were then placed in 
plastic bottles and stored in a cooler box. Upon arrival to the laboratory, the sediment samples were immediately 
preserved using formaldehyde as much as 10% of the sample volume (Matsuoka & Fukuyo, 2000). 

2.2. Phytoplankton sampling and environmental parameters measurements 

Water samples for phytoplankton analysis was collected by pulling a plankton net vertically from approximately 3 
meters below the water surface. The environmental parameters measured in the study site are temperature, salinity, 
light intensity, dissolved oxygen, acidity (pH), depth, brightness, and nutrient levels. The environmental parameters 
were measured at two depth levels, on the water surface and on the bottom surface. Water sample from the bottom 
surface were collected using a water sampler. The measurement results were then tabulated and analyzed to determine 
the environmental parameters that potentially influence the abundance and distribution of Dinoflagellates’ cyst at the 
study site. 

2.3. Separation of cysts from the sediment samples 

The separation of cysts from the sediment sample was done by sieving technique. Sediment samples were strained 
using  sieves with mesh sizes of 125 µm and 20 µm. The residues were then collected into a centrifuge tube. Then the 
samples were centrifuged at 2000 rpm for 15 minutes. 

2.4. Cyst sample observations 

 After the samples were centrifuged, the uppermost layer of the pellet was drawn using a micropipette, and were put 
into a test tube. To keep the samples homogenous, the samples were constantly stirred before the counting process. 
Observation was conducted using sub-sample method. Observation was carried out using a Sedgewick-Rafter Chamber, 
and then observed under an inverted microscope. The number of cells is counted using a counter and identified using 
the identification book of Matsuoka & Fukuyo, 2000. Observation results were then tabulated and analyzed to obtain 
the data of cyst abundance and distribution. 

2.5. Analysis of sediment grain 

The sediment analysis was performed using a multilevel sediment filter. The sediment samples were previously 
weighed, and then filtered using a multilevel sieve. The samples were washed with filtered sea water until the sediment 
grain were strained. The sediment samples retained on each sieve levels were then dried and weighed. The result were 
then calculated by the weight percentage of the grain size, and analyzed using The Shepard's triangle. 
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2.6. Data analysis 

The cyst abundance number was obtained by counting the number of cyst cells per milliliters initial volume of the 
sediment samples (cyst/ml). The abundance data on each station were then tabulated and described with the aid of 
graphs. The distribution mapping of the cysts was made based on the cyst abundance data on each station. The 
distribution maps were made using Arc Gis 9, Arc Map Version 9 software. The analysis of the environmental 
parameters was to determine what environmental parameters characterizes each sampling station, thus potentially 
influence the distribution pattern. The environmental factors analysis was done using the Principle Component 
Analysis (PCA) using the assistance of SPSS and PAST softwares. 

3. Result and Discussions 

There were a total of eight genera of Dinoflagellates cyst found, namely Alexandrium, Cochlodinium, Diplopsalis, 
Gonyaulax, Gymnodinium, Polykrikos, Protoperidinium, and Scrippsiella (Figure 1). The Dinoflagellates cysts found in 
the study site mostly belongs to a genus that has the potential to cause HAB, both from the red tide maker group 
(Cochlodinium, Gonyaulax, Gymnodinium, and Scrippsiella) and toxin producer group (Alexandrium, Gonyaulax and 
Gymnodinium) (GEOHAB ,2001). The cyst abundance value obtained at each station ranges between 40-236 cysts/ ml. 
The station with the highest abundance value was station 5 (236 cysts/ml), whereas the station with the lowest 
abundance values was station 3 (40 cysts/ml).  

Figure 1. Dinoflagellates cyst identified during the study (A) Alexandrium; (B) Cochlodinium; (C) Diplopsalis; (D) 
Gonyaulax; (E) Gymnodinium; (F) Polykrikos; (G) Protoperidinium; (H) Scrippsiella. 

 
Genus with the highest abundance value was Alexandrium (324 cysts/ml) and the lowest was Diplopsalis (4 

cysts/ml). Cyst from the genus Gymnodinium was found in all station of the study site, while cyst from the genus 
Cochlodinium and Diplopsalis was found only at station 5 and 4, respectively (Table 1). The highest abudance value was 
located at stations 4 and 5 with a value range of 197-236 cysts/ml. Furthermore, the distribution of the abundance 
exhibit a gradual decrease pattern towards stations 3, 6, and 9 (Figure 2).       
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Tabel 1. Cyst abundance value obtained during the study. 

 
Cysts are hydrodynamic and its weight are more or less equal with the weight of silt particles, thus making it easily 

influenced by water turbulence and flow dynamics (Matsuoka & Fukuyo, 2000; Narale et al., 2013). The distribution 
pattern was most likely influenced by the current flow. The current pattern of the season is one of the factors that could 
affect the distribution pattern of cysts accumulated in the sediment. At the time of data collection in the study site, in 
October 2014, the current pattern of The Indonesian water was still affected by north-east monsoon. The direction of 
the current flow recorded during research also shows that the flow leads to the western part of the study site.  

Cysts are hydrodynamic and its weight are more or less equal with the weight of silt particles, thus making it easily 
influenced by water turbulence and flow dynamics (Matsuoka & Fukuyo, 2000; Narale et al., 2013). The Jakarta Bay, 
espescially in its central region, has a very high nutrient inputs derived from 13 estuaries from major rivers located in 
The City of Jakarta such as the Citarum, Ciliwung and Cisadane rivers.  This nutrient enrichment will cause the waters to 
become a very flourished region for the growth of phytoplankton, so the potential for blooming occurrence in the area 
is very high (Praseno & Kastoro; 1979). According to Nehring, 1993 waters near estuaries were areas that supports the 
mass population growth of phytoplankton, in this context, Dinoflagellates. Generally, after the occurrence of blooming, 
the nutrient levels in the waters will deplete after the nutrient substances were consumed by the blooming 
phytoplanktons. The population growth rate would decrease and would gradually stop. Under this environmental 
stress, Dinoflagellates will reproduce sexually to  form cysts (Kremp & Heiskanen, 1999). Pospelova et al., 2005 states 
that the rate of cyst forming or encystment in estuarine areas is likely to be high. It is a possibility that the mass 
encystment happened in the central region of the Jakarta Bay where there were frequent occurences of algal blooming. 
The cysts formed were then swept to the east region by the current flow and accumulated on the sediments at the study 
site. Based on the analysis performed on the sediment particles, the sediment in the study site belongs in silt group. 
Tyson, 1994 stated that cysts are generally easily concentrated in sediments with a finer particle size.  
The cysts that were carried by the current was accumulated in the stations on the western part of the research area, 
namely stations 1, 4, 5, and 7, which were also the stations with the highest average of cyst abundance value. These 

Figure 2.  Distribution map of HAB causing Dinoflagellates’ cysts abundance at the study. 
site 
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stations, other than located nearest to the suspected area where the cyst was formed, were also stations in which the 
mussel culture structures were sparse, as the area was intended for boat traffics. The higher cyst abundance values at 
these stations may also be the result to the retention of the current flow by the culture structures. Stations 3, 6, and 9 
were the stations located in the denser part of green mussel culture areas, The dense culture platforms could halt the 
the current flow which moves towards the western part of the research area. This caused the cysts, which were carried 
by the current flow, be deposited and accumulated in the sediments of stations 1, 4, 5, and 7. 

3.1. Environmental factors and their relation to the distribution of the abundance of Dinoflagellate cysts by Principal 
Component Analysis (PCA) 

Environmental factors were measured at two depth levels at and were analyzed using Principal Component Analysis 
(PCA). The PCA analyisis resulted in matrix with three factorial axises which has the greatest variance value. The first 
factorial axis has a value range of 34.9%, the second factorial axis has a value range of 21%, and the third factorial axis 
has a value range of 15.3%. The total variance value of the three axes is  71.2%. Variance value for axis 1-2 is 55.9%. 
The grouping of stations and environmental factors variables based on the PCA graph on the axis 1-2 and 1-3 showed 
that the 1+ axis are represented by stations 1, 4, and 7 and environmental factors current velocity, brightness and depth 
variables. This concluded that stations 1, 4 and 7 are characterized by environmental factors current velocity, 
brightness and depth.  This could be due to the three stations location in the easternmost area of the research sites. This 
location is most affected by the current flow in the Jakarta Bay waters which moves eastward towards the research 
location.  

The 1- axis is represented by stations 2, 3, 5, and 6, and environmental factors DO, light intensity and temperature. 
As seen on the axis 1-2 graphs (Figure 3), station 6 at depth 1 represents axis 1-, whilst depth 2 represents axis 2-. But 
according to 1-3 axis graphs (Figure 3), Station 6 represents the axis 1- along with stations 2, 3, and 5. This concluded 
that stations 6, along with stations 2, 3, 5 are characterized by the environmental factors under the same variable 
groupings on axis 1-, which are DO, light intensity and temperature. This could be due to the four stations location near 
the mainland, which is generally characterized by high dissolved oxygen, temperature, and light intensity in the water 
body (Rukminasari, 2011).  

On the PCA axis 1-2 axis, the axis 2+ was represented by station 8 as well as salinity, while the 2- axis was 
represented by station 9 and pH. However, on the 1-3 axis, stations 8,9, as well as environmental factors pH, salinity 
wer grouped under axis 2+, which concludes that stations 8 and 9 were characterized by environmental factors pH and 
salinity. The high pH value and water salinity were the characteristics of water body with less influence of the 
mainland, which stations 8 and 9 represents (Rukminasari, 2011). 

Cysts with the widest distribution pattern in the study site is from genus Gymnodinium. Gymnodinium cysts are 
found in every station of the study site. Gymnodinium is a genus of a cosmopolite Dinoflagellates with a high tolerance 
to varying environmental conditions. The wide distribution of Gymnodinium cyst is generally attributed to the tolerant 
nature of the genus (Fjellså & Nordberg, 1996; Targarona et al., 1999). Based on the PCA result, Gymnodinium is a cyst 
genus characterized by all the environmental parameters measured during the study. Planktonic Gymnodinium is often 
observed in the waters of Jakarta Bay (Thoha et al., 2007). Based on the data of the phytoplankton that were taken 
during the study, the planktonic cells of Gymnodinium was found with 40 cells/L of total abundance. Mulyani, 2012 also 
found planktonic Gymnodinium in the study site in the period of October 2011 with the total abundance of 3931 cells/L. 
Based on the extent of Gymnodinium cyst distribution and its nature to be characterized by all of the environmental 
parameters measured, thus the potential for the occurrence of Gymnodinium blooming in the study site is high. 
Gymnodinium cyst has an overall high abundance value (236 cysts/ml) in the study site. The highest abundance value of 
Gymnodinium cysts was found at station 1 (48 cysts/ml). Based on the PCA results, station 1 is characterized by current 
velocity, depth, and brightness. Current velocity could attribute to the wide distribution of Gymnodinium cyst at the 
study site (Kurniawan, 2008). 

Cyst from the genus Alexandrium also has a wide distribution on the study site. Alexandrium cysts are found at 
stations 1, 2, 4, 5, 6, 7, 8, and 9, which means that the Alexandrium cysts can be characterized by all of the 
environmental parameters measured during the study. Alexandrium is a genus with high adaptivity and is able to 
withstand the varying environmental conditions of the habitat in a long term period (Okaichi, 2003). It is likely that an 
Alexandrium blooming occured in the Jakarta Bay, and consecutively formed cysts. Based on the phytoplankton data 
taken during the study, Alexandrium planktonic cells was not found, which is possibly because the Alexandrium is still in 
its dormant stage (cyst phase) of its life cycle and have yet to germinate. Based on research by Thoha & Rachman, 2012, 
regularly, Alexandrium planktonic cells in the Jakarta Bay reaches a relatively high abundance in the September-
November period, with the value of the highest density of up to 5 × 106 cells/m3 in October. This high cell density could 
cause oppressive environmental condition to the planktonic cells, triggering it to reproduce sexually to form cysts. 
These cysts formed on post-blooming period is likely to be carried away by the currents of east monsoon season, 
causing the high abundance of cysts at the research sites.  

Alexandrium cysts has the highest abundance value among other cyst genus found during the study (324 cysts/ml). 
The abundance value was highest at station 4 (128 cysts/ml). Station 4 was characterized by current velocity, 
brightness and depth. The high value of Alexandrium cysts abundance at station 4 associated with the high current 
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velocity in the station, explains the wide distribution of the Alexandrium cysts. The high value of abundance and the 
wide distribution of the Alexandrium cysts, and its property to be characterized by all environmental parameters, can 
promote to the  high blooming potential of Alexandrium in the study site.  

 

 
Figure 3. Study result PCA Graph; Axis 1-2 (Upper); Axis 1-2 (Lower). 

 
Another cysts genus which also has a wide distribution on the study site is of the genus Scrippsiella. Scrippsiella cyst 

was found at stations 1, 2, 4, 5, 6, 7, 8, and 9. Based on the PCA, this means  that the Scrippsiella cyst is also 
characterized by all of the environmental parameters measured during the study. Scrippsiella is also one of the 
cosmopolite genus (Mohamed & Al-Shehri, 2011). According to Binder & Anderson, 1987, Scrippsiella doesn’t have any 
specificity to certain environmental factors in its dynamics of encystment and excystment. Scrippsiella cyst has a quite 
high abundance value in the study site (244 cysts/ml) with the highest abundance value found at station 7 (80 
cysts/ml). Based on the PCA results, station 7 is characterized by environmental factors current velocity, depth, and 
brightness. Kurniawan, 2008, stated that Scrippsiella cyst is one of the  dominating genus  found in the sediment of the 
Jakarta Bay. The planktonic cells of Scrippsiella is likely to have occured a blooming in the Jakarta Bay area, then 
reproduce sexually and formed cysts. The cysts were then transported by the current flow towards the study site and 
accumulated in the sediments, as with the case of Gymnodinium and Alexandrium. 
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 Polykrikos cyst was found at station 1, 4, 5, 7, and 9. The PCA also showed that the cyst genus is characterized by all 
the environmental parameters measured. Polykrikos cyst dominate station 1 with the abundance value of 64 cysts/ml. 
Based on the PCA, station 1 is characterized by environmental factors current velocity, depth, and brightness. 
Pospelova et al., 2005: 38 stated that the genus Polykrikos cysts are commonly found in waters with high nutrient 
content, or eutrophicated waters. Eutrophicated waters of Jakarta Bay are likely to support the existence of the 
Polykrikos cyst.  

Cochlodinium cyst was found only at station 5 with the highest abundance value of 80 cysts/ml. Based on the PCA, 
station 5 is characterized by DO, light intensity and temperature. These  three factors are the main factors that could 
induce cyst germination (Anderson et al., 1995). According to Anderson, 1998, temperature and light intensity are the 
factors that affects the maturation rate of the Cochlodinium cyst, while the main environmental factor that influence the 
induction of germination is the availability of oxygen. The temperature value at station 5 is 30º C at depth 1 and 31º C 
at depth 2. The temperature value is ranged in the optimum temperature for Cochlodinium cyst germination, as stated 
by Hallegraeff et al., 1998, that the optimum temperature range for germination of Cochlodinium is >15º C and >30 º C 
in the waters of subtropical - tropical. DO levels in the waters of station 5 is situated at 14.3 and 12.4 mg/L. It is ranged 
into the optimal value of DO for germination (> 0.5 mg / L) (Rengefors & Anderson, 1998). The environmental factors 
that characterizes station 5 (DO, light intensity and temperature) are all factors that promote the germination process 
(Anderson et al., 1995).  The Cochlodinium cysts which were found at the study site has yet to germinate, which could 
likely be caused by the maturation period. The Cochlodinium cysts found at the study site hasn’t reached its maturation 
period. A cyst will pass through a period of maturation before it can germinate, inducted by supporting environmental 
factors (Hallegraeff et al., 1998; Bravo & Figueroa, 2014). With the abundance value of the Cochlodinium cyst which 
were relatively high in station 5, as well as the environmental factors suitable for germination, there is a high blooming 
potential for Cochlodinium at station 5 are of the study site.  

In addition, there are several genera of cysts that are only found in certain stations and discovered at low abundance 
value, namely Protoperidinium, Diplopsalis, and Gonyaulax. Protoperidinium cyst was found at stations 1, 3, 4, 5, 6, and 7. 
Protoperidinium cysts are found in low abundance value in all the stations (≤16 cysts/ml). Protoperidinium cysts are 
generally found in small amounts in the sediments of  contaminated waters (Mohamed & Al-Shehri, 2011). Diplopsalis 
cysts are found only in station 4 with the abundance value of  4 cysts/ml. Diplopsalis is a Dinoflagellate genus commonly 
found only in small quantities in cyst population studies (Anderson et al., 1994). Gonyaulax cysts are also found only at 
stations 5 and 7 with abundance value of 4 and 8 cysts/ml, respectively. Gonyaulax cysts are greatly influenced by 
nutrient levels specifically phosphate (Godhe & McQuoid, 2003) that are not measured at the time of data collection. 
Stations 1, 3, 4, 5, 6, and 7 in which these genera of cysts was found, are characterized by environmental factors such as, 
DO, light intensity, temperature, current velocity, brightness and depth. However, although characterized by 
environmental factors that favors the germination of cysts, all three genera has a low value of abundance, making it of a 
low risk blooming potential. 

4. Conclusion 

There are 8 genera of Dinoflagellates cysts found in the study site, namely Alexandrium, Cochlodinium, Diplopsalis, 
Gonyaulax, Gymnodinium, Polykrikos, Protoperidinium, and Scrippsiella. Among the genus identified, five of which are of 
the HAB causing genus: Alexandrium, Cochlodinium, Gonyaulax, Gymnodinium, and Scrippsiella. Genus with the highest 
abundance is Alexandrium lowest abundance is Diplopsalis. Distribution pattern indicate a gradual decrease of 
abundance westward of the research station. The environmental factors that mainly affects the distribution of cysts in 
the study site is current. Factors that may affect the germination of cysts are DO, light, and temperature, especially at 
station 5, where the station is characterized by the environmental factors that induce germination so the potential of  
blooming occurence by a HAB causing genus, Cochlodinium, in the area is relatively high. Although, to determine 
further, it is necessary to conduct further research on the temporal distribution of HAB causing. Dinoflagellates cysts in 
the study site. 
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Abstract 

The Ecosystem Approach to Fisheries Management (EAFM) advocates a holistic approach to resources management that recognizes 
maintenance of ecosystem functions and services as a primary objective for fisheries management. There are 6 domains and several 
indicators to implement EAFM, such as habitat and ecology, fish resources, fishing technology, economy, social, and institution. 
Among 6 EAFM domains, fisheries resources domain evaluated in Labuan Beropa waters as a basis for fisheries management. We 
analyzed 6 indicators, there are standard catch per unit effort (CPUE), fish size, juvenile caught proportion, species composition, 
range collapse, and reef fish density. This study was conducted on April to July 2014. Data were collected by direct observation of the 
capture caught by fisherman and depth interview with some of respondents. Evaluation results showed that CPUE has decreased 
slightly (<25%/year) for longline and drastically (>25%/year) for kedo-kedo. In addition, the mean size of  catch fish decreased, 
proportion of juvenile caught are <30% of total catch, composition of target fish was captured are >30% of total catch, range collapse 
become more difficult than before, and reef fish density was <10 ind/m2. EAFM obtained in Labuan Beropa waters generally at 
moderate category, even though some others still had bad scores which need more management strategies for sustainable 
utilization. 
  
©2017 The Authors. 
Peer-review under responsibility of the authors of ICM-MBT 2016. 
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1. Introduction 

Coral reefs provide a variety of goods and services, which create economic benefits to society (Erdmann et al., 
2002). Coral reefs provide shelter for a wide variety of marine life, provide humans with recreation, a valuable source of 
organisms for potential medicines, create sand for beaches, and serve as a buffer for shorelines. But, coral reefs are 
being degrade by an accumulation of stresses arising from human activities, such as fishing activities (destructive 
fishing practice and overfishing), pollution (run-off and land-base), coastal development, tourism overuse, and climate 
change (Erdmann et al., 2002), invasive species, ocean warming, increasing incidence of coral disease, and the role of 
hurricanes (Jackson et al., 2014).  

Fishery resources have been a crucial sources of food for people in the world (Doungsuwan et al., 2013). High 
population growth rates have resulted in an increasing food requirement, and this includes demand for fish. So that, 
human increasing the fishing effort, and it results in declining harvestable stock and make overfishing occurred. It leads 
to the reduction or even disappearance of reef fish. In addition, destructive fishing practice such as used of explosive, 
heavy contacting gear, blast and cyanide, muro-ami nets, etc. include well-known problems. They also changes the 
ability to sustain the original diversity of reef fish species and may lead to changes the structure, function, and the 
ability of ecosystem, such as hard coral communities to provide services to society (Erdmann et al., 2002).  
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Habitat loss in coastal area as a result of land clearing and agricultural activities also contribute to this treat. They 
could be a source of pollution sediment that lead to increasing nutrient run-off and impact on beach habitats. Some 
sediment and pollution come from activities near the shore, while others originate from far inland and transported by 
rivers. Erdmann et al., (2002) said that a combination of high levels of fishing pressure (destructive fishing activities) 
and habitat damage (pollution, climate change, and agricultural) results in declining catches and reduces stock sizes of 
reef fish to level insufficient to ensure reproduction. 

All of this condition give an impact to reef fish, so we need to evaluate the status of reef fish according to domain 
criteria of fish resources in ecological approach fisheries management (EAFM). EAFM is an integrated approach the 
availability of a set of ecological indicators with is reference values play important role (Garcia & Cochrane, 2005). 
EAFM requires that fisheries should be managed to limit their impact on the ecosystem (Zhou et al., 2010). Several 
basic-principle to implement EAFM are to limit the impact of fisheries to the marginal ecosystem toleration, protection 
of ecological interaction between resources and its environmental, compatibility of management tools for all kind of 
fish, cautiousness in decision making process, and assurance of balancing human needs and ecosystem (Budhiman et 
al., 2011). 

EAFM in Indonesia has 32 indicators represented 6 domains of habitat and ecology, fishery resources, fishing 
technique, economic social, and institutional (Hutubessy & Mosse, 2015). Budhiman et al., (2011) said that around 40% 
(13 indicators) related to fishery resources domain. So, fish resources with 6 indicators will be discussed in this study.  

Labuan Beropa Waters were located in Southeast Sulawesi. The waters have a great potential of coral reef, where the 
coastal community have depend their life on that. To maintain the continuity of the fishing activity in there, we done the 
study with purpose to evaluate the status of reef fish in Labuan Beropa Waters according to fishery resources domain, 
consisted of CPUE, fish size, juvenile caught proportion, species composition, range collapse, and reef fish density. 

2. Material and Methodes  

This study was done in Labuan Beropa Waters, South Konawe Regency, South East Sulawesi Province from April-
July 2014. Data were collected by direct observation and depth interview with stakeholders. Direct observation aimed 
to collect the actual data of fishing activities. Depth interview aimed to collect the previous data and stakeholder’s 
opinion about coral reef utilization.  

Data collected relating to fish resources domain include CPUE, fish size, juvenile caught proportion, fish 
composition, range collapse, and density. CPUE analyzed by dividing the total catch to the sum of effort (Gulland, 1983). 
The gear fishing were used to catch the reef fish in Labuan Beropa Waters are longline and kedo-kedo. Fish size is 
obtained by measure the total length of fish. We measured the total length 88 of Lutjanus argentimaculatus and 62 of 
Plectropomus leopardus.  

The idea of managing the fisheries based on the first size of mortality (m50%) is to give the whole fish reproduction 
opportunity to save the population. So, we analyzed 100-300 of fish to check the proportion of juvenile and matured 
fish. The first length mature of fish analyzed according the formula (Tokai & Mitsuhashi, 1998). Then, we done 
observation to know the catch composition, we separated the target species and bycatch. Range collapse indicate the 
difficulty of fisherman to get the fish or how far they went to catch the fish. So, we interviewed some of respondents to 
get the information about fishing ground. Density of reef fish counted by under water visual census (English et al., 
1994).  

All of the indicators will be analyzed and the aggregate composite value was given by scoring criteria. The aggregate 
value given according to table of professional judgment by KKP-RI, WWF, P4KSI, TNC-IMP, IPB, and others college 
(2013) in decree of the Director General of Fisheries No 18/KEP-DJPT/2014. The scoring was given then compared to 
flag model (Table 1). 
 

Table 1. Flag model 
 

 Aggregate composite value Flag Model Description 

100-125 
 

Very Bad  

126-150 
 

 Bad 

151-200 
 

 Moderate 

201-250 
 

 Good 

251-300 
 

 Very Good 
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3. Result and Discussions 

3.1 Result 
 
General Condition of Labuan Beropa Waters 

Labuan Beropa Water located in Laonti District, South Konawe Regency. It is bound by Sterring Bay to West, 
Wawonir Strait to East, Saponda Village to North, Tambeanga and Labutaone Village to South. The area of coastal of 
Labuan Beropa Waters around 20 km2 and there are 210 head of family.   

In general, the livelihood of Labuan Beropa community are fishing. Fishing gear used are fishing rod of octopus and 
squid, papalamba, fishing line, trap, gillnet, spear, arrow, longline, sero, and kedo-kedo and dominated by longline, kedo-
kedo, and papalamba. Papalamba used to catch the pelagic fish, such as mackerel and flying fish. Longline and kedo-kedo 
used to catch the reef fish, such as snapper and grouper fish. Kedo-kedo has a shape similar to trolling line. So, we 
focused analyze the longline and kedo-kedo gear fishing. Fishing activities in Labuan Beropa categorized as traditional 
and small-scale fishing. Fisherman haven’t an open access to market, so they must sell the catch to collector with a low 
price.  
 
Catch per Unit Effort (CPUE) Indicator 

Although CPUE provides limited information about the effect of fishing and generally cannot provide information 
needed to assess and manage the communities or ecosystems, because the relative catchability of the various species is 
generally unknown (Hampton et al., 2005; Maunder et al., 2016). But, for many fish stocks, it is not practical to collect 
fishery-independent data (ex. by trawl surveys), so CPUE data used as an index of abundance is based on a fundamental 
relationship widely used in quantitative fisheries analysis.  

The data showed that average CPUE of the catch in Labuan Beropa Water are 4.95 kg/trip for longline and 1.57 
kg/trip for kedo-kedo. If we compared with the data in 5 years, we know that CPUE has decreased slightly, where the 
CPUE of this catch are 6.58 kg/trip for longline and 2.25 kg/trip for kedo-kedo. From the depth interview, around 
41.67% of respondents told that the catch has decreased than before, 54.17% has no problem with the catch, and 
4.17% of them told that the catch increased than before (Fig. 1a). According to this result, CPUE got the score 2 
(decreased slightly) (Table 4). 
 

a  b  

c  d  

 
Figure 1. Proportion of responds from the respondents: a. CPUE; b. Fish size; c. Composition; d. Range collapse 

 
Fish Size Indicator 

Size-based indicators have received considerable scientific attention for characterizing fish community dynamics in 
a context of overexploitation. Stock defined as a part of the population considered to be a unit for fisheries 
management. Stocks can be defined on the basis of the spatial distribution or other characterization (Hutubessy & 
Mosse, 2015).  

As mentioned before, snapper and grouper fish are economically important catch of reef fish in Labuan Beropa 
Waters. From the measurement, we know that the size dominant for snapper and grouper fish are 50-62 cm and 38-42 
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cm, respectively (Fig. 2). If we compared with the data in 5 years, we know that the size of snapper and grouper 
decreased than before. From the depth interview, 70.83% of respondent said that the fish size is getting smaller than 
before, 25% of them said they get fish with the same size as before, and 4.17% said the fish size of fish caught has 
increased (Fig. 1b). According to the aggregate table, fish size got the score 1 (the fish size decreased than before) 
(Table 4).  
 

a b 
 

Figure 2. Size of fish caught in Labuan Beropa Waters  
(a. Lutjanus argentimaculatus, b. Plectropomus leopardus)  

 
Juvenile Caught Proportion Indicator 

Juvenile defined as fish that under length first maturity. Size at 50% maturity (L50) is commonly evaluated for wild 
populations as a point of biological references (Roa et al., 1999). Indicator of juvenile caught proportion closely relate 
to previous indicator with size-selective as the assessment. Avoiding juveniles has been justified to let the fish 
reproduce at least once before they are harvested (Sissenwine & Shepherd, 1987).  

The data showed that juvenile caught proportion was low, around 13-25% of total catch (Table 2). Although it’s 
higher than data in 5 years, but this proportion categorized as low (<30%). The score of this criteria is 3 (Table 4).  
 

Table 2. Juvenile proportion caught in Labuan Beropa Waters 
 

Month 
Juvenile Mature Fish 

Total Number 
Ind % Ind % 

April 44 24.04 139 75.96 183 
May 60 18.35 267 81.65 327 
June 31 13.9 192 86.1 223 
July 55 19.71 224 80.29 279 

 
Species composition Indicator 

The success fishing indicated by target species more than bycatch (non-target species). Table 3 show that more than 
50% of total catch are target species, include Carangidae, Serranidae, Lutjanidae, Mullidae, and Siganidae. From the 
depth interview, we know that more than 95% of respondents got the target species higher than bycatch (Fig. 1c).  
According this condition, score of this criteria is 3 (>30% of total catch are target species) (Table 4).  
 

Table 3. Reef fish composition that caught in Labuan Beropa Waters 
 

No Family Species ∑ ind 
Composition (%) 

Description 
Species Family 

1 
Carangidae 

Caranx ferdaus 16 1.58 
3.46 Target 

2 Caranx sexfasceatus 19 1.88 

3 

Serranidae 

Cephalopholi boenak 78 7.72 

30.07 Target 

4 Cephalopholi sonnerati 11 1.09 

5 Epinephelus coioides 26 2.57 

6 Epinephelus areolatus 3 0.30 

7 Epinephelus howlandi 13 1.29 

8 Epinephelus ongus 13 1.29 

9 Epinephelus quoyanus 19 1.88 

10 Plectropomus pessuliferus 59 5.84 

11 Plectropomus leopardus 62 6.13 

12 Plectropomus areolatus 9 0.89 

13 Plectropomus oligacanthus 11 1.09 
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No Family Species ∑ ind Composition (%) Description 

14 
Lutjanidae 

Lutjanus argentimaculatus 88 8.70 
11.67 Target 

15 Lutjanus bohar 30 2.97 

16 Lethrinidae Letrinus microdon 4 0.40 0.40 Non-Target 

17 

Nemipteridae 

Nemipterus balinensis 205 20.28 

35.51 Non-Target 
18 Nemipterus japonicus 85 8.41 

19 Scolopsis ciliate 24 2.37 

20 Scolopsis affinis 45 4.45 

21 
Priacanthidae 

Priacantus humrur 19 1.88 
6.63 Non-Target 

22 Cookelous japonicus 48 4.75 

23 
Mullidae 

Parupeneus barberinus 22 2.18 
6.92 Target 

24 Upeneus tragula 48 4.75 

25 
Haemulidae 

Plectorhinchus lineatus 4 0.40 
1.78 Non-Target 

26 Plectorhinchus chrysotaenia 14 1.38 

27 Synodontidae Saurida tumbil 26 2.57 2.57 Non-Target 

28 Siganidae Siganus argenteus 7 0.69 0.69 Target 

29 Sphyraeinidae Spyraena barracuda 3 0.30 0.30 Non-Target 

Total   1011 100 100 
  

Range Collapse Indicator 
Range collapse indicates that how far or how difficult the fisherman to get the catch. It correlates with the total 

catch, fish size, and fish composition that caught by fisherman. If they cannot get a catch in one fishing ground, they will 
find the new one. And the depth interview showed that more than 75% of respondent getting more difficult to get the 
target than before (Fig. 1d). They must change the location of fishing ground, more far from the shore. So, we give the 
score for this criteria is 1. 
 
Density Indicator 

Density defined as how many fish can be found in the certain area. If we can found many fish, it indicates that fishing 
activities still in under exploitation and the ecosystem still health. The direct observation showed that the density of 
reef fish in 2010-2014 fewer than 10 ind/m2. It indicates that Labuan Beropa got high fishing pressure. The score of this 
criteria is 1 (Table 4).  
 

Table 4. The scoring for the criteria of fish resources domain 
 

Indicator Condition Score Weight Value 

CPUE The effort fishing more than before, but the catch decreased slightly. 2 40 80 

Fish Size The target fish size declined, the big fish more difficult to find. 1 20 20 

Juvenile Caught 
Proportion 

The juvenile that caught was lower if compared with total catch.  
3 15 45 

Fish composition 
‘Kedo-kedo’ caught 100% target species and the other gear fish 
caught more than 95% target species.  

3 10 30 

Range collapse Fishing ground more far from the shore more difficult to find.  1 8 8 

Density Density of target fish in Labuan Beropa < 10 ind/m2. 1 2 2 

Minimum  
  

100 

Maximum  
  

300 

Agregat  
  

190 

 
3.2 Discussions 
 

There are three main aspects of the footprint of fisheries on ecosystems, there are gear impact on habitat, mortality 
because of bycatches of other marine organism, and indirect trophic impact because of the altered abundance of 
targeted and bycatch species (Rice, 2011). EAFM introduces a series of modification to conventional fisheries 
management to improve performance and contribute to sustainable development. EAFM concerned with the 
relationship between fishing activities and the ecosystem as a whole (Hutubessy & Mosse, 2015). 

EAFM balances the social-economic purposes in fisheries management (community welfare, etc.) while considering 
the uncertainty about biotic and abiotic components, and human interaction in ecosystem through a fisheries 
management that integrated, comprehensive, and sustainable. CPUE covered 6 domain, one of them is fishery resources 
domain conclude some of indicators such as CPUE, fish size, juvenile proportion, fish composition, range collapse, and 
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density. Indicators are data or combination of data collected and processed for a clearly defined analytical or policy 
purpose (OECD, 2002).  

CPUE is already a standard tool among biologist to determine developments in fish stocks and among economist as 
an indicator for the efficiency of the fishing operation. CPUE is taken an estimate of stock size (Petrere et al., 2010). 
CPUE data in Labuan Beropa Waters decreased than 5 years data indicate that utilization of fish resources increased.  

High utilization of fish resources indicated by more and more small fish caught. Consequently, juvenile caught 
proportion is greater than the mature fish. Even though, to maintain the sustainability, we suggest that the fish caught 
should have spawned at least one for regeneration.  

Size is the single most important parameter governing biological (recruitment, growth, spawning until mortality, 
either length or weight of an organism) and ecological (predator-prey interaction) (Hutubessy & Mosse, 2015). Size can 
be an indicator of overfishing as well as statement of Charles (2001) that overfishing marked by the fish size became 
smaller, more difficult to catch the fish, and the target species decreased than before. The result show that the size 
became smaller, indicate that overfishing started.   

All fishing gears produce bycatch because fishing gears are not perfectly selective. In selective fishing, composition 
of target species should be higher than bycatch. Bycatch, define as non-species plus incidental bycatch, is perceived as a 
negative impact of fishing by accelerating the depletion of fish stock. If juvenile and bycatch was caught more than 
before, it indicates that the target species began decline.  

Beside the size of fish caught decreased and the number of juveniles and bycatches increased slightly, the fisherman 
will be more difficult to catch the fish. They must went further from the shore to find a new fishing ground. In Labuan 
Beropa, the fisherman must went to Wawonii Waters, even Muna Regency and Buton Strait recently.  

All of the indicators showed that the fishing pressure in Labuan Beropa Waters increased. If we compared to flag 
model, we know that Labuan Beropa categorized in the medium Category. It means that Labuan Beropa must improve 
their fisheries management. 

4. Conclusions 

According to this study, we conclude that CPUE relatively decreased slightly, the average size of the fish caught is 
getting smaller, the proportion of fish juvenile caught was low, the species composition dominated by target species, 
the level of difficulty finding a fishing ground more difficult, and reef fish density <10 ind / m2. In general the results of 
the analysis using a flag model to the domain status of fish resources in the Labuan Beropa waters classified in the 
medium category with a composite score were 190 and marked with bright yellow flag.      
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Abstract 

Global studies show that women and men interact with marine and coastal resource directly in different ways. This encourages both 
gender, women and men, to participate more actively in coastal and marine resource management. This study assesses the 
participation of women in coastal and marine protected area management in Indonesia by assessing the perception of management 
authority in encouraging both gender women and men participation. The data gathered through questioner to management 
authority of coastal and marine protected areas in 2014. There were 24 protected areas in Indonesia involved in this study, 
especially the district managed protected areas in western and eastern Indonesia. The study found the perception of authority in 
encouraging both gender women and men participation in protected area management that both gender including women should be 
involved. By contract, the study revealed that women were less participated in protected areas management although they 
conducted activities in and around the protected areas. This study shows the perception of authority and policy should be translated 
in practical manner to be implemented in order to gather gender equality and encourage women participation in coastal and marine 
protected areas management.   
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1.  Introduction 

Managing the coastal and marine protected areas are about managing the behavior of all users in relation to coastal 
and marine resources (Hilborn 2007; Acheson 1981). Incorporating biology, social, cultural and economic factors in 
balance influences to get the MPAs success (Bunce et al 2000; Christie 2004; Fox et al 2012). A well designed MPAs that 
are planned through participatory process and community participation in decision making are variables significantly 
contributed to the success of managing MPAs (FAO 2011; Andrade and Rhodes 2012). Recognising the key stakeholder 
groups and facilitating their participation in decision making processes are critical to effective fisheries resource 
management (Pomeroy and Douvere 2008). Fishers are one of the main stakeholder groups should be considered in the 
establishment, as they benefit and likely to have a direct impact due to the establishment (Fitriana 2014). Local fishers 
have different characteristic. Actors in fishing and related activities also include women and men (Fitriana and Stacey 
2012). Therefore both gender, women and men should be recognized as one of key stakeholder groups.  

Both Gender, men and women, are acknowledged as the actors in fishing industry worldwide (Williams 2010; 
Weeratunge et al 2010). However, men and women have different roles in relation to exploring marine and coastal 
resources. For example, women mostly fish in intertidal waters using hook and line and dugout canoe or without boat, 
collect shells and small fish in intertidal waters and mangrove areas, invertebrates in Zanzibar (Matsue et al 2014; 
Nordlund et al. 2010), and play a significant role in processing or selling fish catches (Salagrama and Salka, 2010; 
Kusakabe 2013 ). The descriptive details of women’s often distinct fishing practices nonetheless provide important 
ecological information with implications for understanding the human role in marine ecosystems (Kleiber et al 2014). 
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Gender differences in knowledge of marine and coastal resources is also related to gender divisions of labour and 
gendered spatial knowledge. The exclusion of gender analysis for coastal and marine resources management results in 
underestimating the diversity of users, habitat targets by fishers and link between human and marine and coastal 
environment. Including women’s activities is thus crucial to understanding human role in marine ecosystems. 

Despite the dependency of both gender men and women on the coastal and marine resources for food security. 
Insufficient attention is paid to the gender issues that affect fishing communities. There is relatively little specific 
recommendations on how to effectively encourage both gender men and women equally in the management of coastal 
and marine protected areas. Razavi and Miller (1997) advised women also have community management roles. 
Therefore gender equality is important in the process of establishment. Gender equality refers to the equal rights, 
responsibilities and opportunities of women and men, girls and boys. Equality implies that the interests, needs and 
priorities of both women and men taken into consideration, recognizing the diversity of different groups of women and 
men (UNEG 2011). This also means that women have the same opportunities in participation in the public sphere. Both 
gender opinions are heard, and concerns are fully taken into account in decision making process (GAD objective). 
However, as warned by Choo et al (2008) women often lack decision-making power in community resources 
management and this deprives women of access to resources in water bodies. This paper tries to look at how gender 
balance in management of coastal and marine resources in Indonesia.  

Fishing and trading of fish have been an integral part of many coastal communities in Indonesia. About 95% of the 
country's fishery production comes from artisanal fishers that use a variety of fishing gears. Around 2,857,627 
households depend their livelihoods on wild captured fishing (MMAF 2014). Although there is no indicative number of 
fisherwomen in Indonesia, fisheries are an important element of Indonesia´s culture, food intake, employment and 
economy. In Indonesia, women involve in several fishing activities. At pre fishing stage, women help their siblings in 
eastern Indonesia (Fitriana and Staecy 2012). At fishing stage, women do fish in coastal areas in Eastern Indonesia 
(Fitriana and Stacey 2012). At post harvesting stage, number of women involved in processing in the fishery sector 
around 6,781,990 women which contributed to 68% of labour in 2011 (MMAF-P2HP 2012). Furthermore, more women 
act as local traders in Indonesia (Fitriana and Stacey 2012; Anna 2012; Saputri 2012). 

The ministry of Marine Affairs and Fisheries (MMAF) Indonesia committed to mainstream gender considerations in 
all efforts. The gender mainstreaming policy in MMAF Indonesia is an umbrella to enhance the participation of both 
men and women for the opportunity to contribute and benefit equally from all programmatic and project levels. This 
policy also applies to marine and coastal resources management. The Government of Indonesia explicitly pay attention 
to the role of women in marine and coastal resources at the same time recognizing the roles of both gender in this 
sector.  
While recognizing the gender mainstreaming in the policy, at practical level is still a challenge.  Therefore, the aim of 
this study was to investigate and expand the understanding of participation of both gender women and men in coastal 
and marine protected areas in Indonesia. This study also explores the perspective of management authority in 
encouraging both gender participation in the process of the establishment of MPAs. In this paper, we assessed the 
representation of women in the organization, perception of management authority on women activities that relates to 
marine and coastal resources, local institution, degree of participation of both gender women and men in the process of 
marine conservation establishment, is it important to involve both gender in the process of establishment and impact of 
establishment of marine conservation areas to both gender. 

2. Material and Methodes  

The primary data used in this paper were gathered through questioners. We designed a questionnaire with  five  
sections: (i) respondent and their organization background information; (ii) women related to marine activities; (iii) 
customary institution and local initiatives to marine resources; (iv) perception on the participation of both gender in 
the establishment of marine protected areas; (v) impact of the establishment to both gender women and men. To avoid 
misunderstandings of concepts related to participation and its process, these concepts were explained to individual 
respondents  prior  to  application of the  questionnaire and then followed up discussion to clarify answers in the 
questioners.  

Questionnaires were responded individually in all. There were 25 questioners were returned and represented 24 
management authority of district managed marine conservation areas in Indonesia in August 2015. The respondent 
were mostly the head of management authority or person who responsible towards the establishment of protected 
areas. Out of these, three questioners were filled by female and 22 questioners were filled by male staffs. The data were 
also complemented with available reports and policy analysis of a broad spectrum of marine and coastal resource 
management.  

There were 14 district protected areas in western Indonesia and 10 district protected areas in eastern Indonesia 
responded the questioners. The type of marine conservation areas consists of eight marine tourism parks (TWP/Taman 
Wisata Perairan) and 16 district marine conservation areas (KKPD/Kawasan Konservasi Perairan Daerah). These show 
the differences in primary objective of the marine protected area but they were all coordinated under district 
government.  The status of protected areas are varied: two protected areas were at the early stage of establishment 
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which was at initiated stage, 18 protected areas were at the proposed stage that was determined by Bupati decree 
(head of district) and four protected areas were already declared by the minister decree. The study site was determined 
by the willingness of the management authority to accommodate the research and willingness to answer the 
questioner. The study sites are presented in table 1. 

 
Table 1: Study sites 

No Name of Protected Areas District, Province Area (Ha) Status of protected areas 

1 
KKPD Batang Gasan 

 
Padang Pariaman, 

West Sumatra 
684 Proposed, Bupati decree 

2 
Taman Pulau-pulau Kecil 

Kota Padang 
Padang, 

West Sumatra 
2,000 Initiated 

3 KKPD TWP Kota Pariaman 
Padang Pariaman, 

West Sumatra 
11,000 Proposed, Bupati decree 

4 KKPD Pasaman Barat 
Pasaman Barat, 
West Sumatra 

6,156.76 Proposed, Bupati decree 

5 KKPD Pesisir Selatan 
Pesisir Selatan 
West Sumatra 

174,894.3 Proposed, Bupati decree 

6 TWP Pesisir dan Laut 
Kota Padang, 
West Sumatra 

1800 
Declared by the Minister 

Decree 

7 TWP Pieh 
Pariaman, West 

Sumatra 
39,900 

Declared by the Minister 
Decree 

8 TWP Belitung 
Belitung, Bangka 

Belitung 
662,984 Initiated 

9 KKLD Pesisir South Sumatra 48000 Proposed, Bupati decree 

10 KKLD Tanah Bumbu 
Tanah Bumbu, 

South Kalimantan 
12,860.157 Proposed, Bupati decree 

11 
TWP Barat Selatan and 

Sembilan 
Pekanbaru, 

Riau 
182,000 Proposed, Bupati decree 

12 KKPD Belitung Timur 
Belitung Timur, 
Bangka-Belitung 

124,320.70 Proposed, Bupati decree 

13 KKPD Bangka Selatan 
Bangka Selatan, 
Bangka-Belitung 

186 Proposed, Bupati decree 

14 KKPD Bangka Tengah 
Bangka tengah, 

Bangka-Belitung 
10,000 Proposed, Bupati decree 

15 TWP Nusa Penida Klungkung, Bali 20,057 
Declared by the Minister 

Decree 

16 TWP Buleleng Buleleng, Bali 14,000 Proposed, Bupati decree 

17 TWP Teluk Bumbang 
Lombok Tengah, 

West Nusa Tenggara 
22,490.45 Proposed, Bupati decree 

18 KKPD Gili Banta 
Bima, 

West Nusa Tenggara 
45,000 

Declared by the Minister 
Decree 

19 TWP Gili Balu Pototano 
Sumbawa Barat, 

West Nusa Tenggara 
6005.2 Proposed, Bupati decree 

20 
Kramat Bedil dan 

Tamudong (Kabete) 
Sumbawa Barat, 

West Nusa Tenggara 
2000 Proposed, Bupati decree 

21 
TWP Gili Meno, Ayer, 

Trawangan (Matra) 
Sumbawa, 

West Nusa Tenggara 
2954 Proposed, Bupati decree 

22 KKPD Alor 
Alor, 

East Nusa Tenggara 
400,000.83 Proposed, Bupati decree 

23 KKPD Flores Timur 
Flores Timur, 

East Nusa Tenggara 
150,000 Proposed, Bupati decree 

24 KKPD Sikka 
Sikka, 

East Nusa Tenggara 
42,000 Proposed, Bupati decree 

Notes: 
KKPD: Kawasan Konservasi Perairan Daerah/District Marine Conservation Areas 
TWP: Taman Wisata Perairan/Marine Tourism Park 
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3. Result and Discussions 

3.1. Representation of Women in the organization 

The organisation management structures in place allow for cultural and gender diversity representation. However, 
overall women are minority among project staffs in programmatic section. The representation of women in each 
organization are presented in table 2. Overall women staffs contribute 21% of total number of staffs in the organization 
of all protected areas. However, the representation of women in every protected areas varied and some does not have 
women representation.  

  
Table 2: Representation of women in the organisation 

No Name of Protected Areas # of staffs # of women staffs  # of volunteers # of female 
volunteers 

1 KKPD Batang Gasan 2 0 1 0 

2 Taman Pulau-pulau Kecil 
Kota Padang 

2 0 2 0 

3 KKPD TWP Kota Pariaman 45 12 0 0 

4 KKPD Pasaman Barat 4 1 2 0 

5 KKPD Pesisir Selatan 4 1 7 4 

6 TWP Pesisir dan Laut 3 1 1 1 

7 TWP Pieh 10 1 0 0 

8 TWP Belitung 3 0 0 0 

9 KKLD Pesisir 6 0 4 0 

10 KKLD Tanah Bumbu 3 0 0 0 

11 TWP Barat Selatan and 
Sembilan 

5 0 0 0 

12 KKPD Belitung Timur 8 2 0 0 

13 KKPD Bangka Selatan 4 2 0 0 

14 KKPD Bangka Tengah 6 3 0 0 

15 TWP Nusa Penida 3 0 10 0 

16 TWP Buleleng 2 0 15 5 

17 TWP Teluk Bumbang 2 0 0 0 

18 KKPD Gili Banta 4 0 4 1 

19 TWP Gili Balu Pototano-
Kabete 

2 1 1 0 

20 Kramat Bedil dan 
Tamudong (Kabete) 

8 3 4 0 

21 TWP Gili Meno, Ayer, 
Trawangan (Matra) 

12 4 0 0 

22 KKPD Alor 14 2 0 0 

23 KKPD Flores Timur 2 0 0 0 

24 KKPD Sikka 2 0 2 2 

 Total 156 33 53 13 

  

3.2. Perception on women related activities to marine and coastal resources 

The results of questioners show that respondents considered that women had involvement with marine and coastal 
resources. The most activity that involved women are fish processing and selling. Around 24 respondents consider 
women conducted this activity. This was followed by collecting shells on the beach (10-20 respondents), seaweed 
farming and collecting products in mangrove areas (range 5-10 respondents) and other activities such as collecting 
seacucumbers, fishing using scoop or with ker (traditional basket made from bamboo). This shows that the 
management authority recognize women also conduct activity that relates to coastal and marine resources. 
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Figure 1: Perception on women related activities with marine and coastal resources 

3.3. Customary institution and women representation in customary institution 

Apart from legal organization that was formed for the purpose of marine protected areas management, the existing 
customary management practices were believed able to make and change rules, had autonomy as well as fully engaged 
by local peoples (Aswani 2007; Cinner et al 2012; Adhuri 2013). As customary institution play significant role in the 
community, therefore it is also important to see the representation of women in the organization of customary 
institution to assess the involvement of women in public domain.  

Table 3 shows 11 respondents mentioned that they hadnot identified if customary institution existed in the area, 
four respondents said the customary institution were not existed and nine respondents said that the customary 
institution existed in their area. Out of these, 10 respondents said women were not represented in the customary 
institution and three respondents mentioned that women were represented in the customary institution, mostly the 
marine protected areas from Sumatra. The representation group were called Bundo kanduang. 

 
Table 3: Customary institution and Women representation in customary organisation 

 not identified yet not existed existed 

if customary institution existed 11 4 9 

women representative in customary institution 11 10 3 

3.4. Participation of women in the process of establishment of marine protected areas. 

The process in the establishment involved several activities. From the survey, the activities leading to establishment 
were discussion in smaller groups around 10 people normally involved and sometimes conducted several times, 
discussion at village level where it involves more people, marine and coastal resources survey as pre assessment, 
marine and coastal monitoring, socio economic survey, and public consultation. Figure 2 shows the participation of 
women in the activities leading to the establishment of marine protected areas.  

 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Women participation in the process of the establishment MPA 
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Out of 25 respondents, only eight respondents said that women were involved in group discussion which also means 
that only eight MPAs involved women in group discussion. Slightly higher, nine respondents said women were involved 
in discussion at village level. Only three respondents told that women group were involved in marine and coastal 
resources survey. This represents three MPAs involved women and 21 MPAs didn’t involve women in the survey. Six 
respondents said that women were involved in marine and coastal monitoring and socio economic survey which also 
means that six MPAs involved women in marine and coastal monitoring and socio economic survey. Around ten 
respondents said women attended the public consultation which also means 14 MPAs didn’t invite women in public 
consultation. In summary, Figure 2 indicates low involvement of women in the process of establishment of coastal and 
marine protected areas in Indonesia.  

As such low involvement, then the question is whether we need to involve both gender in the process of 
establishment. Four respondents said that we didn’t need to involve both gender (women and men), only men should 
be involved in the process. 20 respondents told we need to encourage equal participation between men and women in 
the process. Several activities that need both gender participation are at planning stage such as early discussion, zoning 
rules, campaign, activities such as coral reef and mangrove rehabilitation, management and monitoring. The 
respondents also mentioned challenged to involve women as there were no groups so difficult to contact women 
groups, lack of awareness in attending public meeting for marine and coastal resources discussion.  

3.5. Discussion 

The case studies provide examples from a diversity of cultural and ecological contexts. While the representing 
research sites are geographically diverse representing Sumatra, Kalimantan, Bali, NTT and NTB, the fact this is not a 
comprehensive geographic representation of women’s participation in coastal and marine protected areas management 
in Indonesia. Only 24 of Coastal and Marine Protected Areas were part of this research and Indonesia has 84 District 
Marine Conservation Areas with varied status (Kasasiah 2013).  

The case studies presented in this paper illustrate encouraging women participation in the process of establishmnet 
of Coastal and marine protected areas is a challenge. Institution and organisation supporting the coastal and marine 
resources are early stage to have gender balanced membership and staffing in the management structure. Starting from 
the organization in the management authority, only limited women were part of the organization structure. In the 
volunteering work, the number of women involved in marine and coastal resources activities are much less. This could 
be because of most of the MPAs joined the research were small in staff number but then they should mobilise 
volunteering work to get more support in managing the Coastal and marine protected areas.  

The respondents believed that women have interaction with marine and coastal resources, starting from collecting 
shells on the beach and mangrove areas, fishing in intertidal waters and seaweed farming. This supports global studies 
that women play a significant role in fishery (Williams 2008). This indicates that management authority recognize 
women also have knowledge related with marine resources and skills how to collect marine products by understanding 
that women have conducted activities in intertidal waters. In addition, this study supports women as part of small scale 
fisheries, depending their livelihoods on marine resources for diets and incomes (Fitriana and Stacey 2012). Therefore 
women are one of sources for gathering information and data for marine and coastal resources. Left women behind in 
the process will miss half of the information and data for the management. Gender dis-aggregated value of marine 
resource in order to incorporate them to ensure natural resources based development process inclusive of social 
groups including women. The rule of restriction might miss half of the users of the resources and affect the livelihoods 
of the coastal communities’ families. As advised by Aswani and Weiant (2004) the incorporation of women knowledge 
is one of success factors in managing marine resources. Therefore the management authority should have both gender 
perspective and involve both gender to participate in the process to get a complete picture of the beneficiaries of 
marine resources and have less impact to them. 

Involving communities at the early stage of establishment as step zero is important (Chuenpagdee and Jentoft 2007), 
therefore group discussion and discussion at village level are crucial stage to involve both gender. These are the early 
stage of establishment and what is more the venue of smaller group discussion and group discussion at village level are 
normally accessible for villagers, and time for meeting can be flexible depending on the villagers’ availability for the 
villagers to attend the meeting. The extent to which women were included in the discussion at the early stage for the 
elaborations of Coastal and marine protected areas is important for understanding both gender concerns, experiences, 
and benefit equally for both gender.  
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However, only eight respondents mentioned women were participated in the discussion while 16 respondents 

mentioned no women participated during group discussion. Similarly with discussion at village level, only 9 
respondents mentioned women participated in the discussion and 15 respondents mentioned no women were 
participated. Although the management authority recognize both gender, women and men, have interaction with 
marine and coastal resources, when it comes to the meeting, less women participated. The management authority 
should have encouraged both gender to participate in the process. Especially at the early discussion stage, both gender 
should participate to gather information and data, disseminate awareness and gather prior opinions on the 
establishment. What is more in the survey activities (biology and socio economic survey), only six respondents which 
means six MPAs involved women in the process. This indicates 18 MPAs left women in the process of the establishment. 
The management should have aware that a participatory process and use best information offer important benefits to 
communities and empower marginalized groups (FAO 2011).  

Participation in not only attended or being consulted, more importantly is to participate in decision making process 
(Pretty et al 1998). In order to participate in the decision making process, both gender from the communities should be 
part of the management process. As highlighted by Bennet and Dearden (2014), management is one of important inputs 
for the success of MPAs where the management regimes should be tailored with social and political local context. The 
study indicates that women were not well represented in the management structure as well as in customary system. 
Customary institution or at least informal groups at village level is one way to involve local communities in the decision 
making process considering local context as highlighted by Bennet and Dearden (2014). However, only three sites had 
women groups represented in the customary institution. The management authority aware that they should encourage 
and involve both gender in the management (20 respondents agreed on this). Lack of women representative from the 
community in the management establishment process needs to be considered when developing management regimes.  

The result of survey also showed several ways to encourage more participation in the process of the establishment.  
1) Identify gender champions. Participation exist in varying degrees but very few women are in top positions. The 
gender champions need to be situated within senior and middle management to support and influence the 
implementation of gender mainstreaming policy and ensure the commitment of mainstreaming gender process is 
consistent. Gender champions will help in promoting and inspiring wider communities. The CTI-CFF Women Leaders’ 
Forum is one of initiatives to recognize women activities related marine resource and promote the participation of 
women in marine resource management. The CTI-CFF Women Leaders’ Forum is a peer-learning network for women in 
sustaining the marine resources of the Coral Triangle region, recognize the achievement of grassroots women leaders 
as the champion in marine conservation and serve as a platform to build the capacity of women to take leadership roles 
in preserving and sustaining the region’s unique marine and coastal resources (CTC 2014).  2) Considering gender 
training at all level of management will help in incorporating gender perspective in the establishment of MPAs. Both 
gender men and women play significant role in marine and coastal resources. However, men sphere world in marine 
and coastal resources have provided little space for both gender to participate equally in the establishment process. 
Therefore, we need to increase awareness at all management authority that equal participation is needed to ensure 
effective management and consider all the users as well as the positive and negative impacts occurred from the 
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management activities to all key stakeholders.  A program that exchange information and strengthening the capacity 
including curriculum and training gender development in coastal and marine resources will be helpful to express the 
need for the active involvement of both gender in coastal and marine resources.  

3) Increasing knowledge and awareness of both gender, women and men, at community level, in marine and coastal 
resources to ensure that both gender have similar perspective on marine and coastal resources that will enable them to 
speak in public. Due to unbalanced information received by men and women make women less able to discuss. By 
strengthening the knowledge of men and women in marine and coastal resources allows both gender to participate 
equally. 4) The management should aware of communication gaps. Rural women do not have the same access to 
information than men which may imply repackage of the communication means to be used to reach out to target 
groups. Invite women groups directly in village meeting or other meeting will enable women group to participate in the 
meeting. 5). Sometimes women have barrier in mobility and time for attending the meeting. Women in rural areas have 
many other cultural roles and they cannot always find time to engage in development programs. Therefore venue of the 
meeting near their houses or in one of their houses will help so they can access easily and less barrier to visit the area. 
6) Sometimes women rural have intrinsic barrier to speak in the public sphere, improve ability and courage to speak in 
public will help them joining the meeting. 7). Establish women groups that have regular meeting, and outline 
conservation dimension activity.  8) Involving women in marine conservation activities such as coral reef and 
mangrove rehabilitation activities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Conclusions 

In many coastal areas in Indonesia, livelihoods dependency towards the marine resources for local diets, 
employment opportunities, income and food security are major challenges in regulating the use of marine and coastal 
resources. Particularly in fishing communities, both gender, women and men have their own roles in the interaction 
with marine and coastal resources. Gender aggregate perspective is needed to have a complete picture of all actor 
interaction with marine and coastal resources.  

This study shows that although the management authority realize that women and men have interaction with 
marine and coastal resources, no practical efforts were taken to incorporate gender perspective in the development of 
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management. The acknowledgement of both gender interaction should be formulated into practical activities. Both 
gender should be participated in the process of establishment and part of the decision making process to ensure that 
decision taken will have equal opportunities for both gender and less impact to both gender. The representation of both 
gender in the management is important as one way to ensure the inclusion of gender’s perspective in the management 
rule. This study strengthens the evidence base for encouraging women participation in the establishment of marine and 
coastal resources management. 

References 

Acheson, J. M. (1981). Anthropology of fishing, Annual Review Anthropology, 10:275-316. 
Adhuri, Dedi Supriadi.  2013. Selling the Sea, Fishing for Power: A Study of Conflict Over Marine Tenure in the Kei 

Islands, Eastern Indonesia. Asia-Pacific Environment Monographs. Canberra: ANU E-Press. Available at: 
http://press.anu.edu.au/titles/asia-pacific-environment-monographs/selling-the-sea-fishing-for-power/ 

Andrade, G.S.M., Rhodes, J.R. (2012). Protected Areas and Local Communities: an Inevitable Partnership toward 
Successful Conservation Strategies?" Ecology and Society 17(4): 16. 

Anna, Z. 2012. The Role of Fisherwomen in the Face of Fishing Uncertainties on the North Coast of Java, Indonesia. 
Asian Fisheries Science Special edition Issue. 25s:145-158. 

Aswani, S., Albert, A., Sabetian. T., Furusawa (2007). Customary management as precautionary and adaptive principles 
for protecting coral reefs in Oceania. Coral Reefs 26: 1009–1021. 

Bennett, N. J. and Dearden, P (2014). From measuring outcomes to providing inputs: Governance, management, and 
local development for more effective marine protected areas. Marine Policy 50: 96-110.  

Bunce, L., Townsley, P., Pomeroy, R., and Pollnac, R. (2000). Socio-economic Manual for Coral Reef Management. 
Australian Institute of Marine. Townsville, Australia. Available at www.reefbase.org 

Choo, P.S., S. Barbara, B. Nowak, K. Kusakabe, and M.J. Williams. 2008. Guest editorial: Gender and fisheries. 
Development 51:176–179. 

Christie, P. (2004). MPAs as biological success and social failures in Southeast Asia, American Fisheries Society 
Symposium 42, pp. 155–164. 

Chuenpagdee, R., Jentoft, S. (2007). Step zero for fisheries co-management: What precedes implementation. Marine 
Policy 31: 657–668. 

Cinner, J.E.,  Xavier Basurto, Pedro Fidelman, John Kuange, Rachael Lahari, Ahmad Mukminin (2012). Institutional 
designs of customary fisheries management arrangements in Indonesia, Papua New Guinea, and Mexico. Marine 
policy 36: 278-285 

CTC (2014). Capacity Development for Timor Leste Women leaders: infosheet. The Coral triangle Center. 
FAO (2011). Marine protected areas and fisheries. FAO Technical guideline for responsible fisheries. 4: 4. FAO. Rome. 
Fitriana, R (2014). Assessing the impact of marine protected area to livelihoods. Case study: Pantar Island, Eastern 

Indonesia. PhD thesis. Charles Darwin University. 
Fitriana, R and Stacey, N. (2012). The Role of Women in the Fishery Sector of Pantar Island, Indonesia. Asian Fisheries 

Science Special Issue. Asian Fisheries Society. 25S:159-175. 
Fox, H., Soltanoff, C. S., Mascia, M. B., Haisfield, K.M., Lombana, A.V., Pyke, C R., Wood, L. (2012). Explaining global 

patterns and trends in marine protected area (MPA) development. Marine Policy 36(5): 1131-1138. 
Hilborn, R. (2007). Managing fisheries is managing people: what has been learned? Fish and Fisheries, 8: 285-296. 
Kasasiah, A (2013). Pengembangan dan pengelolaan kawasan konservasi Indonesia. Presented at Lokakarya Nasional 

Bay of Bengal Large Marine Ecosystem, Jakarta 10 Desember 2013. 
Kleiber, D., Harris, L.M., Vincent, A.J.C (2014). Gender and small-scale fisheries: a case for counting women and beyond. 

Fish and Fisheries. 1-16 pp. 
Kusakabe, M. 2013.  Women fish border traders in Cambodia: Life course analysis under changing access to resources 

and economic opportunities. Presented at Gender and Aquaculture Conference in Korea 2013. 
Matsuea, N., Dawab, T., Garretta, L. (2014). Women Fish Traders on the Kenyan Coast: Livelihoods, Bargaining Power, 

and Participation in Management. Coastal Management, 42 (6): 531-554. 
MMAF 2014. Fishery in Number, MMAF. 
MMAF-P2HP 2012. Fishery in Number 2011, MMAF. 
Nordlund, L., Erlandsson, J., Torre-Castro, M., Jiddawi, N.(2010). Changes in an East African social-ecological seagrass 

system: Invertebrate harvesting affecting species composition and local livelihood. Aquatic Living Resources 23 
(4): 399–416. 

Pomeroy, R., and F. Douvere. 2008. The engagement of stakeholders in the Marine Spatial Planning Process. Marine 
Policy 32: 816 - 822. 

Pretty, J.N., I. Gulit, I. Scoones, and J. Thompson. 1995. Metode pembelajaran dan aksi partisipatif: Panduan untuk 
pelatih, participatory methodology, IIED, London, UK. 283 pp. 

Razavi, S. & Miller, C (1997). Conceptual Framework for Gender Analysis within the Development Context. Gender in 
Development Programme, UNDP New York 



38 Fitriana and Djohani / Proceeding – ICM-MBT (2017) 29–38 

 

Salagrama, V. and A. Salka. 2010. A study of the fisheries post harvest and market supply chains in Nias Island, North 
Sumatra Province, Indonesia. FAO Nias Information Bulletin 1.Food and Agriculture Organization of the United 
Nations. 128 pp. 

Saputri, D. 2012. Peran Perempuan Nelayan Dalam Produksi Dan Distribusi Hasil Laut (Studi Kasus Pada Perempuan 
Pencari Kerang di Desa Percut, Kecamatan Percut Sei Tuan, Kabupaten Deli Serdang). USU 

UNEG/United Nations Environmental Group (2011) Integrating Human Rights and Gender Equality in Evaluation 
Towards UNEG Guidance. UNEG 2012. 

Weeratunge, N., K.A. Snyder and P.S. Choo. 2010. Gleaner, fisher, trader, processor: understanding gendered 
employment in fisheries and aquaculture. Fish and Fisheries 11:405–420 

Williams, M. J. (2010).  Gender dimensions in fisheries management. In R.Q. Grafton, R. Hilborn, D. Squires, M. Tait and 
M. Williams (eds). Handbook of Marine Fisheries Conservation and Management: 72-96. Oxford University Press, 
Oxford. 

 

 

 

 

 



 
Proceeding – ICM-MBT (2017) 39–45 

 

International Confrence 
Proceeding – ICM-MBT 2017 

Journal home page: http://pksplipb.or.id/; email: journal@pksplipb.or.id 

PROCEEDING 

 
 

 
International Conference on Integrated Coastal Management and Marine Biotechnology, 

November, 29-30th 2016, Bogor, Indonesia 

Habitat connectivity between coral reefs and seagrass beds based on 
fish type, size, and abundance 

Laely Hidayatia, Mohammad Mukhlis Kamalb, Nurlisa A Butetb 
a Graduate School of Coastal and Marine Resource Management, Bogor Agricultural University (IPB), Bogor  

*Mobile : +62 223170026, E-mail ellyhidayati@gmail.com 
bDepartement of Aquatic Resource Management, Faculty of Fisheries and Marine Science, Bogor Agricultural University (IPB), Bogor  

Abstract 

Coral reefs and seagrass beds habitats are playing an important role for the reef fishes of where the connection of these two habitats will 
guarantee fish survival at various stages. Bahoi village is located at Minahasa Utara, has a special area to protect fish habitat called 
Marine Sanctuary. People are starting to realize the importance of the protection of fish habitat, due to an increase in the catch as well 
as a tourist attraction. The purpose of this study is to assess the habitat connectivity by type, size and abundance of fish in coral reefs and 
seagrass beds. The method used was Underwater Fish Visual Census (UVC) by observing the reef fish were found along the transect line 
to record the species of fish in a radius of 2.5 meters on the left and right along the transect line along 50m. The analysis of family types, 
showing that the family Siganidae is most commonly found in both habitats. For the length frequency of fish, fish with a size less than 
5cm more common in seagrass habitats, whereas in coral reef habitats are found fish sized 5-10cm, 11-16cm and more than 23cm. Based 
on diversity, evenness and dominance indexes (atau bisa indices, atau tunggal index) composition, it was shown that the community 
structure of reef fishes is stable, while the seagrass habitat showed high diversity and has high levels of dominance at some station. 

 
©2017 The Authors. 
Peer-review under responsibility of the authors of ICM-MBT 2016. 

 
Keywords: habitat connectivity, marine sanctuary, fish habitat 

1. Introduction 

Coral reefs and seagrass beds are typical ecosystems in coastal areas known for their high primary productivity, 
biodiversity richness, and ecosystem services (Harbone et al., 2006). Coral reefs are one of substantial marine 
ecosystems. The marine waters is used by lots of dwelling organisms, particularly the coral reef fish as a place to live, 
shelter, feeding, and breeding grounds. One indicator of coral reefs’ health is the fish communities in these waters. Fish 
existence in the coral reefs highly depends on the condition of the reef itself. Healthy coral reefs are characterized by 
the presence of certain fish as an indicator, such as butterflyfish (Madduppa, 2006). Reef fish is a fish that live in the 
coral reefs since juvenile to adult period. Species diversity of the coral reef fish reflects coral reefs condition in the area 
(Reese and Lighter 1981). The existence of coral fish in coral reef habitats makes coral reef ecosystems become the 
richest ecosystems. 

Meanwhile, ecologically seagrass beds have an important role for coastal and marine areas, namely as nutrients, 
nitrate, and phosphate recycler (Touchette and Burkholder, 2000), which are capable of providing variety of 
microhabitats for various marine life (Aswandi and Azkab, 2000). Additionally, high density and diversity of seagrass 
vegetations also contribute to the abundance of fish (Ambo-Rappe, 2010) because they become direct food sources for 
herbivorous fish (Latuconsina et al., 2013). In addition to that, various species of fish also using seagrass beds as 
breeding and rearing areas, protection areas, as well as spawning areas so that fish diversity and abundance are also 
influenced by mangrove and coral reefs ecosystems (Adrim, 2006; Fahmi and Adrim, 2009). 

http://pksplipb.or.id/
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Similar to seagrass beds ecosystems, coral reef ecosystems are crucial as coastal protection from waves and 
currents from the ocean. They have equal role to seagrass beds ecosystems as spawning, shelter, food provider, and 
care for marine life. Both ecosystems, the coral reefs and the seagrass beds interacted significantly, which could be seen 
through the existing fish in both ecosystems. They make both ecosystems as habitats for foraging. Additionally, both 
became great places for some marine biota to grow up and continue spawning for their reproduction. According to the 
Center for Coastal and Marine Resources Studies, Bogor Agricultural University/IPB (2009), there are up to 360 species 
of fish whose life is supported by seagrass ecosystems in Indonesia. Coral reefs and seagrass beds have a very 
important role in the survival of reef fish, enabling interconnectivity between them. 

Information on inter-habitats connectivity, especially coral reefs and seagrass beds are essential to be figured out 
and shall be a basis for determining conservation area. Hence, the study aims to analyse connectivity between seagrass 
beds and coral reefs habitats based on fish type, size, and abundance. 

2. Material and Methodes  

2.1. Research Location and Period 

Research was conducted on February to April 2015 at the Marine Sanctuary in Bahoi Village, West Likupang District, 
North Minahasa Regency, North Sulawesi Province. Determination of station’s position was done by purposive 
sampling, where sampling for determining location points were done deliberately based on certain consideration 
according to the researcher. The selection were based on representation in the core zone, buffer zone, and utilisation 
zone (Figure 1). 

 

Figure 1. Study Area 

2.2. Data Collection 

Data collection on both habitats were performed using UVC method (English et al, 1997) through observing reef fish 
that were found along the transect line by taking notes on the fish species in a radius of 2.5 m on the left and right 

throughout the transect line for 50 m, thus observation width obtained at each station were 250 . 

2.3. Data Analysis 

2.3.1. Coral Reef Fish Abundance 

Coral reef fish abundance is the number of reef fish found in an observation station divided by observed transect 
area. It could be calculated using the following formula (Odum, 1971): 
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where, D is abundance/density of coral reef fish, dan seterusnya, ya…, begitu juga yang lainnya, agar tidak makan 
halaman. 
Annotation: D = abundance/density of coral reef fish 
         Ni = number of individuals 
         A = Size of sample sites (m2) 
         1000 = Conversion from m2  to ha 

2.3.2. Diversity Index 

To calculate coral reef fish diversity index, Shannon-Wiener’s Diversity Index (1949) in Odum (1983) is used as 
follows: 

 

Annotation: (H’) = Shannon Wiener’s Diversity Index 
         s = number of coral reef fish species 
         Pi = proportion of individuals of the-i coral reef fish species found 

       (ni) = divided by total number of coral reef fish found (N) = ni/N 

2.3.3. Evenness Index 

Evenness Index (E) potrays diverse individual spread among species which is obtained from inter-diversity (H’) 
correlations to maximum diversity (Bengen, 2000). The more evenly spread the individuals, the more balance the 
ecosystem would get. The formula used is as follows (Odum 1971; Pulov 1969 in Maguran 1988): 

 

Annotation: (E) = equitability index 
         s = number of coral reef fish species 

2.3.4. Dominance Index 

The lower the equitability index, the less the uniformity of the population. It indicates that individual distribution of 
each species are not the same, causing a tendency of certain biota domination. Conversely, higher equitability index 
depicts similar or less different number of organisms in each types. 

Simpson’s Dominance Index (Odum, 1971) is used to take a look at the level of dominance of certain biota groups as 
follows: 

 

Annotation:  C = dominance index 
          s = number of coral reef fish species 
          Pi = proportion of individuals of the-i coral reef fish species found  

         (ni) = divided by total number of coral reef fish found (N) = ni/N 
 

3. Result and Discussion 

3.1. Types of Fish 

3.1.1. Types of fish in the coral reef habitats 

Reef fish are fish that live in the coral reefs since juvenile to adult period. Their live is closely associated with the 
coral reefs due to food and shelter availability (Choat and Bellwood, 1991). With their large numbers occupying the 
coral reefs, it could be clearly seen that they support interactions in the coral reef ecosystems (Nybakken, 1993). Coral 
types and abundance are largely determined by aquatic condition, shape and size of living coral reefs, base substrate, as 
well as associations to benthic organisms. 

Families of fish that were generally observed in both ecosystems include Acanthuridae, Apogonidae, Arothronidae, 
Athenomoridae Atherinidae, Aulostomidae, Balistidae, Callionidae, Carangidae, Chaetodontidae, Cluepidae, 
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Diodontidae, Fistularidae, Gerreidae, Gobidae, Haemulidae, Holocentridae, Kyposidae, Labridae, Lethrinidae, 
Lutjanidae, Mugilidae, Muliideae, Muraenidae, Nemipteridae, Ostracidae, Pinguipedidae, Plotosidae, Pomacentridae, 
Scaridae, Scorpaenidae, Serranidae, Siganidae, Sphyraenidae, Sygnatidae, Tetraodontidae, Zanclidae. 

Through Figure 2 it could be found out that the highest abundance in coral reef ecosystem was from the family of 
Pomacentridae which reached 57.2%. It was very likely for the fish of the family Pomacentridae which is known as an 
algae grazer/herbivorous fish because it is pretty easy to find such food that is highly available at the coral reef 
ecosystem in Bahoi Village, especially from the Dead Coral with Algae. Besides Pomacentridae, the family of 
Achanturidae turned out to be a herbivor grazer as well although the number was not significant. Some genus from the 
famili of Labridae which are omnivorous fish such as Halichoeres and Thalassoma also consume algae as main food 
source. 

Availability of algae that grew on the dead coral will be reduced if coral reefs condition in the area are getting better, 
which will directly diminish food availability for herbivorous fish, in particular those from the family of Pomacentridae. 
Decreased food availability would trigger competition among fish from the family of Pomacentridae or other families 
who also compete for the same food. It would cause in population and species turn over, either the reef fish from 
Pomacentridae family or other relatives because only specific types of fish able to adapt with new environment could 
survive. 
 

Figure 2. Type of fish families in coral reef ecosystem (a), Families of fish found in the seagrass beds ecosystem (b) 

Over population of Pomacentridae family in coral reef ecosystem is in line with Sale (1991) who argued that 
Pomacentridae spread across the waters worldwide and experience less transformational evolution in their life. It is 
caused by its character which tends to protect a territory that becomes its food source. This territorial nature is widely 
used as basic determinant for fish classification in general. Therefore, Pomacentridae fish possesses stronger resistance 
against its sorroundings compared to other families. 

Moreover, high abundance of Pomacentridae was caused by its territorial behaviour, making it rarely travels far 
from food source and shelter. According to a classification on its role, this fish belongs to major fish whose numbers are 
commonly found in coral reef ecosystem (Romimohtarto and Juwana, 2009). Besides, this fish also very fond of 
divaricate hard coral as dwelling place. 

3.1.2. Type of fish in the seagrass beds habitats 

In the seagrass beds ecosystem, the most commonly found type of fish was from the family of Siganidae which 
accounts for 44.9%. High percentage of Siganidae composition in seagrass beds ecosystem in Bahoi Village is allegedly 
caused by their shoaling behaviour in the seagrass beds area, particularly in the monospecific seagrass beds which is 
composed solely by Enhalus acoroides. Similar to Darsono and Prapto’s arguments (1993), most of Siganidae lives 
closely together (schooling). A study about fish community structure in the seagrass beds conducted by Rappe (2010) 
also found that the most prevalent fish composition in the seagrass beds at Barang Lompo Island were Signus 
canaliculatus and Sphyraena barracuda. 

Furthermore, types of fish from the family Pomacentridae were also found in coral reef ecosystem, as well as family 
of Achanturidae and Labridae which found abundant in this ecosystem. Those were likely occured due to the families 
which belong to herbivorous fish that enjoys turf algae. Herbivorous fish existence at all stations showed a great role to 
coral reefs existence as well as algae consumption, enabling growth control of the algae. Additionally, in tropical areas 
algae is located near to other ecosystems such as seagrass beds and coral reefs. 

Herbivorous fish abundance rises as the percentage of living coral coverage increases. It correlates to its function in 
coral reef ecosystem where fish plays significant role as a controller of algae’s growth, marking a substantial role for the 
recovery of coral reef ecosystem. It is in line with Grimsditch & Salm’s (2006) who argued that functional groups which 
are particularly important for coral reefs recovery are grazing animals such as herbivorous fish and sea urchins. 
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3.1.3. Type of fish in the both habitats 

Table 1. Dominant type of fish in both ecosystems 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Meanwhile Acanthuridae, Apogonidae, Aulostomidae, Balistidae, Chaetodontidae, Cluepidae, Labridae, Mullidae, 
Nemipteridae, Ostracidae, Plotosidae, Pomacentridae, Scarridae, Serranidae, Siganidae, Tetraodontidae, Zanclidae, 
Pomacentridae, Siganidae, Labridae, Achanturidae, and Chaetodontidae were among families that mostly found in both 
ecosystems.  

Family of Siganidae were most commonly found on both seagrass beds and coral reefs habitats. It is a herbivorous 
fish that consumes seagrass and algae as its main food (Allen et al., 2005). It is supported by Hutomo’s findings (1995) 
on some kind of seagrass and algae in Siganus canaliculatus’s stomach. In addition to living in the coral reefs, the fish 
also rendering seagrass beds areas as places for survival, including nesting, foraging, and sheltering during juvenile 
phase. Sale (1991) mentioned that fish of Siganidae family have distinct reproduction characteristics of laying their 
eggs in demersal areas or bottom of the sea, making seagrass plants as suitable places to store their eggs. 

Baronang fish that were found at research site had considerably vast numbers with small-sized biota, particularly 
those found in the seagrass beds, while those found in the coral reefs were relatively larger. This is due to their shoaling 
behaviour that huddle along the coast during high tide, both when swimming and foraging. On the contrary during the 
lowest tide, baronang fish swims to coral reef area (Kodi, 2009) 

Discovery of Apogonidae fish in both ecosystems were possibly accounted to their foraging and sheltering activities 
among the seagrass leaves in the afternoon. Apogonidae fish is a small-sized nocturnal fish that moves and forages at 
night. Allen et al. (2005) stated that Apogonidae fish tends to be inactive in the afternoon by sheltering among the coral 
reefs, sometimes in the soft corals and sea urchins, and looking for zooplankton and crustaceans living at the bottom of 
the sea to eat at night. It has been proved by Hutomo (1985) who studied the stomach of Apogon lateralis and Apogon 
margaritophorus fish that lived in the seagrass beds at Banten Gulf waters and found shrimp, Amoura, small fish, and 
Isopods in their guts. Seagrass beds is a habitat for invertebrates such as crustaceans, plankton, and epiphytes, allowing 
Apogonidae fish to find its food in the ecosystem during the night besides sheltering among the seagrasses. 

3.2. Frequency of the Fish Length  

Fish length were classifed into 6 categories which was modified from English et al. (1994) which are < 5 cm, 5-10 
cm, 11-16 cm, 17-22 cm, 23-28 cm, and > 28 cm. Thus seagrass beds areas within the research site were used as either 
breeding or feeding grounds. 

According to the size distribution, it appears that most types of fish found in seagrass ecosystems were relatively 
young fish which belongs to the first category of less than 5 cm. It indicates that the seagrass beds also functioned as 
breeding places for fish in surrounding areas. Similar findings also figured out by Jelbart et al. (2007) who reported 
catches obtained in a seagrass area next to mangrove area, consisting of small-sized fish which have not reached an 
adult size. Thus the area of seagrass in the study site used as the breeding or feeding grounds. The research was done 

Family Species Coral reef Seagrass 
Grand 
Total 

Acanthuridae Ctenochaetus spp 539 93 632 
Apogonidae Apogon spp 181 408 589 
Balistidae Rhinecanthus spp 19 110 129 
Clupeidae Spratrelloides spp 607 701 1308 
Labridae Cheilio spp 36 32 68 
  Halichoeres spp 245 483 728 
  Labropsis spp 102 66 168 
  Leptojulis spp 24 68 92 
  Thalassoma spp 290 71 361 
Mullidae Parupeneus spp 24 19 43 
Nemipteridae Pentapodus spp 35 31 66 
  Scolopsis spp 156 84 240 
Plotosidae  Plotosus spp 260 1909 2169 
Pomacentridae Abudefduf spp 1961 268 2229 
  Dischistodus spp 98 38 136 
  Neoglyphidodon spp 795 821 1616 
  Pomacentrus spp 1970 86 2056 
Scaridae Scarus spp 554 14 568 
Siganidae Siganus spp 131 4831 4962 
  Grand Total 8027 10133 18160 
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during the day, but it can be predicted that the number is relatively indifferent from the types of fish that visit the 
seagrass beds during the day. Hammerschlag and Serafy (2009) asserted that fish visitingmangrove and seagrass areas 
at night were relatively few and very highly linked to the season, types of fish, as well as stages in its life. 

On the coral reefs, length frequency ranges from 5-10 cm to 11-16 cm or above, while on the seagrass beds it is 
approximately less than 5 cm. It proves that the coral reef is a habitat where fish forage for foods and spend their lives, 
whereas during juvenile phase they tend to spend more time at seagrass habitat. 

 

Figure 3. Graphics on the frequency of fish length based on its habitat (a), Structure of coral reef fish communities (b) 

3.3. Fish Abundance 

Based on Dominance Index, Equitability Index, and Diversity Index, it appears that fish composition in coral reef 
habitat was stable with high diversity, high individual spread of diverse species, and no dominant species in each 
station (Figure 5). Whereas fish composition in seagrass beds showed high diversity in all stations, but several stations 
have considerable level of dominance, which appeared at settlement habitat. 

4. Conclusion 

Based on the analysis of fish type on seagrass beds and coral reefs habitats, it was found that the family of 
Pomacentridae, Siganidae, Labridae, Achanturidae, and Chaetodontidae were most commonly appeared on both 
habitats. As for length frequency analysis, coral reef habitat has frequency ranges 5-10 cm to 11-16 cm or above in 
terms of fish size, while in the seagrass habitat it sized less than 5 cm. It proves that the coral reef is a habitat where fish 
forage for foods and spend their lives, whereas during juvenile phase they tend to spend more time at seagrass habitat. 
Based on Dominance, Evenness, and Diversity Index, fish composition in coral reef habitat is stable, but seemed unlikely 
on the seagrass habitat where it shows high diversity and high level of dominance at some stations. 
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Abstract 

Human security is becoming a serious issue that need to be managed in order to securing human life. Spermonde fishing 
communities are obviously facing this issue due to environmental degradation and climate change. This paper aim to describe types 
of insecurity and propose an approach for the management option. In this context social ecological system (SES) approach is used as 
the framework and the analysis to address security of communities. Result of this study has revealed insecurity of livelihoods as a 
principle issue and it is followed by health, living environment and social live. To deal with this insecurities, concept of social security 
for marine and fisheries need to be took place in management. Currently social security is rely much on social relationship 
particularly under Punggawa-Sawi system. Meanwhile government of Indonesia which is mandated by the constitution has no 
effective systematic program in this issue as owned by the government of Srilanka and the State of Kerala, India 
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1. Introduction 

Marine resources play an important role for coastal livelihoods in Indonesia. As much 627.980 households are 
working as fisher (KKP, 2013). Most of them are small scale traditional fisher which attain 90% of total fisher in 
Indonesia. Their life is strongly dependent with this occupation and only small part of them having an alternative 
income. Sustainability of fishing activities is currently being threatened by environmental degradation. Human activities 
are expected as a main factor of corals death, resource depletion, and coastal ecosystem changes. Burke (2011) has 
identified the causative factors such as overfishing, coastal development, agricultural runoff and shipping. People have 
now to bear the consequences of his foolishness in interacting with the environment. Fisherman, which is the most 
affected by this situation, are becoming more vulnerable and unsafe. In this situation, many of them just rely on faith 
because this type of livelihood is frequently regarded as “the last choice”.  Even it is sometimes called as “a safety net” or 
“an activity of last resort”(FAO, 2007). 

Indonesia is one of the biggest archipelago countries in the world. Many of articles mentioned that Indonesia has 
more than 17.000 islands. But in the recent evidence, the number of islands verified is revealed less than 14.000 
islands4. Nevertheless, this country is undoubtedly a home of 86.000 km² of coral reefs where 85% of their existences 

                                                
1 Corresponding author. Tel.: +6221 6471 1583; fax: +6221 64700924.  
E-mail address: andrianmadhan@gmail.com 
4 Data based on the survey of standardization national team of topography names under precedential law no. 122. 2006 where the result has been 

reported to the United Nations Group of Expert on Geographical Names (UNGEGN).http://bakohumas.kominfo.go.id/news.php?id=1000 
, accessed on august 8, 2014 
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are in danger because of human activities pressure (Burke et al., 2002). Geographically, Spermonde areas are located 
between 4°27'00''- 5° 29'00'' south latitude and 119°2'00'' – 119°33'00'' East Longitude (DFW-Indonesia and 
COREMAP, 2003). Spermonde archipelago is situated in east party of Indonesia and covers 40.000 ha of coral reef 
platform which is scattered on the off shore of Makassar city and the district of Pangkajene Kepulauan (Reichel et al,. 
2012). The spermonde archipelago is also known as one of the largest coral reef fisheries in Indonesia (Ferse et al., 
2012a).  

Fishing communities in Spermonde archipelago are one of vulnerable fishing communities in Indonesia. Spermonde 
archipelago consist more than 100 small islands where 54 among them are habituated. Capture fisheries become the 
main activity for all populated islands which drive other economic activities where the number attains 70% of total 
livelihoods existed (Ferse et al., 2012b). They are also dependent to the mainland to meet their needs such as rice, 
vegetables and drinking water (Deswandi et al., 2012) due to a lack of agricultural land. These dependencies put them 
in a vulnerable state of socio-economics. In the short term, any shock, such as bad weather will cause a loss of income 
and a lack of needs supply. In the long term, they will probably hard to meet their needs from fisheries because of 
environmental degradation. In this regard, identifying insecurities and preparing action for the worst scenario to the 
fishing communities are undoubtedly needed.  

The study is mainly focused on three Islands which are Badi, Bonetambung and Lumu-lumu. The distances of Badi, 
Bonetambung and Lumu-lumu to Makasar are respectively km, 18 km and 28 km (Putra, 2011; COREMAP II, 2010). 
Even though, the result include also discussion and observation were conducted separately in Karanrang and 
BarangCaddi. Research locations could be reached only by chartered boat from traditional port of Paotere in Makassar 
due to the absence of regular transport services. Access to the islands is very dependent to the weather where in case of 
storms and big waves will no boat operated.  

The following article concerns to short term problems by detailing insecurities of Spermonde archipelago 
communities. In this regard, promoting social security as a concept of management will be discussed. 

2. Material and Methods  

The materials in this paper are based on field survey’s where have been collected in several separated times 
between 2010 and 2013. Data’s were collected under collaboration work of SPICE III, which has involved scientists 
from the social ecological group of ZMT-Bremen, Hasanudin University and Research Center for Marine Affairs and 
Fisheries of Indonesia.  

Data collection was collected by conducting interviews directly to fishermen’s and also others related stakeholders. 
As much of 90 questionnaires have been collected in 2013 from three Islands which are Badi, Bonetambung and Lumu-
lumu. The questionnaire employs two types of question, semi structured and closed question. Semi structured 
questionnaire following Given (2008) in which the researcher has a flexibility to enrich the questions even it has been 
predetermined before. 

Data were analyzed descriptively to explain the circumstances, symptoms, or problems so it could be easily 
understood (Hasan, 2001). Sugiyono (2004) explain that descriptive analysis is used to analyze the data to describe or 
depict the data as it is without an intention to generalize conclusions. 

3. Result and Discussions 

3.1. Communities’ Perceptions on Insecurity Issues 

Increasing issues on human insecurity due to environmental changes has put coastal and small island communities 
on vulnerable situation. Understanding their perceptions is then important in order to get valuable inputs for the 
management. Almost 80% of respondent are aware about events that are potentially threat their security. The biggest 
concern is less income (44%) that is not corresponds yet to meet their needs following by accident at work and family 
health (17%), flooding and abrasion (14%), and social conflict (3%). In the section of fishes caught, which is related to 
the income level, it is known that 45% of respondents feel the declining of the catches over time. This is in line with 
previous research which reveal the declining of cost per unit effort (CPUE) for some ornamental fish (Ferse et 
al.,2012b). Nevertheless the statistical analysis doesn’t show a correlation between their concern of insecurity and 
perception of fish caught.  

Accident at work and family health is a further insecurity issue that many people concerned with. Accidents could 
cause serious injured or even death for fishers while work at the sea. In the opinion of respondents, big waves and 
strong wind could come unexpectedly. Normally it is frequently happened during west monsoon, but recently it is 
happening during east season. The impacts of the weather conditions are also considered more extreme regarding to 
the level of flooding and the inability of travelling by boat. For example, in January 2014, community of Lumu-lumu 

                                                                                                                                                                     
 



48  Ramadhan et al. / Proceeding – ICM-MBT (2017) 46–54 

 

Island was trapped on the Island for 15 days due to big waves. By this condition, they preferred to stay at home than 
risking life in the sea. 

Family health is threatened by a poor sanitation and the contamination of domestic waste of coastal area. Around the 
islands, piles of garbage were easily observed. These two conditions are susceptible to spread various diseases. 
According to the baseline study conducted Noveria et al. (2007), three major illnesses in Spermonde Islands are 
digestive disorders, respiratory diseases, and skin diseases. Food consumption and nutritional intake are other factors 
that influence family health. Study Nadja and Demmallino (2014) mention several deficiencies of nutritional indicators 
of societies in the Spermonde like presented in table 1. 

 

Table 1. Nutritional indicators of societies in Spermonde 

Sort of intake 
Sufficient Deficient 

N % N % 
Energy 
Protein 
Vitamin A 
Vitamin C 
Calsium (Ca) 
Iron Fe 
Zinc (Zn) 
Vitamin B12 
Fosfor (P) 
Carbohydrate 
Fat 

78 
60 
90 
59 
57 
75 
81 
61 
66 
68 
68 

51.3 
39.5 
59.2 
38.8 
37.5 
49.3 
53.3 
40.1 
43.4 
44.7 
44.7 

74 
92 
62 
93 
95 
77 
71 
91 
86 
84 
84 

48.7 
60.5 
40.8 
61.2 
62.5 
50.7 
46.7 
59.9 
56.6 
55.3 
55.3 

Source :Nadja and Demmallino, 2014 

Flooding and abrasion are other most important event, especially for those who build their houses near the beach. 
Some of respondents had lost their house due to this factor. It was also destroyed boats, machine, and other facilities of 
fishers in the last five years. In Badi for example, total area has decreased for 2,16 Ha during 2000 and 2010 (29,4%) 
especially in the southwest party (Putra, 2011). This factor was triggered by the increasing intensity of big wave that 
occurs in the last few years (Radjawali, 2010: Glaeser and Glaser, 2010). Big wave normally happens during rainy 
season and it is known become longer in the majority perception of communities (Yusuf and Jompa, 2012). 

Last insecurity issue appears in this study is social conflict where one of the trigger factors is less income. Some of 
respondents admit that the lack of income has become a trigger of household conflict. They become more emotional 
when they have no money to buy family needs. By force of this circumstance, they borrow money to neighbors which is 
vulnerable to create another conflict. Conflict between neighbors is happening when debts are not paid off and 
occurred repeatedly. Social conflict also comes from the use of destructive fishing gears. On the one hand, some of 
aware fishers are trying to promote conservation area to protect corals. Reichel et al. (2012) revealed also a growing 
number of community members support this idea. On the other hand, bombing and poisoning fishing are still 
continuously conducted which destroy corals. In this circumstance, dispute among fisher is inevitably avoided. In 
BarangCaddi for example, it was an agreement in 2004 among the society to not fish in reservation areas committed. It 
was effective in the beginning until there were violators from the outsider (Fishermen, 9 June, 2013). The cases were 
already reported, but no action taken by the authorities and this has broken the agreement. The increasing of the social 
conflict issue indicates a decreasing of social capital of the societies. 

 

 

 

   

  

 

 

                           Capture 1. (a) Community percepcion on insecurity issues; (b) Community percepcion on fishes caught 
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3.2. Increasing Insecurity Issues due to human activities: What is the root of the problem? 

Degradation of fisheries resources is perceived by 45% of respondents. Regarding this situation, 68% of respondents 
continue fishing as usual because they think that they have no option, 9% change fishing locations, 6% change the 
target species. Respondents consider the number of fisher as the main cause and following with the using of destructive 
fishing gears and natural changes. According to the respondents, the population in Spermonde islands is growing 
rapidly. Based on available literatures, the population density in the three islands is quite high where in Badi 258 
people/ha, Lumu-lumu 262 people/ha and Bonetambung 96 people/ha (Putra, 2011; COREMAP II, 2010). Destructive 
fishing gears are considered as the cause by 14% of respondents. These perceptions indicated that the societies are not 
aware too much about the practice of fishing gears even this kind of fishing is suspected by scientists as a main 
problem. There are no exact data about the number of fishermen that using destructive fishing gears, but it is predicted 
up to 70% (Deswandi, 2012).  

The practice of destructive fishing has absolutely given bad impacts to the environment. Research conducted by 
Edinger et al,. (1998) in Spermonde waters show a massive impact on species diversity reduction, which is up to 50 % 
at shallow depth (3m). Other study reveals that the use of cyanide can affect the mortality of coral up to 8% per year 
and reduce 1,4% the coral recovery capacity from 3,8% to 2,4% per year (Macmanus et al., 1997). On this regard, both 
human and the environment are equally distressed. This kind of human-environment interaction creates a situation 
called social-ecological traps (GEC ed. 2011).  

Fishers are frequently blamed for resource degradation by practicing destructive fishing (Edinger et al., 1998; DFW 
and COREMAP, 2003). They are often accused as immoral and not respect to the future generation. But in Habermas 
theory, they are just not found yet any suitable technology to exploit the resource (Barry, 1999). In fact, destructive 
fishing gears are widely used because of their effectiveness. Cyanide fishing can reduce the mortality of fishes caught by 
10-50% compare with hook line and 10-20% compare to traps (Halim, 2002). Technology concern is then the main 
focus to solve the problem, not moral one because moral is sometime unclear when it is faced with human rights issues. 
How fishermen can be considered as immoral while they are practicing destructive fishing by perforce of household 
economic situation? Can they be forced to respect environment while they are incapable to create alternative livelihood 
due to their limitation of skill and knowledge? As it is known, the benefit of conservation program such as marine 
protected area will be harvested in a long term, while they need to have in a short therm. “There is no chance to think 
about conservation and maintaining the resources for future generations” (Chozin, 2008).  

Destructive technologies are not coming from local knowledge, but it was promoted by the outsider. Poisoning 
fishing, for example, has been used by the fisher since 1980s in order to fulfill export demands of ornamental corals and 
fishes by Jakarta Based Company (Ferse et al., 2012b). This method was introduced by international fish trader, 
especially from countries with a big market of living coral and fish such as Hongkong, Taiwan and Singapore (Deswandi 
et al., 2012; Ferse et al., 2010; Glaeser and Gleser, 2011; Bentley, 1999; Halim,. 2002). Bombing fishing even introduced 
in a long time ago by the Dutch and Japan army during the World War II (Deswandi, 2012; Soede et al,. 1999). In a more 
general sense, the use of bombing fishing was very influenced by the colonization era of south-east Asia in the late 19th 
(Chozin, 2008).  

Small fishers are only a piece of part of fisheries business. They are not the ones who get the most benefit from this 
business. Fishers are frequently impoverished by the market system while benefiting the traders (Fabinyi, 2013). The 
conditions are appropriate with Marx perspective that mentions capital accumulation driven by international market as 
the cause of resource depletion (Barry, 1999). Moreover, Neo-Marxian analyses that the penetration of international 
market usually collaborated with local organizational or institutional business in developing technology and 
maintaining the business (Kurien, 1998; Buttel, 2001). Institutional change happened then as a consequence of 
technical innovation and market development (Paltteau, 1989). Institutionalization of international market in 
Spermonde Islands was begun when companies from Hongkong recruit local fishers as boat operators and divers 
(Deswandi, 2012). In the evolution, the role of Hongkong companieshave switched become only providers of funds and 
fish collectors. They are no longer involved in fishing activities since the role has been tackled by local traders in 1992. 
Afterward the business of live reef fish becomes well institutionalized among the societies under Punggawa-Sawi 
system.  

Punggawa-sawi is a local name of patron-client system. Relation between patron and client is bounded by depth and 
would be broke if the debt is paid off. Several types of patron exist in the fishing communities of Spermonde which is 
PunggawaDarat, PunggawaLaut and Boss (Deswandi, 2012). Punggawadarat refers to patrons who stay on land and 
they are not involved in fishing activity, meanwhile punggawalaut refers to patrons who are involved directly in fishing 
activity. Boss is the patrons who financially support punggawadarat and punggawalaut for coral and live reef fish 
commodities. In the practice, Punggawa-Sawi system creates also connections with government officials to maintain 
and protect their activities (Chozin, 2008). Boss, for example, should have prosecution insurance networks for its 
workers with what they called as backings such as the police, the navy and the officials from Ministry of Marine Affairs 
and Fisheries (KKP) (Radjawali, 2011). These backings are become the most crucial factor for this system because 
without them this business cannot run like Napoleon fish trading (H. Razul, Fishermen of Karanrang island, 2010). This 
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fact shows that the real world is undeniable replete with harmful institutions which are supported by the lobbying 
power of the person concerned (Platteu, 1989).  

Punggawa-sawi system sustains for decades among the societies by protection system and services provided by the 
patron. It could be considered also as social security services to strengthen the loyalty of the client to the patrons. 
Protection system refers to security at work, including medical treatment in case of accident and prosecution of formal 
law when they are arrested by the authorities, while services refers to income protection such as cash loans during bad 
weather or other immediate crisis (Ferse et al., 2012; Deswandi et al., 2012; Glaser et al., 2010). The services should be 
available even Punggawa do not have enough spare money in a hard time of fishing. In this case Punggawa will borrow 
money from Boss in Makasar (Fishermen, 21 July, 2010). The case confirms the statement of Platteau (1989) that a boss 
or what he called as a corporate capital provides credit or other input to control various stages of the harvesting-
processing-marketing process. The term of corporate capital in this case refers to those who are in commercialization 
level of fish product. Despite of this protection system, the services provided are limited. In case of injury caused by an 
accident at work, the punggawa will pay for only 1 to 2 treatments. For further treatments, Sawi should be responsible 
by their own shelf and if a Sawi dies, part of his debt will be waived, but only for those who have a total debt under 5 
million rupees while who have above still need to pay 50% of total debt (Fishermen, 21 July 2010). 

The existence of patron-client system indicates mutual benefits obtained by two parties. However this kind of 
relationship triggers the question of equality exchange. Pelras (2000) described this relationship as unequal where the 
patron is in a superior position. Patron could determine rule which gives more advantageous for them, for example the 
price of fish which is lower than the market price. This position will let them get more benefit and therefore they are 
usually wealthy elites (Fabinyi, 2013), especially who play as a big Patron such as Boss who control the export trading 
of live reef fish in Makasar. In a higher level, big companies of live reef fisheries are not entering the business directly, 
but collaborate with local fishermen in order to minimize the risk and the cost (Platteau, 1989). The risks of the 
business which comprise capital loss due to uncertainty situation and violation of law by practicing destructive fishing 
are transferred to the fishermen. In the same time, they could save the cost by transferring the monitoring activities to 
the middle patron. They are also free from their responsibility to provide labor rights. In exchange, they merely need to 
provide loan funds and allocate some cost to maintain their connection with their official collaborators. In consequence, 
resource depletion in reef fishes gives greater impacts to the fishers than the traders. 

Considering the conditions above, redistributive policy is needed to achieve equitable responsibility in fisheries 
management. Moene and Wallerstein (2001) argue the increasing of need toward political support in a situation where 
the income level of societies grows more unequal. Furthermore, state is also responsible for helping its citizen, 
particularly those who are economically disadvantaged (Wilson, 2012). Political support could be concentrated on the 
provision of social protection by applying contribution of the working class in fisheries business. For those get more 
benefit should contribute more and subsidies the others. Beveridge (1942) mention that the lower level class should be 
the one who get more benefit from the social service system by paying less than the higher class. 

3.3. Promoting Social Security as a Coping strategy with Insecurity issues 

In order to deal with insecurity issues, implementing social security seems to be an urgent agenda. Social security is 
commonly referred to a government social program to securing of an income in case of unemployment, sickness or 
accident, retirement, death of another person and other exceptional expenditures (WHO, 2000). Securing people, which 
is dependent to the resource is one of the world concerns regarding to the achievement of human rights declaration 
(FAO, 2008; APFIC 2009). Declaration of Human Rights 1948 mentions these issues on article 22  

 
Everyone, as a member of society, has the right to social security and is entitled to realization, through national effort 
and international co-operation and in accordance with the organization and resources of each State, of the economic, 
social and cultural rights indispensable for his dignity and the free development of his personality. 
 

Recently FAO has recommended social protection as the post-2015 development agenda with five objectives 
emphasized which are5: (1) providing direct income; (2) supporting households in overcoming financial constraints 
and better managing risk; (3) stimulating the local economy; (4) promoting sustainable food systems; (5) enhancing the 
development of human capital. Social security and social protection were recommended also in the 5th APFIC Regional 
Consultative Forum Meeting (RCFM) in order to strengthen smale scale fisheries (APFIC, 2014). In this regard, social 
security should be given more attention not only in practice but also in scientific conceptualization.  

In social ecological framework, human well-being conditions are considered as a final output of resource 
management, as it is described by Reyers et al. (2013). The conditions will become inputs for the formulation of 
regulatory policy. The expected result of this policy is a better social-ecological relationship to achieve an optimum 
ecosystem service bundled. Following this mechanism, improvement of HWB takes a long process which could possibly 

                                                
5 http://www.fao.org/post-2015-mdg/14-themes/social-protection/en/ 
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achieve in a long term. This situation leaves a lack for shocks such as bad weather disturbances and accidents at work 
that affect HWB in a short term. In this case, social security could be the answer to securing people from immediate 
crisis. A loss of social security can be regarded as a result from the depletion of the social welfare system that could 
increase human insecurity (Antweiler and Hornidge, 2012). Hence, putting this term in the framework could strengthen 
the concept of SES. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source :Reyers et al. (2013) modified 

Even social security has been promoted for decades, but the actual realization is still far away in many developed 
and developing countries. In marine and fisheries context, only few countries adopt a social security program to ensure 
the security of fisheries communities. Among of them are India and Sri Lanka which have applied specific social security 
for marine and fisheries communities. In Kerala State, India, there are two schemes of social security that are 
promotional and protective (Kurien and Paul, 2001). Promotional social security covers programs of education, 
sanitation and health, housing and rehabilitation and employment benefits. Meanwhile protective social security 
encompasses insurance benefits, accident benefits, death benefits, marriage benefits, old age pension, sickness benefits, 
maternity benefits and unemployment benefits.  

Similar programs can be found on social welfare and social security of fisheries in Sri Lanka. In Sri Lanka the term of 
social welfare and social security are not well distinguished. Thus, these two terms are considered as unified program 
which cover housing, sanitary, drinking water, infrastructure, education and the benefits of physical disability or old 
age, and death (Amarasinghe, 2005). A part of the effectiveness of the implementation, the social security program in 
Kerala, India and Sri Lanka should be appreciated because the governments have played an active role in ensuring the 
fulfillment of human rights to its citizen.  

Social security in Indonesia context is regulated under National Law No. 40 of 2004 regarding national social 
security (SJSN) and National Law No. 24 of 2011 regarding social security agency (BPJS). The application of these laws, 
well known as BPJS, has just started in January 2014 with the total participant until June 2014 was about 123 millions 
which means only 47, 8% of the total population. So there are more than 52% that are still uncovered yet by this 
program. This program covers two types of insurance, health insurance and labor insurance. Unfortunately the labor 
insurance cover only formal sector like labor in a factory, but for informal labor like the fishermen of small scale 
fisheries is still uncovered. A close program had run before BPJS where Public Health Insurance (JAMKESMAS). This 
social program was intended to serve public health service for the poor and near-poor. This program was fully funded 
by the government and cover more than 40% of the Indonesia population (Harimurti et al., 2013). Study of Harimurti et 
al. (2013) reveals that JAMKESMAS had shortcomings such as low utilization and relatively low quality of care and 
regional inconsistencies in the availability of the basic benefits package.  

In Spermonde, before the application of SJSN, people get health care through two forms of service that were 
JAMKESMAS and JAMKESDA. JAMKESMAS was provided by central government while JAMKESDA was provided by 
regional government. Cards of health service are distributed to the people targeted and it could be used in nearest 
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health centers and hospitals in the district. Even though, health service is not available at any time, but depend on the 
presence of medical officers. In example in Badi Island, health service serves about 2 weeks each month and only 1 day 
per month in Karanrang. They should go to the main health center (located at several big Islands such as BarrangLompo 
and SaroppoLompo) or hospital in nearest mainland which operates 24 hours each day (Fishermen, July 2010) in case 
of emergency which mean need a lot of cost for the transport. For some cases, the medical service could not be given at 
the main health center due to a lack of proper medical equipment. Apart from the above types of social security, there 
are exist social and development programs which are under Marine Affairs and Fisheries Department. Some of the 
programs provide aid for people who lose their home because it was swept away by the waves. Others related program 
was concerned with the infrastructure such as breakwater embankment. All of these programs were not secure because 
it was not designed by a clear system. It is very dependent on men behind the desk who work on the program planning 
that could be changed significantly each year. Further study is needed to explore the application of social security 
toward Spermonde fishing communities.  

Application of social security program has great consequences in management, especially for the financing. A lot of 
money will be needed to run the program properly. Contribution from informal sector sometimes considers less 
reliable based on survey in Tanzania (Ginneken, 1999). The problems commonly come from the characteristic of 
business where one of them is unpredictable. They could not pay regular payment as like as worker in formal sector. 
But in the same time it reveals also the interest of informal sector to contribute in social security program particularly 
related to the protection of death and disability. In this regard, public participation in social security of informal sector 
is challenging to be formulated and therefore further research is needed.   

Learn from Kerala, India, the program has been financed by various stakeholders even in the beginning the fund was 
contributed only by the government (Kurien and Paul, 2001). In brief, now the financing involves government, 
fishermen’s participated, dealers, exporters, boat owners, catamaran owners, other craft owner, and shareholders. 
Public involvement in social security funding is a fair solution to avoid unequal income grows by capital accumulation. 
In a formal sector it is known as special payroll taxes that are levied on workers (Hall and Midgley, 2004). For those get 
more benefit should contribute more and subsidies the others. Beveridge (1942) mention that the lower level class 
should be the one who get more benefit from the social service system by paying less than the higher class. 

4. Conclusions 

Human insecurities in Spermonde Archipelago are raising issues and potentially becoming worse in the near future. 
High dependency to the resource in a declining environment is a hindrance for the people to getting out from the 
situation. Degradation of the resource was caused by the practice of destructive fishing since the colonial era and the 
situation has been aggravated by irresponsible global market for live reef fish commodities. As a consequence, a human 
standard of living which is noted as one of global human rights goals is threatened. Meanwhile, protective action is 
absence from government side as a holder of citizen mandate to protect them. Instead, some of the officers collaborate 
with the capitalists which are resulting protected illegal fishing activities.In these circumstances, people in Spermonde 
archipelago are consideredas marginal communitiesthat shoulder the failure of resource management. Therefore, they 
need to be assisted to prevent them from failing in a deeper vulnerability. Social security could be a suitable concept in 
order to save the people both in short term and long term. This concept in a broader context needs to be synchronized 
with SES concept so that the goal of sustainability development could be reached. 
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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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Abstract 

Indonesia is in progress of accomplishing its international commitment to have twenty million hectares of marine protected areas 
(MPA) by 2020. Many new MPAs are now developed every year since 2003, but their management status is struggling in 
implementation. Aquatic Recreation Park (ARP) of Gili Matra, District of Lombok Utara, used to be an example of the best practise of 
effective MPA management when it was under authority of the Ministry of Forestry. Its management was handed over to the 
Ministry of Fisheries and Marine Affairs in 2009.  Since then its former management plan was stopped but newly management plan 
has difficulties in implementation. This challenges provide many opportunities to learn factors inhibiting implementation of the new 
management plan. Institutional issue is the most challenging issue as its revision needs to be adopted on future legislation and 
governance. The current management body of the ARP Gili Matra is not sufficient to accomplish its big responsibility, i.e managing 
one of the fastest growing tourist destination area in Indonesia. Changes of local authority in land-based management also affected 
ARP Gili Matra with uncontrolled number of boats and accommodations beyond environmental capacity of the ARP Gili Matra.  
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1. Introduction 

Indonesia is in progress of accomplishing international commitment to have twenty million hectares of marine 
protected areas (MPA) by 2020. Many new MPAs are now developed every year since 2003. In the Ministry of Fisheries 
and Marine Affairs (MoFMA) there are four types of MPA, i.e.  Aquatic National Park (Taman Nasional Perairan), Aquatic 
Nature Reserve (Suaka Alam Perairan), Aquatic Recreation Park (Taman Wisata Perairan) and Fisheries Sanctuary 
(Suaka Perikanan). There are four other types of MPA under Ministry of Forestry and Environment (MoFE), i.e. National 
Marine Park (Taman Nasional Laut), Marine Nature Recreation Park (MNRP, Taman Wisata Alam Laut), Marine Nature 
Reserve (Cagar Alam Laut) and Marine Fauna Reserve (Suaka Margasatwa Laut). Target of 20 million hectares MPA 
seems to be achieved before 2020, but many of them are struggling in effective management implementation. 

The Aquatic Recreation Park (ARP) of Gili Matra, District of Lombok Utara, used to show effective management under 
authority of MoFE (Satria and Matsuda, 2004; Hidayat, 2007) . Since it was handed over to MoFMA in 2009, however, 
the effective management was rapidly faded away and there is no management at all in 2010. After hand-over, 
management authority of ARP Gili Matra is BKKPN (National Agency for Conservation of Aquatic Park, Balai Konservasi 
Kawasan Perairan Nasional), a regional level conservation agency of MoFMA. At present, 2016, management plan has 
been set up but it is potentially experiencing hard ways in implementation. 
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Figure 1. Map of Aquatic Recreation Park Gili Matra, in the District of Lombok Utara. (Source: Amir, 2012). 

Management status of ARP Gili Matra is classified into the yellow level of effective management. It is expected to 
grow into the next green level of effective management. The yellow management level has a management unit, zoning 
and management plans, and supporting facilities and budget. The green management level should have an approved 
zoning and management plans, have required standard of procedure (SOP) documents, a decree of establishment of the 
MPA, and show implemention zoning and management plans (Dermawan et al., 2014). Transforming into the green 
management level, ARP Gili Matra has to struggle with the implementation of zoning and management plans, although it 
has already fullfiled the other three requirements.  

Management of ARP Gili Matra has to cope with rapidly increasing terrestrial- and marine- based environmental 
pressures, since it is the best icon of small islands tourist destination. Number of staying tourist increased seven times 
in the period of 2009-2014. Number of tourism vessels also increased 150% in 2014-1015. These rapidly tourism 
development is coincidence with weakening of ARP management. It is therefore very big challenge to save marine 
resources in the ARP Gili Matra. 

This paper examined issues and problems related to transformation from yellow to green management level. Many 
lessons learnt to improve transformation processes of an aquatic recreation park which is also being important tourist 
destination are discussed. 

2. Historical Background  

Management authority of ARP Gili Matra has been through a long evolutionary process in the past 23 years. ARP Gili 
Matra was established on Ministry of Forestry (MoF, former name of MoFE) Decree No. 85/Kpts./1993, 16 February 
1993. When it was under MoF, the management authority was on BKSDA (Natural Resources Conservation Agency, 
Badan Konservasi Sumberdaya Alam), a provincial office. After about 16 years under administration of MoF, the ARP 
Gili Matra was handed-over to Ministry of Fisheries and Marine Affairs (MoFMA) on 4 March 2009, with a MoFMA 
Decree No. 67/MEN/2009. At MoFMA administration, the management authority is under BKKPN. There is no 
provincial office of BKKPN, but two regional offices nationwide, i.e. BKKPN Pekanbaru for western Indonesia and 
BKKPN Kupang for eastern Indonesia. ARP Gili Matra is officially managed by BKKPN Kupang. BKKPN Kupang has a 
technical implementing unit office (satuan kerja) at Pemenang, District of Lombok Utara, 15-35 minutes by boat from 
Gili Matra, to carry out day-to-day management.   

Management of ARP Gili Matra was a show case of effective management when it was under BKSDA of NTB (Nusa 
Tenggara Barat). The effective management was a communty based management (Hidayat, 2007). Local community 
represented on local institutions at sub-village level, e.g. Gili Eco Trust of Gili Trawangan, FPGA (Forum Pengusaha Gili 
Air) of Gili Air, FPGM (Forum Pengusaha Gili Meno) of Gili Meno, they made and implemented their own management 
plans. The management plans were declared as awig-awigs, a customary law in traditional Sasak and Bali. The 
implemented awig-awig was practically adoption of a revised version of coral reef zoning and management plans 
introduced by COREMAP (Coral Reef Rehabilitation and Management Program) (Bachtiar, 2000).  The local institutions 
were composed mainly of people running business or tourism operators on the three islands. Their missions are 
therefore to have a sustainable business on the ARP that they need to have spaces for diving business, protect coral 
reefs and clear out dive spots from fishing activities. 
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Government, represented by BKSDA, had practically quite small role in the management practices. In the first 5 
years, 1993-1998, there was not any management plan on MNRP Gili Indah (former name of ARP Gili Matra). Following 
adoption of COREMAP zoning and management plan by community, BKSDA support the community with a patrol boat 
and rangers. BKSDA showed a very important role in fighting against blast fishing. The last blast fisherman was caught 
by BKSDA in 2003.  

Under BKSDA management era, 1993-2009, nearly all management of the MNRP Gili Indah was carried out by local 
community. BKSDA willingness to share its authority with local community was the key success of the MNRP 
management (Hidayat, 2007). Many national and local events shaped community responses and local institution roles 
in management. National chaostic political situation following the fall of the New Order Regime encouraged blast fishers 
to operate freely in the ARP Gili Matra. As many complain from diving tourists endanger future of the islands, local 
community and tourism operators established local institutions to send away blast fishers (Figure 2). These institutions 
then joint a bigger fishermen group, LMNLU (Association of Northern Lombok Fishermen, Lembaga Musyawarah 
Nelayan Lombok Utara), to fight against blast- and poisonous- fishers. In short, local community was pro-actively 
collaborated with businessmen and government to protect coral reefs as tourism assets of Gili Matra. This community-
based management was among the best natural resources management in Indonesia (Satria and Matsuda, 2004; 
Hidayat, 2007). 
 

 

Figure 2. Time-line management history of ARP Gili Matra and its relation to outside drives and inside responses 

The effective management was faded away very rapidly following the hand-over management authority from MoFE 
to MoFMA, in 4 March 2009. The MoFMA was not ready to keep existing management run continuously. There was 
nearly even no management authority in a period of 2009-2011. During this period, conflicts between fishermen and 
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dive operators reoccurred and new management authority hardly showed off its existence. BKKPN had only two un-
experienced newly recruited staffs that have no idea how to cope with management issues. 

When BKKPN office is ready and more staffs are recruited, in 2012, BKKPN worked with WCS (World Conservation 
Society) to make new zoning and management plans, from 2012 to 2013. While discussion about the new zoning and 
management plan was in progress, practically no management was in place at ARP Gili Matra. This period, 2009-2014, 
was therefore still a frustrating period for many dive operators as they have to competing space against muro-ami 
fishermen. Compensation fee from dive operators to fishermen was stopped in 2014, after 11 years of implementation. 

3. Issues and Problems Related to ICM Practices 

a. Zoning Plan 

The zoning plan was consisted of four zones following government, Government Act (Peraturan Pemerintah) No. 
60/2007. The four zones are Core Zone (Zona Inti), Sustainable Fisheries Zone (Zona Perikanan Berkelanjutan), 
Utilization Zone (Zona Pemanfaatan) and Other Zones (Zona Lainnya). The core zone is area set aside only for research 
and education purposes. It is perceived therefore as a No-Entry Zone (NEZ). The core zone also serves as No-Take Zone 
(NTZ). The second and third zone is area for limited exploitation activities. At ARP Gili Matra, the third zones is divided 
into two sub-zones and the fourth zone consisted of three sub-zones (Figure 3). All the zoning plan is fine, but the 
presence of three NEZ is obviously a very big challange. 

 

Figure 3. Three core zones (red colour) in Zoning plan of the ARP Gili Matra. Source: BKKPN flyer 
 
Neither vessels nor divers are allowed to pass through NEZ. The presence of NEZ therefore needs more intensive 

monitoring and surveillance. As there are three NEZs, it needs alot of efforts to do monitoring and surveilance. Although 
the planning processes involving local community, its implementation is remain doubtful.  

The presence of NEZ is obligatory on each conservation area, including an aquatic recreation park. Every  aquatic 
conservation area must have at least 2% of core zone (NEZ) (MoFMA Act. 30/MEN/2010). In the ARP Gili Matra, NEZ 
was set up in 94.81 ha or 3.21% of the aquatic area. The NEZ was established on each island, that consisted of three 
NEZs, i.e. 67.94  ha in Gili Trawangan, 10.78 ha in Gili Meno, and 16.09 ha in Gili Air (Figure 3). Setting up the three core 
zones were also needs several revisions. 

It has been argued in the district task force discussion that the NEZ should be only one area. Firstly, the three NEZs 
is not fit with the island biogeography principle. One big island has higher biodiversity and less extinction rate than 
many small ones (Simberloff and Abele, 1976; Whittaker et al., 2008; McArthur and Wilson, 2015).  One NEZ is better 
than three NEZs with the same size area. Furthermore, monitoring and surveilance for one big NEZ is very much easier 
than three smaller NEZs. This principle was accepted and integrated in the zoning plan at the district task force 
discussion. Directorate of Area and Fish Species Conservation at Jakarta office, however, rejected it and insisted to 
make three NEZs at the ARP Gili Matra.  

The three NEZs impose BKKPN to difficulties in implementing management plan. Three NEZs are too much too 
handle for BKKPN with small number of staffs and budget. Conservation efforts on MPA is usually enlarging size area of 
NTZ not NEZ (Williamson et al. 2004; Hughes et al., 2006; Day, 2008). In the Great Barrier Reefs Australia, for example, 
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proportion of NTZ is 33.3% but proportion of NEZ is 0.2% (Day, 2002; Day, 2008). It is surprising that at ARP Gili Matra 
proportion of NEZ is equal to NTZ, only 3.2%. It is very likely to have 25% NTZ (area for diving and snorkelling only) on 
ARP Gili Matra. The zoning plan did not accommodate NTZ since it is not explicitly regulated on MoFMA Act. (Permen 
KP) 30/MEN/2010. 

b. Surveillance and Enforcement 

The zoning plan was a long process involving both communities and central government (MoFMA). After this long 
breath-taking discussions, the zoning plan was issued as a MoFMA Decree No. 57/Kepmen-KP/2014. Community 
involvement was very intensive that about 35 meetings were held to have a majority approval of the zoning plan. The 
processes involved three level of discussion groups: a) local community discussions on each three islands (sub-villages) 
and village level, b) discussions on a district task force and c) discussions on national ministrial level. Local community 
discussions were attended by staffs from village government, tourism operators (hotel, restaurants, trips), and 
fishermen. The district task force was composed of staff of relevant district agencies, staff of BKKPN, village community 
leaders and lecturer of a local university (University of Mataram). The new zoning plan was facilitated by Marine 
Program of the the World Conservation Society (WCS). The WCS employed a staff working full-time for 24 months at 
the islands. Prior to zoning planning, they carried out surveys both on ecology and social-cultural. Zoning plan was 
designed based on finding from the ecological survey and community willingness to the zoning plan.  

Zoning plan needs monitoring and surveillance, not only on NEZ but also on other zones, but BKKPN olny have 
mandate in monitoring, no authority in doing surveillance. Institutionally, BKKPN is under the General Directorate of 
Marine Spatial Management. Surveillance and enforcement mandate is under the General Directorate of Fisheries and 
Marine Resources Surveillance. Such institutional organization inhibits implementation of the zoning and management 
plan. Any violations on zoning and management plans can be neither arrested nor sanctioned. BKKPN staff obligatory is 
reporting marine spatial uses in ARP Gili Matra every time they carried out monitoring. Without surveillance capacity, 
implementing zoning plan will never been an easy job. 

This inhibiting factor in management implementation has been anticipated by BKKPN and WCS. The approved 
management plan is expected to be adopted by village government as the village awig-awig. When the zoning and 
management plans belonged to the Village of Gili Indah, as an awig-awig or a Village Act, the village have 
responsibilities and authorities to implement the zoning and management plans. The Village have authority to seize and 
apply penalty on violators. This scenario, however, does not run smoothly.  

The village government formally adopted the zoning plan as a Village Act No. 03/2014, but not enthuastically 
supporting its implementation. The village asked BKKPN for facilitating establishment of task-forces on each island 
which will be given authority to implement the Village Act. This indicates that the village government does not show 
strong motivation and passion to manage coral reefs of the islands and want merely to rely on BKKPN to do the job. 
With all authority it holds, the village government has capacity to coordinate tourist operators in collaboration with 
BKKPN to make zoning and management plans in place.  

BKKPN also has opportunity to work with other government institution to carry out surveillance and enforcement. 
There are several staffs of the Provincial Fisheries Office (PFO) who have authorities to do surveillance on fisheries, 
after they had several surveillance trainings. They have authorities by law to seized violators, confiscated their 
properties and send them to the Police Office. Coordination between BKKPN and PFO on surveillance, however, is not 
practical, although distance between the two offices is about 35 km or an hour drive. The surveillance staffs cannot be 
ready anytime they are needed by BKKPN. 

Another opportunity in implementation of the zoning plan is that BKKPN staffs inviting a Police officer every time 
they are conducting monitoring. This effort may be potentially effective as they have surveilance officer on board, but in 
practice it is inefficient. It costs time and money, as the Police Station also must be ready on their daily main duties on 
terrestrial security affairs.  

Resolution on this problem is upgrading BKKPN staff on training that several of them will be granted to be a 
fisheries-surveillance officer. This should be a national program, as this situation would occur on other MPAs under 
MoFMA. Alternatively, the Directorate General of Fisheries Surveillance distributes its surveillance staffs to all MPA 
management offices. 

c. Community Support 

Support of the Village Government on the implementation of ARP Gili Matra management is less than it was 
expected. This needs to be studied more intensively to figure out what was going wrong with them. This paper 
describes only observable events that took place on ARP Gili Matra. On its beginning, BKKPN showed less impressive 
introduction. In the period of 2009-2011, BKKPN was urgently needed by local community to provide resolution on 
spatial conflicts between dive operators and muro-ami fishermen, but BKKPN was not ready to cope with this issue and 
did not do anything to solve the conflict. There were no management existed within the period of 2009-2013.  

Following management authority hand-over of the ARP Gili Matra, the new management authority should have 
clearly stated that existing management plan was still in place. In fact, there was no formal statement concerning the 
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management measures that was in place during the period. Therefore, violators were freely conducting their activities 
without facing sanctions from any authorities. Complains were frequently spoken out from dive operators organization, 
Gili-Eco Trust, but the newly established BKKPN did not respond it conveniently. BKKPN “ignorance” on its new 
establishment to violations of existed awig-awig weakened respect and expectation from dive operators and other 
tourism operators and village government.  

After long abstinence from management, starting a new management is a very big challenge, even it is bigger than 
starting a new management in a new location. People are already adjusted to condition of no management. When they 
survived, they will think that they business will survive well without any management from government, as it has been 
proven on the last seven years. Thus local community, village government and tourism operators might have lost their 
motivation to take part on the present co-management framework initiated by BKKPN. They let BKKPN to do its job and 
they will do their own business. Community of the Village Gili Indah, inhabitants of ARP Gili Matra, has shown its 
persistence against government regulation when they lost motivation to take part on government program (Bachtiar 
and Mayes, 2014). 

With lack of community support implementing zoning plan with three NEZs might be very difficult. In case of 
authority management hand-over, as happened at ARP Gili Matra, a new management authority should have been 
running any existing management plan before introducing its new one. Abstinence of management authority and 
management plan weakens community participation and lessens their motivation in future co-management framework. 

d. Institutional Issues 

On daily basis, management of ARP Gili Matra is carried out by an implementing unit (satuan kerja) of BKKPN. All 
administrative and budget planning are dependent on BKKPN Office at Kupang. The implementing unit has no authority 
to make any decision on management issues. As BKKPN Kupang also handles 12 implementing units of MPAs 
distributed on 12 archipelagic provinces on eastern Indonesia, this organization structure does not run very well. Many 
issues that require immediate decision need to wait for several days in seeking approval from BKKPN Kupang’s office.   

Ideal management office of ARP Gili Matra, which has intense daily load from tourist operators, should have 
independent administration and budgeting. It should also have capacity in surveillance and enforcement. Upgrading the 
management authority from implementing unit office to bigger authority is required to empower this management 
office implementing effective management. In the 2016, for example, there was a budget for conducting 18 monitoring 
trips, but only 9 monitoring trips were done due to its lack authority in administration and budgeting. 

Ideal management office should also be capable of synchronizing its marine programs with adjacent terrestrial 
program. Within ARP Gili Matra, management of the water is under BKKPN while management of the islands is under 
District of Lombok Utara. Synchronization of management programs with terrestrial programs is difficult at its present 
office level. With these difficulties in coordination and synchronization, the implementing unit of BKKPN have very big 
challenges to have an effective management implementation. 

4. Current Situation 

Transforming management status of ARP Gili Matra from yellow to green level has to cope with big challenges, i.e. 
implementation of zoning and management plans. This works require more than just plans, SOPs and a decree of 
establishment. It also needs dissemination of the plans, border marking between zones and formation of effective 
implementing units. Following approval of zoning and management plan on early 2014, all the supporting agendas 
should have been done immediately to get the best momentum in implementation. Among the three follow-up activities 
needed, however, only dissemination that run well till the end of 2016. 

Dissemination of zoning plan is being done through billboard posting on four tourism boat harbours, i.e. Bangsal, 
Gili Trawangan, Gili Meno and Gili Air. Dissemination is also carried out by posting stickers on pulic boat ticketing 
offices. So far, the dissemination of zoning plans is very good that all inhabitants and tourists have high probability to 
spot one of the dissemination media. Border marking between zones, however, is not yet installed.  

At present, there is not any marking on borders between zones. Without boder marking zoning plan will end up just 
as a paper work. BKKPN should immediately provide and install buoys as border marking between zones. The core 
zone or NEZ must have red colour to distinguish them from other zones. The border marking is supposed to be done 
immediately upon approval of the zoning plan by MoFMA. The late border marking may lower community participation 
on implementation of zoning plan.  

Management unit to implement the zoning plan is also not yet ready. Within the framework of community-based 
management using Village Act No. 03/2014, there will be a sub-village task force to carry out monitoring and 
surveillance. This policy is aimed to compensate BKKPN’s incapacity in surveillance. The sub-village task force at each 
island should therefore also be established in near future. Delay of following up zoning plan discourage implementation 
of the zoning and management plans, as people already forgot the mission of the management plan.  

All this delays (2014-2016) was due to low capacity of the BKKPN implementing unit at Pemenang, District of 
Lombok Utara. Upgrading the implementing unit is therefore very important to strengthen management of ARP Gili 
Matra. The present implementing unit of BKKPN lack of capacity to cope with big challenges in management of ARP Gili 
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Matra. Bachtiar (2000) reported that failure of zoning plan implementation on MNRP Gili Indah (former name of ARP 
Gili Matra) was in part due to delay in following up zoning plan approval.  

5. Lessons Learned 

1. No-Entry-Zone (Core Zone, Zona Inti) is not compatible with Aquatic Recreation Park of Gili Matra. MPA-type 
Recreation Park should have more area for Recreation Zone or Tourism Zone, which is similar with No-Take-Zone. 
NEZ should be compatible only for Aquatic National Park (Taman Nasional Perairan) and Aquatic Nature Reserve 
(Suaka Alam Perairan). In the ARP Gili Matra, nearly all beaches are occupied by resorts and hotels. The existence 
of NEZ in front of hotels and resorts impose big problems to implementation of zoning plan.  

2. Incompatibility of ARP Gili Matra to NEZ (Core Zone) at least due to two factors. Firstly, this type of MPA host tens 
of thousands divers per year that NEZ violation has high probability and is very difficult to monitor. Secondly, all 
NEZs set up in front of accommodation (hotels and resorts) that nearly impossible to prohibit tourist walking or 
swimming within NEZ.  

3. Three NEZs on Gili Matra inflict more troubles on management. One NEZ is very difficult to implement, and three 
NEZ is nearly an impossible mission. On crowded ARP Gili Matra, hundreds of divers go to limited dive spots twice 
a day. If they are not expected entering NEZ, it would be very difficult and very expensive to monitor. 

4. Transforming three NEZs into NTZs may ease the manager to implement the zoning plan. This means to revise 
MoFMA Act No. 30/2010, chapter 3, article 9(3). On this article, all conservation area must have 2% of core zone. 
As it is incompatible with ARP Gili Matra and probably neither to other ARPs, it is suggested to revise that 2% of 
core zone must be present only in aquatic national parks and aquatic nature reserves. In other two types of 
conservation area, core zone is optional not an obligatory. In compensation, there should be set up 25% of NTZ 
that people may swim and dive but not taking anything on this area. Setting up 25% NTZ is much more reasonable 
to do and potentially have much better impact than having 2% of NEZ. 

5. BKKPN needs to be equiped with authority in surveillance and enforcement. This can be done by upgrading 
BKKPN staffs to get surveillance certificate or supplying a surveillance staff from the Directorate General of 
Fisheries Surveillance. Without capacity in surveillance and enforcement, management of ARP would be on paper 
only. 

6. MPA hand-over may be a simple process when it is done properly. Without proper preparation, however, MPA 
hand-over could weaken existing effective management and in turn lessen  community participation on future 
collaborative management. ARP Gili Matra is a good example of improper preparation of MPA hand-over.  

7. Good introduction is very important to have community participation in co-management. During the first 3 years 
of preparation of new management plans, management authority must acknowledge continuity of existing 
management plan and put effort in maintaining efficacy of the management. 
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Abstract 

The research used numerical mathematics to predict the accumulative amount of oil spilled for the next 10 years. The purpose of the 
study is to understand how the oil will spread at the port of Balohan, Sabang in order to be able to anticipate the environmental 
impact from oil pollution. To understand this case, the two dimensional numerical model was used. The result informed that 
concentration of oil spill accumulation prediction for the next ten years diffusively concentrate at the area of the dock (parking ship). 
The result also notified that advection effects of the current was not significantly arose because of residual current is too small to 
occur.  
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1. Introduction 
  
 Port of Balohan at Sabang island is one of the important sea transport infrastructure to support tourism from main 
land of Aceh to Sabang island. Located approximately 12 km south of Sabang, the port of Balohan serves to 
accommodate the berthing ships crossing of Banda Aceh and Sabang. Along with the establishment of Sabang as a major 
tourist destination in the region of western Indonesia, it will increase the flow of passengers to and from Sabang. Many 
investors also take advantages of the policy because they will use the sea route to reach Sabang as it is cheaper and 
safer. However, such developments and its activities might cost the environmental damage. 
 The development in Indonesia as well as in Aceh implements the sustainability development principle, therefore to 
support such principle, one of them is by studying the oil spill pollution because of port activities in such area. The 
study of oil spill in this case is by implementing the numerical model analysis to predict the amount of pollution 
spreading at port area. The effort is important because it can be used to monitor and evaluate marine areas (Chang et 
al., 2014). By doing this analysis, the efforts of precaution and prevention would be controllable.  
 The oil spill at the port area has relatively small in term of spatial scale (Kremer, 2007) compared to the exploration 
activities of oil production, the transportation/shipping of oil (tankering), and offshore pipelines (Mazurek, 2013). 
However, the impact caused by the oil spill at the sea port area is hazardous because the waste of oil is a harmful excess 
(B3 pollutant) that are explosive, corrosive, and smelled. Consequently, the costs arising from oil pollution can be 
several, such as: biological damage, the aesthetic damage caused by the smell waste, decreasing or obstructing 
phytoplankton and zooplanktons population as food source and damage the food chain system in the affected areas 
(Neel et al., 2007; Novelli, 2011; Chang, 2014). 
 The main factors that makes the oil spill spread are the wind, waves, tides, currents and solar radiation (Novelli, 
2011). However, in the real situation, those data are extremely difficult to obtain, in addition to incomplete, and usually 
the data are uncertainty. Therefore, simplification may be made for numerical models because of the complex factors 
that influence them (Mazurek, 2013). The dominant effects of hydro-oceanography on oil spills around the beach is 

                                                
1 Corresponding author.  

E-mail address:  

http://pksplipb.or.id/


69  Irham / Proceeding – ICM-MBT (2017) 68–73 

 

current caused by waves (Mazurek, 2013) compare to other factors such as tides, salinity density and temperature (Cho 
et al., 2012). How large the oil spill at the port is the main focus of this study in order to be able monitor and evaluate 
the impact occurred in the area.  

2. Methodes  

 Oil spill analysis on this study uses numerical model of mathematics. The prediction of oil spill is based on the daily 
accumulation of oil spill data taken on the field in three consecutive months.  The prediction analysis conducts over the 
next ten years based on hydro-oceanographic data and model such as: waves, tides, winds, and geomorphology. 
 Mathematically, the dynamic of oil spill can be done if numerical model of current and waves have been completed. 
To carry out the analysis, the following are the formulation implemented in this research. The current dynamic 
resulting from wave can be written as: 
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Where: 

Fx dan Fy  = the friction term in x dan y direction 
Rx dan Ry  = the radiation stress in x dan y direction 
Mx dan My = the forces from the radiation tension gradient 

According to Horikawa (1988) the radiation tension can be calculated from the following formulation: 
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with AH is the horizontal viscocity coeficient. 
 For the wave distribution, Watanabe and Maruyama (1988) formulated the wave kinematic as follow: 
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Where: 
  0 = the frequency of incoming wave angle 
  g = gravitation acceleration   
         k = the wave constant 
  h = water depth 
          = wave elevation 

            U and V= current on x and y direction  
 From the formulas above, the value of k dan  can be calculated, then the conservation energy can be implemented 
as: 
 

    0)()( 





























y

V
S

x

V
S

y

U
S

x

U
SVCE

y
UCE

x
yyyxxyxxgygx

    (7) 

here 
E  = ghH2/8 
H  = the wave hight 
Cgx, Cgy = the velocity of wave group in x and y direction 
Sxx, Sxy, Syy = the tention of radiation 
 
 
 

Finally, the oil spill analysis can be applied as the following formula: 
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     (8) 

where Dxx, Dxy, Dyx, dan Dyy are diffusion coefficient and P is oil spill concentration. 

3.  Result and Discussions 

 Port of Balohan is located at the bay of Balohan east of Sabang Island. Based on bathymetry analysis, the Balohan 
port is consider as a shallow water coast with the 0.04 ratio of depth to the area and gentle slope of 2.290 (Fig. 1). The 
port is located at the bay and surrounded by mountainous topography both North and South of the port. This 
topography becomes wind barrier that get into the port with mainly flowing from North to South. As a result, the wave 
high in this area can be considered small and calm. Based on wave measurement, the average of wave high is 55.16 cm 
with wave period 5.44 second during the high tide and 36.84 cm with wave period 4.26 second during neap tide. The 
result of wave distribution analysis is shown on Fig. 2. From the wave distribution, the prediction of surface wind by 
using Beaford scale is 12.038 km per hour with fetch is 8 km. The characteristic of wind on this case is reflected a weak 
wind.  
 

 

Figurte 1. Bathymetry contour of Balohan port of Sabang. 
 
 

 
 

Figure 2. Wave distribution profile at port location 
 
 The result of tide measurement in the port area is a semidiurnal tide with F = 0.198. The component of tide 
amplitude and phase calculation can be seen on Table 1. This result differs from the prediction from Dishidros TNI AL 
where the location of the station is about 10 Km away from the Balohan measurement location (Table 2). Based on the 
data, the analysis of water elevation around the Balohan port can be seen in Table 3. 
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Tabel 1. The tide component of amplitude and phase at Balohan port of Sabang station based on field measurement. 

Coponent M2 S2 N2 K1 O1 
Amplitude 49,85 20,7 9,84 10,03 3,99 

Phase 83,67 27 72,1 42,23 82,36 
 
 

Tabel 2. The tide component of amplitude and phase at Teluk Sabang port station based on Dishidros TNI AL 
calculation. 

Component M2 S2 N2 K1 O1 
Amplitude 44 26 7 8 5 

Phase 85 38 72 45 78 
 

Table 3. Water elevation condition at the port area 

No Condition Water High (cm) 
1 
2 
3 
4 
5 

During a spring tide 
On a neap tide 
Mean sea level 

On neap low tides 
On spring low tide 

465,56 
384,96 
375,60 
285,56 
355,97 

 
 

 

Figure 3. Current profile at the port area during the spring tide 
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Figure 4. Current profile at the port area during the neap tide 
 

 
 Wave induce current in this area can be seen of Fig. 3 and 4 during high tide and low tide respectively. Flow analysis 
caused by waves on two tidal condition shows that the dominant current flow from South to North during the spring 
tide and from North to South during the neap tide. This condition is parallel to the surface wind that occur on the same 
direction as water flow. Near by the jetty, the current flow toward the beach during spring tide, however, during the 
neap tide the current flow away from the coast. It means that on this area (North side of jetty) the mixing occurred that 
potential to any pollutant to be concentrated in this area.  
 

 
 

Figure 5. Oil spill contour from the result of 10 years’ prediction of oil spill accumulation model in L/m2 at Balohan port 
of Sabang. 

 In prediction of oil spill in this area, the wave distribution, tidal condition and current are applied based on 
numerical formulation (8). The result of the oil spill is shown on the Fig. 5. The result displays that most of oil is 
concentrated around the embarking ship where the source of oil spill occurs. The concentration, then, spreads toward 
offshore where the current transports the concentration outward of the beach. This prediction model agrees with the 
current model as alongshore current hit the jetty form North will turn the direction offshore and the oil concentration 
that flow South-North also follow the current outward. Based on the display of oil spill contour, it illustrates that the 
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dynamic of current diffusion strongly occur to the oil concentration distribution compare to advection distribution. 
This happen is be caused of the residual flow at the port too weak to transport the oil. 

4. Conclusions 

 The study shows that oil spill spreading at Balohan port of Sabang parallel to the condition of current model. 
However, the accumulation of 10-year oil spill result displays that as time increase the oil spill starts to concentrate 
offshore. The result agrees to the profile of current either during spring tide or during neap tide. Based on the research 
done in this area, the further study about the oil spill in this area should be continued in order to be able to understand 
more about this phenomenon. 
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Abstract 

Green mussel culture development is still dependent on the availability of seed or called spat derived from nature, so knowledge 

about the collector or attachment of spat and appropriate collection methods should be known. This research aims to determine the 

most optimal method to collected green mussel spat on the coastal waters Kuala Langsa, Aceh. Based on parametric t-test, showed if 

the production potential spat covering production (g), the total spat collected (individual per collector 2 m) and average length (mm) 

on both longline and stick method which different significantly (P<0.05). Spat production with longline method of 3713.50 ± 53.40 g, 

where total spat collected as much as 175.75 ± 12.63 individuals per collector 2 m, with average length of 7.33 ± 1.22 mm, while the 

spat production with stick method of 2613.35 ± 28.80 g, where total of spat collected as much as 86.25 ± 13.72 individuals per 

collector 2 m, with average length of 6.76 ± 1.44 mm. Parameters of water quality during spat collection period is still appropriate 

for support green mussels life, where the temperature ranges from 28.9 to 34° C, salinity of 26.6 to 30.1 ppt, turbidity of 20 to 22 cm, 

pH of 7.9 to 8.3 and DO of 4.9 to 6.0 mg/l and the water current of 0.1 to 0.3 m/s. Green mussel spat collected with longline method 

showed optimal results to be practiced in the coastal waters Kuala Langsa, Aceh. 
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1. Introduction 

Green mussel (Perna viridis L. 1758) is a marine organism that many dominate the rocks littoral and sublittoral 
ecosystems in coastal areas (Vakily, 1989; Hickman, 1992), and is widely cultivated in tropical regions such as India, 
Indonesia, Philippines, Singapore, Thailand, and Malaysia (Sallih, 2005). Green mussels become one of the important 
commodity for aquaculture because this species is known for its rapid growth characteristics and have a high tolerance 
to various environmental conditions, as well as economically profitable for an aquaculture system (Rajagopal et al., 
2003). 

Green mussel culture is one of the important industrial sectors such as aquaculture continues to grow more (Naylor 
et al., 2000; FAO, 2006). Factors that encourage the development of green mussel culture among others green mussel 
growth rate relatively quickly so that the shorter culture period to reach consumption size and the availability of spat 
year round without the need for production (Cheney, 2010). Mussels are also able to provide a cheap source of protein 
with the value of minerals and essential vitamins (Fuentes et al., 2009). Green mussels culture can be done with low 
production costs but have high profitability (Acosta et al., 2009), besides the culture had no impact on environmental 

                                                
1 Corresponding author. Tel.: +62-823-2684-0655. 

E-mail address: andisagita2@gmail.com 

http://pksplipb.or.id/


75  Sagita et al. / Proceeding – ICM-MBT (2017) 74–80 

 

degradation (Ellis et al., 2002) and classified as aquaculture activities that are environmentally friendly (Shumway et al., 
2003), so that it can be done in a sustainable aquaculture (Costa-Pierce, 2008). 

Development of green mussel culture for this still requires the availability of seed or often called spat derived from 
nature. The green mussel spat attached using byssus in colonies on the surface of rocks, boats, PVC pipes, ropes, and an 
even muddy base substrate attached to seaweed and mangrove roots (Rajagopal et al., 2006). Dependence on natural 
mussel spat the push to do this research so that the knowledge of the method of collecting green mussel spat can be 
known. According to Campbell et al. (1998), aquaculture activities would be optimal if farmers can manipulate method, 
so as to offset the cost of production. Cheney (2010), also explains that the proper cultivation method and can enhance 
the production performance of biota cultivation. 

Spat collection from nature for aquaculture activities carried out by providing a means for green mussel to attached 
the commonly called is a collector (Alfaro & Jeffs, 2002; Alfaro et al., 2004). Knowledge of where and when to put the 
spat collectors and collectors material used needs to be known. Another thing to note is the spat collection method or 
technique appropriate to the water conditions so that it can support the success of the green mussel culture. 

Catching activities of green mussel in the local communities coastal waters Kuala Langsa have been done to use a 
catching tool, such as scratching, traps or without tools. Based on observations, coastal waters Kuala Langsa has a depth 
that is suitable for marine aquaculture, especially green mussel culture which ranged from 2 to 7 meters, and the 
coastal area has a muddy sand substrate. The considerations are becoming the assumption that the green mussel which 
has become one of the commodities catches in coastal waters Kuala Langsa has the potential to be cultivated. However, 
to determine the level potential of green mussel culture on the research location is necessary to do a preliminary 
assessment of the green mussel spat collection method, so that it can be known how much production potential, so that 
will support the development of green mussel culture on the coastal waters Kuala Langsa. This research aims to 
determine the most optimal method to collected green mussel spat on the coastal waters Kuala Langsa, Aceh. 

2. Material and Methods 

2.1. Design and experimental units 

The research was conducted from June to July 2016, in the coastal waters Kuala Langsa, Aceh Province, which is the 
west coastal of Langsa City directly adjacent to Malacca Strait. The experimental design used in this research is the 
research design to see the effect of two different method. Green mussel spat collection method in this research that 
consists of longline and stick method, where each treatment was repeated 4 times. 

The research began with a green mussel spat collectors are made using this type of nylon rope diameter of 5 mm 
(Kripa & Mohamed, 2008), with a length of rope 2 m on each collector spat (Sreedevi et al., 2014). Then the rope is 
wrapped by nets with a mesh size of 3 mm which useful as the trapper effects (Laxmilatha, 2013). Net is useful to hold 
the spat that has been attached are not swept away and remain attached so that the spat will remain at the collector. 
Spat collector design, see Fig. 1. 

 

Figure 1.  Green mussel spat collectors using nylon rope (diameter 5 mm) and wrapped with nets. 

Construction design of longline method refers to Kripa & Mohamed (2008), where construction using bamboo poles 
with a height of 3 meters, then plugged into the waters at a depth of 3 – 4 meters and the distance from the surface 
waters of 50 cm, then strap collector tied to bamboo poles horizontally. Longline construction unit consists of four 
collector rope for each repetition. Longline method design, see Fig. 2. 
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Figure 2. Unit experimental of the longline method. 

 
While the construction of collecting spat with stick method refers to Sreedevi et al. (2014), where construction only 

using a bamboo pole with a height of 3 meters, then bamboo poles driven into the water at a depth of 3 – 4 meters, then 
wrapped around the rope collectors only vertically in a zigzag on a bamboo pole. Unit construction stick method 
consists of four ropes collector and four bamboo poles, to represent each repetition. Stick method design, see Fig. 3. 
 

 

Figure 3. Unit experimental of stick method. 

2.2. Spat collection sites 

Determining the sites of mussel spat collection is done intentionally (purposive), with the consideration that the 
location chosen is not an arrest or boat traffic route grooves so that when the used for spat collection activities will not 
disturb fishing activities by fishermen. The choice of sites is also considering the presence of the containment structure 
abrasion hard-barrier (embankment abrasion) and soft barrier (mangrove), which indirectly from the waters are 
relatively quiet, so the site is relatively shielded from hydro-oceanographic factors which can damage the construction, 
such as waves, winds and tides and other factors. Coastal waters Kuala Langsa has an average tide recorded only about 
one meter, but where to sites the collector at high tide and low tide is always submerged in water so it does not 
significantly influence the condition of the green mussel spat. 

2.3. Data collection and analysis 

Green mussel spat collection for 4 weeks, it is based on the assumption that if during the 17 – 20 days of  green 
mussel spat new will be attached to the desired substrate (Sivalinggam, 1997). Data collected includes data spat 
production (g) by weighing spat collected using electronic accuracy of 0.001 g, while data spat length (mm) is done by 
measuring spat from anterior to posterior axis using a ruler accuracy of 0.1 mm, and total spat collected (individual per 
collector 2 m) was also calculated directly. The collected data was then analyzed using parametric t-test (paired two 
sample for means) with a significant level of 5% (0.05). 
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Observation of the plankton community structure was also carried out as supporting data. Sampling was done by 
filtering plankton as much as 100 mL of water at a depth of 1 meter from the surface using a plankton net into the 
sample bottle with a volume of 100 mL. Plankton samples have been taken and then preserved with formalin 
concentration of 4%. Plankton samples later identified refers to Davis (1955), then the calculated abundance using 
sedgwick-rafter counting method with a sweep technique and obtained is a unit of individuals/m3.  

Water parameters were also measured in-situ during the green mussel spat collection period, which includes water 
temperature, pH, salinity, dissolved oxygen (DO) and turbidity using a Water Quality Checker (WQC), while the water 
current measurement using the current meter. Measurements of water parameters once a week in the morning (8 a.m), 
daylight (1 p.m) and afternoon (4 p.m) during the spat collection period. Data of plankton and water parameters were 
analyzed by descriptive qualitative and quantitative. 

3.  Result and Discussions 

The results showed that the collection of the green mussel spat with different methods that consists of longline and 
stick method on the coastal waters Kuala Langsa different significantly on production (g), the total spat collected 
(individual per collector 2 m) and the average length spat (mm), where P<0.05. The results of t-test of data green 
mussel spat collected presented in Table 1. 

Table 1. The results of t-test of data green mussel spat. 

Method Production  
(gr) 

Total spat  
(individuals per collector 
2 m ) 

Average length 
(mm) 

Longline 3713.50 ± 53.40a 175.75 ± 12.63a 7.33 ± 1.22a 

Stick 2613.35 ± 28.80b 86.25 ± 13.72b 6.76 ± 1.44b 

Note:   The value followed by different superscript in the same column were different significantly (P<0.05). 

Table 1 showed that the green mussel spat collected using the longline method is more optimal than the stick 
method. This is evidenced by the spat production with longline method of 3713.50 ± 53.40 g, where the total spat 
collected as much as 175.75 ± 12.63 individuals per collector 2 m, with average length spat of 7.33 ± 1.22 mm, while the 
spat production with stick method of 2613.35 ± 28.80 g, where the total spat as much as 86.25 ± 13.72 individuals per 
collector 2 m, with average length of 6.76 ± 1.44 mm. It was allegedly caused by the influence of the location of the 
collector, where the longline method, the collector tied to bamboo poles horizontally so that utilizes the entire column 
of surface waters, while the stick method, collectors just wrapped vertically on a bamboo pole so that the spat collector 
only partially fill in the surface waters. Green mussel spat in surface waters in search food for plankton are surface 
waters, it is one of the factors that led to the spat production in the longline method more than the stick method. 

Spat collected construction on each method in place at water depths of 3 – 4 m. Sites location of each method based 
on a study of several references stating that the depth is ideal for collecting spat ranges from 3 – 10 m (Ismail et al., 
2002) or at least one meter below the water level on average at high tide (Sallih, 2005). Cappenberg (2008), also 
explain if the attachment of mussel spat is not only caused by the depth factor, but the other environmental factors are 
also very influential. Rajagopal et al. (2006), mentions that the green mussel spawning time trends are strongly 
influenced by seasonal temperature, salinity, and food availability. Myrand et al. (2000), also argue that if the 
environmental conditions may also result in time and duration of spawning different and gametogenesis cycle 
variations. 

The research also shows if the difference in the average length spat of the method, where the minimum spat length 
in longline method recorded was 4.39 mm and the maximum length is 9.18 mm, while the stick method recorded if the 
minimum spat length is 3.65 mm and the maximum length is 9.10 mm. According to Alfaro & Jeffs (2002) and Alfaro 
(2005), the difference in size of green mussel spat can be caused by the abundance of plankton in waters as a source of 
food and water environmental factors. Green mussel spat carried by the waters current  and attaches to the seaweed, 
mud and other organisms substrate with density or density reach millions of spat per kg of material (Alfaro et al., 
2004). NIMPIS (2002), also explained that the green mussel spat growth due to environmental factors that support 
such as temperature, food availability and waters current. 

The total green mussel spat collected on longline and stick method strongly influenced by abiotic factors are like 
temperature, salinity, dissolved oxygen, and substrate, while biotic factors such as the food availability, predation, and 
competition. According to Sahin et al. (2006), all or a combination of several environmental factors can affect the 
growth, reproduction, and distribution of aquatic organisms. Abundance of spat in nature vary from year to year from a 
stretch of one to overlay the other, these variations can be caused due to the size of the affected population breeding or 
natural factors that influence directly such as reduced fecundity or indirectly for example, a change in the pattern of 
flow in coastal (Helm et al., 2004). Nybakken (1992), also explains the abundance of organisms is influenced by 
population growth, interactions between species and population regulation naturally. Another factor that can influence 
species distributions and population either directly or indirectly is human activity. Utilization of green mussel without 
regard to preservation would destroy and eliminate the green mussel population in costal waters areas.  
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The results of analysis data of plankton showed that the plankton is found in the coastal waters Kuala Langsa 
consists of phytoplankton (84.79%) and zooplankton (15.21%). Plankton is identified as many as 53 genera of 34 
genera of phytoplankton and 19 genera of zooplankton. Phytoplankton includes 4 classes with composition from 
highest to lowest is class Bacillariophyceae (89.12%), Dinophyceae (6.33%), Cyanophyceae (3.23%) and Desmidiaceae 
(1.32%) whereas zooplankton consists of only one class that Crustacea (100%). The abundance of phytoplankton 
highest is represented by the Skeletonema sp is 211,750 individuals/m3 and the lowest is Noctiluca with an abundance 
of 2,000 individuals/m3, whereas the abundance of zooplankton highest is represented by the Calanus sp amounted to 
8,481 individuals/m3 and the lowest is represented by the Undinula with an abundance of 1,703 individuals/m3. 

The abundance of phytoplankton compared with zooplankton allegedly linked to several environmental parameters 
are within the optimum range for support the phytoplankton life, such as light, temperature, and nutrients that cause 
the growth of phytoplankton faster. Nontji (1993), explains that Bacilariophyceae a class of diatom phytoplankton 
groups are most abundant in the waters allegedly because it is cosmopolitan in various waters conditions and is an 
important group of phytoplankton in the food chain. The abundance of plankton in the coastal waters Kuala Langsa 
thought to affect the abundance and growth rate of green mussel spat in these waters. According to Gosling (2003), the 
availability of food for the mussels can affect the growth of the tissue and utilization food can change the ratio of the 
weight of the shell length. Feeding habits of mussels can be connecting with the food in the waters where mussel life, 
with components essential nutrients for growth (Helm et al., 2004). 

Green mussel is a filter feeder organisms, where how to get the by pumping water through the mantle cavity, so 
getting particles in the water. Microalgae are the main food, whereas supplementary food is zooplankton, dissolved 
organic matter, and bacteria. The abundance of Skeletonema sp in the coastal Kuala Langsa relatively high (211,750 
individuals/m3). Research conducted by Suryono et al. (1999), explain that the microalgae Skeletonema sp is the most 
widely absorbed by green mussel. Filtration rate by green mussel in all sizes against Skeletonema sp higher than the 
Chlorella sp (Praktikto, 2013). Study of Rajesh et al. (2001), also mentions that their long relationships with a filtration 
rate of mussel, where the mussels shell length, the greater velocity filtration. Other studies mention the filtration rate of 
mussels is influenced by the size of the particles, the density, and quality of plankton, the size of the mussels and 
environmental factors (Riisgard, 2001a), whereas environmental factors that affect the filtration rate, include dissolved 
oxygen, pH, temperature, salinity and suspended particles as well chlorophyll a (Riisgard, 2001b). Research on 
filtration rate and efficiency of absorption of mussels showed that the mussels could filter out particles minimum of 
0.64 μm (Gosling, 2003). 

Factors that are also important in supporting the growth rate of green mussel that ecological waters factors. 
Environmental factors is an important parameter because it affects their needs and feed intake, and therefore 
contributes to the growth rate of mussels (Pattikawa & Ferdinandus, 2009). The water quality parameters of coastal 
Kuala Langsa during collection period considered still in good condition and support the growth of green mussels. The 
water quality parameters during green mussel spat collection period, see Table 2.   

Table 2. The Water quality parameters during green mussel spat collection period. 

Parameters Unit Range Average ± 
SD 

Temperature oC 28.9 – 34.0 31.39 ± 1.40  

Salinity ppt 26.6 – 30.1  28.91 ± 1.32 

Turbidity cm 20.0 – 22.0  20.51 ± 0.67 

pH - 7.9 – 8.3 8.07 ± 0.12 

Dissolved oxygen 
(DO) 

mg/l 4.9 – 6.0  5.44 ± 0.39 

Water current m/s 0.1 – 0.3 0.21 ± 0.09 

 
Table 2 shows that the water temperature ranges from 28.9 to 34°C, several previous studies mention the optimal 

temperature to support the growth of green mussel is 26 – 32 oC (Hickman, 1992). Nair et al. (2003), states that based 

on the results of research in the tropics area, green mussel will die within 30 minutes at a temperature of 43 oC. Salinity 

in the location of spat collection ranged from 26.6 to 30.1 ppt. According to McGuire & Stevely (2009), green mussel still 

is alive in the salinity range between 15 – 45 ppt. FIGIS (2005) also explains that the green mussel showed good growth 

in estuarine habitats with a salinity range of 18 – 33 ppt. Salinity 24 – 30 ppt significantly improve conditions index 

shells (Kripa et al., 2009). Turbidity level ranged from 20.0 to 22.0 cm, according to FIGIS (2005) and Hickman (1992), 

turbidity levels that can be tolerated green mussel is 17 – 41 cm. While the concentration of dissolved oxygen (DO) 

ranged from 4.9 to 6.0 mg/l. According to Alfaro (2005), the concentration DO of which can still be tolerated green 

mussel ranging  2 – 12  mg/l. The level of acidity or pH range from 7.9 to 8.3. According to Sreedevi et al. (2014), the pH 
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of which can still be tolerated green mussels range from 7 - 9. As the waters current ranges from 0.1 to 0.3 m/s. Water 

current that is suitable for the culture of green mussel ranges from 0.1 to 0.6 m/s (FIGIS, 2005; Alfaro, 2005).  

4. Conclusions 

Green mussel spat collection in coastal Kuala Langsa with longline method shows a more optimal result, it is 
evidenced by the production of a spat with the longline method of 3713.50 ± 53.40 g, the total of green mussel spat 
collected as much as 175.75 ± 12.63 individuals per collector 2 m, where the average length of 7.33 ± 1.22 mm. 
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Abstract 

The development of resilient coastal village (PDPT) is a government policy that aims to improve coastal community welfare and 
environmental quality of the coastal rural area. The implementation of the development of resilient coastal village has involved vary 
and complicated stakeholders. Therefore, this study aimed to perform a stakeholder’s analysis on the development of resilient 
coastal village using a typological analysis technique of the stakeholders’ roles. Results of the study found the major stakeholders, i.e. 
the Ministry of Maritime Affairs and Fisheries as the leading sector of the development of resilient coastal village, the Demak 
Regency Office of Maritime Affairs and Fisheries responsibility for the development of resilient coastal village operation in 
Timbulsloko Village, and the Coastal Community Union (KMP) as part of the beneficiary community where the biggest impact of the 
implementation of the development of resilient coastal village in Timbulsloko Village. The complementary stakeholders consisted of 
the Provincial Office of Maritime Affairs and Fisheries of Central Java, the Demak Regency Office of Development Planning Board, and 
the Demak Regency Office of Public Works as the technical team members, Assisting and Supervising Staff, and Empowerment Team 
for supervision, implementation, and motivation in the development of resilient coastal village in Timbulsloko. The findings revealed 
that the definitive stakeholders of the development of resilient village in Timbulsloko were the Ministry of Maritime Affairs and 
Fisheries and the Demak Regency Office of Maritime Affairs and Fisheries. They must become the major players in implementing the 
development of resilient coastal village with their role, power, and authority.  
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1.  Introduction 

Abrasion has caused coastline erosion in the North Coast of Java Island. According to Hutabarat (2016), from 2010 
until the mid 2014 the worst coastline erosion occurs in Sayung District, Demak Regency (175 meters). Coastal abrasion 
and sea water tide in Sayung District have caused a decrease in the fishpond area use as much as 582.5 hectares. Part of 
the area has been temporarily flooded by sea water, while there are some points that have been permanently flooded 
(Purnaweni et al, 2016) 

Timbulsloko is a village under the administrative area of Sayung District, Demak Regency, Central Java Province. The 
village has been suffering from a severe condition due to abrasion and inundation. Almost everyday the local people of 
Timbulsloko have to deal with sea water inundating the entry roads to the village, even to their houses. Since 2014 
Timbulsloko Village has implemented the Development of Resilient Coastal Village (Program Desa Pesisir 
Tangguh/PDPT) program, a community empowerment program for disaster prone coastal area.  
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The implementation of the development of resilient coastal village involved many stakeholders, such as the Demak 
Regency Office of Maritime Affairs and Fisheries, related Local Apparatus Performing Unit (SKPD), Village Chief, 
Assisting and Facilitating Staff, etc. These vary stakeholders definitely need a good co-ordination to integrate the roles 
towards the successful development of resilient coastal village. 

Supporting the above statement, Choliq et al. (2015) write that control and prevention of abrasion need co-operation 
from many elements, such as local community or civil society, government, private sector, and local residents. A co-
operation is necessary to make the best use of large number of funding grant and infrastructure aid. Hutabarat (2016) 
states that surviving the coastal area must be performed inclusively by involving all concerned parties. Therefore, a 
stakeholder’s analysis is necessary to identify those involved in the policy-making for the development of resilient 
coastal village. The analysis is expected to provide a clear explanation about the roles played by each stakeholder to find 
out how the stakeholders must be involved in the implementation of the policy on the development of resilient coastal 
village. 

Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the 
paper. The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. The 
section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors. This study was 
aimed to identify all parties involved in the policy on the development of resilient coastal village program (PDPT), to 
analyze the stakeholders’ roles, and to provide recommendation of how the stakeholders are involved towards the 
successful development of PDPT program. 

2.  Material and Methodes  

This study applied a phenomenology approach and a qualitative methodology by performing a stakeholder’s 
analysis. Informants were from the Demak Regency Office of Maritime Affairs and Fisheries, Sayung District Head, 
Timbulsloko Village Chief, assisting and facilitating staff, community leaders, etc. Data obtained from the informant 
were then subject to a triangulation. In addition to the informants, relevant documents and other sources were also 
used for completing those main data for the robustness of the research focus. The study performed the analysis to find 
out a pattern by having a systematical testing to determine segments, correlation between analyses, and holistic 
correlation.  

The study performed the stakeholder’s analysis by mapping the roles through a typological analysis of stakeholders’ 
roles (Ondee and Pannarunothai, 2008). The levels of the stakeholders were determined by three key attributes, i.e. 
power, interest (attention), and influence. The combination of power-interest-influence attributes leads to a typological 
classification (Figure 1). The stakeholders with three attributes were considered as “definitive stakeholders” or key 
actors. Expectant stakeholders were those having two attributes, as follows: “dominant stakeholders” (power and 
influence), “dangerous stakeholders (power and interest), and “dependent stakeholders” (interest and influence). 
Three stakeholder categories hidden behind the process with only one characteristic were “dormant stakeholders” 
(power), “discretionary stakeholders” (influence), and “demanding stakeholders” (interest). Stakeholders without any 
attribute, the “nonstakeholders”, were excluded from the current analysis.  

 
 
 
 
 
 
 
 
  
 
 
 
 

Figure 1. Typological classification of stakeholders 

Description: 

1. Definitive stakeholder 

Expectant stakeholder 

2.  Dominant stakeholder 

3. Dangerous stakeholder 

4. Dependent stakeholder 

5. Dormant stakeholder 

Latent stakeholder 

6. Discretionary stakeholder 

7. Demanding stakeholder 

 

Source: Ondee and Pannarunothai (2008) 
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3.  Result and Discussions 

Since 2012 the Government of the Republic of Indonesia through the Ministry of Maritime Affairs and Fisheries has 
launched a program namely Development of Resilient Coastal Village (PDPT). This program is provided for coastal 
areas nationwide and a community empowerment program for disaster prone coastal areas. The development of 
resilient coastal village (PDPT) program is under the authority of the Ministry of Maritime Affairs and Fisheries. The 
initiative has been motivated by the following phenomena: (1) high poverty rate, as proven by the data from 2010 
where 7.8 millions of the people in coastal area were under the poverty line; (2) severe damage of natural resources in 
coastal area; (3) poor self-help of social organizations in rural areas and diminishing values of local culture; and (4) 
poor infrastructures and settlement environmental health in rural area.  

These four major problems have contributed to the high vulnerability to natural disasters and extreme climate 
change of villages in the coastal areas, in particular those in islets or small islands (Ambariyanto, 2013) 

Stakeholders were all whose interests are affected, positively or negatively, by a particular policy. As a quite 
complicated program, the development of resilient coastal village (PDPT) involves many stakeholders from Central 
Government to local community. Therefore, the program stakeholder’s identification became crucial owing to the large 
number of the involving stakeholders in the implementation of the program. Listed below were the stakeholders 
involved in the policy-making on the Development of Resilient Coastal Village (PDPT): 

1. The Ministry of Maritime Affairs and Fisheries 
In addition to become the leading sector in the Development of Resilient Coastal Village (PDPT) program, the 
Ministry of Maritime Affairs and Fisheries (KKP) also played other roles by authorizing the General Directorate 
of Maritime Affairs, Coastal Area, and Small Islands/Islets (KP3K), the Coordinating Team headed by the 
Minister of Maritime Affairs and Fisheries, and Working Teams established by the General Directorate of 
Maritime Affairs, Coastal Area, and Small Islands/Islets (KP3K). More detailed roles played by the Ministry of 
Maritime Affairs and Fisheries were as follows: 
a.  Coordinating Team 

Coordinating Team was established by the Minister of Maritime Affairs and Fisheries. It had a 
responsibility for improving coordination between internal working units of the Ministry of Maritime 
Affairs and Fisheries and with other ministries/bodies. The team played its role in formulating general 
policy, developing action manuals, performing socialization, coordinating implementation of the 
Development of Resilient Coastal Village (PDPT) within the Ministry of Maritime Affairs and Fisheries, 
and performing monitoring and control of Self-help National Program for Community Empowerment 
(PNPM Mandiri) in the Maritime Affairs and Fisheries.  

b.  General Directorate of Maritime Affairs, Coastal Area, and Small Islands/Islets (KP3K) 
General Directorate of Maritime Affairs, Coastal Area, and Small Islands/Islets (KP3K) was responsible 
for control, developing technical guidance for the Development of Resilient Coastal Village (PDPT), 
performing socialization, providing technical guidance and training for assisting and facilitating staff, 
giving motivation, and performing daily activity of the Development of Resilient Coastal Village (PDPT). 

c.  Working Team of the Development of Resilient Coastal Village (PDPT) 
Working Team of the Development of Resilient Coastal Village (PDPT) was established by the General 
Directorate of Maritime Affairs, Coastal Area and Small Islands/Islets (KP3K) comprising echelon I staff 
from the Ministry of Maritime Affairs and Fisheries. It was responsible for providing 
education/guidance/facilitation/advice/consideration in the implementation of the Development of 
Resilient Coastal Village (PDPT), performing coordination and synchronization of between the 
ministries/bodies dealing with the Development of Resilient Coastal Village (PDPT), giving 
recommendation to policy on the going concern of the Development of Resilient Coastal Village, and 
other duties necessary for the ongoing implementation of the Development of Resilient Coastal Village.  

2. Central Java Provincial Office of Maritime Affairs and Fisheries 
Central Java Provincial Office of Maritime Affairs and Fisheries was responsible for providing 
education/guidance/supervision/advice/consideration dealing with the implementation of the Development 
of Resilient Coastal Village (PDPT) in regencies/municipalities, performing coordination and synchronization 
between Local Apparatus Working Units (SKPD) across the province dealing with the Development of Resilient 
Coastal Village (PDPT), and giving recommendation to policy on the ongoing implementation of the 
Development of Resilient Coastal Village (PDPT), as well as other necessary measures taken for the 
implementation of the ongoing Development of Resilient Coastal Village (PDPT). 

3. Demak Regency Development Planning Board 
In the implementation of the Development of Resilient Coastal Village (PDPT) in Timbulsloko, Demak Regency 
Development Planning Board played a key role as a governmental institution that coordinated other Local 
Apparatus Working Units (SKPD) in Demak Regency dealing with the Development of Resilient Coastal Village 
(PDPT) as well as was responsible for being the member of the Technical Team for the priority problem 
identification related to human and institutional aspects of the target villages, providing 
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education/guidance/supervision/advice/consideration in all activities in the rural areas/villages/fields, 
verifying candidates for Coastal Community Union (KMP),Team Work Plan (RKK) of Coastal Community Union 
(KMP), and other measures necessarily taken for the implementation of the ongoing Development of Resilient 
Coastal Village (PDPT) at the local levels. 

4. Demak Regency Office of Public Works  
Demak Regency Office of Public Works was involved in the implementation of the Development of Resilient 
Coastal Village (PDPT) in Timbulsloko as part of the Technical Team. It was responsible for priority problem 
identification dealing with such aspects as human, business, resource, infrastructure/environment, disaster 
(stress and pressure), climate change, and institution of the target villages. It provided education/ guidance/ 
supervision/ advice/consideration in the implementation of the activities in the rural areas/villages/fields, 
recommendation to the policy on the ongoing implementation of the Development of Resilient Coastal Village 
(PDPT), verifying candidates for Coastal Community Union (CCU) and Team Work Plan (RKK) of Coastal 
Community Union (KMP), and other measures necessarily taken for the implementation of the ongoing 
Development of Resilient Coastal Village (PDPT) at the local levels. 

5. Demak Regency Office of Maritime Affairs and Fisheries 
Head of Demak Regency Office of Maritime Affairs and Fisheries was responsible for operationalizing the 
Development of Resilient Coastal Village (PDPT) and performing duties as a Budget Use Authority. In addition, 
the Demak Regency Office of Maritime Affairs and Fisheries was also responsible for the following duties: 
a. performing coordination and communication with concerned institutions by authorizing Technical Team; 
b. performing socialization, monitoring, evaluation, and reporting; 
c. performing selection and verification, and validating the Coastal Community Union (KMP), assisting and 

facilitating staff, and Rural Empowerment Team;  
d. performing selection, verification, and validating Team Work Plan (RKK) proposal from the Coastal 

Community Union (KM); and 
e. endorsing activity proposal of the Development of Resilient Coastal Village (PDPT) for the coming year to 

the General Directorate of Maritime Affairs, Coastal Area, and Small Islands/Islets (KP3K) by authorizing 
the Head of Provincial Office. 

6. Assisting and Facilitating Staff 
Assisting and Facilitating Staff were established and verified by the Head of Regency Office of Maritime Affairs 
and Fisheries. They were responsible for identifying, selecting, and verifying candidates of the Coastal 
Community Union (KMP) and its Team Work Plan (RKK), endorsing output of the Coastal Community Union 
(KMP) candidates verification to the coordinator, helping develop Village Development Plan, assisting the 
Coastal Community Union (KMP) for obtaining Community Direct Grant (BLM) and activity implementation, 
reporting the Coastal Community Union (KMP) activities to the Regency Office of Maritime Affairs and Fisheries 
by authorizing a coordinator. In particular to the coordinator responsible for developing work plan of the 
assisting and facilitating staff, he or she had report it at the end of the year, coordinated all activities of the staff, 
and developed activity report periodically to be endorsed to the Head of Regency Office of Maritime Affairs and 
Fisheries. 

7. Rural Empowerment Team 
Rural Empowerment Team was a team of three individuals, i.e. a Village Chief, a male village motivator, and a 
female village motivator. Their responsibilities were as follows: 
a. performing identification, selection, and verification of candidates of the Coastal Community Union and its 

Team Work Plan (RKK) proposal; 
b. endorsing output of the Coastal Community Union (KMP) candidates as the grantees of the Direct 

Community Grant to the Head of Regency Office of Maritime Affairs and Fisheries, c.q. Assisting and 
Facilitating Staff; 

c. performing socialization of the verification of the community groups as the grantees; and 
d. assisting activities dealing with the Development of Resilient Coastal Village (PDPT) at village level. 

8. Coastal Community Union (KMP) 
Coastal Community Union (KMP) was established by local community. It was responsible for developing a 
Team Work Plan in accordance with the village needs as stipulated in Coastal Village Development Plan 
(RPDP), completing administrative data for Community Direct Grant (BLM) proposal, spending the Community 
Direct Grant (BLM) in accordance with the predetermined Team Work Plan and Budget Use Authority (KPA), 
developing a simple financial ledger book dealing with the Community Direct Grant (BLM) spending for the 
Development of Resilient Coastal Village (PDPT), and developing a report of the use of the Community Direct 
Grant (BLM) for the Development of Resilient Coastal Village (PDPT) to the Head of Demak Regency Office of 
Maritime Affairs and Fisheries. 

The role levels of the stakeholders in the implementation of the Development of Resilient Coastal Village (PDPT) in 
Timbulsloko Village, Demak Regency, according to the stakeholder role mapping (Onde and Pannarunothai, 2008) were 
detailed as follows: 
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Table 1. Role levels of stakeholders in the implementation of PDPT in Timbulsloko Village 

No. Stakeholder Power Interest Influence  

1. Ministry of Maritime Affairs and 

Fisheries 

√  √  √  Definitive 

Stakeholders 

2. Central Java Provincial Office of 

Maritime Affairs and Fisheries 

 √  √  Dependent 

Stakeholder 

3. Demak Regency Development 

Planning Board 

√  √   Dominant 

Stakeholder 

4. Demak Regency Office of Public 

Works 

  √  Discretionary 

Stakeholder 

5. Demak Regency Office of 

Maritime Affairs and Fisheries 

√  √  √  Definitive 

Stakeholders 

6. Assisting and Facilitating Staff  √  √  Dependent 

Stakeholder 

7. Rural Empowerment Team  √  √  Dependent 

Stakeholder 

8. Coastal Community Union (KMP)  √  √  Dependent 

Stakeholder 

 
The Ministry of Maritime Affairs and Fisheries was also as known as a definite stakeholder. It was posited on the 

No.1 in the role mapping. By doing so, three attributes were attached into the ministry, i.e. power, interest, and 
influence. The Ministry of Maritime Affairs and Fisheries had the biggest power because of its status as a government 
institution at the central level as well as the leading sector for the implementation of the Development of Resilient 
Coastal Village (PDPT) program. It was the stakeholder that controlled all financial resources for the implementation of 
the program. It also had a power to continue or discontinue the Development of Resilient Coastal Village (PDPT) 
program. It was the institution all policies dealing with the Development of Resilient Coastal Village (PDPT) depended 
on. The great deal of power, as well as resources, led the Ministry of Maritime Affairs and Fisheries to having a great 
influence on the successful implementation of the Development of Resilient Coastal Village (PDPT) in Timbulsloko. 
Furthermore, the ministry also possessed the biggest interest dealing with the Development of Resilient Coastal Village 
(PDPT) program because the program had be held responsible for its successful implementation to the higher level of 
authority, such as the President, as well as to the community at large.  

Three roles were also played by Demak Regency Office of Maritime Affairs and Fisheries. The office was responsible 
for the operation of the Development of Resilient Coastal Village (PDPT) in Timbulsloko as well as a performing body of 
the Budget Use Authority (KPA). By doing so, Demak Regency Office of Maritime Affairs and Fisheries had a legitimate 
power from the Ministry of Maritime Affairs and Fisheries in determining the smooth operation of the Development of 
Resilient Coastal Village (PDPT) in practice. Such legitimate power resulted in an implication in the form of a strong 
influence of the office in maritime affairs and fisheries in Demak Regency. The office, in addition, was also attributed 
with a strong interest in the successful implementation of the Development of Resilient Coastal Village (PDPT) 
program. It was both responsible for the program operation in Timbulsloko Village as well as of interest in the coastal 
area management and abrasion disaster impact prevention in Timbulsloko Village. Therefore, Demak Regency Office of 
Maritime Affairs and Fisheries become the definitive stakeholder. Figure 1 posited Demak Regency Office of Maritime 
Affairs and Fisheries on the No.1. Both Ministry of Maritime Affairs and Fisheries and Demak Regency Office of 
Maritime Affairs and Fisheries were on the No.1 position. However, the scope of power and influence of the Demak 
Regency Office of Maritime Affairs and Fisheries was limited to the jurisdiction area of Demak Regency, whereas the 
Ministry of Maritime Affairs and Fisheries dealt with the similar issues nationwide.  

Central Java Provincial Office of Maritime Affairs and Fisheries only possessed two attributes, i.e. interest and 
influence, in the Development of Resilient Coastal Village (PDPT) program in Timbulsloko. It became a consultative 
agency without any power of the implementation of the program in Timbulsloko Village. This consultative role lead the 
Central Java Provincial Office of Maritime Affairs and Fisheries to having an influence attribute because goals and 
consideration it endorsed in the implementation of the Development of Resilient Coastal Village (PDPT) program might 
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affect the activity of the program in practice. However, as a stakeholder with responsibility for the development in its 
jurisdiction area, Central Java Provincial Office of Maritime Affairs and Fisheries remained holding an interest in the 
successful implementation of the Development of Resilient Coastal Village (PDPT) program in Timbulsloko. 
Accordingly, Figure 1 posited the office on No.4, performing as a dependent stakeholder.  

Demak Regency Development Planning Board as part of the Technical Team for the Development of Resilient Coastal 
Village (PDPT) played a role as a dominant stakeholder with power and influence attributes. It had the power to 
coordinate the performance of other Local Apparatus Working Units (SKPD) in Demak Regency and the influence on the 
Development of Resilient Coastal Village (PDPT) implementation by playing a role of identification of local problems 
and potentials and verification of Coastal Community Union (KMP) candidates and its Team Work Plan (RKK). Unlike 
Demak Regency Development Planning Board, Demak Regency Office of Public Works only had a single attribute, i.e. 
influence, despite its equal status as the member of the Technical Team of the Development of Resilient Coastal Village 
(PDPT) in Demak Regency. It was because of Demak Regency Office of Public Works’ consultative role in physical 
aspects of the Development of Resilient Coastal Village (PDPT). It did not have any power and interest in the 
implementation of the Development of Resilient Coastal Village (PDPT) in Timbulsloko. According to its role, Demak 
Regency Office of Public Works was addressed as a discretionary stakeholder. 

Assisting and facilitating staff in the Development of Resilient Coastal Village (PDPT) program in Timbulsloko Village 
are dependent stakeholders, in which they did not have any power to control the activities of the Development of 
Resilient Coastal Village (PDPT). However, they had a strong influence on empowering and assisting the community 
and stayed closer to the Coastal Community Union (KMP). The staff helped provide motivation and education for the 
implementation of the Development of Resilient Coastal Village (PDPT) activities. Their interest was proven in their 
efforts of helping the successful Development of Resilient Coastal Village (PDPT) program. Furthermore, the assisting 
and facilitating staff were responsible for developing reports dealing with the activities of the Development of Resilient 
Coastal Village. With such role, they had an interest in the successful story of the program in Timbulsloko Village.  

Similar to the assisting and facilitating staff, Rural Empowerment Team was also a dependent stakeholder because of 
its function in the empowerment and role-play as a motivator for the Coastal Community Union (KMP) in performing 
vary activities of the Development of Resilient Coastal Village (PDPT). Therefore, the team had a quite strong influence 
attribute because it was headed by the Chief of Timbulsloko Village, a distinctive status in the local community where 
examples were followed. The Village Community Team was composed of local people so that they had a mutual sense of 
belonging and expectation of the successful implementation of the Development of Resilient Coastal Village (PDPT). 

Costal Community Union (KMP) as a beneficiary in the Development of Resilient Coastal Village (PDPT) program 
became a dependent stakeholder with a strong interest attribute. As the beneficiary, the union had a great expectation 
of infrastructure improvement in Timbulsoko Village as the leverage for economic development. In addition, the 
Coastal Community Union (KMP) also had an influence because it was the performing agency of the Development of 
Resilient Coastal Village. Its physical power would determine the successful (or unsuccessful) implementation of the 
Development of Resilient Coastal Village (PDPT) in Timbulsloko. 

4. Conclusions 

In the context of the Development of Resilient Coastal Village (PDPT) program in Timbulsloko Village, Demak 
Regency, the previous analysis resulted as the followings: the Ministry of Maritime Affairs and Fisheries (KKP) was the 
leading sector of the Development of Resilient Coastal Village (PDPT), Demak Regency Office of Maritime Affairs and 
Fisheries was responsible for the operation of the Development of Resilient Coastal Village (PDPT) in Timbulsloko, and 
Coastal Community Union (KMP) as part of the community acted as the beneficiary of the Development of Resilient 
Coastal Village (PDPT) in Timbulsloko. The analysis also revealed dependent stakeholders in the implementation of the 
Development of Resilient Coastal Village (PDPT) program, as follows: Central Java Provincial Office of Maritime Affairs 
and Fisheries; Demak Regency Development Planning Board and Demak Regency Office of Public Works as part of 
Technical Team; Assisting and Facilitating Staff; and Rural Empowerment Team as monitoring staff, performing staff, 
and motivators in the implementation of the Development of Resilient Coastal Village (PDPT) in Timbulsloko.  

 The key role of the implementation of the Development of Resilient Coastal Village (PDPT) in Timbulsloko was 
played by the Ministry of Maritime Affairs and Fisheries and Demak Regency Office of Maritime Affairs and Fisheries. 
By doing so, they both acted as definitive stakeholders. Their had great deal of power and authority for the 
implementation of the Development of Resilient Coastal Village (PDPT).Acknowledgements and Reference heading 
should be left justified, bold, with the first letter capitalized but have no numbers. Text below continues as normal. 

5. Recommendation 

Demak Regency Development Planning Board with the Power and Influence attributes must optimize its role for the 
smooth coordination towards the successful Development of Resilient Coastal Village Program. 
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Abstract 

Pringkuku Regency has coastline 15,779 km. Pringkuku District Coastal area was been utilized for tourism activities. They were not 
yet been regulated and managed optimally.  The objectives of this research was to analize of ecotourism suitability and carrying 
capacity, to analize of tourism utilization level, and to arrange of management strategies of the Pringkuku district coastal area.  
Research conducted in the coastal area of the Pringkuku District Pacitan Regency (Watukarung Village, Jlubang Village, Dadapan 
Village, Poko Village and Candi Village). Field of data collection in 2012. The Data was taken that the water quality, land suitability, 
carrying capacity, and the level of land utilization. Water quality conditions are still suitable for tourist activities because there is no 
dominant influence of human activities. Srau tourist areas have ecological carrying capacity of 142,350 persons/year. Watukarung 
tourist areas have ecological carrying capacity of 306,235 persons/year. The result shown: (1) Mostly suitable, watukarung and srau 
carrying capacity area have not exceed. (2) Srau and Watukarung area tourism utilization level are 65.67% and 49%. (3) Ecotourism 
management strategies namely provide and improvement facilities and infrastructure; training for increase human resources and 
fishermen involved within tourism.  
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1. Introduction 

Pacitan coastal areas directly adjacent to the southern coast of Java that have a sizeable wave characteristics with the 
characteristics of sandy beach (steep ramps up). Based on data from the Government of Pacitan, sea area to the region 
12 miles from the coastal boundary of 1571.44 sq km, while the Indonesian Exclusive Economic Zone waters (ZEEI) 
area of 26190.62 sq km (Balitbang 2003). The coastal area in Pacitan has been widely used for a variety of activities 
involving various parties. Utilization was in the form of tourist activities and fishing (most of the arrests and some 
cultivation). Various activities such utilization prone to conflicts of interest among institutions or related sectors. One of 
the coastal areas used for tourism activities is the District Pringkuku which has a 15.779 km long coastline. 
Characteristics of coastal areas consisting of white sand beach with rocks of karst used for tourist activities. Utilization 
of coastal areas in the District Pringkuku for tourism activities is still not optimally managed by the local government. 
Some of the problems encountered in the use of territory in this area include the utilization of a conflict region, issues 
and problems in biophysics (abrasion, damage to resources) and limited accessibility. Utilization of space for tourist 
activities is still natural in which the space utilization is still focused in the land and still in the context of the utilization 
of environmental services so that the potential of the natural resources available in this region has not been used 
optimally.  

http://pksplipb.or.id/
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Detailed study to assess the conditions, potential and existing management in coastal areas Pringkuku the District 
has never been done. optimizing the utilization can contribute to the welfare of fishermen and communities around the 
region. Utilization by the community is still traditional in order to obtain the maximum benefit to the exclusion of 
resource conservation and environmental aspects. The utilization pattern like this in the long run will provide a threat 
to the sustainable use of natural resources and the environment in the district Pringkuku. The objectives of this 
research was to analize of ecotourism suitability and carrying capacity, to analize of tourism utilization level, and to 
arrange of management strategies of the Pringkuku district coastal area. 

2. Material and Methodes  

The research was conducted in Pacitan, East Java Province, namely in the Pringkuku District coastal areas. 
Pringkuku District Coastal area consists of five coastal villages namely Watukarung Village, Jlubang Village, Dadapan 
Village, Poko Village and Candi Village (Figure 1). Field data capture carried out in 2012. 

  

 
Figure 1. Research location 

Data collected consists of primary and secondary data. Each of data obtained using different methods. Primary data 
collected include ecological, social, economic and cultural communities. The method used to obtain primary data for the 
study were interviews and field observation. While the secondary data collected include the general state of the 
location, management policies, issues and problems that occur. Secondary data were obtained through library and 
information from relevant agencies. Water quality parameters analyzed were temperature, brightness, pH, DO 
(dissolved oxygen), BOD (Biochemical Oxygen Demand), litter, salinity, TSS (Total Suspended Solid). The results of 
measurement and analysis of water quality data obtained were then carried out a comparison with the water quality 
standards for marine tourism. The water quality standards by the Minister of Environment Decree Number. 
51/MENLH/2004 on marine water quality standards (Table 1). 

 
Table 1. Sea water quality standard for marine tourism (Decision Number 51/MENLH/ 2004) 

No Parameter Satuan Baku mutu 

A 
1 

2 
3 
4 

Physic 
Temperaturec 

Brightnessa 

Total Suspended Solidb 

Litter 

 
°C 

metre 
mg/L 
- 

 
Naturally 3 ( c ) 

>6 
20 
Zero 1(4)  

B 
1 
2 

3 

Chemichal 
pHd 
Dissolved Oxygen(DO) 

Salinitye 

 
- 
mg/L 

‰ 

 
7 – 8,5 (d) 
>5 

Naturally 3 (e) 
Information: 
1. Zero is not detected by the detection limit of the tool used (in accordance with the method used) 
3. Experience is the normal condition of an environment, vary over time (day, night and seasons) 
4. Observations by humans (visual). 

a. Allowed to change up to <10% depth of the euphotic 
b. Allowed to change up to <10% seasonal average concentration 
c. Allowed to change up to <2 °C of naturally temperature 
d. Allowed to change up to <0.2 pH units 
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e. Allowed to change up to <5% average salinity seasonal 

2.1. Analysis of the suitability as a area beach tourism 

Analysis of the suitability as a area beach tourism is the analysis to determine the suitability and ability to support 
the region of all kinds of tourism activities. This analysis is indispensable for the development of ecotourism is to 
control, estimate the environmental impact and management restrictions that become aligned tourist destination. 
Determine the suitability of the area is the mindset that leads to the consideration that irrespective of the enormous 
appeal of a tourist location, ecologically still has limitations that the number and frequency of visits in one space and 
time must be adjusted to the rules that apply. 

Analysis of the suitability of the area associated with activities around the beach as the sun, sand play, sports travel, 
swimming and other activities. Analysis is done by considering 10 parameters have four classifications assessment. 
These parameters include water depth, type of beach, wide beaches, seabed material, current speed, the slope of the 
beach, the brightness of the waters, coastal land cover, harmful organisms and freshwater availability (Table 2). 

 

Table 2. Suitability criteria for beach tourism 
Parameter Bobot Kategori SS Skor Kategori S Skor Kategori SB Skor Kategori TS Skor 

Depth (m) 5 0 – 3 3 > 3-6 2 >6-10 1 >10 0 

Beach type   5 White sand 3 White sand, 
little coral 

2 Black sand, 
coral bit steep 

1 Rocky mud, steep 0 

Beach wide (m) 5 >15 3 10-15 2 3-<10 1 <3 0 

Bottom material 3 Sand 3 Coral, sandy 2 Muddy sand 1 Mud 0 
Current (m/dtk) 3 0-0,17 3 >0,17 -0,34 2 >0,34-0,51 1 >0,51 0 
Beach slope (o) 3 <10 3 10-25 2 >25-45 1 >45 0 

Brightness (m) 1 >10 3 >5-10 2 3-5 1 <2 0 
Beach land closure 1 Open land, 

coconut 
3 Low Scrub, 

savanna 
2 High srub 1 Mangrove , settlement, 

port 
0 

Dangerous animal 1 Nothing  3 Sea urchin 2 Sea urchin, 
Stingray 

1 Sea urchin, stingray, 
lion fish, shark 

0 

Availability of 

freshwater 

1 <0,5 km 3 < 0,5-1 (km) 2 >1-2 1 >2 km 0 

Source: Yulianda 2007 
Description: SS = Category is suitable/ideal for beach tourism 
 S = Category suitable for beach tourism 
 SB = Category accordance conditional on beach tourism 
 TS = category is not appropriate for beach tourism 
 

The formula used is the formula for the suitability of coastal tourism (Modification Yulianda 2007): 

%100x
Nmaks

Ni
IKW  








                (1) 

Information:  

IKW = travel suitability index 

Ni = The parameter value of i 

Nmaks = The maximum values of a travel category 

Total = (Score x Weight) where the maximum value = 84 

S1 = Very correspond to the value of 75-100% 

S2 = In accordance with a value of 50 to <75% 

TS = Not Available with a value of <50% 

2.2. Ecological carrying capacity 

Analysis of ecological carrying capacity is used to plan the utilization of coastal resources, coastal and small islands 
in a sustainable manner. Determination of the ecological carrying capacity is necessary because coastal tourism 
resources are easily damaged and very limited space for the travelers. Based Yulianda (2007), the calculation of the 
ecological carrying capacity of beaches is done using the formula: 

Wp

Wt
x

Lt

Lp
xKDDK                (2) 

Information: 

DDK = ecological carrying capacity (person/day) 

K = Potential travelers ecologically per unit area (person) 

Lp = area or length of the area that can be utilized (m or m2) 
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Lt = Unit areas for certain categories (m or m2) 

Wt = time allotted area in 1 day (hours) 

wp = Time spent for certain activities (hours) 

 

Tourist ecological potential is determined by the condition of the resource and the types of activities undertaken. 
Broad an area that could be used by tourists is determined by considering the natural ability to tolerate the tourists so 
that the authenticity of natural resources will remain intact. Tourists ecological potential and area of activity is 
presented in Table 3. 

 
Table 3. Tourist ecological potential (K) and area of activity (Lt) 

Activity  K  ( touris) Unit area (Lt) Information 

Beach tourism 1 50 m 1 person every 50 long beach 

Sport tourism 1 50 m 1 person every 50 long beach 
Swim 1 50 m 1 person every 50 long beach 

Sun bathing 1 50 m 1 person every 50 long beach 

Fishing 1 10 m 1 person every 10 long beach 
Camping area 5 100 m2 5 person every 100 m2  

Source: Modification Yulianda 2007 
 

Tourist spent time (Wp) is calculated based on the length of time spent by tourists to tourism activities. Tourist 
spent time calculated by considering the time provided region (Wt). The time allotted is a long time neighborhood area 
opened in one day, and the average working time of about 10 hours (07.00 pm-17.00 pm). Prediction time required for 
each tourist activities are presented in Table 4. 

 
Table 4. Prediction time required for each tourist activities 

No. Activity Spent time Wp-(jam) Time alloted area in 1 day Wt-(hours) 

1. Swim  2 4 

2. Sun bathing 2 4 
3. Beach tourism 3 6 
4. Sport tourism 2 4 

5. Fishing 3 6 
6. Camping  24 24 

Source: Modification Yulianda 2007 

2.3. Gap Analysis  

GAP analysis provides an opportunity to reflect practices that occur in user information and to conduct analysis by 
considering the potential issues that occur. Then the GAP analysis used in the analysis is marked and make 
recommendations (Barling & Simpson 2009). GAP analysis identified difference on the actual value with the value in 
accordance with the conditions of its carrying capacity. GAP analysis herein were analyzed using Trade Off Analysis. 
The trade off analysis starts by conducting a stakeholder analysis to identify stakeholders. The information from this 
analysis may be used for scenario development, management criteria and priority management. Made management 
scenarios include the effects of economic, social, cultural, and ecological. Determination of scenarios for the 
development of tourism (tourism development) and environmental management (environmental management) there 
are 4 scenarios (A, B, C and D) with three criteria (economic, social, and ecological) (Table 5) where each criteria has 
several sub-criteria (Brown et al. 2001). 

 
Table 5. Prediction time required for each tourist activities 

Management priority Weight 

Economy 0,40 
Ecoilogy 0,55 

Social 0,05 

3. Result and Discussions 

3.1. Water quality 

The water quality of coastal in the District Pringkuku still fairly well because there is no dominant influence of 
human activities (in this case the disposal of household waste) and the absence of industrial activities are located 
around the coast (Table 6). 

 

Table 6. The results of measurements of water quality parameters 

Parameter 
Station Quality 

standars* 1 2 3 4 5 6 7 8 9 

DO (mg/l) 7,1-9,2 5,0-5,7 6,8-10,6 6,6-7,4 7,2-10,7 5,2-5,8 5,6-6,8 9,0-9,5 6,3-7,2 > 5 
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pH 7 7 7 7 7,0-7,5 7 7 7 7 7,0- 8,5 

Temperature (°C) 
28,2-
28,6 

28,4-
28,6 

28,4-
28,7 

28,3-
29,5 

28,8-
29,3 

28,4-
28,7 

28,3-
28,5 

28,5-
28,6 

29,0-
29.6 

Naturally 

Salinity (‰) 35 34-35 34 35 3-35 10 34 33-37 35 Naturally 
Brightness (%) 100 100 100 100 100 95 100 100 100 > 6 metre 

Depth (m) 0,5 – 2 0,5-1 1-1,5 1-1,5 1-1,5 0,5-1 0,5-1 0,5-1,5 0,5-1,5 
 

Sampah Zero Zero Zero Zero Zero Zero Zero Zero Zero Zero 
BOD (mg/l) - 1,25 - - - 3,5 1,4 - - 10 
TSS (mg/l) - 6 - - - 10 6 - - 20 

E coli (MPN/100ml) - 0 - - - 48 0 - - 200 
 

3.2. Suitability Tourism Index (IKW) 

Calculation IKW based on the results of observations and measurements that have been done on 20 beaches on the 
criteria for the type of beach, wide beach, the slope of the beach, the closure of coastal land, freshwater availability, 
depth, material seabed, current speed, brightness waters and animal dangerous (Table 7). 

 
Table 7. Suitability analysis for beach tourism 

No Location Total Score Suitability Tourism Index (IKW) Suitability Class 

1 Tuguragung Beach 41 48,81 TS 

2 Pare Beach 77 91,67 S1 
3 Srau Beach 79 94,05 S1 
4 Wayang Beach 76 90,48 S1 

5 Gampar Beach 76 90,48 S1 
6 Wawaran Beach 63 75,00 S1 
7 Mblue Beach 71 84,52 S1 

8 Kreweng Beach 59 70,24 S2 
9 Seruni Beach 69 82,14 S1 

10 Peden Ombo Beach 69 82,14 S1 

11 Kasap Beach 67 79,76 S1 
12 Brecak Beach 67 79,76 S1 
13 Watukarung Beach 76 90,48 S1 

14 Sirah Towo Beach 71 84,52 S1 
15 Jantur Beach 71 84,52 S1 
16 Ngalurombo Beach 73 86,90 S1 

17 Waduk Beach 76 90,48 S1 
18 Ngalihan Beach 72 85,71 S1 
19 Bresah Beach 75 89,29 S1 

20 Geben Beach 71 84,52 S1 
Description:  
TS = Not suitable 
S2 = Suitable 
S1 = Very suitable 
 

Most of the beaches are located in the coastal area of the District Pringkuku have suitability classes S1 (very suitable) 
and only one beach which has suitability S2 (suitable) (Table 7). Suitability classes S1 is called also very appropriate, 
the beach is suitable for tourist activities (there are no serious limiting factors for tourism activities). The region is said 
to be very appropriate when IKW value obtained between 75-100. Beaches which have a very appropriate suitability 
classes ie beach Pare, Srau, Puppet, gampar, Mblue, Watukarung, Sirah Towo, Jantur, Ngalurombo, Reservoir, Ngalihan, 
Bresah, Geben, Wawaran, chrysanthemum, Peden Ombo, Kasap and Brecak. Other beaches have suitability class S2 are 
commonly referred to appropriate (there is some barrier to be able to do tourist activities in the region, but in general 
correspond to implement tourism activities). The beaches are suitable for tourism activities should be developed into a 
mainstay attractions area that can provide benefits, especially for the people around the site. Some beach tourism 
activities that can be developed on the beaches that meet criteria such as sunbathing, splashing, swimming and boating 
around the coast (Senoaji 2009). 

3.3. Carrying capacity (DDK) 

Tourist activities undertaken at the beach include swimming, surfing, sunbathing, beach recreation (such as walks 
on the beach, photos, enjoy the scenery), sports tourism (such as beach volleyball, jogging, cycling) and fishing. So that 
these activities can be done, it takes a good condition and the region has a fairly wide area. Moreover, the extent of 
damage in the area and its carrying capacity should always be taken to ensure the area is maintained. Carrying capacity 
for tourist destinations have sustainability requirements, so as to meet the objectives of existing conditions should not 
exceed the carrying capacity (Coccossis 2002 in Diedrich & Garcia-Buades 2009). Analysis of the ecological carrying 
capacity of the coastal region show that any beach that were examined had different DDK (Table 8). 
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Table 8. Ecological carrying capacity in Pringkuku District 

No Location 
Long Beach 

(m) 

Jenis Kegiatan (orang/hari) DDK   

Swim 
Sun 

bathing 
Beach 

Tourism  
Beach sport fishing Person/day Person/year 

Srau Area 
1 Pare Beach 90  4 4 4 4 18 34 12.410 

2 Srau Beach 331  13 13 13 13 66 118 43.070 
3 Wayang Beach 269  11 11 11 11 54 98 35.770 
4 Gampar Beach 116  5 5 5 5 23 43 15.695 

5 Mblue Beach 216  9 9 9 9 43 79 28.835 
6 Wawaran Beach 50  2 2 2 2 10 18 6.570 

Watukarung Area 

1 Kreweng Beach 18  1 1 1 1 4 8 2.920 
2 Seruni Beach 89  4 4 4 4 18 34 12.410 
3 Peden Ombo Beach 332 13 13 13 13 66 118 43.070 

4 Kasap Beach 91  4 4 4 4 18 34 12.410 
5 Brecak Beach 118  5 5 5 5 24 44 16.060 
6 Watukarung Beach 250  10 10 10 10 50 90 32.850 

7 Sirah Towo Beach 124  5 5 5 5 25 45 16.425 
8 Jantur Beach 80  3 3 3 3 16 28 10.220 
9 Ngalurombo Beach 532  21 21 21 21 106 190 69.350 

10 Waduk Beach 96  4 4 4 4 19 35 12.775 
11 Ngalihan Beach 396  16 16 16 16 79 143 52.195 
12 Bresah Beach 149  6 6 6 6 30 54 19.710 

13 Geben Beach 42  2 2 2 2 8 16 5.840 
  

Srau Beach tourist area that includes Pare Beach, Srau Beach, Wayang Beach, Gampar Beach, Wawaran Beach, Mblue 
Beach which has been managed by the Department of Tourism as a whole has the ecological carrying capacity of 390 
persons / day. At the time of the school holidays and religious holidays, the number of tourists who visit the tourist area 
will be increased resulting in a certain density of tourists on the beach. But at other times, there is a vacuum of visitors.  
Zacarias et al. (2011) suggested that the area that can provide comfort to any visitors do travel activity between 5-10 
m²/person. Tourist who visit and enjoy a natural area can cause damage to the ecology of the area that they enjoy, 
especially if it exceeds carrying capacity. It is therefore important to pay attention to maintain the carrying capacity of 
the ecosystem (Kerkvliet & Nowell 2000). The value of the ecological carrying capacity of a coastal tourist area very 
bermanfaatan in formulating strategies and management policy of the region so that management scenarios can be run 
effectively and efficiently (Ribeiro et al. 2011). The use of DDK value as a limiting factor in the management of coastal 
areas is not an absolute value. 

3.4. Gap Analysis 

Results of the analysis showed that the priority management gap in scenario 1, which has a higher value. Scenario 1 
is the scenario where all the conditions in accordance with the carrying capacity. Economic attributes consist of income 
and tourists visiting the region. Economic attributes have an average score of 100 in scenario 1 and the average score of 
30 on the scenario 2. The social attributes consist of local livelihoods and local access. Social attributes have an average 
score of 100 in scenario 1 and the average score of 65 on the scenario 2. ecological attributes consisting of water 
quality, water clarity and the condition of the sandy beach. The average score of the social attributes in scenario 1 and 2 
100. The total yield an average score of scenarios 1 and 2 indicate that the travel management in coastal areas still need 
to be optimized Pringkuku Subdistrict. Management prioritizes ecological factor as the main factor into a tourist 
attraction. The management optimization to develop local access (roads), local community livelihoods, income and 
tourists visiting the region. Development is done must be adapted to the carrying capacity so that management can be 
sustained. Srau region has a total area of 2.1886 ha wide sandy beaches of a total of six sandy beach. Broad sandy beach area of 1.4374 ha utilized 
(4 sandy beaches) while the area of untapped area of 0.7512 ha (Figure 2). Untapped area should be optimized to obtain higher economic value in 
accordance with the carrying capacity so that the gap is not too far away. 

 
Figure 2. Utilization areas in Srau area 
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Watukarung also has a sandy beach area that has not been utilized. The untapped area of 3.2262 ha, larger than the 
area that has been used is 3.1368 ha (Figure 3). Optimization still needs to be done so that the results can be better. But 
the carrying capacity still needs to be considered.  

 
Figure 3. Utilization areas in Watukarung area 

3.5. Management Strategy Beach Tourism 

Management strategies is a result of the analysis of the potential, carrying capacity, economic value, the gap 
utilization and tourist satisfaction showed that coastal areas in District Pringkuku have considerable development 
opportunities. The development can be done for the tourism. Increased utilization of the available potential needs to be 
done to be made management strategy that is expected to accommodate all interest in it either related to tourism 
activities and community development.management strateies in Pringkuku District namely: 

1. Provide and improvement hostel, seat, kiosk, toilet, trash bin, 
2. Training for increase knowledge, communication and servise of employer 
3. Road improvement and enhancement of communication network quality.  
4. Provide signpost 
5. Fishermen involved  

4. Conclusions 

1. Suitability Index mostly very suitable. Carrying capacity watukarung and srau still no exceed 
2. Srau and watukarung area tourism utilization level 65.67% and 49%. 
3, Ecotourism management strategies: 

- Provide and improvement facilities and infrastructure 
-  Training for increase human resources.  
-  Fishermen involved 
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Abstract 

Segara Anakan Estuarine  known as one of the potential estuarine and become important habitat in providing  space for fauna 

aquatic life, especially fish . The purpose of this study was to determine the appropriate location for the development of fish 

sanctuary in Segara Anakan Estuarine. Location of the study covers the whole region Segara Anakan estuarine with 13 stations in 

estuarine waters body and 8 Coastal Village. Data collected by using survey method (stratified sampling method). Assessment 

sutability for fish sanctuary development using ecological integrity and connectivity of social ecology approach, includes 22 

parameters, while the analysis of the data using spatial analysis approach. The  results of research obtained are very appropriate 

class of 1204.29 ha (scattered in Klaces, Kutawaru, Kembang Kuning river and Tritih), corresponding conditional class 1579.71 ha 

(scattered Ujung Alang, Panikel, partly Kutawaru waters and tritih) , and the class is not appropriate for 888.49 ha (scattered in 

Donan, Talun, and Ujung Gagak). 

 
©2017 The Authors. 
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Keywords: social-ecology, estuarine, fish sanctuary, Segara Anakan. 

1.  Introduction 

Estuarine included in public waters, to be located above the lowest sea tide line to mainland (Nontji et al. 1986), has 
a free relationship with the open sea as well as receive input of fresh water from the mainland (Pickard, 2007). The 
formation of brackish water with a salinity habitat fluctuating form unique ecosystems. Water productivity estuarine 
areas are generally higher (1500 g/m2/year) compared to the productivity of ocean ecosystems (125 g/m2/year) and 
freshwater (400 g/m2/yr) (Saptarini et al.1995 in Supriharyono 2000), high productivity is an important habitat for the 
life of a variety of aquatic biota, both as nursery grounds, spawning ground and feeding ground for fish, shrimp and 
gastropods (Beck et al. 2001; Elliot and Hemingway 2002 ). Potential of High an estuary usually implies pushing rapidly 
to resource exploitation rather than sustainable use.   

Segara Anakan estuarine is the one of potential estuaries in Indonesia. This area has the potential largest mangrove 
forests in Java and resource potential aquatic biota is characterized by the abundance of various distinctive and 
potentially covers 60 species of fish, 19 kinds of natural prawns dominated by Jerbung (P. Marguiensis), Peci (P. 
indicus) and Jari (Metapenaeus elegans), two types of economically important crab (Schylla and Portunus spp) and 
some types of shellfish (Dudley 2000) with economic value reached Rp. 62 billion / year. This location also become 
dependent upon around 1,450 RTP fisherman. In the process, the region this relegation due to land degradation, 
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especially in the watershed Citanduy and Cimeneng impacting on shallowing waters, coupled with population growth 
prompting excessive utilization of resources and environmentally unfriendly, such as land conversion and logging, 
fishing gears dedukstrif. These conditions impact on the depletion of forests mangroves, and decreased production of 
aquatic biota, including decreased production of crab (keystone species), 1987-1988 average catch of fish traps at 4.5 
kg/trip (Wasilun 1991), to 1.6 kg/trip in 1999-2000 ( Dudley 2000). Shrimp and fish has decreased from 5,250 tons 
(1979) currently lives 2,000-3,000 tons/year (2005) with Apong catch rate of 15.1 kg/trip in 1987-1988 to 6.5 kg/trip 
(Dudley 2000 ) even 1.5-3 kg/trip (Suradi, 2005). The decline in production is also characterized by a decrease in the 
size of the shrimp, mostly juvenile with a range of 4-5 g/head (Dudley 2000) and even the range of 2 g/head (Nurfiarini 
et al. 2012). 

Fisheries resource management issues, not only on the issue of population decline / stock due to utilization, but also 
the destruction of habitats and the absence of protected areas. Therefore, to maintain the basic components to maintain 
a system of fisheries is their ecological sustainability, namely the existence of protected areas (Adrianto et al., 2005). 
Nevertheless, the existence of a social system as an integrated system in Segara Anakan  fisheries can not be ignored, so 
look at both aspects as an integral socio-ecological system into basic capital in an effort to fisheries management 
system. One of them is by using the approach of ecological integrity and connectivity. Regulation No. 60 of 2007 on the 
Conservation of fish resources, to ensure their estuarine conservation development in the form of asylum fish 
sanctuary.   The purpose of this study is to determine the suitability of water for the development of estuarine fish 
sanctuary. In this paper socio-ecological integrity approach used to assess the most appropriate location for the 
development of fish sanctuary in Segara Anakan Estuarine. 

2. Material and Methodes 

 2.1. Research sites 

The research was carried in Segara Anakan Estuarine during 2013-2014. The locations were set at 13 locations 
covering in West Plawangan  and Kebun Sayur (representing the off shore), lagoons (representing the middle 
estuarine), some river estuaries like Estuary Citanduy, Estuary Muara Dua, Sapuregel, and Cigintung to represent the 
upstream estuary (Figure 1).  

 
Figure 1. Map of research sites 

2.2. Data Collection and Analysis 
 
Conditions Morphological features and diversity of physical habitats (morphometry) interpreted from topographic 

map 1: 50,000 scale derived from Geospatial Information Agency (BIG) and Landsat TM satellite imagery 8 path 
65/row 121 acquisition of May 31, 2013. To distinguish between the sediments and the water used band 5. The 
diversity of physical habitats approached with analysis of the type of substrate, and vegetation. Sediment samples taken 
by Ekman Grab then dried in an oven (temperature of 105oC), and in a class analysis grain and substrate type. Size and 
distribution of vegetation cover was allegedly using NDVI method. Water quality parameters include non-physical, 
nutritional, bullies, and the metal element. Sampling for the measurement of water quality parameters using a survey 



97  Nurfiarini and Adrianto / Proceeding – ICM-MBT (2017) 95–102 

 

method (stratified sampling method). Where the time period of one year based on the season. Analysis of water quality 
following the APHA (1976); using methods raised by Sokal & Rohlf (1995), Lutdwig & Reynolds (1998) and Wedepohl 
et al. (1990). Identification of plankton according Bold and Wynne (1985), while the abundance of plankton is 
calculated by the method LDMC (APHA, 1976). 

Parameter fish resources include fish, shrimp, and crabs at various stages of growth of larvae, juvenile and adult. 
Stadia larvae and juveniles were collected with the help of tools Bonggo net and beam trawl. While data on the 
composition and structure of fish communities gained from the experiment arrests made during the four-month series, 
using fishing gear: mesh pockets with mesh sizes 1/5 - 3 inches, Apong nets with mesh sizes 1/5 - 5 inches, tek tek nets, 
widey and surungan. The diversity of fish species identified further data is analyzed by the approach of biological 
integrity index (Ganasham and Hughes 1998). 

Data related to socio-cultural aspects include an assessment of the existence of local knowledge, participation of 
society as a social capital and institutional potential. While the economic aspects of society include linkages with fishery 
resources, the study of regional importance and the potential threat from economic activity. Data were collected 
through observation and interviews with respondents include fishermen, leaders, and officials representing the village. 
The number of samples were taken using sampling techniques socioeconomic refers Fauzi (2001) and analysis of data 
referring to early 2001; and Hartoto et al. 2008. 

Furthermore, the suitability of prospective fish sanctuary is approached with analysis functions fisheries asylum 
follow Soselisa (2008), and Hartoto et al. (2008) are modified based on the status of the ecological integrity and 
ecological connectivity by 22 criteria (Table 1). Spatial approach used in selecting the fish sanctuary area is categorized 
into three classes of suitability, which is very appropriate (VA), according to conditional (CC), and is not suitable (NS). 
 

Table 1.   Matrix for Socio-ecological criteria to assessment fish sanctuary candidate 
No   

Parameter 
Weight 

Score Value 
very 

appropriate 
(VA) 

Score According to 
conditional (AC) 

score Not suitable 
(NS) 

score 

A ECOLOGY: 60       
1 Sedimentation 4 Nohing 3 minimal 2 available 1 
2 Physical diversity of habitat 

(there are maender, trough, river 
branching) 

4 All 
components 

3 2 components 2 Nothing 
components 

1 

3 Physiography and morphology 4 stable 3 stable 2 fault  
4 Water depth 5 >5,02 m 3 5,02 – 3,26 2 <3,26 1 
5 Turbidity 4 16,5-19,5 3 5-16,5; 19,5-25 2 <5; >25 1 
6 Salinity 4 0,5–17 3 17 - 30 2 < 0,5; >30 1 
7 Water surface temperature 4 <30 3 30-35 2 >35 1 
8 pH 4 6,5 – 8,5 3 6, 9 2 <6, >9 1 
9 Do 4 >5 3 2-4 2 <2 1 

10 Water quality  4 good 3 midle 2 low 1 
11 Feed resources (plankton) 4 high 3 midle 2 low 1 
12 Vegetation integrity  

  (Type of cover, density, and 
species diversity) 

6 high 3 midle 2 low 1 

13 Spawning/nursery habitats 4 Available  3 limited 2 nothing 1 
14  Integrity of fish biology (index of 

fish biology integrity) 
6 high 3 midle 2 low 1 

B SOCIO-CULTURAL: 25       
15 Social Capital 5 good 3 enough 2 less 1 
16 Local value & wisdom system 5 Yes, active  There is, passive  Nothing  
17 Potential Threats (from extractive 

economic activity) 
5 Very safe 3 Quite safe 2 not safe 1 

18 Potential conflict of interest 5 low 3 midle 2 high 1 
19 Institutional Potential 5 Performing-

maturing 
3 norming 2 Forming-

brainstorming 
1 

C ECONOMIC 15       
20 Important value of the region for 

the populist economy 
5 The main 

source of 
livelihood 

3 the main livelihood / 
raw materials of the 

people's industry 

2 Source of PAD / 
industrial raw 

materials / export 

1 

21 Potential of tourism development 5 available 3 limited 2 nothing 1 
22 Distance of location from other 

utilization (industry / settlement) 
5  500 m 3 300-500 m 2 <300 m 1 

Source: PP no. 60 Tahun 2007; Soselisa 2006; Hartoto et al. 2007 in modification 
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5. Result and Discussions 

5.1. Ecological assessment of the Site 

Physical diversity of habitat  and Sedimentation 
The physical diversity of the habitat at each location observed indicated sandy mud substrate conditions at stations 

2,3, and 4, with sand percentages between 22.04-46.7%, the rest generally muddy, suspected as a result of 
sedimentation (table 2) . Sedimentation volume indicates that almost of the rivers that leads to the estuarine has a 
sedimentation effect with an average sediment settling between 0.009-0.021 cm3sec-1. The highest sedimentation 
occurs around the Citanduy Estuary, Cigintung Estuary, and Donan Estuary. Vegetation cover covers all waters. 
 
Physiography and morphology 

The results of physiographic and morphological typology analysis show that Segara Anakan Estuarine has 
topographic plains to hills, has a structure alluvial young to mixed rocks, and has 8 main watershed, namely Citanduy, 
Cibeureum, and Cimeneng Rivers (western zone), Penikel, Cikonde, and Ujung Alang Rivers (central zone), and the east 
zone covers Cigintung and Donan Rivers (Table 3). 
 
Table 2. Physical diversity of habitat 

No Physical 
diversity 
of 
habitat 

Site 

East Zone Central Zone West Zona 

Do Tal Tri UA-1 UA-2 KW UA-3 UA-4 Pan Kla UG-1 UG-2 

1 2 3 4 5 6 7 8 9 10 11 13 

1. type 
beach / 
river 
channel 

Flow of the 
river / 

straight 

Flow of the 
river / 

straight 

Mangrove 
forested 

river flow 
/ maender 

Mangrove 
forested 

river flow / 
maender 

Mangrove 
forested 

river flow 
/ maender 

Mangrove 
forested 

river flow / 
maender 

Mangrove 
forested 

river flow / 
maender 

Mangrove 
forested 

river flow 
/ straight 

Estuary of a 
wooded 

mangrove / 
straight  

Mangrov
e 

forested 
river flow 
/ straight 

Estuary Mouth of 
Estuary 

2. Aquatic 
Base 
Profile 

high 
Sediment 

accumulatio
n 
 

Low 
Sediment 

accumulatio
n 
 

high 
Sediment 

accumulatio
n 
 

midle 
Sediment 

accumulatio
n 
 

Midle 
Sediment 

accumulatio
n 
 

Minimum 
sediment 

accumulatio
n 

Morpholog
y is rather 

rough / 
there is a 

mixture of 
rocks 

midle 
Sediment 

accumulatio
n 
 

midle 
Sediment 

accumulatio
n 
 

Morpholog
y is rather 

rough / 
there is a 

mixture of 
rocks 

high 
Sediment 

accumulatio
n 
 

high 
Sediment 

accumulatio
n 
 

3. dominan
ce 
Substrate 
grain size 

5 µm;  

20 µm; 
0,25mm  

5 µm;  

1 mm 

5 µm;  

1 mm  

5 µm;  

20 µm; 
0,25mm  

5 µm;  

20 µm; 
0,25mm  

5 µm;  

1 mm 

5 µm;  

20 µm; 

5 µm;  

20 µm; 

5 µm;  

50 µm; 

5 µm;  

50 µm; 

5 µm;  

50 µm; 

5 µm;  

50 µm; 

4. Texture 
of water 
substrate 

sandy clay 
loam 

sandy clay sandy clay sandy clay 
loam 

sandy clay 
loam 

silty clay silty clay silty clay Clay loam Clay loam silty clay silty clay 

6 Water 
depth 
(m) 

5,6 5,8 4,2 5,2 6,2 6,8 2,2 1,5 2 2,1 2,5 4,1 

7 Riparian 
vegetatio
n 

- True 
mangrove, 

thick 

True 
mangrove, 

thick 

Mangrove 
mix 

Mangrove 
mix 

True 
mangrove, 

thick 

Mangrove 
mix 

Mangrove 
mix 

Mangrove 
asosiasi 

Mangrove 
asosiasi & 

pioner 

Mangrove 
asosiasi & 

pioner 

Mangrove 
asosiasi & 

pioner 

          Information: 
          Do   :  Donan                             Tal  :  Karang Talun                          Tri   : Tritih                           Pan  :  Panikel               UG  :  Ujung Gagak 
          UA  :  Ujung Alang                   KW : Kuto Waru                               UA  :  Ujung Alang              Kla   :  Klaces 

 
Tabel 3.  Distribution of geomorphological and watershed conditions in Segara Anakan Estuarine 

No Parameter Villages of  Estuary 

East Zone  Central Zone East Zone 

Do Ta Tri KW UA Pan Kla UG 

1. Topography Plains Plains Plains Plains Plains Plains Plains -hills Plains 

3 Geomorphology Alluvial Alluvial Alluvial Alluvial Alluvial, 
mixture 

Alluvial, 
Young 

Alluvial, 
Young 

Alluvial, 
Young 

2. Watershed limited limited limited luas luas luas limited luas 

 
Water Quality 

The results of the environmental waters quality assessment for the suitability of fish sanctuary development 
covering 21 parameters in 5 categories are presented in Appendix 1. The range of salinity values does not describe the 
upwardly downstream estuary pattern, with a value of 3.75-13.55 ppt, meaning the distribution of the estuary water's 
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sanitability remains within the recommended range to support the aquatik fauna in estuary. Estuary fish generally have 
high tolerance to salinity variation (euryhalin), and between 3.99 - 32.79 NTU. Temperature, pH, and DO values almost 
entirely support biota life, in some stations exhibiting higher temperature values (> 30 ° C), and potentially increasing 
streess in nektons fauna (Kirby-Smith et al., 2003). 

Average nutritional parameters (N-NO3, P-PO4, T-N) have a very concentrated range of concentrations supporting 
estuarine biota life, but T-P values exhibit lower concentrations than required values. natural waters typically have 
nitrate concentrations ranging from 0.05-0.2 mg / L (Wetzel 2001). T-N and T-P respectively> 1.5 mg / L and> 0.05 mg 
/ L indicating fertile waters. However, lower conditions make it possible for waters with good vegetation associated 
with ecological functions as natural filters in the process of reduction of sediments, nutrients and pollutants. The 
interference parameter is represented by N-NO2 and N-NH4. Average nitrite concentrations were still below the range 
set by PP No.20 of 2000, ie <0.006 mg / L, but the N-NH4 concentration tended to be higher than the maximum limit for 
aquatic biota life (> 0.002 mg / L), but pH and temperature are high enough, will help the process of oxidation of 
ammonia and nitrate into nitrite.  

The metal parameters of Calcium (Ca), Sodium (Na), Potassium (K), Iron (Fe), and Manganese (Mn) are metallic 
elements that are at some level necessary in the process of organism metabolism. Calcium ions are required in the 
formation of mollusc shells and invertebrate organisms that are abundant in estuary waters. Na aids plant growth, K as 
cell activation enzyme, Fe as oxidative metabolism and photosynthesis in citrokrom plant, while Mn as co-factor of 
several enzymes. Magnesium (mg) is required in the energy transfer / enzyme transfer process, and is not a significant 
limiting factor. The results of aquatic metals analysis indicate that the metal concentrations that contribute to the 
survival of aquatic biota are largely within the support range. Unless K shows a low value (<200 mg / L) and Ca is above 
the threshold. This condition is thought to have an effect on the production of abundant oceans. While the 
concentrations of Mn, Pb, Cd in each station are relatively low and safe (PP No.20 tahun 2000, jorgensen 1980), except 
in copper (Cu) generally in the range > 0.1,  a condition quite harmful to lives for aquatic fauna (Jorgensen 1980). 

Natural feed resource parameters (plankton) are the feed resources of organisms that determine the production of 
organisms at the next trophic level. The results showed that the phytoplankton composition included four groups of 
Bacilariopiceae (28 genera), and Chloropyceae (10 genera), Cyanopiceae and Dinopyiceae five and four genera with 
179,759 - 1,831,564 cells / L abundance respectively. This type of plankton is dominated by Chaetoceros, Asterionella, 
Coscinodiscus sp, Holospharea sp, Oscilatoria sp, Bacteriastrum, and diatoms. The range of diversity index values of 
0.196 - 1.831 is included in the moderate category (Shannon-Wenner in Odum, 1998), except at the End of Crow 
station. The zooplankton group consists of 5 groups of Crustaceans (14 genera), Cilliata and molluscs of each of three 
genera, Rotatoria and Holoturadea each one genera.  
 
Mangrove Integrity 

Result of interpretation of Landsat image to the estimation of extent and distribution of mangrove forest density in 
Segara Anakan is 8,234,46 ha divided into 3 classes, namely mangrove dense, medium, and rare. Mangrove vegetation 
found 27 species consist of 17 species of trees, two types of shrubs, two types of lianas / climbers, three types of palma, 
and three types of herbs. The central zone has the highest number of species of 18 species dominated by Rhizopora 
Apiculata and Ceriop tagal, as well as the eastern zone where R. Apuculata species has the highest Important Index 
Value (IIV) at each growth stage, while the western zone is dominated by type Avicenia marina, Soneratia alba, and S. 
caseolaris with IIV range 47.78 - 135.18 (trees) and 46.80-148.02 (seedlings), and 51.47-95.30 (seedlings). 
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Figure 2. Histogram of abundance of mangrove species in each zone 

 
Spawning & Nursery Ground 

Two key parameters related to spawning and nurseryng habitat are the integrity of meroplankton and juvenil. 
Observations of meroplankton for along 1 year showed that abundance ranged from 4.723 - 96.229 ind./1.000 m3 with 
an average of 26,905 ind./1.000 m3 (Figure 3). The highest abundance is in Kota Waru station 96.229 ind./1000 m3. 
The composition of meroplankton is dominated by zoea and Copepoda. 
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Figure 3. Composition species and abundance of larvae (ind/1.000m3) 
 

Results of observation of juvenile fish, shrimp and crabs obtained 62 species, consisting of 36 species of fish, 22 
species of shrimp and 4 types of crabs. Juvenile abundance ranged from 0.02-41.81 ind./1.000 m2 with an average of 
3.79 ind./1.000 m2. The highest abundance was the family of Sergestidae with Rebon  (Acetes sp) (average 41.81 
ind./1.000 m2), followed by family of Penaeidae (Udang Dogol), Palaemonidae, and Bagridae (4.49 ind./1.000 m2) 
(Figure 4). Meanwhile, according to the observation station, the average abundance of juveniles ranged from 7-203 
ind./1.000 m2 with an average of 99 ind./1.000 m2. The highest juvenile abundance is at the Karang Kobar station. 
 

 

Figure 4. Family Composition and Abundance of Juvenile 

 
Fish Resources 

Results of observations during the study collected as many as 23,521 fish, consisting of 87 species of fish from 45 
families. Most fish species come from the Gobidae (9 species), then Engraulidae, Carangidae, Lutjanidae, Leiognathidae, 
Belontidae and Mugillidae in the range of 3-7 species. Furthermore, the results of the analysis of the biological integrity 
of fish resources refer to Ganasham and Hughes (1998), modified on the health and fish abundance, then obtained the 
values of IBI from each prospective fish sanctuary (Figure 5). The figur to show that St.Tritih, Kuto Waru and Ujung 
Gagak has an IBI value higher than other locations, or in other words the integrity of fish resources is better. 

 

Figure 5.  Integrity Biological Index (IBI) of Fish in Segara Anakan Estuarine 
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System of Values and Wisdom, social capital, and institution 
Assessment of the value of local wisdom shows that almost all regions have no specific samawi value / wisdom 

developed, and even tend to have bad morals of water resources. The only value system that began to develop was in 
fishery activities in Panikel village in the form of holiday to sea, and quota restriction on shellfish fishery in Kutawaru 
Village. The result of social capital analysis of fisherman society around estuary are on level until good enough with 
score 2,55 - 4 at level 1-5. Social networking capital criteria and connections between friends and family / between 
communities are the criteria with the highest score. While the criteria of participation provide sufficient value, can be 
the initial capital in implementing the estuary management in a participatory manner. The institutional potential 
criteria indicate that almost all villages are at the Brainstorming level. 
 
Potential Threats of Economic Functions, and the significance of the region 
 

In the criteria of resource economic function as habitat and source of raw material have a threat value between 4 -8 
of 9 sub criteria, or are on unsafe-safe score. While the criteria of economic function as a fish resource almost entirely in 
safe conditions. This is because almost all the results immediately seal tillers on the interests of local trade / inter-
regional only. While the assessment of the important value of waters as a source of capture fisheries and aquaculture 
fisheries have a range of values 5-13 ie from not important to quite important.   

5.2. Suitability Assessment for  fish sanctuary development site 

Based on the results of the assessment of the parameter of suitability for the development of fish sanctuary obtained 
successively class according to 1,204.29 ha (spread in the waters of Klaces, Kuto Waru, Kembang Kuning and Tritih), 
class according to conditional 1,579,71 ha (Ujung Alang Village, Panikel, some waters Kuto Waru and tritih), and the 
class does not suitable to 888.49 ha (scattered in the waters of Donan Village, Talun, and Ujung Gagak). Furthermore, 
through the concept of zonation, the area that has a high suitability, can be defined as a candidate core zone, while the 
adjacent areas downstream, defined as buffer zones and other utilization. 

 

Figure 6. Composite Map Suitability of Fish Sanctuary at Segara Anakan Estuarine 

6. Conclusions 

Based on the assessment of the suitability of the location of prospective fish sanctuary in Segara Anakan Estuarine 
that of 13 locations observed, five of them are suitable to be developed as asylum with high suitability ie Kuto Waru, 
Tritih, Kembang Kuning, and Klaces), six locations with medium degree of conformity Talun, Sapuregel River, Dangal 
River , Ujung Alang River, Muara Dua and Lagoon-Ujung Gagak), and 2 locations are in appropriate locations (Donan, 
and Citanduy estuary).  -  Fishermen involved 
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Abstract 

Lobster is one of the main fishery commodities in Gulf of Prigi and Damas, distric of Trenggalek. The potential is not independent 

from the typology of coastal ecosystems that support them. This study aims to determine the ecological linkages between the 

resources of the typology lobster habitat. The study was conducted during 2015 using the method of observation. The results 

showed that the Gulf of Prigi and Damas dominated by coral reef ecosystems with percent coral cover in the range of 65-75%. Coral 

types dominated by the type of branching, encrusting, massive, foliaceous, soft coral, sponges, algae, gorgonians, algae coralin. 

Juvenile phase of lobster and pre-adult  prefer a depth <10 m spread along the rocky coastal waters, with an abundance ranged 

between 0.32-0.64 ind/m3 of type Panulirus homarus, P. ornatus, P. penicillatus, P. longipes and P. versicolor. While adults lobster 

tend to like deeper waters (20-30 m) with the type of habitat is wall with an abundance ranges 0.32-0.48 ind/m3. P. ornatus and P. 

versicolor are two types with the highest abundance (0.48 ind/m3). 
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1.  Introduction 

Lobster is a potential fishery resources with high economic value. It ranks fourth of the export commodities of the 
Crustacean after Penaeus, Metapeaneus, and Macrobrachium (Junaedi et al., 2010). At the various levels of markets the 
value of the product reaches Rp. 350,000 - 800,000/kg (Nurfiarini et al., 2016). Potency of lobster in Indonesia is 
characterized by the number of species reaching seven types of spiny lobster (Tewfik et al., 2009; Phillips, 2006; Chan et 
al., 2013; Wardiatno et al., 2016), or 7.23% of the total spiny lobster found worldwide (Chan, 1998). The production 
range is 6.65 – 16.48 tons/year, average on 5.75 tons (DJPT, 2015), with average production value reach US $ 54.48 
million/year (KKP, 2015). Panulirus homarus (sand lobster), P. ornatus (pearl lobster), P. longipes (red lobster), P. 
versicolor (bamboo lobster), P. polyphagus (pakistan/mud lobster) and P. penicillatus (rock lobster) found as the 
dominant species (Tewfik et al., 2009; Phillips, 2006). The spiny lobster habitat is the rocky coral waters along the Indo-
Western Pacific from East Africa to Japan, and the Fijian Islands to the Cook Islands (Holtuis, 2001), while in Indonesia 
spread throughout West Sumatera, South Java, Bali & Southeast Nusa, Sunda Shelf, Malacca Strait, East Kalimantan, 
South/West Kalimantan, North Java, South Sulawesi, North Sulawesi, Maluku and Papua (Kanna, 2006). 

South coast of Java (Fisheries Management Area/WPP 573) is a potential lobster producing area after the West Coast 
of Sumatra (WPP 572). South Coast of Java area is potential lobster producers which reach 625.3 tons/year with 
production value reach 218.85 billion rupiah. Nevertheless, national lobster production since 2014 has declined (DJPT, 
2015). Gulf of Prigi in Trenggalek District is one of the center of lobster producer in South Java with lobster production 
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in the range of 2.6-3.43 tons/year equivalent about Rp.1.73 billion/year (DKP Trenggalek, 2015). The high potential of 
lobsters in the area is allegedly inseparable from habitat characteristics and suitability as a place to grow and 
contributing to lobster life at various stadia of growth, i.e. coastal ecology dominated by cliff-coral beaches, strong 
currents, and coral reef ecosystem potential. The relationship between biota and habitat characteristics and its 
environment is known as ecological connectivity. Ecological connectivity illustrates the easy or not in transfer of matter, 
energy, and organisms across the ecoton (the border region between two habitat types) in relation to spawning, 
feeding, and growing (Nasution et al., 2009). This paper aims to get an overview of ecological characteristics and the 
linkages between lobster resources and their habitat typology. 

2. Material and Methodes 

 2.1. Location and Time of Study 

The research is located in Gulf of Prigi, District of Trenggalek . The study was conducted in June 2015 that describes 
the conditions of the transition season. Observation stations consist of four stations covering the North Damas Waters 
(fishing capture zone) and Karanggongso (coastal tourism zone) representing coastal zone, South Damas Waters (coral 
reef conservation and cultivation zone) and Karang Asem (conservation zone) representing steep rugged coastal 
waters (Figure 1). 

 

Figure 1. Map of research locations 

2.2. Method of data collection 
 
Data were collected through field observation. The data and information collected include several oceanographic 

parameters that describe the quality of the aquatic environment, habitat (percent cover and type of coral), lobster 
resources (composition, abundance, and size structures). 

Oceanographic parameters were taken stratified (horizontally and vertically) on the surface and bottom of the 
waters by considering the characteristics at each observation station (Kimmel & George in Ryding & Rast, 1989). 
Observation of coral reef ecosystems and lobster resources using the Stationary Visual Census (SVC) method developed 
by Sherman et al. (2002). Observation of coral reef condition using Point Intersept Transect (PIT) method, where data 
recording code refers to coral health monitoring activity of CRTIC-Coremap version (Manuputty & Djuawariah, 2009). 
 
2.2. Method of data analysis 
 

Analysis of waters water quality data refers to APHA (2005). Protection through visual observation. The assessment 
of coral ecosystem conditions follows CRTIC-COREMAP LIPI criteria (Gomez & Yap, 1988), which the percent cover of 
live coral is set at the following categories: damaged (0-24.9%), medium (25-49.9%), good (50-74.9%), and very good 
(75-100%). 
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% Component Cover = Number of each component X 100% ................................…………..………….....................................  (1) 
                                         50 (Total Component) 
 
Furthermore, the analysis of lobster community structure using English et al., (1997) and Sherman et al. (2002), and 
composition analysis refer to the equation of English et al. (1997) as follows; 
 
Ks = ni/N x 100 %  ……………………………………….………………………........................................................................……………… (2) 
Where, 
Ks : Composition of lobster species (%) 
Ni : Number of individuals per species 
N : Number of individuals throughout the species 
 
Analysis of fish coral abundance refers to Sherman et al. (2002): 
Ks = ∑ni/L  ……………………………………….…………………………………………………….................................................................... (3) 
Where, 
Ks : Composition of lobster species (%) 
Σni : Number of individuals gained per station (ind) 
L : Area of sampling (visual census area) (25 x 25 m) 
 
While the analysis of species diversity using the Shanon-Wiever Index (Ludwig & Reynold, 1988): 
 ............................................................................................................................................................................................................................ (4) 
Where, 
H' : Shannon-Wiever diversity index. 
Pi : Comparison of number of species i (ni) to total number of lobsters (N) = ni/N. 
N : Number of species 

4. Result and Discussions 

4.1. Coral Cover 

 The result shows that the percentage cover of life coral is in range <10-15%, with average 15% (Figure 2), while the 
rest are dead corals/rubble, sand and corals associated with algae and Dead Coral Acropora-DCA. These results 
illustrate that coral ecosystem conditions in the study sites are categorized as damaged (<25%). This situation is almost 
encountered in all coral reef areas in Indonesia, which total coral cover 2,517.84 Ha (35.15%) are in the damaged 
category (Giyanto et al., 2017). Some waters with high damage levels are along the Sumatera Coast (Sibolga, Natuna, 
Nias, Mentawai, Enggano), North Java (Thousand Islands), South Java-Bali-Lombok-NTT (Ujung Kulon, Trenggalek, Gili 
Matra and Maumere ), Makasar City, Pangkep, Takabonerate, North Halmahera, Morotai, and Biak (Giyanto et al., 2017).  
 

 
 

Figure 2. Percent Distribution of Life Coral Cover 
 

4.2. Coral Diversity  

The observations found there are two characteristics of habitat based on coral typology, i.e. (1) habitats dominated 
by massive coral species, encrusting, tabulate, and sub massive, and (2) habitat dominated by branching and foliaceous. 
Karang Asem and North Damas waters are dominated with branching (Acropora sp., Pocillopora sp.), massive (Porites, 
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Favites, Galaxea sp), foliaceous (Leptoseris, Montipora), Pocillopora sp, Hydnopora, soft coral (Lobophyllia, Symphyllia, 
Polyphyllia, and Sinularia). Other colonies found are Sponge, Algae, gorgonian and algae coralin  (Figures 3a & 3b). In 
South Damas identified types of coral shape are of foliaceous (Leptoseris, Montipora), branching (Acropora sp., 
Ancropora sp. Pocillopora sp.), massive (Favites) as well as some algae colonies found around coral reefs (Figure 3c). In 
Karangggongso dominated by branching (Acropora sp., Pocillopora sp., Seriatopora sp.), massive (Porites, Favites), 
foliaceous (Leptoseris, Montipora), soft coral (Lobophyllia), and algae colonies from gorgonian and algae groups (Fig. 
3d). Coral conditions in Karang asem have found many juvenile corals and soft coral species compared to the other 
three locations. lobster has a high preference on the first type of reef for shelter (BP2KSI 2015 in Nurfiarini et al., 2016) 

    

(a)  Karang Asem (b) North of Damas  

    

(c) South of Damas  (d) Karanggongso 

Figure 3. Coral Type at research station 

4.3. Lobster Resources  

Five species of lobsters (P. homarus, P.ornatus, P. penicillatus, P. longipes, P. versicolor) were found in almost all 
research stations in Gulf of Prigi. These five species have varying abundance and at various stadia of growth (Figure 4). 

 

Figure 4. Abundance of Juvenil Lobsters in Gulf of Prigi 

Abundance of juvenile lobsters (weights in the range of 1-1.5 grams and <10 grams) are in the range of 0.32-0.64 
ind /m3. The highest abundance of the P. ornatus at Karang Gongso Station. While adult-sized lobsters have an 
abundance in the range of 0.32-0.48 ind / m3, found in the Waters of the North Damas, Karang Gongso and 
KarangAsem. The highest abundance in P. Ornatus and P. versicolor respectively 0.48 ind / m3 (Figure 5). 
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Figure 5. Abundance of Lobsters on Adult in Gulf of  Prigi 

3.3. Hidro-Oceanographic 

Water quality observations indicate that the aquatic environment at the research station is still good enough to 
support the aquatic biota life. Water depth ranges 11-33.6 m., salinity is almost the same on 33 ppt. Temperature, 
turbidity and dissolved oxygen are consecutive in 28.23-28.42 oC (average 28.27oC); 0.89 - 2.11 NTU; and 3.45-6.69 mg 
/ L (Table 1.). 

Table 1. Water quality environment in study site 

Parameter Unit 
quality 

standards* 

Station 

South Damas North Damas Karanggongso Karang Asem 

  
  

(17) (18) (19) (20) 

Depth m 5 - 20 33,6 10,7 12 11 

Salinity 0/00 25-35 33 33 33 33 

Temperature  oC 11-29 28,23 28,43 28,27 28,2 

pH - 7,8-8,5 7,85 7,87 7,88 8,12 

Turbidity NTU 5 - 25 0,89 0,99 2,11 1,86 

Brightness m - 5 3,9 4 6,4 

Oxygen dissolved mg/L > 5 6,69 6,61 5,48 3,45 

Sedimentation occurs in the western part of the Prigi Bay, allegedly from the main river mouth. Coral ecosystems at 
all locations are indicated to be damaged and allegedly due to unsustainable ecotourism activities. Ghostfishing also 
plays a role in the destruction of coral ecosystems. 

3.4. Connectivity Between Lobster Resources and Habitat Type 

Lobster is one of the nocturnal aquatic biota, which is more like activity at night and lobsters need shelter. Visual 
observations show that lobsters in juvenile phase, many found in rocky waters associated with coral algae, with 
substrate base of dead hollow coral and small holes (Figure 6) with a depth range 5-10 m. Type of that habitat is 
commonly found in Karanggongso. Adult lobsters are more commonly found in depths of 10-30 m, in waters with cliff-
wall cliffs of wall type. Adult lobsters occupy a dead coral shelter with cavities and large holes. Such habitats dominate 
the South Damas area (Figure 7). 
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Figure  6.  Small cavities and holes for juvenil (Karanggongso) 

  

Figure 7.  Hard coral with the big  cavities and holes, type of  wall for adult lobster (South Damas) 

4. Conclusions 

The ecological connectivity between the source of lobster and its habitat is indicated by the type of habitat favored 
by lobsters, ie coral ecosystems with good conditions with composition: hard corals, soft corals, gorgonians and coral 
algae. Preferred coral species are encrusting rocks, massive, foliose, and the availability of cavities and holes in various 
sizes related to protection functions. Lobsters in juvenile phase prefer waters with depths of <10 m, whereas adult 
lobsters are commonly found in coral cliff habitats with a depth of 20-30 m. 
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Abstract 

West coast of Selayar facing solid marine litter during west monsoon period December until March, marine litter come from 
floating litter, carried by sea surface current and deposited along the west coast. Marine litter deposited on the west coast affected 
social, economic and ecological. This study aims to determine type, weight, density and distribution of marine litter; the impact of 
litter on water quality; the impact of economic, social and environmental ecosystems. Retrieved data using line transect at 7 
observation points. Litter size were observed (> 2.5 cm) or macro litter. Floating litter and daily incresing of litters were also 
analyzed. Based on the calculation of the average density of organic waste by weight was 4 978.3 ± 3 342.5 g/m2 and number of 
pieces was 7.7 ± 1.8 items/m2. Inorganic waste density is 14.3 ± 2.97 items/m2 for the number of pieces and 564.8 ± 196.1 g/m2 for 
waste weight. Daily accumulation was about 1 445 ± 1 743 g/m/day, the number of pieces 14.3 ± 8 item/m/day, cubication 0.0187 ± 
0.019 m3/m/day. The impacts on seagrass and biota such as broken leaves, crushed and organism rafting on floating litter some 
types of coral such as Favia fragum, types of crustaceans such as Balanus. sp, Lepas. sp, Dosima. sp which affect the bio-diversity. 
Based on economic calculations for loss of fishing vessel was about Rp115 481 693 and loss of fishing gear Rp126 200 000 each 
season.   

 

©2017 The Authors. 
Peer-review under responsibility of the authors of ICM-MBT 2016. 
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1. Introduction 

Selayar island is an island of Selayar Islands, South Sulawesi. Facing directly with the Java sea, Selayar island is 
dependent on seasonal winds and currents. West monsoon periods from December to March, East monsoon between 
May and August and transition periods of April until the middle of May and half of September to November but it is very 
difficult to predict the seasons (Bandiyono et al., 2007; BPS, 2015; Krishnamurthy and Kinter, 2003). The wind drives 
surface currents carry floating litter (Choy and Drazen, 2013; Vikas and Dwarakish, 2015). According to (Critchell et al., 
2015; Critchell and Lambrechts, 2016) wind and surface currents greatly affect to litter distribution at the sea. 
During west monsoon floating litter drive towards Selayar island west coast, and stranded at beach and affect of social, 
economic and ecologic. This research observed these phenomena scientifically. 

Many researches in Indonesia recorded on the beach and river litter in Palu, Central Sulawesi (Walalangi, 2012), 
marine litter in the Thousand islands and the Ambon (Uneputty and Evans, 1997a;  Uneputty and Evans, 1997b), on 
seagrass (Mandasari, 2004) and plastic debris (Jambeck et al., 2015; Sherman and Sebille, 2016; Willoughby et al., 
1997). Impacts of marine litter on Indonesia less in data. This research aims to determine the composition and density 
of beach litter; to determine daily rate of increase of marine litter; the impacts of marine litter against the ecology on 
Selayar island west coast. 
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2. Methodology 
 Research location shown in Figure 1. This research was conducted in February to March 2016. The point of 

observation represented at 7 monitoring site by the character of coastal. On Figure 1 shows the length of the beach and 
the observation site. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Monitoring Site on Selayar Island 
 

Marine litter data was collected by line-transect method to determine of types, weights, quantities and spreads 
of area. The size of samples that were observed > 2.5 cm or macrolitter. Sampling in transect with 5 m width and length 
by following the beach width. Observations was conducted at low tide water level and repeated 3 times plot every site 
(Lippiatt et al., 2013). Observation of floating litter according to (UNEP, 2009) with a visual survey. Marine litter was 
taken and counted on the ground. Floating litter was observed with line transect method by start from coast to slope 
and 2 m width, observed by snorkeling. Daily accumulation rate of marine litter determined by line transect method. 
Observed during 17 days, from 5 to 22 March 2016. Stranded marine litter were taken and sorted, then analyzed the 
amount, types, weights, density and composition of marine litter (Eriksson et al., 2013; Walalangi, 2012). 

 
3. Result 
 
3.1. General conditions 
 

Selayar island from north to south about 108 km, facing directly the Java Sea in the west and the Makassar Strait in 
the north have a direct impact on ocean currents from the west monsoon. The west monsoon drives the current surface 
and carries floating materials to Selayar island west coast. West monsoon caused by high air pressure in Asia and low 
pressure in Australia, the wind carrying moist air during December to March become the rainy season in Indonesia 
(Aprilleria et al., 2015). 

 
3.2 Wind Drive and Ocean Surface Currents 
 

Ocean surface current influenced by the direction and strength of wind drive (Lei et al. 2000). Based on data obtained 
from (Wyrtki, 1961; Balitbang KP , 2016; ECMWF, 2016). Wind patterns and currents took in December 2015 to April 
2016 to describe wind patterns and currents at the time of the season. Wind drive and surface currents analyzed 
for determine floating litter movement around the Selayar island during west monsoon. 

Based on wind drive on December from the Java Sea toward south Sulawesi and several small islands, wind drive on 
Selayar island ranged from 0.03 to 1.55 m s-1. The movement of the wind also occurs from the direction of the Makassar 
Strait and the island of Kalimantan, head South Sulawesi island and the island of Selayar at speeds between 1.56 to 2.65 
m s-1. In February, is the highest wind speed with average speed on the island of Selayar 3.29 up 5.37 m s-1, which leads 
from the Java Sea and Makassar Strait directly to Selayar Islands. In April is the start of the season the East wind began 
to change direction, the wind speed average in Selayar Island between 3.05 till  5.57 m s-1 moves from the Banda Sea to 
the Java Sea, direction or moving from East to West, the island of Selayar island of Selayar. Based on (Goldberg, 1997) 
surface current in December of the current air speed between 0.25 to 0.38 m s-1 from the Java Sea and the Makassar 
Strait to the South Sulawesi, surface current speed in February increased from 0.38 to 0.75 m s-1 in the south Sulawesi 
including Selayar Islands, in April the movement flow began turn over to the Java Sea from the Banda Sea at speeds of 
0.25 m s-1 is the start of east monsoon season or transition period. 
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3.3  Density of Marine Litter 
 
The composition of marine litter were divided into two categories organic litter and inorganic litter. Based on the 

average numbers of marine litter compared to organic and inorganic. By weight, organic more than inorganic (Table 1 
and 2). Inorganic litter lighter than organic litter because most of the inorganic litter materials are plastic, styrofoam 
and rubber that lighter material than organic litter. 

Table 1. Density of  Marine Litter by Amount (items/m2) and by Weight (g/m2). 

Site 
Total (items/m²) (%) 

Organic Inorganic Organic Inorganic 

Site 1 7.4 19.1 28 72 
Site 2 5.4 11.7 31 69 
Site 3 6.9 12.8 35 65 

Site 4 11.3 12.4 48 52 
Site 5 7.4 18.1 29 71 
Site 6 7.1 13.0 35 65 

Site 7 8.3 13.2 39 61 

     

Site 
Weight (g/m²) (%) 

Organic Inorganic Organic Inorganic 

Site 1 11 698.1 853.9 93 7 

Site 2 2 359.4 457.4 84 16 
Site 3 1 303.6 276.1 83 17 
Site 4 5 552.3 493.9 92 8 

Site 5 4 599.8 768.1 86 14 
Site 6 4 015.8 498.7 89 11 
Site 7 5 319.2 605.6 90 10 

 
3.4 Spread of Marine Litter 
 

Marine litter spread along the west coast, the spread of marine litter are affected by water currents (Realino et al., 
2006). The spread of marine litter based on quantity of amount, weight and cubication are presented in Figure 2a, 2b, 
2c, 2d, 3e and 2f. Distribution based on the highest weight of organic litter and inorganic litter was site 1. Site 1 was 
located at the southern tip of the Selayar island, sea-water current in the southern part of the island was stronger than 
the northern part. Less number of local population at site 1, so the stranded of marine litter had not bothered. 

 
Fig. 2. (a) (b) Spread of Marine Litter by Amount; (c) (d) by Weight; (e) (f) Spread by Cubication 

a b c d 

e f 
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The highest of amount distribution organic litter pieces on 4 site which were the estuaries. The high number of the 

inorganic litter pieces at 1 site and 5 site, at 5 site had sloping shore so marine litter easily stranded. The local 
communities utilize litter wood for household scale blacksmith so the amount of organic litter low number at the 5 site. 
The highest of distribution organic and inorganic litter cubication at the 7 site. Organic litter at the 7 site was dominated 
by a large wood timber, inorganic litter in the 7 site was dominated by bottles and rubber sandals by cubication. 

3.5 Composition, Density and Distribution of Floating Marine Litter 

Based on floating litter observation (Figure 3) spread unevenly, the larger number on intertidal area. The highest 
amount was on the 7 site about 42 items/5m for inorganic litter. Site 7 with length of beach to slope was 302 m and 
facing the sea directly so floating litter larger on this site. Plastic litter was dominating the inorganic litter especially 
plastic bag or plastic wrapper. Plastic litter was lightweight, strong, durable and corrosion resistant, mainly used as 
wrapping food. The food product is very dependent on the quality of wrapper, so the manufacturers improve quality of 
plastic wrapper. On seagrass ecosystem was not found litter on seagrass ecosystems, except near the intertidal area. 
March was the end of west monsoon, water currents and wind drive were not too strong, floating litter become 
decrease. The composition of floating litter was dominated by timber, coconut and plastic litter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig. 3 Density of Floating Marine Litter 

3.6 Daily Accumulation of Marine Litter 

Daily accumulation of marine litter determine at the beach with counting and weighing the stranded beach litter for 
17 days from 5 to 22 March 2016. Based on the observations, the litter consists timber, plastic cups, plastic wrap, 
styrofoam, rubber sandals and plastic bottles. Based on the calculation of weights, numbers and cubication were 
analyzed in graph (Figure 4a, b and c). Daily increase of marine litter decline due to water currents and wind speeds 
toward the end of March, which lower the speed wind and current. The number of stranded marine litter decreased 
over a slowdown of sea water current, thus daily increasing litter was getting lower. Late March or early April was the 
transition period (Realino et al., 2006). A transitional season was marked by a decrease of seawater current and wind 
speed, it was usually coastal waves become calm. Based on the calculation of average daily increase by weight about 1 
445 ± 1 743 g/m/day, the number of pieces of 14.3 ± 8 item/m/day, cubication 0.0187 ± 0.019 m3/m/day. 
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Fig. 4 Daily Increase of Marine Litter by (a) Weight; (b) Cubication; (c) Amount  

3.7 Marine Litter impact to Ecosystems and Biotic 

Impact on the ecology in the waters especially in the intertidal, the impact arising from floating litter that stranded in 
the intertidal area. Litter piled up on the beach, covering the seagrass and organism, covered by plastic wrap, timber 
and glass bottles. Plastic wrappers and timber lots in the area found on the intertidal. Some of timbers and floating 
materials were sinks in the intertidal area. During low tide floating materials were covered and pilled up on vegetation 
or organism. Impact on seagrass and organism that are covered and pilled up such as broken leaves, tissue abrasion 
causing partial or mortality. Effected and broken seagrass leaves become litter and washed away by water current to 
the beach. The damaged seagrass leaves and accumulate along the coast, on observations at sites 1, 2 and 4 of seagrass 
leaves litter weight about 2.68 to 23.6 kgs. 

There was a sea cucumber that associated with plastic bag, some types of plastic litter will sink to the sea bottom of 
the waters and rotted or overgrown with algae. Pelagic plastic debris is ideally suited for rafting due to its abundance, 
buoyancy, and persistence, and has rapidly become a common substrate (Goldstein, 2012). Some organism were 
attracted by marine litter that float or sink in the water. They seek shelter so using litter for association. Some biota 
such as fish, crustaceans, mollusk and others used plastic litter as a new substrate habitat(Gall and Thompson, 2015). 
According to (Allsopp et al., 2006) that plastic litter covered more than 50% would affect the foraging ability of 
Gastropods. Some of stranded marine litter had associated by multiple types of coral Favia fragum, kind of like 
crustaceans such as Balanus sp and Lepas sp (Figure 5). Associated with coconuts, glass bottles, plastic bottles, plastic 
wrap, bouy, nets, ropes and timber. Some marine organism used floating marine litter for rafting (Bergmann et al., 
2015) Wright et al. 2013). Uncontrolled dispersion due to ocean currents. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Lepas sp. associated with floating coconut litter 
 
According to (Kiessling et al., 2015) who have reviewed 82 scientific publications stating that there were 387 species 

using marine litter as a media to migrate (rafting), where 244 species have been identified and 143 taxa. Invasive 
species can be a major impact to sea ecosystem and biodiversity (Grassle et al., 1991). This biotic mixing is becoming a 
widespread problem due to human activities, and it is a potential threat to native marine biodiversity. According to 
some studies estimate, the diversity of species decreased to 58%  if there is a mixing biota in the whole world 
(McKinney, 1998). 

4. Conclusion 

Marine litter spread along of Selayar island west coast about 70.78 km. Daily accumulation on Selayar island west 
coast by weight about 1 445 ± 1 743 g/m/day, the number of pieces of 14.3 ± 8 item/m/day, cubication 0.0187 ± 0.019 
m3/m/day. Marine litter becomes a problem due to human activities, threat biodiversity by increase rafting of invasive 
species. 

c 
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