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Abstract: Indonesia is one of the largest sea cucumber exporting countries in the Southeast Asia region, with total export of fresh sea cucumber 
products with amount of 12,971 kg at a price of 193.725 USD $ and dry products (smoked and salted) amounting to 741.815 kg at a price of 2,195,957 
USD $ in 2016. Sandfish sea cucumber (Holothuria scabra) is one of 70 species of sea cucumber that can be consumed and currently it’s existence has 
been exploited throughout the country, this marine animal  is mostly produced in tropical countries. One of shallow waters area that is suitable for sand 
sea cucumber cultivation is located in Sumberkima Village, a village located in Bali Province, Buleleng Regency, Gerokgak District, which has a bay 
area flanked by shallow waters which can be explored at low tide without a boat, so that it’s water area is widely used for aquaculture activities because 
it is quite protected from a geographical point of view. The purpose of this study was to determine the optimal, normal and unsuitable location for 
sandfish sea cucumber cultivation. Field surveys, lab tests and analysis of digital maps were carried out to determine the locations that had the best 
scores in the ecological and social categories. The results of measurement of ecological parameters and digital map analysis show that Sumberkima 
Village bay has an optimal location for cultivation at coordinates 114.613964 LS, -8.124182 North Latitude (station 5) and 114.613452 LS, -8.128539 LU 
(station 4) while the location with normal conditions is at coordinates 114.620010 , -8. 121581 (station 7), the optimal area that can be use for is 6200 m

2 

and normal area is 4400 m
2
. 
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1. INTRODUCTION 
Sandfish sea cucumber (Holothuria scabra) is a species of 
70 species of sea cucumber that can be consumed, the 
variety of food for sandfish sea cucumbers is more common 
in Chinese cuisine, therefore most of the beche-de-mer is 
exported from the Pacific Islands. Sea cucumbers were first 
imported in Hong Kong's main global market and then 
distributed to the Mainland China market [15].  
Sandfish sea cucumber has high economic value because 
it contains bioactive substances, which is lectins, phenols, 
flavonoids and stereoidal sapogenins. This sea cucumber 
have long been known as traditional medicine in Asian 
countries until now, there are many functions of sea 
cucumber in the medical field, for example, as nutritious 
food, kidney tonification, moisturizing dry intestines, ulcers, 
asthma, hypertension, rheumatism and wound healing. Sea 
cucumber are also one of the organisms of some of the 
largest benthic inhabitants in Indonesia water area, 
especially in lagoon waters. This is because sea cucumber 
play a role as normalizers or buffers in acidification events 
in marine waters, this depends on the amount of alkaline 
production produced by sea cucumbers from the digestion 
process of sediments containing calcium carbonate 
(CaCO

3
) and the release of inorganic carbon matter through 

respiration and tropic processes [3,8]. 
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Until now, sea cucumber production activities in Indonesia 
still rely largely on catches from nature, sea cucumbers that 
are caught in nature do not have a standard size limit to 
take because there is still a lack of information on sea 
cucumbers on the people around the coast. Cultivated sea 
cucumbers are generally carried out using the fixed net 
cage method [2]. 

 
2. MATERIALS AND METHOD 

 
2.1  Ecology parameter measurement 
The instrument for ecological parameters measurement 
consists of salinity (salinometer), pH (pH meter), 
temperature (thermometer), oxygen solubility (DO meter) 
depth (secchi disk), current (bottles and ropes), seagrass 
beds (pipe transect 3x3). Measurements are taken in 
location of water samples were carried out for 14 days in 
shallow water when the tide is high. Seagrass beds sample 
measurements are carried out when the waters condition is 
low tides with visual assessment measurements. Plankton, 
bacteria and heavy metal parameters were tested in the 
laboratory by taking water samples at the research location. 
Sediment was measured using a pipe with a height of 15 
cm to measure the density of the sand depth. Turbidity was 
not measured because overall the shallow waters at the 
study site were clear. 

 
 

2.2  Digital map analysis 

Digital maps are analyzed after all ecological parameters 
are obtained, digital maps of ecological parameters that 
have been obtained are maps of salinity, pH, protection, 
seagrass beds, currents, depth, temperature and DO. 
Several other parameters cannot be entered on the digital 
map because they have no comparison and can only be 
explained descriptively. The digital maps results then 
combined to obtain a land suitability map with an overlay 
approach and then the overlay map results are described 
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descriptively (Johnson and McChow 2001; Radiarta et al., 
2012; Purwanto 2015). 

 
2.3  Weighting and scoring 
Qeighting and scoring are carried out using the AHP 
(Analytical Hierarchy process) method, the AHP method 
has an importance level of 1 - 9, namely: 

 
         Table 1. Comparison scale 

Level of 
Importance 

Description 

1 Both strategies are equally important 
3 One strategy is slightly more important 

than the other 
5 One strategy is clearly more important 

than another 
7 One strategy is clearly very important 

than another 
9 One strategy is absolutely more 

important than other strategies 

 
Respondents of the AHP questionnaire has a background 
as sea cucumber expert researcher at LIPI Oceanography 
Jakarta; sea cucumber expert researcher at Bali, Gondol 
Balai Besar Riset Budidaya Laut dan Penyuluhan 
Perikanan; expert researcher at Lombok, Balai Bio Industri 
Laut Lipi and Brawijaya University Marine Science lecturer. 
AHP results then determine the priority level of importance 
of ecological parameters (Saaty 1980; Radiarta et al., 2008; 
Radiarta et al., 2012) 

 
2.4  SWOT analysis 
SWOT analysis is used to determine suitable strategies to 
be implemented in sampling location area. SWOT analysis 
was obtained from respondents from local fishermen who 
were around the bay of Sumberkima Village (Rangkuti 
2000). 
 

3. RESULT AND DISCUSSION 
 
The results obtained from the AHP method are used to find 
a suitable station for sandfish sea cucumber cultivation 
through digital map mapping. The results obtained prioritize 
seagrass beds as the most important parameter that can be 
mapped. The following are the results of the estimation of 
the distribution of seagrass beds obtained from the SPOT 7 
image map for seagrass beds in the range of RGB 518 - 
584 panchromatic channels. 
Several other stations that were previously planned to be 
sampling locations could not be carried out due to the 
presence of coral reef cultivation area (station 1), few 
presence of seagrass beds and the location is too close to 
settlements (station 2), high wave currents and rare 
presence of burrowing organism (station 6) so the stations 
that can be safely measured are 3,4,5 and 7. 
 

 

 
Figure 1. Estimated Area of Seagrass Measurement 

 
          Table 2. AHP results for ecological criteria 

Criteria Weight (%) Rank 

Protection 24,10 1 
Sediment 11,69 2 
Seagrass 11,19 3 
Depth 8,36 4 
Current 8,19 5 
Turbidity 8,08 6 
Temperature 6,89 7 
Plankton 5,69 8 
pH 5,24 9 
DO 4,53 10 
Heavy metal 2,30 11 
Salinity 1,97 12 
Bacteria 1,77 13 

 
3.1 Analisis parameter ekologi 

 
3.1.1 Seagrass meadow 
Based on the results of the seagrass transect at stations 
3,4,5 and 7 (figure 2) station 4 has the lowest seagrass 
density level compared to other stations. The highest 
density level is owned by station 5 (137.0% ± 49.27%), 7 
(109% ± 21.7%) then station 3 (107.0% ± 30.28%) and 4 
(49.4% ± 16.44%) the maximum value is 180% because it 
uses 9 squares. 

 

 
Figure 2. Seagras distribution map in Sumberkima bay 
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3.1.2  Dissolve oxygen (DO) 
Based on observations in the field, the overall DO level in 
the water areas of all stations has a safe value number for 
sandfish sea cucumbers. DO which has the highest 
optimum value for the growth of sea cucumber belongs to 
station 3 (5.23 mg/l) followed by stations 5 (5.22 mg/l), 7 
(5.14 mg/l) and 4 (4.82 mg/l) (Marizal et al., 2012; Wisesa 
et al., 2018). 

 

 
Figure 3. Dissolve oxygen distribution map in 

Sumberkima bay 

 
3.1.3 Sediment 
The shallow water area in the Sumberkima bay almost 
entirely has the same type of sediment, the sediment found 
at the sampling location has the type of fine sand with a 
size of 250 - 350 μm with a mixture of coral reef fragments 
and shells measuring ± 500 µm. The depth of the sand 
sediment at each station was measured by a pipe with a 
length of 20 cm by being immersed but not as strong as 
possible, the sediment depth of each station is 15 cm 
except station 7 (8 cm). Prefence  of sediment depth for 
sandfish is ±10 cm (Mercier et al., 2000; Juinio - Menez et 
al., 2012; Hair 2011). 

 
3.1.4  Protection 
Based on the results of field observations, the shallow 
water area of all stations is only passed by waves that have 
a height of less than 1 m and the number varies from 
slightly to moderate (score 1). This is also accompanied by 
a very wide surf zone width so that the waves break at the 
first barrier and do not reach the coast (score 0). The 
existence of the organisms that bury themselves is also an 
additional factor for the protection of the entire station 
(score 0). 
The lowest tide depth is also a factor in the protection of the 
location of each station. The lowest tide belongs to station 5 
with a height of 30 cm (score 2) followed by station 4 with a 
height of 50 cm (score 3), station 7 61 cm (score 4) and 
station 3 70 cm (score 4). Then the level of presence of fine 
sand is 1-5% (score 1), the diameter of the sand particles 
ranges from 250 - 350 μm and the intertidal slope of 1/10 - 
1/15 (score 3). The final result is station 3 (score 9), station 
4 (score 9), station 5 (score 7), station 7 (score 8). The final 
result of the station is that it is included in the score 
category 6 - 10 with protected beach types, namely the type 
of beach that has few waves, reduced layers and 
macrofauna burrows. The highest score is owned by the 
level of protection owned by station 5 then station 7 and 

finally by stations 3 and 4 which have the same level of 
protection (Brown and McLachlan 2002). 

 
Figure 4. Protection level map in Sumberkima bay   

 
3.1.5  Plankton 
Based on the results of plankton sampling, locations that 
have diatoms are suitable locations for the growth of 
sandfish sea cucumbers, which is station 3 and then station 
5 and 7 because rotifers or Brachionus sp are found, these 
station have supporting criteria similar to the phytoplankton 
types of Isochrysis galbana and Chaetoceros sp. that is 
useful for the growth of sandfish sea cucumber auricularia 
phase. Other than that, stations 5 and 7 have the highest 
number of Chlorella sp. of all stations. The types of diatoms 
found in sampling were Triceratium sp and Amphora sp., 
diatoms are a type of phytoplankton that live in the benthic 
zone and can support the growth of sandfish sea 
cucumbers. The main role of this phytoplankton is to 
decompose the waste of aquaculture and remove organic 
matter, phosphorus and nitrogen. All of the station common 
plankton species is Microcytis sp, Anabaena sp, 
chroococcus sp and Oscillatoria sp, these plankton are the 
types of cyanobacteria that can photosynthesize and cause 
damage to aquatic ecosystems, namely algae blooming, 
but these bacteria also play an important role in global 
oxygenation. Excess amount of cyanobacteria is also a 
food for sea cucumbers in nature (James et al., 1994; 
Padang et al., 2014; Plotieau study 2013; Rohmaten et al., 
2014; Qu et al., 2018; Moriarty et al., 1985). 

 
        Table 3. Species and density of plankton in the Teluk 

Desa Sumberkima village 

Station Plankton species Density 

3 Chlorella 124,75x10
4
 

 Tetraselmis 3,25x10
4
 

 Anabaena 3,5x10
4
 

 mycrocytis 3,25x10
4
 

 Triceratium 0,25x10
4
 

4 Chlorella  51,5x10
4
 

 Chroococcus 1x10
4
 

 Anabaena 6x10
4
 

 mycrocytis 1,25x10
4
 

5 Chlorella  48x10
4
 

 Rotifera  4x10
4
 

 Anabaena  2,25x10
4
 

 Mycrocytis 3,25x10
4
 

 Dictyosphaerium 0,25x10
4
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7 Chlorella  46,25x10
4
 

 Tetraselmis  0,5x10
4
 

 Anabaena  2,5x10
4
 

 Rotifera  0,25x10
4
 

 
 
3.1.6 Salinity  
The results of salinity observations carried out at the 
research location had an average value of 32.07 - 32.75 
ppt, with the highest value at station 7 which is 35 ppt and 
the lowest at 29.5 ppt at station 3.The salinity value suitable 
for the growth of sea cucumbers was 26, 2 ppt - 32.7 ppt, 
with a note that the higher the salinity value, the faster the 
growth of sea cucumbers. The order of the optimal salinity 
based on location is station 3 (32,07 ppt), 5 (32,36 ppt), 4 
(32,29) and 7 (32,75) (James et al., 1994). 

 

 
Figure 5. Salinity distribution map in Sumberkima bay 

 
3.1.7 Depth 
Based on the observations on the field, the station with the 
highest suitability is station 3 (106,71 cm) followed by 
station 7 (91,36 cm), 4 (84,57 cm), and least station 5 
(65,07 cm), station 5 has the lowest depth value because it 
has a depth below 70 cm. The depth of the waters at the 
research location depends on the high and low tides, the 
ideal depth for the growth of juvenile sandfish sea 
cucumbers is 70 cm - 130 cm while those that are not 
suitable are 200 cm - 250 cm (Marizal et al., 2018). 
However, based on the tidal protection value of Brown and 
McLachlan (1990), the locations that have the highest 
protection are those that have tidal depths below 80 cm, the 
highest score obtained is station 5, followed by station 4.7 
and least station 3. 
 
3.1.8  Turbidity 
The ideal turbidity for sandfish sea cucumber cultivation is 
between 50 - 150 cm. Field observations result of all station 
show no turbidity in the waters column, the value is 0, all 
locations have clear waters to the bottom. Even so, the 
station location still have shade for sea cucumbers because 
it has seagrass beds (Marizal et al., 2012; Tuwo et al., 
2012). 

 

 
FIgure 6. Depth intertidal zone distributin in 

Sumberkima bay 

 
3.1.9  Suhu  
Based on the results of field data collection, the 
temperature value is quite suitable for all stations, the range 

of average temperature values is 31.37
o
C - 31.84

o
C. The 

highest water temperature at the research location is due to 
seasonal factors, which is summer season and the high 
intensity of light penetrating the water column. Based on the 
average value of the stations that have the best 

temperature values are stations 7 (31.4
o
C), 4 (31.7

o
C), 3 

(31.8
o
C) and finally 5 (32.2

o
C). The ideal temperature for 

the maintenance of sandfish sea cucumbers is in the range 

of 27-29
o
C while normal is 23-30

o
C and is not suitable for 

<20
o
C or> 35

o
C (James et al., 1994). 

 
 

 
     Figure 7. Temperature distribution map in Sumberkima 

bay 

 
3.1.10  pH 
Based on the results of pH sampling in the field, the pH 
showed an average result of 7.13 - 7, 24. Despite having a 
fairly ideal pH during the first week, on the second week of 
sampling there was a significant decrease in pH, namely 
from the range of 7.49 - 8.07 to 6.34 - 6.9. 
According to James et al. (1994), the suitable pH for the 
growth of sea cucumber larvae is in the range of 6.0 - 9.0, if 
it is not suitable then larval growth will be inhibited. 
Meanwhile, for cultivation of juvenile sandfish sea 
cucumbers according to Asha and Muthiah (2005) the 
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optimal pH is in the range of 7.8 - 8.5. If the pH is less than 
7, juvenile sea cucumbers will be stunted and even 
experience death reaching a percentage of 50, whereas if 
more than 9 sea cucumbers will experience body defects. 
Based on the average pH value, station that have the best 
temperature values are stations 5 (7,24), 4 (7,19) 3 (7,13) 
and 7 (7,13).   

 

 
      Figure 8. pH distribution map in Sumberkima bay 
 
3.1.11  Water current 
The results of the lowest average value of water currents 
are at station 4 (46 cm/s) followed by stations 5 (51.9 cm/s), 
7 (51.9 cm/s) and 3 (51.9 cm/s). However, when viewed 
from the direction of flow and individual values, the station 
that has the highest current protection value is station 5 
then station 7, and the last one is 4. Station 4 has the 
lowest category because it only has 2 calm currents during 
the 2 weeks of the study. optimal currents in sea cucumber 
cultivation range from 10 - 35 cm/s and should not be more 
than 50 cm/s (Brown and Eddy 2015). 

 

 
Figure 9. Water current distribution map in Sumberkima 

bay 
 
3.1.12  Heavy metal 
Based on the results of water sample from laboratory tests 
for heavy metals at all station, there was no presence of 
heavy metals Pb (Plumbum), Cd (Cadmium) and Hg 
(Mercury). Sumberkima Village area does not have any 
river, therefore generally very little domestic waste is 
discharged into the sea. Heavy metal waste of Pb in waters 

is generally caused by ship paint containing lead, ship 
welding and leaking ship fuel. 
Based on the planning for the development of the 
Sumberkima Bay water zone, a harbor will be built near the 
location of station 7 in the future, this will be a limiting factor 
going forward. In addition, there is also a small-scale 
charcoal factory near the beach of Station 4, but the factory 
does not appear to cause environmental damage to the 
seagrass beds around the coast (Rachmawatie et al., 2009; 
Rizkiana et al., 2017). 

 
3.1.13  Bacteria 
Based on the results of the lab test of the Vibrio sp bacteria, 
the lowest number of bacteria was owned by station 7 then 
stations 5, 3 and 4. Based on the total number of Vibrio sp 
bacteria in each station, the presence of these bacteria was 
still classified as safe because it was located in the open 
area. 

 
Table 4. Total count of Vibrio sp bacteria 

No. Station Lab Code 
Total Vibrio 
(CFU/ml) 

1. 3 E.20.1526 1,7 x 10
3
 

2. 4 E.20.1527 5,2 x 10
3
 

3. 5 E.20.1528 9,0 x 10
2
 

4. 7 E.20.1529 6,1 x 10
2
 

 
Based on the results of the bacteria and the identification of 
the role of each bacteria, the stations with the best quality 
of bacteria is station 5 then stations 7, 3 and 4. 
Linggarjati et al., (2013) stated that there was a significant 
decrease in the number of Vibrio sp bacteria with the 
addition of a certain amount of probiotic Bacillus sp. 
Actynomycetes sp bacteria also have the same role as 
Bacillus sp in reducing the number of Vibrio sp because 
these bacteria produce secondary metabolites that are anti-
bacterial and inhibit cell growth (Rasool and Srinivasan, 
2017). Moxarella sp bacteria is a bacterium that has a role 
as a pathogen, just like Vibrio sp, although these bacteria 
are detrimental until now, moxarella sp bacteria have not 
become an obstacle in the aquaculture process. Even so, 
the accumulation of large numbers of these bacteria in the 
internal organs can lead to decreased growth rates and 
immune responses. 

 
Table 5. Bacteria identification  

No. Station Lab Code Test Results 

1. 3 E.20.1526 - Vibrio sp, Actynomycetes 
sp 

2. 4 E.20.1527 -  Vibrio sp, Moraxella sp 
3. 5 E.20.1528 -  Vibrio sp, Bacillus sp 
4. 7 E.20.1529 - Vibrio sp, Bacillus sp, 

Moraxella sp 

 
3.2  Land suitability map for ecology criteria 
Based on the overlay approach results, there are 3 
categories of land suitability classes shown, which is green 
(optimal), yellow (normal) and red (unsuitable). The optimal 
location for sandfish sea cucumber cultivation is around 
stations 4 and 5 while normal is around station 7 and the 
unsuitable location is station 3 and the western shallow 
waters area. 
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Figure 10. Land suitability map for sandfish sea 

cucumber cultivation in Sumberkima bay 

 
3.3  SWOT analysis 
Based on the results of the scoring analysis, it was obtained 
that the x-axis = 1.22 and the y-axis = 0.10, the results were 
then interpreted using the Pearce & Robinson SWOT 
quadrant. The x and y axes have positive-positive values, 
which means that the organization's position in the diagram 
is located in quadrant I. 
 

Table 6. Matrix IFAS and EFAS 

Total internal factor 
score 

Total external factor 
score 

(S-W=x) (O-T=y) 
S = 2,05 O = 0,95 
W = 0,83 T = 0,85 
x = 1,22 y = 0,10 

 
The strategy carried out is as follows: 
1. Use the tidal zone as a location for larva development 

and cultivation location. Based on the results of spatial 
analysis, the tidal zone that has the best criteria is the 
one with the best protection and seagrass cover. 

2. Increase the production of sandfish sea cucumbers both 
in nature and in cultivation locations. Based on the 
observation of the research location, the existence of 
sandfish sea cucumbers is very rare but there are still 
many other types of sea cucumbers. It is likely that this 
is due to the absence of proper regulation on the catch 
of sandfish sea cucumbers in the Sumberkima bay 

3. Optimizing areas suitable for sand sea cucumber 
cultivation. Based on the results of measurement of 
ecological data, some locations have shortcomings in 
the seagrass cover population so it is suggested to 
planting different species seagrass that are suitable to 
improve water quality and support the life of sandfish 
sea cucumbers 

4. Introducing farmers to local or outside investors who are 
willing to work together by carrying the name of the 
fishermen's group. Based on the results of interviews, 
sandfish sea cucumber cultivators in the research 
location currently have difficulties in obtaining sandfish 
sea cucumber larva, so that cultivation activities cannot 
be carried out continuously and the cultivators cannot 

enter into work agreements with buyers because of 
uncertain results. 

5. Introducing novice cultivators to local fishermen groups 
who understand the affairs of live cage construction and 
how the line of permit route for it’s construction. Based 
on the results of interviews with sea cucumber 
cultivators in the research location, there are no other 
sea cucumber cultivators besides them so that this 
sandfish sea cucumber cultivation is still rarely known to 
the public. In order to facilitate the construction permit, it 
is recommended that novice cultivators to join the local 
fishermen group because in addition to obtaining the 
required capital details, they can also get security from 
them. 
 

 
Figure 11. SWOT quadrant analysis 

 
 

4. CONCLUSION 
Based on the results of the overlay map and SWOT 
analysis, it was found that the intertidal zones at stations 
4,5 and 7 were optimal locations to be used as sandfish sea 
cucumber cultivation. 
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