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ABSTRACT

This research aims to analyze the sustainability of two types of fishery pond polyculture of milkfish-
tiger shrimp with and without mangrove integration on small-scale farms. Sustainability dimensions
considered in this research included are the ecology, economy, social-culture, technology-infrastructure,
and laws-institutions as the dimensions analyzed. The performance of each aspect was analyzed by
using Multi-dimensional scaling (Rapfish) and leverage analysis. The result shows that the current
multidimensional sustainability status of the fishery pond polyculture both with and without
mangrove integration was less sustainable (sustainability index of 44.98 and 36.18 respectively). The
result of leverage analysis indicates that out of 73 attributes, there were 16 and 23 sensitive attributes
respectively that affect the sustainability of polyculture fishpond with and without mangrove integration.
These attributes should be managed immediately in order to improve the sustainability index of fishery
pond polyculture, this includes organic pesticides application, source of capital, the availability of seeds
of milkfish and tiger shrimp, market location, selling price, waste treatment technology, availability of
agribusiness facilities and infrastructure, aquaculture technology, information technology, standardizing
the quality of fishery products, availability of micro finance institution and others.
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ABSTRAK

Penelitian ini bertujuan untuk menganalisis keberlanjutan dua tipe tambak perikanan skala kecil, yaitu
tambak polikultur bandeng-udang windu yang berintegrasi dan tanpa integrasi mangrove. Dimensi
keberlanjutan dalam penelitian ini meliputi dimensi ekologi, ekonomi, sosial-budaya, teknologi-
infrastruktur, dan hukum-lembaga. Kinerja setiap aspek dianalisis dengan menggunakan skala multi-
dimensi (Rapfish) dan analisis leverage. Hasil penelitian menunjukkan bahwa kedua tambak perikanan
polikultur dengan dan tanpa integrasi mangrove, status keberlanjutan multidimensinya adalah kurang
berkelanjutan (indeks keberlanjutan masing-masing adalah 44,98 dan 36,18). Hasil analisis leverage
menunjukkan bahwa dari 73 atribut, terdapat 16 dan 23 atribut-atribut yang mempengaruhi
keberlanjutan masing-masing perikanan tambak yang terintegrasi dan tanpa terintegrasi dengan
mangrove. Atribut-atribut ini perlu dikelola segera untuk memperbaiki indeks keberlanjutan perikanan
tambak ini, antara lain adalah penggunaan pestisida organik, permodalan, tersedianya bibit bandeng
dan udang windu, lokasi pasar, harga jual, pengolahan limbah perikanan, tersedianya fasilitas dan
infrastrukstur perikanan, teknologi budidaya perikanan, teknologi informasi, standarisasi kualitas
produk perikanan, ketersediaan lembaga keuangan mikro, dan lainnya.

Kata kunci: bandeng-udang windu, keberlanjutan, mangrove, tambak perikanan, polikultur, Rapfish

I. INTRODUCTION only affect the ecology condition, but also the
economic and social conditions of people

Fishery contributes to human welfare engaged in fishery activities (Thomson,

by providing a livelihood and protein supply
for millions of people. Many studies indicate
that fishery sector around the world is curently
facing problems. These problems will not

2008). So, sustainable development in the
fishery sector is very important. Sustainable
development refers to the management and
conservation of natural resources based on the
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orientation of technological and institutional
changes in such a way to ensure the attainment
and continued satisfaction of human needs for
present and future generations. Such sustain-
able development (in the agriculture, forestry
and fishery sectors) which conserves land,
water, plant and animal genetic resources, is
environmentally non-degrading, technically
appropriate, economically viable and socially
acceptable (FAO, 1997).

There has been a decrease in the total
catch of fishery, from the sea, rivers and lakes.
Production from fishery capture in the Asia-
Pacific region is estimated to decline over the
next 10 - 20 years, unless the excess capacity
is greatly reduced (Sugiyama et al., 2004), so
that aquaculture be an option to meet con-
sumer demands of fishery products.

Furthermore, aquaculture in fishery is
one of economic activities of people who need
the sustainability of economic (efficiency and
growth), social (ownership, employment), and
ecology (protection of natural resources and
the environment) sustainability. Increased
aquaculture production without awareness to
the environment will not be able to maintain
the sustainability of fishery business in the
future. Some researchers argue that aqua-
culture can create environmental damage or
social unrest. However, aquaculture is also a
source of protein, employment, income and
foreign exchange. Therefore, aquaculture
should not only be profitable, but also socially
acceptable and protecting the environment
(Nathanael et al., 2002).

Another form of aquaculture is
polyculture, which is known as multi-trophic
aquaculture, co-culture or integrated aqua-
culture (Bunting, 2008). In shrimp farming,
this approach has several benefits, such as
lessening the risk of ecology impacts,
improving the yield of both the primary and
secondary stocks and maintaining optimum
water quality in a particular aquaculture
system (Muangkeow et al., 2007; Troell et al.,
2009). It also effectively utilizes different
natural food present in the production area,
thus improving efficiency of converting avai-

656

lable resources to end products. There have
been several studies that demonstrate the
beneficial effects of culturing shrimps with
other aquatic species, for example shrimps
that are polycultured with other fish such as
tilapia, several species of macroalgae and
shellfish (Akiyama et al., 1999; Bunting,
2006; Da-Silva-Copertino et al., 2009). The
use of these secondary species in shrimp-
fishponds provides such benefits as reducing
the amounts of dissolved nutrients, filtering
suspended solids, feeding on excess organic
matter, improving water quality and enhan-
cing disease resistance against pathogens
(Martinez et al., 2010). Markus and Burha-
nuddin (2014) stated that, polyculture of tiger
shrimp, milkfish and seaweed is a commodity
polyculture mutually synergistic compared to
polyculture of two commodities on traditional
fishponds, because it is more profitable, and
provides added values On the other hand,
pond management in polyculture system
becomes more difficult when stocking fish
species in the same pond has specialized
feeding habits because good fertilization and
feeding practices must be followed (Bocek,
2015).

Sustainable polyculture that integrates
fishery products with forest plants is called
silvofisheries. It is a form of low input aqua-
culture integrating mangrove tree culture. The
objective of silvofisheries is maintaining the
existence of mangrove through mangrove
planting in and around fishponds. This app-
roach at the same time conserves mangroves
and maintains the sustainability of fisheries
products (Surtida, 2000)

Sambas Regency is located in the
northern part of West Kalimantan Province,
facing the Natuna Sea. It is, on the border of
Sarawak (Malaysia). In Sambas Regency,
aquaculture production increased from 55.53
tons in 1993 and 880.20 tons in 2003 to almost
5 thousand tons in 2012, valued at over Rp.
148 billion or equal to US $ 11.4 million. The
sector' production is growing at an average
rate of more than 5% per year (BPS Sambas,
2013). Most of aquaculture in this region is
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polyculture of milkfish (Chanos chanos) and
tiger shrimp (Penaeus monodon) in small-
scale farms that belong to local communities.
Polyculture of milkfish and tiger shrimp is
introduced as a strategy to efficiently utilize
natural food production in fishponds and to
maximize revenue to fish-farmers. The poly-
culture area is located on the coastal area,
which was originally mangrove inhabited area
and converted into aquaculture fishponds. So,
the existence of the mangrove inhabited area
is now greatly reduced because of the expan-
sion of aquaculture farms in the coastal area.
This aligns with other research which stated
that mangroves are widely recognized as one
of the most highly threatened global eco-
systems, with the principal cause of rapid
conversion to aquaculture farms (Spalding et
al., 1997).

Traditional pond management has
been done by some of the local communities
as they keep cultivating mangrove plant and
integrating it to polyculture of milkfish tiger
shrimp. On the other hand, the other fish-
farmers are just utilizing milkfish tiger shrimp
polyculture without mangrove integration.
The importance of this research is that this
research type has not been done extensively
yet and the result of this study may help us
understand the sustainability status and the
sensitive attributes that affect the sustain-
ability factors of fish ponds polyculture now-
adays, so fish farmers and stakeholders may
create a prospective strategy in maintaining
and improving the sustainability of polycul-
ture ponds and mangroves. The objectives of
this research are (a) to determine the index and
sustainability status of two types of fishery
pond polyculture on small-scale fish-farms
based on the dimensions of ecology, econo-
my, social-culture, technology-infrastructure,
and laws-institutions, (b) to identify sensitive
attributes that affect the sustainability of
fishery pond polyculture.

II. MATERIAL AND METHODS

This research was conducted in five
villages of Sambas Regency, West Kaliman-
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tan, namely: Pemangkat Kota, Jelu Air, Jawai
Laut, Sarang Burung Usrat and Sarang
Burung Danau. The research sites were
purposively determined based on several
considerations. One of which is, that this
location has many milkfish-tiger shrimp
polyculture fishponds around the coastal area
with mangroves integration and fishponds
without mangrove integration. In addition,
most of the people who live in this regions are
relying their living on aquaculture. The total
number of respondents are rounded to 150
fish-farmers who cultivate polyculture of
milkfish (Chanos chanos) and tiger shrimp
(Penaeus monodon). Multidisciplinary appro-
ach to sustainability was using Rapfish, a
rapid appraisal technique that evaluates the
sustainability status of fishery based on the
transparent and semi-quantitative scoring of
sets of ecology, economy, social, technologi-
cal and ethical attributes (Spalding et al.,
1997; Pitcher and Preikshot, 2001; Garcia et
al., 2000). Rapfish uses simple and easily
scored attributes to provide a rapid, cost-
effective, and multidisciplinary appraisal of
the status of a fishery, in terms of comparative
levels of sustainability (Spalding et al., 1997;
Tesfamichael and Pitcher, 2006). It has been
used to compare the sustainability status of
many fisheries (Garcia et al., 2000; Tes-
famichael and Pitcher, 2006; Preikshot et al.,
1998; Alder et al., 2000; Baeta et al., 2005).
The Rapfish method combines expert-driven
fishery sustainability indicators (Allahyari,
2010).

Some criteria can be used as refer-
ences for sustainable development, which
include ecology, economy, social culture,
technological and law-institutional criteria
(Pitcher, 1999; OECD, 1993). This research
used five dimensions, namely ecology,
economy, social culture, technology infra-
structure, and law institutional dimensions,
comprising a total of 73 attributes to evaluate
the sustainability. These attributes were
confirmed to the local stakeholders in order to
generate a “locally accepted” fishery sus-
tainability attributes. Each attribute was
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scored according to the information collected
in field samplings, which include direct obser-
vations, interviews of fish-farmers and
stakeholders, and official information from
some institutions. Attribute scores were
normalized so that they all have equal weight
in the analysis. The scoring results were then
analyzed to determine multidimensional one
or several points reflecting pond fishery
sustainability positions, which were examined
relative to two reference points: good points
(good) and bad points (bad). The index scale
and sustainability status of polyculture fish-
ponds have studied interval of O - 100. In this
study, there are four categories of sustain-
ability status as shown in the following Table
1.

Table 1. Category index and sustainability
status.

Index Value Category

0,00—25,00  Bad (not sustainable)
25,01-50,00 Less (less sustainable )
50,01 -75,00 Enough (fairly sustainable)
75,01 -100.00 Good (sustainable)

Source: Bourgeois and Jesus, 2004.

Uncertainty was expressed for each
evaluation field using Monte Carlo sampling
from normal distribution with 95% confi-
dence interval (Kavanagh and Pitcher, 2004).
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A leverage analysis was performed to identify
the different attributes that have the largest
proportional influence on the results. Rapfish
provides a rapid assessment as to the “health”
or sustainability status of fishery separately
for each of the five evaluation fields. The
results can also suggest where to emphasize
future research and the wise use of limited
resources (Pitcher, 1999).

III. RESULTS AND DISCUSSIONS

3.1. Sustainability Status
Multidimensional sustainability status
for polyculture ponds both with and without
mangrove integration was less sustainable
(sustainability index of 44.33 and 36.18
respectively). Even though all the two type of
polyculture fishponds showed less sustain-
ability, the sustainability index of polyculture
fishponds without mangrove integration
showed a lower sustainability index (Figure
1b) than polyculture fishpond with mangrove
integration (Figure 1a).

Mangrove ecosystem plays an import-
ant role in supporting the efforts of aqua-
culture fishery fishponds. Thus, it showed that
the fishpond polyculture with mangrove
integration is more sustainable. It is seen from
its higher sustainability index on the dimen-
sion of ecology, economy, technology-infra-
structure, and law-institutional (Figure 2a).
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Figure 1. Multidimensional sustainability index of (a) polyculture fishponds-integrated mang-
roves; (b) polyculture fishponds-without integrated mangroves.
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Figure 2. Kite diagrams of sustainability index of (a) polyculture fishponds-integrated
mangroves (b) polyculture fishponds-without integrated mangroves.

The analysis of the Monte Carlo,
showed that the error in the MDS analysis can
be minimized. The analysis results were
considered accurate and reliable when the
stress value was smaller than 0.25 and the
coefficient of determination (RSQ) value is
close to 1.0 (Bourgeois and Jesus, 2004).
MDS analysis indicated that all attributes that
were examined and assessed were accurate
and accountable.

Rapfish MDS analysis showed that the
sustainability index of technology-infrastruc-
ture and law-institutional dimension was less
sustainable, while ecology, economy and
social-culture dimensions showed fairly sus-
tainable in polyculture fishponds with mang-
rove integration (Figure 2a). On the other
hand, the polyculture fishponds without
mangrove integration showed that the
sustainability index of technology-infrastruc-
ture was not sustainable, while ecology, eco-
nomy and law-institutional dimensions were
less sustainable, and social-culture dimension
showed fairly sustainable (Figure 2b).

3.2. Ecology Dimension

In order to assess ecology sustaina-
bility, twenty attributes was measured in the
analysis. It is very prominent that the sus-
tainability status of ecology dimension of
polyculture fishponds with mangrove integra-
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tion was fairly sustainable (index 61,67),
otherwise polyculture fishponds without
mangrove integration is less sustainable
(index 37,94). This is because mangroves play
an important role in the absorption of con-
taminants (pollutants) in ponds by reducing
the level of pollution in nature, thus pre-
venting the collapse of aquaculture fishery
due to liquid waste that it generates, such as
high levels of nitrogen and phosphorus
(Pramudji, 2000; Ronnback et al., 1999).
Also, mangroves have an important function
to support environments, namely the high
productivity of the production of leaf litter
decomposed by the detritus which becomes
particles of organic materials that can be
utilized by biota farming as a source of natural
food (Hogarth, 1999). Furthermore, mang-
roves physically act as a buffer abrasion where
the root system is able to withstand and pre-
cipitate sludge and can be a buffer zone to
reduce the damage caused by storms and
ocean waves (Kathiresan and Bingham,
2001).

Based on the leverage analysis there
was one sensitive attribute (organic pesticide
application on polyculture fishponds with
integrated mangroves (Figure 3a) and three
sensitive attributes (temperature, vitamin and
organic pesticide application) on polyculture
fishponds without integrated mangroves
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(Figure 3b). These sensitive attributes should
intervene to improve the sustainability status
of these small-scale farms. Intervention to
sensitive attributes is a shared responsibility
of all stakeholders.

Some of fish-farmers applied inorga-
nic pesticides to eradicate unwanted species
and predators, which will disrupt the lives of

milkfish and shrimp in ponds. The use of
inorganic pesticides will accumulate and can
harm aquatic environments and mangrove
areas around the ponds. Inorganic pesticide
residue will damage the structure of land,
when accumulated due to continuous usage
(Soeseno, 1998), and would degrade water
quality and pond bottom soil, so that the ponds
will become unproductive.
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In the long term, the ponds cannot be
used (Sudradjat, 2011). Eradication of pests
can be done mechanically by capturing wild
fish using a variety of fishing gear, or
chemically by applying organic pesticides
such as tobacco, tea seeds and tuba roots
(Fahmi, 2000; Darmono, 1991). The fish
farmers should always monitor the tempe-
rature of the pool and the provision of
vitamins as needed to maintain and increase
production of milkfish and tiger shrimp.

3.3. Economy Dimension

Based on analysis of 19 economy att-
ributes, the sustainability status of economy
dimension of fishery pond polyculture with
mangrove integration was fairly sustainable
(index 54,44), on the other hand, fishery pond
polyculture without mangrove integration is
less sustainable (index 39,47).

There were 5 sensitive attributes
(source of capital, milkfish and tiger shrimp
seeds availability, market location, selling
price of milkfish and tiger shrimp, and the
ability of the market to buy fish products) on

Leverage or Attributes

polyculture fishponds with integrated mang-
roves (Figure 4a), and there were 8 sensitive
attributes (source of capital, percentage of
poor population, financial feasibility of pond
fisheries, fluctuation in production, the ability
of the market to buy fish products, market
location, milkfish and tiger shrimp seeds
availability, and profit transfer) on polyculture
fishponds without integrated mangroves
(Figure 4b). The need for intervention to these
attributes were expected to improve economy
sustainability.

Usually, fish farmers obtain loans
from various non formal financial institutions
that exist in the villages, and repaid back loans
after the harvest. This finance system is prone
to risks and uncertainties of fisheries pro-
duction, and it will also be a psychological
burden for the farmers. In the future, autho-
rized financial institutions to support fundings
should exist in this area. Other sensitive attri-
bute is there is no seeds supply from local
suppliers, farmers buy milkfish and shrimp
seeds from Bali and Makassar in a relatively
expensive price.
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Figure 4a. Sensitive attributes affecting sustainability of economy in fishery pond polyculture

with mangrove integration.
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Leverage of Attributes
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Figure 4b. Sensitive attributes affecting sustainability of economy in fishery pond polyculture
without mangrove integration.
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Figure 5a. Sensitive attributes affecting sustainability of social-culture dimensions in fishery
pond polyculture with mangrove integration.
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Leverage of Attributes
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Sensitive attributes affecting sustainability of social-culture dimensions in fishery

pond polyculture without mangrove integration.

The absence of hatchery in Sambas
district is the main problem. Farmers found it
difficult to obtain milkfish and shrimp seeds
at the right time. Thus, it was necessary to
develop milkfish and shrimp hatchery in
Sambas district, so that farmers can easily buy
seed of milkfish and tiger shrimp at an
affordable price.

3.4. Social Culture Dimension
Sustainability status in social culture
dimension of both ponds was fairly sus-
tainable (sustainability index of 57,39 and
64,95 respectively). Based on 19 attributes
were expected affect the sustainability of the
social-culture dimensions, there was one
sensitive attribute (family participation) on
polyculture fishponds with integrated mang-
roves (Figure 5a) and four sensitive attributes
(frequency of extension and training, commu-
nity role in fisheries, employment rates in
fishery, and family participation) on poly-
culture fishponds without integrated mang-
roves (Figure 5b).

There has been a decline in the par-
ticipation of family members in aquaculture
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activities. It is also associated with a decrease
in the level of employment in the fisheries
sector. Some of the causes are because of the
fact that farmers’ children attend schools
outside their hometown, and after graduation
they do not want to go back to the area to
continue aquaculture business. The lack of
interest in doing aquaculture business and the
lack of most farmers' awareness to the
existence and importance of mangrove
functions for support and maintain the
sustainability of aquaculture fishery, also
become the causes of the low role of the
community in fisheries. This situation needs
to be improved in the future by inviting
members of the family and the community to
participate in continuing the effort and
protecting the environment so that the
mangrove area of aquaculture fisheries can
produce fish products in a sustainable manner.
Also, the government (Marine and fisheries
office) should increase extension and training
activities on aquaculture and harvesting
techniques, also recognizing the function of
mangroves in protecting the ponds’
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environment that will improve the quality of
fishery products.

3.5. Infrastructure Technology Dimen-
sion

According to the result from MDS,
sustainability index of technology-infrastruc-
ture dimension of polyculture fishponds with
mangrove was less sustainable (index 34,46),
whereas, polyculture fishpond swithout
mangrove had the sustainability index 21,86,
which is indicated as not sustainable. There
were eight sensitive attributes of technology-
infrastructure dimension (technology of fis-
hery products processing, waste treatment
technology, feeding technology, availability
of public facilities and infrastructure, avai-
lability of agribusiness facilities and infra-
structure, aquaculture technology, availabi-
lity of information technology, and standar-
dize the quality of fishery products) on poly-
culture fishponds with mangrove (figure 6a),
and two sensitive attributes (availability of
public facilities and infrastructure, availability
of information technology, he use of water
pumps) on polyculture fishponds without inte
grated mangroves (Figure 6b).

Waste treatment technology is still not
developed yet. Types of waste from the pond
in the form of organic waste from sludge
consists of a mixture of soil, faeces, aqua-
culture effluents, sediment runoff from ferti-
lizers and pesticides. Remains of organic
waste in the form of fish, tiger shrimp, other
wild fish with poor quality is disposed around
the ponds area, when farmers drying their
ponds, water from the pond immediately
flowing in to the nearby waters (small
rivers/sea). Kioussis et al. (2000) mentions
that from aquaculture wastewater effluents,
natural waters may be contaminated, and the
quality is declining, by the discharge of
pollutants such as nitrate, nitrite and phos-
phate. The high NO3, NO2, and PO4 concen-
tration is usually found in waste water
discharge from the circulation system of aqua-
culture production. This is in accordance with
the opinion of Ng et al. (1993); Stickney
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(1994); Sauthier et al. (1998) in Islam (2005),
which states that at a high enough level of
anion concentration of nutrients can be toxic
to fish or may cause blooming of phyto-
plankton and the rapid growth of filamentous
algae or macrophytes undesirable. Stickney
(1994) in Islam (2005) stated that blooming
algae leading to lower concentration of dis-
solved oxygen (DO depletion) in water and
can lead to fish mortality. The pesticide give
effect to all taxonomic groups of organisms
and not only the target creature, but almost all
living beings are exposed (Connell and
Gregory, 2006). It all will lead to environ-
mental degradation and declining fishery
production, therefore, the government is ex-
pected to train farmers on waste water treat-
ment technology.

There is no fishery product processing
facility in this research location, because fish
farmers do not understand the technology of
fishery product processing such as the
manufacture of milkfish Presto (boiling with
pressurized boiler), processed meat fish into
fish balls or other foods. Some improvement
needed is processing training, provision of
processing technology equipment, and market
information for processed products.

Infrastructure such as road access to
the fish-pond was not adequate. Almost all
roads around the area of ponds in the form of
a small road land, if the rain conditions are
often not able to pass by vehicle so that
farmers use a small boat to get to the ponds.
This greatly affects the activity of aquaculture
activities, like controlling the water, and sell-
ing products. Others are the unavailability of
excavator to rehabilitate farmer's ponds.
Generally, farmers dig and remove sludge
from the pond and clean the drains every 4-5
years. Excavations carried out manually by
hiring people to dig sludge from the pond and
placed on the outskirts of the pond. It requires
a long time since one unit of the ave-rage farm
area of 2 - 4 ha. Other infrastructure is the
quality of sluice gate is also not good, since
most of them are made of wood, so it is often
easily broken. Sluice serves as the control of

http://itk fpik.ipb.ac.id/ej_itkt82



Dolorosa et al.

water in and out. The government can build
access roads and provide excavator and
farmers may rent it with affordable price to
rehabilitate their ponds

Farmers only use natural food and
there is no other additional food from outside.
Natural food, which is called klekap by local
farmers, can grow naturally by giving some
fertilizers in to ponds. Klekap are micro-
organisms composed of blue algae, benthos,
diatoms, bacteria and microscopic organisms
animal, which actually good for the growth
and development of fish and tiger shrimp.
Research conducted by Andayani (2012),
showed the presence of a large correlation
between the abundance of klekap on the
growth of milkfish and tiger shrimp.

The sensitive attribute in technology-
infrastructure dimension is aquaculture tech-
nology. In this study, the site is still simple and

traditional. The Government through Depart-
ment of Marine and Fisheries, West Kaliman-
tan Province and Sambas district has the
program and guidance for the application of
Good Aquaculture practice (GAP). Based on
observations in the study area and interviews
to fish farmers, they do not fully applied GAP
because quite a lot of stages and procedures
must be followed through by farmers, such as
water supply, the layout and design of the
pond, the cleanliness of the facility, equip-
ment preparation of container cultivation,
good water management, use of seed, feed,
chemicals, transportation of handling, waste
disposal, water quality records, a record
number of harvest, the date and the location of
the seller and the buyer. In the future, GAP
application must be done to ensure food
security and sustainability of the small-scale
farms.

Leverage of Attributes

the use of water pumps

Technology planting/maintaining of mangrove

Standardization of the quality of fishery products

Availability of fisheries information technology

Mastery level of aquaculture technology

Availability of public facilities and infrastructure

Attribute

Availability of facilities and infrastructure in fisheries sector

Technology of fishery products processing

Waste treatment technologies

feeding technology.

The use of vitamin and medicine

aquaculture technology ||

0 0,5

1,5 2 25 3 35 4 45 5

Root Mean Square Change in Ordination when Selected Attribute Removed (on Sustainability scale 0 to 100!

Figure 6a. Sensitive attributes affecting sustainability of technology-infrastructure dimensions
in fishery pond polyculture with mangrove integration.
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Leverage of Attributes

the use of water pumps
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Root Mean Square Change in Ordination when Selected Attribute Removed (on Sustainability scale 0 to 100

Figure 6b. Sensitive attributes affecting sustainability of technology-infrastructure dimensions
in fishery pond polyculture without mangrove integration.

Leverage of Attributes

regulation availability of utilization & protection of mangrove
areas.

]

the cooperation with other regions of the fishery.

Synchronization of national and local policies

fish farmer groups existence

Attribute

Availability of social institutions

Availability of micro-finance institution (bank/credit)

the existence of institutions of fisheries extension D

Existence of cooperative fisheries

0

—

1 2 3 4 5 6 7

Root Mean Square Change in Ordination when Selected Attribute Removed (on Sustainability scale 0 to 1

Figure 7a. Sensitive attributes affecting sustainability of law-institutional dimension in fishery
pond polyculture with mangrove integration.

Law-Institution Dimension

There were eight attributes that affect-
ed the sustainability of the law institutional
dimension. According to the result from MDS
using Rapfish, sustainability index of both
polyculture fishery ponds was less sustainable
(39,91 and 35,82 respectively).

3.6.
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There were two sensitive attributes of
law-institutional dimension on fishery pond
polyculture with mangrove integration, i.e the
fish farmer group existence and availability of
micro finance institution (Figure. 7a), and six
sensitive attributes (availability of micro
finance institution, availability of social insti-
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Leverage of Attributes

regulation availability of utilization & protection of mangrove areas.

the cooperation with other regions of the fishery.

Synchronization of national and local policies

fish farmer groups existence
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Availability of micro-finance institution (bank/credit)
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Figure 7b. Sensitive attributes affecting sustainability of law-institutional dimension in fishery
pond polyculture without mangrove integration.

tution, fish farmer group existence, existence
of cooperative fisheries, synchronization of
national and local policies, the cooperation
with other regions of the fishery) on fishery
pond polyculture without mangrove integrat-
ion (Figure 7b). Intervention to these attri-
butes were have to be implemented in order to
improve law-institutional sustainability.
Fish-farmers should create or join a
group, in which farmers can share experiences
about the management of their aquaculture or
selling their products together with reasonable
prices. The Governments can also facilitate
the establishment of microfinance institutions,
so that fish farmers have access to source of
capital and funding. The essential role of the
Central Government, the Government of West
Kalimantan Province, and Sambas Regency as
policy-makers is to do further research to
create a business development programs in the
future so that fish-farmers can conduct
sustainable and self-sufficient farming.
Furthermore, we must realize that
mangrove destruction would cause environ-
mental damage, that in turn could lead to
lower fishery production and threatened
sustainability of the polyculture ponds in the
region. Stakeholders, especially the local fish-
farmers should develop the polyculture fish-
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pond with mangrove integration by planting
mangroves inside and around fishery ponds.

IV. CONCLUSIONS

Based on the existing conditions, the
multidimensional sustainability status of po-
lyculture fishpond with and without mangrove
integration is less sustainable (sustainability
index of 44,98 and 36,18 respectively). There
are 16 and 23 sensitive attributes respectively
that affect the sustainability of polyculture
fishpond with and without mangrove integra-
tion. In order to improve the sustainability
index, all sensitive attributes should be im-
proved. As a priority in improving the
sustainability index, stakeholders needs to
make improvements on the most sensitive
attributes in each dimension, because the
greatest sensitivity values that are expected to
raise the sustainability index of fishery ponds
immediately. So, polyculture fishery pond for
small-scale farms will be sustainable in the
future.
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