Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2022 d0i:10.20944/preprints202209.0427.v1

Article

Environmental Suitability for Sea Ranching Harvest Type of
Sandfish Sea Cucumber Holothuria Scabra Jaeger 1833 in
Karimunjawa National Park, Indonesia

Mujiyanto Mujiyanto', Yayuk Sugianti', Adriani Sri Nastiti!, Sri Turni Hartati!, Amran Ronny Syam?, Arip
Rahman?, Retno Widihastuti?, Krismono Krismono!, Didik Wahju Hendro Tjahjo!, Masayu Rahmia Anwar Putri!,
Sri Endah Purnamaningtyas!, Bambang Sulardiono* Dwi Handoko Putro’, Andri Warsa!, Lismining Pujiyani
Astuti!, Amula Nurfiarini5, and Danu Wijaya®

1 Research Center for Conservation of Marine and Inland Water Resources, National Innovation Research
Agency, Indonesia

2 Research Center for Society and Culture, National Innovation Research Agency, Indonesia

3 Research Center Fishery, National Innovation Research Agency, Indonesia

4 Study Program Aquatic Resources Management, Department of Aquatic Resources, Faculty of Fisheries and
Marine Science, Diponegoro University, Indonesia

5 Research Institute for Fisheries Resources Enhancement, Ministry of Marine Affairs and Fisheries, Indonesia
* Corresponding author: muji019@brin.go.id; Tel.: +62-81316303052

Abstract: Holothuria scabra Jaeger 1833, known as sandfish visually, Its visible external body has a
soft, flexible texture. Sandfish is included in the Echinodermata phylum and Holothuroidea class,
which has an important ecological and economic role. This research proposes to decide the suitabil-
ity site in an intermediate culture model of sea ranching harvest type based on ecological, socio-
cultural and Karimunjawa National Park zoning plan. Data collected has done in March 2020, No-
vember 2020 and August 2021. The data analysed on the environmental suitability level was based
on several essential criteria matrices used by ArcGIS 10.8.2. They were four classes performed (high
suitable, suitable that is enough, suitable with conditionals, and not suitable) based on each variable
and matrix classification from main factor (6 variables), supporting factor (5 variables), dan another
factors (1 variable). The highest score was 35, and the lowest was 23 during the class interval value.
The analysis showed that the aquatic environment that was High Suitable (S1) for sandfish life was
Gede Lagoon. It has been determined to be highly suitable for developing sandfish cultivation. Fur-
thermore, the Sea Ranching Harvesting Type development would recommend being carried out in
waters that do not have limiting factors.
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1. Introduction

Sandfish sea cucumber (Holothuria scabra Jaeger 1833), known as Holothuria scabra, is
known to be sandfish visually. Its visible external body has a soft, flexible texture and its
elongated body shape is like a cucumber [1]. Sandfish is included in the Echinodermata
phylum and Holothuroidea class, which has an important ecological and economic role.
Ecologically, the sandfish area is included in the food web and is a deposit feeder, so it
can process the substrate it occupies [2]. Sandfish distribution can be found in almost all
marine environments (from the intertidal zone to the deep sea) [3]. From an economic
point of view, sandfish is one of the marine biotas with high economic value for export
commodities. So, in some areas, sea cucumbers are becoming one of the coastal commu-
nities' livelihoods. In dry conditions, the sandfish contains 82% protein, 1.7% fat, 8.9%
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water, 8.6% ash, and 4.8% carbohydrates [4,1]. Sandfish's superiority as a raw material
creates high demand in local and foreign markets.

The Food and Agriculture Organization (FAO)'s information explained that Indone-
sia is one of the largest exporters of sea cucumbers [5,2]. The average production of sea
cucumbers from Indonesia from 1992 to 2002 was 2,556 tons of dry weight [2]. In the pe-
riod 1992-2002, Indonesia's production was higher than the average annual production
value in the Philippines, with about 1,686 tons dry weight per year, United States (1,301
tons dry weight per year), Papua New Guinea (1,115 tons dry weight per year), Tanzania
(1,044 tons dry weight per year) and Madagascar (1,006 tons per year) in the same period
of the year [6,2]. The dried products are the highest economic value in the international
sea cucumber, especially the sandfish product market. According to [8], the sales value of
dried in the domestic market reaches Rp. 750,000.- /kg. Meanwhile, the selling price of dry
sandfish sea cucumbers in the international market reaches + USD 33 - 47 per kg for the
Vietnam region, + USD 42 - 88 per kg (in the Philippines). + USD 60 - 110 per kg in the
New Caledonia region, the price of sea cucumbers [7,8]. The market price of dry sandfish
in the Guangzhou area was +108-$200 dollars per kg, while the retail price in the Hong
Kong area was +115-1,668 dollars per kg [9], while the European region ranges from EUR
43 to EUR 348 per kilogram (dry weight product). According to [10,3], the price of sea
cucumbers such as Holothuria (Metriatyla) scabra, Jaeger 1833 in Europe of the market is
sold at a market price of USD 1800 (EUR 1593) per kilogram.

The sandfish (Holothuria scabra) production potential in Indonesia is still based on the
potential for fishing production in the wild. If this happens continuously without paying
attention to sustainable fishing efforts, it is feared that it will lead to overfishing. Several
studies showed that many sites with fishing efforts on sea cucumbers, in particular sand-
fish sea cucumber Holothuria scabra, namely West Sumatra, Lampung, Thousand Archi-
pelago, Maluku, Karimunjawa Archipelago Central Java, West Nusa Tenggara, East Nusa
Tenggara, Sulawesi (Bunaken Island) and Maluku, showed stock conditions over-ex-
ploited status [11,12]. This condition was stated too by [13] that excessive fishing activities
for sandfish in nature coupled with weak efforts for effective management strategies will
result in a significant decline. It would be feared that shortly, the potential for sandfish in
nature would decrease and become even scarce, as evidenced by the coastal area of Kari-
munjawa Island in the Karimunjawa National Park, Central Java [9]. This condition cer-
tainly requires alternative efforts to conserve the sandfish sea cucumber in nature so that
it can be sustainable and sustainable, such as cultivation activities, seed augmentation
from nature such as marine cultivation, environmental improvement and fishing regula-
tions. The sandfish development in intermediate culture media and nature (grow out)
requires aquatic ecological conditions consistent with their natural habitat. The site
selection to obtain the location suitability for both propagations, restocking and enhancing
(if the seed source is obtained from outside the intended site area) should take into account
the capacity analysis result of the aquatic environment based on several essential criteria
for the sandfish survival in nature. The aquatic environment suitability indicators use
parameters, which are the limiting variables for sandfish survival and are based on the
aquatic organisms' ability parameters. Sandfish can grow and reproduce naturally with
quality standard values below the tolerances [14,15].

Fisheries enhancement technology implementation, in particular, the raw material of
sandfish sea cucumber (Holothuria scabra) using the sea ranching harvest type is insepara-
ble from 3 main factors, namely: a) the suitability of the water's location, b) social, eco-
nomic and community cultural readiness, c) seed supply, and d) magnification technol-
ogy. In the process, the sandfish introduction resource for the recovery technology re-
quires support from several aspects, most notably the environmental, socio-economic and
community cultural aspects. Threats to survival in both hatchery and breeding processes,
aside from predators of starfish and crabs, the most common predators of sea cucumbers
are sea urchins, and molluscs of the gastropod group are communities around the site as
the biggest beneficiaries of the sea urchins' presence [16]. Environmental suitability not
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only ensures survival but also ensures the expansion process stability and the sandfish
life cycle. Another thing that also threatens the sandfish's existence is the habitat degra-
dation where they live. Habitat destruction means the loss of "home" and places to find
food [17]. Based on environmental characteristics, this study was conducted to analyze a
suitable site for the sandfish growing media using the sea ranching harvest type in the
coastal area of Kemujan Village, Karimunjawa National Park. Processing analysis for suit-
able locations will be performed with spatial parameters using the Geographic Infor-
mation System and multi-criteria analysis. This study result would like prospected to be
an instance of a study for further research, especially in the case of analyzing the extent of
suitability of areas in different coastal waters for Holothuria scabra Jaeger 1833 enhance-
ment and conservation in the expansion phase before being released into the wild. Provid-
ing a larger size is suitable when released into the wild and is expected to allow the sand-
fish to survive natural predators. According to [18], larger sandfish tend to be safe from
predators than small ones, and the natural mortality rate of sandish in the larval and ju-
venile stages may decrease with increasing body size.

2. Materials and Methods
2.1. Study site

Research sampling of data and information collected was conducted in March 2020
as the month representing the rainy season, November 2020 as the transitional season,
and August 2021 is believed to represent the dry season. It refers to several studies from
[19,20,21] that argued that the most critical indicator in determining suitable sea ranching
sites for the Sandfish's cultivation and farming in the coastal area is to identify habitats.
Base data and information to site selection chosen used closed waters model such as a
lagoon. In contrast, the Sandfish often occurs naturally in protected waters in bays or
lagoons. Several observation stations representing at 3 lagoons and outside area in
Kemujan Village, Karimunjawa National Park, and Central Java are shown in Figure 1.

MAP OF RESEARCH STATION

SCALE 1:20.000

Legends
@  Pingair Lagoon siations

Figure 1. Location of research observation at 4 cluster areas in the Karimunjawa National Park, West
Java, Indonesia

2.2. Data collection

The data and information collected through the stage were divided into 3, namely: a)
direct data collection (in situ), b) collection of location information performed by FGD,
and c) literature search to complete data and information so research objectives can be
answered. Data collection is done by first determining the research station. Using GIS
software, observation stations were randomly designed [22]. Research stations are chosen
so that they can reflect the characteristics of the investigated waters. Field data collection
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was performed at 07.00-16.00 WIB at 157 stations. Water quality parameters were ob-
served representing physical and chemical parameters (depth, sea surface temperature
(SST), pH, DO, total dissolved solids (TDS), salinity and substrate). Supporting indicator
data and information are generated from direct interviews and literature reviews. The use
of data collection methods through FGDs refers to [23] explaining that Focus Group Dis-
cussions (FGD) are often used as a qualitative approach to gain in-depth social-cultural
issues understanding. This method was intended to obtain data from individuals inten-
tionally selected groups and not samples to represent the broader population statistically.

2.3. Data analysis

Water quality parameters analysis involves establishing a suitability matrix compiled
through a literature review to see the limiting parameters required for cultivation and
rearing activities. Water environment data before further analysis was performed by
standardization. Standardization is a method of simplifying calculations where standard-
ization is a dimensional expression that is converted to a non-dimensional expression and
becomes a scale [24]. Conventional standardization methods were used to standardize
parameters using standard deviation [25,24]. The data normalization technique used a
range of 1 to 3 to convert all data from different scales to the standard scale [24]. Further-
more, the literature blinded the data normalization results in the suitability matrix form.
The "high suitable" is with four scores (51), the "suitable that is enough" class with three
scores (S2), the "suitable with conditionals" is with two scores (S3), the "not suitable" given
one score (N) [26], and base on the literature previously examined based on quality range
value references. The following formula was used to determine class intervals and the sea
ranching environment parameters' suitability value for marine cultivation [27,28]:

Nmax - Nmin

YK
Where: I is the class interval; K is the number of desired land suitability classes; N max is
the Maximum end value; N min is the minimum final value. Further, the class intervals
and suitability values are obtained based on the above formulas and calculations, as in
Table 1.

1=

Table 1. Environmental suitability parameters for sandfish sea cucumber habitat

High Suitable  Suitable with Not Quality
No. Parameters Units  Suitable  enough conditionals  suitable value
S1 S2 S3 N reference

A. Main Factors

1. Depth m 2-5 15-7 15-10 <150r>10  [29,30]

2. SST °C 30-33 26-29 22-25 <22o0r>33 [29,31,32]

3. pH unit 0.1-8.6 7.6.-8.0 <75 <0lor>8 [29,30,33]

4. DO mg/L 6.1-9 4-6 <4 <40r>9 [29,30,34,31

]

5. TDS gr/L 15.1-30 3-15 30,1-34 <3o0r>34 [33,14]

6. Salinity Y00 30.1-34 27 -30 20-29 <20o0r>34 [29,34,31]
B. Supporting factors

7. Area protection® - good sufficient deficient nothing [35,21]

8. Area contamination - nothing nothing a few there is [36]

9. Area safety - quaite less safe  less safe not safe [36]

safe
10.  Supporting facilities - good moderate  sufficient deficient [37,9]



https://doi.org/10.20944/preprints202209.0427.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 September 2022 d0i:10.20944/preprints202209.0427.v1

5 of 20
High Suitable  Suitable with Not Quality
No. Parameters Units  Suitable  enough  conditionals  suitable value
S1 S2 S3 N reference
11.  Local wisdom - there is there is a few nothing [8,9]
C. Another attention factor
12.  Land use - a lot of moderate a few nothing [38]

Note: Each value was developed and analyzed based on [8]; *) Map of the zoning plan by National Marine Park Karimunjawa (2012)

Further analysis was carried out for multi-criteria analysis to determine the location
suitability stratification using the Analytical Hierarchy Process (AHP) [39,40]. [41]
explains that AHP was used in multi-criteria decision-making problems in uncertain
situations. All parameters from the factors of environment analysis variables are
structured in an attributes AHP, and each attribute's relative importance was given a
subjectively judged value. After completion, the AHP analysis would then be integrated
to determine the overall ranking of each aquatic environmental suitability factor
parameter [42,41]. Field data in the observation points form was converted to grid data.
Subsequently, the inverse distance-weighted interpolation technique and distance
analysis [22] in the ArcGIS desktop 10.8.2 program with the authorization number
ESU238733964 (The Environmental System Research Institute (ESRI)) were used to
convert the collected data, so that it used in spatial analysis (Figure 2).

Analysis of the geographic information system using tools was highly suitable for
processing various variable criteria with different spatial and temporal scales from
different sources for time-saving and cost-effective analysis [43]. The GIS-based multi-
criteria decision analysis approach is practical because several production variables can
be evaluated. Each is weighted according to its relative importance in aquatic
environmental conditions based on environment quality standard criteria and refers to
different references from previous research results. Each parameter multi-criteria was
compared in pairs to form a matrix of each criterion level. The priority for each criterion
was obtained by counting each matrix row number and dividing by the matrice total

number. The sorting of the score matrix result was then layout in desktop GIS software.
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¥

Suitable Areas for Sea Ranching Harvest Type
of Sandfish Sea Cucumber Holothuria Scabra
Jaeger 1833 in Karimunjawa National Park

Figure 2. Determination flow chart of suitable areas for sea ranching harvest type of Sand-
fish Sea Cucumber Holothuria scabra using GIS software

3. Results
3.1. Main Factors

Parameters in this research observation were water quality as the main variables col-
lected from 157 stations, including depth bathymetry, waters temperature, pH, dissolved
oxygen, total dissolved solids and salinity related to the growing conditions for sandfish
sea cucumbers to be grown. Living conditions determination is adapted to the water qual-
ity standards of sandfish sea cucumber cultivation. The direct results or direct observa-
tional studies show differences in values between each sampling point. The difference in
values between 157 stations from 4 groups, namely Pinggir Lagoon (32 stations), Gede
Lagoon (21), Pakalolo Lagoon (53 stations) and Outside area (51 stations), are then ad-
justed to each parameter quality standards. Quality standards use it more accessible to the
habitat suitability scoring. The mean value with each parameter's standard deviation
value is shown in Table 2.

Table 2. Environmental quality parameters value range at the research observation area in
Karimunjawa National Park, Central Jawa

Research Stations

Parameters
Pinggir Lagoon Gede Lagoon Pakalolo Lagoon Outside area

N (station) 32 21 53 51

Depth (meter) 0,50-1,10 0,30 0,50 -4,48 +0,11 0,50 -4,00+0,14 1,90 - 11,90 + 0,69
SST (°C) 28,37 - 30,11 + 0,08 29,65 - 30,52 + 0,03 29,30 - 30,99 + 0,03 29,51 -30,12 +0,04
pH 7,30-7,78 £ 0,02 7,29-7,77 £ 0,02 7,31-7,73 0,01 7,58 -7,96 + 0,03
DO (mg/L) 532-8,79+0,20 3,25-7,22+0,15 4,89-7,37+0,07 514-7,37+0,11
TDS (gr/L) 0,00 - 21,20 £ 1,22 18,60 - 21,40 + 0,04 15,90 - 21,10 £ 0,11 19,990 - 21,00 + 0,06
Salinity (%o) 0,00-21,73+1,32 18,52 - 22,02 + 0,06 15,47 -21,71+0,13 20,16 - 21,56 + 0,08

The depths waters (bathymetry) stratification analysis results found that the depth
range in 3 lagoons and outside waters area in the Karimunjawa National Park waters
ranged from 0.50 to 11.72 meters. In contrast, the waters from the outside area to the sea
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ranged from 1.90 to 11.90 + 0.69 meters. Figure 1a explains that a depth of > 5 meters can
be seen from the mouth area of each lagoon. In contrast, the bathymetry is in the maxi-
mum lagoon at a depth of between 3.0 to 4.5 meters. The average depth value in closed
waters sufficiently protected against waves and currents was 0.50 to 1.51 meters. Sea Sur-
face Temperature (SST) range in Pinggir Lagoon ranges from 28.37 to 30.11 + 0.08 °C, the
SST range in Gede Lagoon ranges from 29.65 to 30.52 + 0.03 °C, while in Pakalolo Lagoon,
it is warmer than 2 other lagoons, which ranged from 29.30 to 30.99 + 0.03 °C (Figure 3b).
The pH in 3 Lagoons area and wetlands outside the lagoon resulted in a pH range value
that showed no significant difference in Pinggir Lagoon, Gede Lagoon and Pakalolo La-
goon and Outside Area (Figure 3c).

o BATHYMETRY
[a] o f PiniLagon, Gnd Lagoon, Fal Lagon sl 3
Kt s Pt G o oo * it Lo Gl Lo Pt

SEA SURFACE TEMPERATURE
Gk oo Lagson
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Figure 3. Water environment parameter distribution

The DO concentration range values of each lagoon, where Pinggir Lagoon ranged
from 5.32 to 8.79 + 0.20 mg/L, Gede Lagoon was 3.25 to 7.22 + 0.15 mg/L, Pakalolo Lagoon
was 4.89 to 7.37 + 0.07 mg/L while in the waters from the mouth of each lagoon towards
the sea the values varied between 5.14 to 7.37 + 0.11 mg/L (Figure 3d). The TDS
concentration in Pinggir Lagoon ranged from 0.00 to 21.20 + 1.22 gr/L, in Legon Gede
Lagoon ranged from 18.60 to 21.40 + 0.04 gr/L, Legon Pakalolo was 15 .90 - 21.10 + 0.11
gr/L while in the waters from the mouth of each lagoon to the sea, the value varies between
19.99 - 21.00 + 0.06 gr/L (Figure 3e). The analysis results of the distribution of salinity
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concentrations in the three lagoons varied and found a significant difference among the
three lagoons. The values results between Gede Lagoon and Pakalolo Lagoon resulted in
a relatively similar range of values ranging from 18.52 to 22.02 + 0.06 and 15.90 to 21.10 +
0.11. In comparison, the range value in Legon Pinggir's waters ranged from 0.00 to 21.73
+1.32 (Figure 3f).

3.2. Supporting factors

Several data and information components during the FGD implementation focused
on providing informational data for environmental suitability level analysis for placing
the sea ranching harvest type as a medium for growing sandfish before release to the wild.
The variables grouped as supporting parameters were collected based on the FGD results
involving sea cucumber fishermen, village officials, fisheries extension officers and the
Karimunjawa National Park manager. Another variable includes the zone area based on
the Karimunjawa National Park's Map, pollution from community activities, area security,
supporting facilities, and easy access to seed delivery, as well as the community
supporting local culture to sandfish enhancement in the Karimunjawa National Park area.

a. The conservation area is a protected area when determining the breeding location in
the coastal region. Locations not protected from wind, currents and waves can make
setting up difficult. In addition, the unprotected place disrupts the marine animal's
habitat.

b. The contaminated areas are coastal waters that are not polluted by waste, which is the
main requirement for aquaculture activity, including sea cucumber cultivation. The
Karimunjawa National Park waters are generally not contaminated as there is no in-
dustrial activity yet. At the same time, the waste from settlements is still small because
the population is still small so it is still rapidly accumulated by the waters. The dis-
cussions and interviews results have led to the following points for attention:

1. Pinggir Lagoon is an area that becomes a path for seaweed farmers on the out-
skirts adjacent to the Penaeus monodon cultivation area. According to local peo-
ple in the Pinggir Lagoon water area, there is an unpleasant odour from the
waste from shrimp farming.

2. Gede Lagoon is an area that is well suited as a location for the sea ranching de-
velopment. Based on the interviews and discussion results in the Gede Lagoon
waters, there is no activity on land, namely seaweed farming in the outside la-
goon area.

3.  Pakalolo Lagoon is a location close to the airport. Fishermen used to find sand-
fish in the Pakalolo Lagoon area. However, after the airport construction, it was
difficult for fishermen to catch sea cucumber, especially sandfish (Holothuria
scabra) types.

4.  Estuary estuary is not recommended by fishermen and the community due to
the seaweed growing area.

c. The safety factor is significant. Safety area includes location security in every com-
pany, including cultivation activities. Cultivation activities with the sea ranching
model should be safe from pests and bad people. In addition, for the successful release

of the wild, the breeding area must be safe from thieves who can catch all the sea
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cucumbers. The safety factor can be overcome through socialization and law enforce-
ment. Achievements from the viewpoint of the safety variable, it is explained that the
safety at the community expansion stage of their fisheries groups will help during the
surveillance process, as this area is a fishing route when they go to seaweed farming
Surface.

d. The support facilities, as in general coastal areas and small islands, support facilities
are still minimal. The support facilities in the sea cucumber development activities
include sea cucumber farming facilities and natural forage farming facilities that sup-
port sea cucumber expansion activities. The facilities for sowing and growing natural
food for the stock of sea cucumber seeds are not yet available at the research location.
They supported the Sea Ranching Harvest Type development, facilities and infra-
structure to facilitate media and transport routes to the site so that it can be developed
as a site for sea cucumber cultivation (from the raw materials available for the sea
ranching at sea).

e. Thelocal wisdom aims to discover if some areas or sites are sacred to the community,
rarely visited by the community and often avoided as fishing grounds. It is known
that in the areas of Pinggir Lagoon, Gede Lagoon, Pakalolo Lagoon and the Outside
Area community, there are no sacred sites as a form of local culture. Therefore, tech-
nically sacred areas or sites are suitable for serving as marine farms and local cultural

areas.

3.3. Another attention factor

Land use data information referred to here is a term for land use that means the
regulating process of a coastal area supported by other resources. Before undertaking
some land use activities or land planning for the sea ranching suitability site, it is
necessary to have a figure soil approach, which is an approach to manipulating or
processing existing figure soil patterns by reducing, adding and changing geometric
patterns. This approach is also a relationship between the open building mass and the
figure-ground. The chosen approach refers to the zone map of Karimunjawa National
Park. It was explained that in the Karimunjawa National Park zoning plans, the Pinggir
Lagoon waters, Gede Lagoon, Pakalolo Lagoon and around the outside area are the
cultivation zone and the traditional fishing zone.

The map reference to the conformity analysis is the Management Plan Zone Map by
the Karimunjawa National Park. The reference detailed zoning area is described in figure
4. The Destination area is the cultivation zone and the traditional fishing zone, as stated
in the Karimunjawa National Park Zoning Division in 2012.

Legenda -
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Figure 4. The intersection of the Karimunjawa National Park zoning map as a basis for analysis on
the GIS desktop (Source: Map of the zoning plan by National Marine Park Karimunjawa, 2012)
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3.4. Environmental suitability

Aquatic environment suitability is one of the aspects determining the sea cucumber
enlargement and cultivation success in the Kemujan Village waters, Karimunjawa
National Park. The suitability score matrix for each variable in Table 3 was used to analyse
the suitability matrix in the compliance map overlay. The analysis score was evaluated to
get the suitability class of the three kinds of factors that can be developed, after which the
environment site feasibility analysis's results can be seen that each variable is S1 (30 to 35);
52 (25 to 29); S3 (20 to 24) and N (< 20).

Table 3. Suitability matrix index for the sea ranching harvest type of Holothuria scabrain
Karimunjawa National Park, Central Java, Indonesia

No. Parameters Pinggir Gedhe  Pakalolo Outside of
Lagoon Lagoon  Lagoon lagoon area
(A) Q) (B) (D)
A. Main factors
1 Depth (meter) 3 4 3 3
2 Sea surface temperature (°C) 2 2 2 3
3. pH 2 2 2 2
4 DO (mg/L) 2 3 2 3
5 TDS (mg/L) 2 4 3 3
6.  Salinity (%o) 1 3 2 3
B.  Supporting factors
7. Protection area 2 4 3 3
8.  Contamination area 1 3 2 2
9.  Safety area 1 3 2 1
10.  Supporting facilities 3 3 1 1
11. Local wisdom 4 4 4 4
C.  Another attention factors
12. Land use * Near housing = Near Near * Seaweed
areas. housing  housing cultivation area
= Cultivation areas. areas = Traditional
area (fish = Directly fishing area
pond). related
= Seaweed to the
cultivation airport
area. area.
= Centre for
seaweed
collectors.
23 35 26 28

Total score: A+B+C+D
(S3) (S1) (S2) (S2)
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From the suitability results of each parameter of each variable using the criteria (see Table
3) was performed the suitability waters evaluation for each station. The evaluation results
are described in the following subchapters:

a. Pinggir Lagoon waters in Table 3 show a score of 23, the evaluation results of this
value against the criteria suitable that is enough for the sea cucumber rearing
development area (S3). The class was characterized by factors with a rather strict limit
for sustainable use. The condition is assumed because all parameters measured at the
research site have no severe limitations for specific sustainable applications. These
restrictions would reduce productivity and land profits and increase inputs from land
exploitation.

b. The Gede Lagoon waters, from the calculation results of the suitability value, Table 3
shows a score of 35, the evaluation results of that value using the criteria for each
variable show that the waters at the research location are in the high suitable area (S1)
for the cultivation of sandfish sea cucumbers.

c. The Legon Pakololo waters exhibit a sandfish sea cucumber environment of 26. The
evaluation results of this value by using each variable scoring criteria, it can be
concluded that it is smaller than the waters of Gede Lagoon, included in the category
suitable with conditionals (S2) for the sandfish sea cucumbers cultivation. This
suitability class has severe limitations in maintaining the treatment applied level to
the parameters requiring attention in that location.

d. The Outside area, the eligibility score is 28 (S3). The coastal area is the environmental
condition for the sandfish sea cucumber cultivation. However, due to its location
outside the lagoon, it is feared from the safety side that it is low. In addition, it will

face difficulties in the monitoring and evaluation process.

Further analysis results based on the scores classification for each parameter are
presented in a map overlay using GIS. Spatial analysis combining water quality
parameters, socio-infrastructure and land use potential shows that approximately 41.24%
of the Gede Lagoon wetland area's total development potential (8.28 Ha) is included in
the highest feasible category in the Gede Lagoon waters. While the total study area
percentage, the area classified as suitable, is 1.86% of the total value of the study area of
444.32 Ha. The results of the distribution analysis of values from unsuitable to suitable

levels are shown in Figure 6.
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ENVIRONMENTAL SUITABILITY FOR SEA RANCHING HARVEST TYPE
OF SANDFISH SEACUCUMBER (Hofothuria sabra Jaeger 1833)
IN KARIMUNIAWA NATIONAL MARINE PARK
CENTRAL IAVA, INDONESIA
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Figure 5. The suitable area for sea ranching harvest type of Holothuria Scabra in Karimunjawa

National Park, Central Java, Indonesia

Good water quality conditions generally support sites with suitable categories, but
from social infrastructure, which can be different sites if sea ranching for sandfish sea
cucumbers is developed. This study's results indicate the outputs relevant for
determining the Gede Lagoon area of Kemujan Village as an extension area for sandfish
sea cucumbers. The analysis of this study result is expected to provide input to the
relevant authorities in the Karimunjawa Islands to support the further development of
the sea cucumber improvement program to maintain its sustainability. If the existing
potential is not fully exploited, it must be provided for buffer zones and other fishing
activities to develop environmentally friendly and sustainable sea cucumber cultivation.
Furthermore, it is necessary to set up or provide an area for transport routes so that

fishing boats can still sail to the traditional fishing area.

4. Discussion
4.1. Environmental quality

[44] explained that Holothuria scabra could live in different water depth stratifica-
tions. The survival stratification depends on the size and age of sea cucumbers in nature.
The average depth value in the lagoons (Pingir Lagoon, Gede Lagoon and Pakalolo La-
goon), which are closed water areas and sufficiently protected against waves and currents,
was found to be 0.50 to 1.51 meters. It was added that at a young age, the sandfish sea
cucumbers tend to be dispersed in high and low tide areas, and after the sea cucumbers
have grown in size, they will move at depths between 0.40 to 1.50 m or at low tide. The
depth of coastal area stratification for sea cucumber survival, especially Holothuria scabra
species, was closely related to the water clarity state. The water clarity average for sand-
fish survival ranges from 0.5 to 1.5 m. [30] stated that the life viability for sandfish in the
wild waters is required in conditions of high waters clarity, free of materials and compo-
nents as a source of water contaminants.

The SST values generated in the field during this research were in agreement with
[14] that the SST value in the Karimunjawa Islands coastal waters included in the Kari-
munjawa Village administrative area, Kemujan Village, and Parang Village areas of Cen-
tral Java Province have a range of value was 28.76 to 29.54 °C. Their tolerance value for
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sandfish life is around 26 to 30 °C [33]. [4] stated that the temperature characteristics con-
sidered appropriate for sandfish to survive and grow in nature range from 24.0 to 30.0 °C.
Another opinion from [45] statement explains that different media temperatures affect
sandfish’s embryo and larval development in his plankton stage study in 4 treatments. It
is concluded that temperature influences embryo development, egg hatching, larval de-
velopment and larval survival in each of these treatments. It was produced at a tempera-
ture of 32 °C with the highest egg hatchability of 76.83%. The larval stage was observed
with a water temperature treatment of 30 °C. The highest development of the larval sur-
vival was 7.97%, with a percentage of the larval stage, Pentactula spp, reaching 43.93%.

The pH values range is in line with the study of [1], investigating the sea cucumber
density in the Buntal Island waters, Kotania Bay, West Seram Regency, in the pH range
between 7.8 to 8.0. According to [45], pH distribution was influenced by fluctuations in
the content of O2 and COz, where even a small change in pH will affect changes and im-
balances in the CO: concentration, the effects on the organisms living in the waters. A
relatively high concentration of COz also affects changes in water quality parameters, es-
pecially in the carbonate system. Most aquatic biotas are sensitive to changes in pH values.
The ideal value for life is between 7 to 8.5 [46]. The pH concentration for sea cucumber
survival ranges from 6.5 to 8.5 [30]. Another expressed view by [31] is that the pH value
tolerance of the water for the sand sea cucumber's life is 7.9 to 8.4. The pH below 4.8 and
above 9.2 is classified as polluted water [47].

Aquatic environmental conditions on juvenile culture's marine ranching equipment
for Holothuria scabra and Haliotis squamata in a polyculture system performed on three dif-
ferent media resulted in a DO concentration range of 5.45 to 5.78 mg/L [48], it was ex-
plained in this study that based on the results of the DO measurement of 5.45 to 5.78 mg/L.
The DO concentration required by organisms in the waters depends on the species level.
At the species level, each biota reacts differently to fluctuations in DO. The DO in the
water comes from air diffusion, and the photosynthesis process results in the aquatic
plant, both micro (such as phytoplankton) and macro (such as seagrass, macroalgae and
mangroves). The DO concentration in the sea ranching for culturing sea cucumbers from
different studies was recorded by [49] in pen culture, or intercultural is 4.59 to 5.77 mg/L
and 4.44 to 5.65 mg /L. Another research by [50] is that the DO optimal concentration for
sandfish sea cucumber growth is > 3 mg/L, [4] and [51] between 4 to 8 mg/L.

The research from [52] on limited media, like sea cucumber cultivation in Hansisi
Village and Uiasa Village recorded in the Semau Island area, East Nusa Tenggara, found
the TDS range for sea cucumber survival of 0.5 to 3.0 mg/L (Hansisi Village) and 0.005 to
0.003 mg/L (Uiasa Village). The study shows that the measurement results show a differ-
ence in the turbidity value of the two sites but that it is a good value for the life of the
biota. In nature, the turbidity ecological influence can reduce the sunlight penetrating
power, and the sunlight's weak penetration will decrease the water's primary productivity
level [53]. Kaffah et al (2018) also explained that the salinity range for freshwater is usually
< 0.5, estury waters was between 0.5-30 and coastal to marine is 30-40. In several other
studies by [4,33,51,8,54], concentration salinity for sandfish sea cucumber survival has an
optimal range between 20-29. The salinity distribution in nature can be influenced by sev-
eral factors, including water circulation, an evaporation process, high and low rainfall and
river discharge. The salinity concentration in the coastal area can influence the balance of
osmoregulation in the body of sea cucumbers in energetic and growth processes.

Other analyzes besides the aquatic environment quality parameters (physics and
chemistry) are also based on substrate conditions and seagrass habitat composition found
during data collection activities. The four groups' site sampling in the Kemujan Village's
coastal area shows the Pinggir Lagoon and Gede Lagoon in the deep areas where seagrass
habitats occur. Seagrass conditions analysis referring to the results in [55] found that
seagrass vegetation was currently only performed in Gede Lagoon, with the seagrass spe-
cies found: Enhalus acoroides and Cymodocea serrulata. Also added in the study that the sub-
strate composition in the 4 study areas was mud substrate (32.4%); mud mixed sand
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(21.6%); clay (19.2%), sand (12.3%), gastropod shells (9.3%), and others (5.2%). The aquatic
environment feasibility analysis for the expansion site was analyzed based on 12 param-
eters from 3 groups of factors, which is a reasonably accurate analysis output. The param-
eter components used as a basis for determining future sea ranches are in line with the
research of [55] and [56] that the selection and design of a marine ranching site (sea ranch-
ing) is the first step in marine culture construction.

4.2. Environmental suitability

The aquatic environment suitability level analysis of the sandfish sea cucumber hab-
itat shows that the conditions are not suitable (N) following the requirements (S3) and
appropriate (S1). Thus, the aquatic environmental conditions at four focus sites in Kemu-
jan Village, Karimunjawa National Park, are still in waters of concern for marine biota
survival. However, three sites (Gede Lagoon, Pakalolo Lagoon and Outside of lagoon
area) were classified as applicable under the condition. The environmental conditions in
the inappropriate category of Pinggir Lagoon waters were believed to be due to the den-
sity of seaweed cultivation activities and waste disposal resulting from the shrimp culti-
vation on the mainland of Pinggir Lagoon, which was directly connected to the waters.
While in the Gede Lagoon waters, the necessary environmental fulfilment conditions can
guarantee the growth and proliferation of sandfish.

In addition, aquatic environment analysis and the suitability assessment process
added to the variables habitat and water bottom substrate. Referring [56] explained that
the Gede Lagoon waters became a recommended site for developing the sea ranching har-
vest type. In addition, to environmental suitability based on water parameters, it was also
found that the composition of the sand substrate was between 92 to 98% and mud sub-
strate from 1 to 3%. It also added that Gede Lagoon waters in the selected area have
seagrass habitats, both Cymodecea serrulate and Enhalus accoroides. In generally overgrown,
the seagrass ecosystem as a habitat for Holothuria scabra by several seagrass species, in-
cluding Enhalus acoroides, Cymodocea serrulata, C. rotundata, Halodule uninervis and Syrin-
godium isoetifolium, Thalassia hemprichii [34,57]. The study results by [58] explained that the
higher preference and survival in Enhalus acoroides indicated that this species was the
preferred attachment substrate for Holothuria scabra larvae compared to other seagrass
species. According to [34], the presumption was that juvenile Holothuria scabra could be
found in the seagrass ecosystem, especially on the seagrass leaves species Enhalus acoroides
and Talassia hempricii. The high survival rate of the Enhalus acoroides substrate is thought
to be due to certain chemicals that can attract and metamorphose larvae. Added the
seagrass extracts of Enhalus acoroides, Cymodecea serrulata and Talassia hempricii could in-
duce metamorphosis and adhesion to artificial plastic substrates.

Aquatic environmental factors can control the sea cucumber species distribution.
Good water quality conditions reflect well-carrying capacity for sandfish sea cucumber to
life, and good water quality conditions allow sandfish sea cucumber populations to grow
and reproduce well [51]. This explanation also agrees with [3] in general, the reproductive
cycle period of Holothuria scabra can be related to several aquatic environmental factors,
such as temperature, natural food, environmental factors such as sea water temperature,
food availability, and the daily illumination period tolerated by each marine organism
[59,60]. The resulting aquatic environment suitability for the life of Holothuria scabra can
be used to make feasibility recommendations for the sandfish cultivation development
and the sea cucumber enhancement resources, especially as recommendation input for
utilization planning of Karimunajawa National Park waters.

4.3. Sea ranching harvest type design

Before release, the growing sandfish sea cucumber tools are called a temporary
container or intermediate culture, and some call it cages with plug-in tongues. The term
sole is a good net that is buried at the bottom of the waters, and about + 30 cm goes in or
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above and hangs out so that the sandfish sea cucumbers can grow, do not escape outside
the container, and predators do not enter the container [55]. The intermediate culture,
combined with the tongue-shaped guard on the top, was developed as a Sea Ranching
Harvest Type. The mesh size in the Sea Ranching Harvest Type is adjusted according to
the size of the sea cucumber seeds. The smaller the seed size, the smaller the mesh size is
used compared to the seed's larger size (Figure 5a and Figure 5b). The Sea Ranching
Harvest type, in general, is without the use of the tongue on the top. Itis generally referred
to as nets in the square form of different sizes depending on the number of sea cucumber
seeds to be grown. [61] explains that sandfish sea cucumbers can escape at the bottom of
the waters and move from shallow waters (seagrass ecosystems) to deeper waters in coral
reef ecosystems.

(a) Prototype design (Source: [55])

(b) Sea ranching harvest type (Source: Research team, 2021)

Figure 6. Sea Ranching Harvest Type Holothuria scabra design in Karimunjawa National Park, Cen-
tral Java, Indonesia (a. Prototype design, and b. Sea Ranching Harvest)

The marine harvest type design with predator safety at the top around the perimeter
as a safety so that predators such as crabs cannot enter the intercultural is described in
Figure 6. The Sea Ranching Harvest Type design construction as Holothuria
scabra magnification medium should use materials easily found at the site [55]. Some
materials as described by [16] are as follows: a) The netting material is of the black “waring”
type, b) The frame is made of sustainable wood, and c) The beam type that functions as a

base pin whose main specifications are durable or not easily brittle.
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5. Conclusions

The aquatic environment suitability degree of the sandfish sea cucumber Holothuria
scabra Jaeger 1833 habitat in the Karimunjawa National Park waters with the focus study
site in Kamujan Village in Karimunjawa National Park at four selected stations (Pakalolo
Lagoon, Gedhe Lagoon, Pinggir Lagoon and Outside of lagoon area) and each variable
classification matrix namely main factors (6 parameters), supporting factors (5 parame-
ters) and another attention factor (1 parameter), a total score of 12 variables. The scores
highest is 35, and the lowest is 18. The analysis showed that the aquatic environment was
suitable (S1) for the Holothuria scabra Jaeger 1833 life in Gede Lagoon. It can be determined
that the Gede Lagoon coastal area is suitable for the Holothuria scabra cultivation, with a
total area of 8.28 ha (1.86%) of the total area of 444.32 Ha. On the other side, the Sea Ranch-
ing Harvest Type development would be carried out in waters that do not have limiting
factors, and these waters have been determined to be very suitable for sea cucumber cul-
tivation. The sandfish sea cucumber cultivation or breeding should be done using the
search method, one of the efforts to preserve the type of marine organisms that are reptiles
and equipped with a part that prevents predators from entering the intercultural. How-
ever, this certainly requires further research that analyzes the makeup details of predators
that can reproduce outside the intermediate net during the nocturnal and diurnal.
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