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ABSTRACT

The mangrove forests are a type of salt tolerant vegetation, living in tidal zones in tropical and subtropical coastal
areas with unique ecosystem that have a strategic function as a connector and counterweight of terrestrial and marine
ecosystems. Mangrove forests are a productive ecosystem and they have complex functions, such as physical functions,
biological functions and socio-economic functions. Fishery resources of mangrove forests are very productive, both
quantitatively and qualitatively, because the mangrove forests act as the natural habitat (spawning, nursery and feeding
grounds) for various species of fish, shrimps and crabs, as well as a source of germplasm and genetic pool. Mangrove
forests also provide valuable ecosystem services to coastal communities, tourist attractions, nature conservation,
education and research. However, these ecosystems are fragile because it is very sensitive to environmental changes,
usually because anthropogenic influences; therefore, it is difficult to be restored. In addition, these ecosystems are so
openly accessible that easily exploited by humans; this can reduce its quality and quantity. Local communities who use
mangrove forests and their resources may have considerable botanical and ecological knowledge about their forests.
Silvofishery techniques in aquaculture are very suitable for community-based mangrove forests conservation efforts.
Silvofishery is an integrated model that considers both economically benefit and conservation.
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INTRODUCTION

The mangrove forests are a type of salt tolerant
vegetation, living in tidal zones in tropical and
subtropical coastal areas with unique ecosystem that
have a strategic function as a connector and
counterweight of terrestrial and marine ecosystems
(Pramudji  2003; Wibowo and Handayani 2006;
Fatoyinbo et al. 2008; Zamroni and Rohyani 2008;
Strauch et al. 2012). Mangrove forest ecosystems are
very complex because it occurs in a mutual relationship
between animals, plants and the environment (Pramudji
2003). Mangrove forests are a productive ecosystem and
has complex functions, such as physical functions,
biological functions (spawning ground, nursery ground,
feeding ground, as well as a source of germplasm and
genetic pool) and socio-economic functions (Wibowo
and Handayani 2006; Walters et al. 2008).

Fishery resources of mangrove forests are very
productive, both quantitatively and qualitatively,
because the mangrove forests act as the natural habitat
of various species of fish and shrimps. Mangrove forests
support local fisheries and provide a natural nursery
habitat and marine productivity that support a wider
commercial fisheries (Walters et al. 2008). The
existence of diverse mangrove species will support the
diversity and abundance of aquatic biota such as fish
and shrimps. The abundance of mangrove species
closely related to the biotic processes such as succession
species or competition and abiotic factors, such as

nutrient availability, water quality, soil composition and
tidal inundation (Strauch et al. 2012).

Mangrove forest ecosystems are complex and
dynamic, but unstable because it is easily degraded due
to interference and difficult to be restored (Anwar and
Gunawan 2006). The main cause of degradation of
mangrove forests in the world is due to anthropogenic
influences. As well as the main cause of deforestation of
mangrove forests in South Asia is due to conversion of
forest to agriculture, shrimp farms, and residential
construction (Giri et al. 2014). Development of
agricultural lands and shrimp farms in coastal areas
caused the loss of mangrove forests in South and
Southeast Asia by 90% from total 1.9 million ha (Gupta
and Shaw 2013).

Mangrove forest conservation needed to improve the
outcome of sustainable fisheries.  Biological
conservation purposes, such as mangrove forests, are
studying the impact from human activities on the
species, communities and ecosystems, as well as
approach efforts to avoid the extinction of species and
restore endangered species to ecosystem that still
function (Primack et al. 1998). Mangrove forest
conservation should involve local communities because
they require the existence of sustainable mangrove
forest to fulfill their needs and they also have local
wisdom that has been tested for so long in maintaining
the sustainability of mangrove forests.

This article discusses the conservation of local
community-based mangrove forests. Conservation of
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mangrove forests will increase the productivity of
fisheries in the region which is crucial to improve the
economy of local communities. This article contains a
collaboration of various literature and the results of
relevant research to reveal the facts that exist.

RESULT AND DISCUSSION

Degradation of Mangrove Forests

Mangrove forests have physical, biological and
socio-economic functions. However, mangrove forest
ecosystems are open access so easily exploited by
humans and reduce their quality and quantity (Wibowo
and Handayani 2006). In addition, the overlapping
interests of the mangrove forest resources would create
ambiguity ownership; it will make difficult to manage
and lead to conflict (Walters et al. 2008). Various
activities undertaken in the area of mangrove forests has
increased degradation. The main cause of mangrove
forest degradations is due to human activity
(anthropogenic influences).

The main cause of deforestation of mangroves in
South Asia is conversion of forests, for example,
agriculture, shrimp farms, and residential construction;
excessive use of the mangrove forest resources (animals
and plants); pollution; a decrease in the availability of
fresh water; flooding; reduced sedimentation; coastal
erosion, and disturbance of tropical storms and tsunamis
(Giri et al. 2014). Meanwhile, degradation of mangrove
forests in Southeast Asia caused by conversion to
agriculture and aquaculture (Laulikitnont 2014). The
main cause mangrove forests degradation in 10
countries, both in highly developed countries (Australia,
Brazil, Mexico and USA) and Less Developed
Countries (India, South Africa, Kenya, Kiribati,
Indonesia and Sri Lanka) is development (Mukherjee et
al. 2014).

Shrimp farming that growing rapidly in the Mekong
Delta province of Tra Vinh has a negative impact on the
loss of mangrove forests. Loss of mangrove forests in
the region reached 50% during the period 1965 to 2001
(Thu and Populus 2007). Mangrove forest in southern
Thailand is only a secondary forest as a result of the use
of wood by the industry and the population for fuel,
charcoal, as well as shrimp farming, and mining of tin
(Komiyama 2014). Likewise, the mangrove forests in
Madagascar lost approximately 7,659 ha (23.7%) due to
increased extraction for charcoal and wood, as well as
conversion to agriculture and aquaculture over the
period 1990 to 2010 (Jones et al. 2014).

Conditions of mangrove forests in Indonesia today is
quite alarming. It is due to the excessive use of
mangrove forests and less consideration of environment
carrying capacity and sustainability of the resource
coastal areas. Degradation and loss of mangrove forests
in Indonesia caused by several key factors, namely the
conversion of mangrove forests into farms fisheries, oil
palm plantations, agriculture, salt ponds, settlements,
industries, logging (legal logging and illegal logging),
mining and natural disasters (llman et al. 2011).

According to the Ministry of Forestry, Indonesia had
mangrove forests around 4.25 million ha in 1982. After
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fourteen years later (1996), Indonesia's remaining
mangrove forests around 3.53 million ha (Raymond et
al. 2010). Directorate General of Land Rehabilitation
and Social Forestry (Ditjen RLPS) Ministry of Forestry
reported that Indonesia still has mangrove forests about
7.7 million ha in 2000, with details of 30.7% good
condition, 27.4% minor damage and 41.9% severely
damaged. According to the Coordinating Agency for
Surveys and Mapping (Bakosurtanal) that Indonesia's
remaining mangrove forests estimated at 3.2 million ha
in 2009 (llman et al. 2011; Kusmana 2014). It showed
that approximately 9 years, more than 4.5 million ha of
Indonesia’s mangrove forests lost.

Mangrove forest on the east coast of North Sumatra
there were still about 103,415 ha in 1977, but in 2006 its
remaining stays 41,700 ha. The main cause of mangrove
forest loss were logging and land conversion for farms,
plantations and agriculture (Onrizal 2010). A decrease
in the quality and quantity of mangrove forests resulted
alarming impact, such as increased abrasion, decreased
in fishing income, increased sea water intrusion and
increased incidence of malaria (Onrizal and Kusmana
2008). Moreover, the physical infrastructure
developments have had several negative impacts
ranging from water quality deterioration and dynamic
shifts in mangrove vegetation to reduced fish production
in the vicinity (Satyanarayana et al. 2013).

Community-Based Mangrove Forests Conservation

Mangroves support local fisheries and also provide
critical nursery habitat as well as marine productivity
which support wider commercial fisheries; they also
provide valuable ecosystem services that benefit coastal
communities, including coastal land stabilization and
storm protection (Walters et al. 2008). Local
communities require the existence of sustainable
mangrove forest resources to fulfill their needs and get
the benefit of the ecosystem services. Similarly, local
communities on the Galle-Unawatuna area (Sri Lanka)
used mangroves to a greater extent for fishery products,
fuelwood and edible plants, than for house/boat
construction material, medicinal and other non-timber
forest products (Satyanarayana et al. 2013).

Local communities have local wisdom that proven to
conserve their region. Local communities who use
mangroves and their resources may have considerable
botanical and ecological knowledge about their forests
(Walters et al. 2008). Studies of community-based
conservation of mangrove forests in the world described
below.

The strategy in the management of mangrove forests
in Sinjai done by empowering people, improving
education to the community, involving the public in the
preparation of the planning and implementation of
mangrove management, government and public support
mangrove management, as well as an increase in
mangrove planting around the coast (Patang 2012).
Mangrove restoration dependent on site conditions and
emphasizes community involvement and ecosystem
level monitoring as integral components of restoration
projects (Bosire et al. 2008).

The study in Trang Province, Thailand shown that
mangrove forests can be managed and conserved by
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local communities. Moreover, the condition of
community-managed mangrove forests was superior to
that managed by the state. Establishment of a successful
community mangrove forest in the face of conflict with
powerful outside interests was a major achievement in
Trang, and future research should be directed to clarify
how, when, and where community management is a
viable alternative to state-run mangrove management
(Sudtongkong and Webb 2008).

National and local scenarios needed to sustain
mangrove forests in Tanzania. This problem can be
addressed through research and analysis of policy and
institutional frameworks, for example indigenous
knowledge and traditional management systems need to
be wunderstood and evaluated for an efficient
incorporation (Mangora 2011). Meanwhile, Mangrove
rehabilitation programs in Bang La, Vietnam have been
successfully conducted by community-based forest
management in cooperation with local authorities (Dat
and Yoshino 2013).

The linkages of mangrove ecosystem services with
local livelihoods are direct and tangible. It is therefore
possible needed to develop strong local support for
sustainable management of mangrove forests. Actual
issues at this time on Reducing Emissions from
Deforestation and Degradation (REDD) and payment
for ecosystem services provide ample scope for
development of sustainable livelihood options for local
communities from the conservation of critical
ecosystems such as mangroves (Badola et al. 2012). The

local communities  participation in  resource
management and direct tangible benefits from
conservation are of prime importance (Badola et al.
2012).

Community-Based Mangrove Management

(CBMM) has become an alternative for sustainably
managing the ecological of mangrove forests. Proper
disbursement of accrued benefits among local
community irrespective of their socio-cultural status is
also a major concern (Datta et al. 2012). Indonesia has
carried out CBMM since the 1980s with a high level of
success. NGOs and research organizations promoted
CBMM first and government initiatives came later
(Datta et al. 2012).

Customary management (CM) and integrated coastal
management (ICM) are best paradigm in ecosystem-
based management (EBM) that should be integrated into
existing systems. The cultural and institutional context
of the CM as well as the experience, technical skills,
and the legal basis servei that CM programs are logical
platforms from the which to build EBM programs
(Aswani et al. 2012).

The conservation strategies of mangrove forests
involving local communities seen as more effective than
simply involve the government (Erwiantono 2006).
There are three factors of public participation in
decision-making mangrove forest management, namely
management factors, knowledge factors and attitude
factors (Raymond et al. 2010). The government has to
provide technical, educational and financial support for
local community organizations joining in management
activities of mangrove forests (Dat and Yoshino 2013).
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Silvofishery For Sustainable Fisheries

Mangrove restoration has a big potential to increase
the mangrove resources, provide employment to local
communities, protect tropical coastlines and also to
enhance biodiversity and fisheries productivity (Kairo et
al. 2001). The existence of mangrove forests is very
important to increase fishery production because
mangrove forests provide habitat for aquatic biota,
including fish, shrimps and crabs. Mangrove forests are
protective coastal areas from a variety of disorders, as
well as provide habitat for over 1,300 species of animals
and one of the most productive ecosystems (Fatoyinbo
et al. 2008).

Mangrove forest ecosystems are very complex
because it occurs symbiotic mutualism between
animals, plants and their environment (Pramudji 2003).
Soft substrates provide a habitat for a variety of benthos,
while the spaces between the roots provide habitat for
motile animals such as fish, shrimps and crabs
(Nagelkerken et al. 2008).

Silvofishery techniques in aquaculture are very
suitable for mangrove forest conservation efforts.
Silvofishery is a form of local wisdom in sustainable
coastal aquaculture through low input and integrated
approach to maintaining the integrity and sustainability
of mangrove forests (Triyanto et al. 2012). Management
and development of mangrove forest ecosystems,
including for silvofishery activities, should be based on
the principle of sustainability, benefits and integration
(Wibowo and Handayani 2006). Management of coastal
resources for aquaculture need to consider its
sustainability by the application of silvofishery system
(Budihastuti 2013). Silvofishery is an integrated model
that considers both economically benefit and
conservation (Hidayatullah and Umroni 2013). Studies
of Silvofishery and their benefits described below.

The existence of mangrove forest around the ponds
can improve pond fertility due to detritus as a food
source of fish and shrimps. In addition, fallen mangrove
leaves suspected to contain alelopati compounds to
reduce disease in fish ponds (Wibowo and Handayani
2006). Litter decomposition is a process of nutrient
transformation involving aquatic organisms (Budihastuti
et al. 2012). As happened in Konawe District, after only
two years from planted with mangrove seedling there is
a noticeable improvement of mangrove habitats in front
of the villages as the productivity of marine life has
increased. The fishermen report that they could catch
fish and other economic marine biota again near to their
villages (Hamundu and Manan 2004).

Silvofishery is a cultivation system that can improve
the productivity of tiger shrimp (Penaeus monodon)
(Budihastuti 2013). Besides that, silvofishery provide a
good influence on the improvement of water quality
(Hidayatullah and Umroni 2013). The presence of
mangrove in the ponds area is able to improve the
oxygen content and pH of pond water and able to bind
nitrates which prevent the pond water from pollution
(Purwiyanto and Agustriani 2014).

Aquatic biota such as fish and shrimps, require the
presence of mangroves for their survival because
mangroves have an important role to maintain of aquatic
fertility and neutralize waste waters. For example, three
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of mangrove species  (Avicennia  germinans,
Laguncularia racemosa, and Rhizophora mangle) could
be used in a closed silvofishery systems for the
biological removal of ammonium, nitrite, nitrate, and
phosphate (De-Ledn-Herrera et al. 2015). Revitalization
of non productive fishponds at Mahakam Delta with
silvofishery system was conducted by government and
local community, applied with three types of bakau
planting site, i.e.: permanent flooded, periodically
flooded and not flooded site (Suwarto et al. 2015).

Economic valuations of mangrove ecosystem in
Samataring and Tongketongke sub-districts, South
Sulawesi covers direct use value of Rp 48,303,875,- ha-
1 year-1, indirect use value of Rp 3,338,650,- ha-1 year-
1, alternative use value of Rp 142,500,- ha-1 year-1, and
existence use value of Rp 3,917,722,- ha-1 year-1
(Sambu 2014). Meanwhile, correlation between
mangrove ecosystem direct benefit value and increased
coastal catch produce in Sinjai District, Sulawesi,
Indonesia showed positively correlate and result in an
equation of y = 0.485x - 0.347 with R2 = 0.99 (Haris et
al. 2013).

One ha of fish farm on natural mangrove forest will
produce fish and shrimps as much as 287 kg/year, but
the loss of one ha of mangrove forests resulted in loss of
fish and shrimps of 480 kg/year (Anwar and Gunawan
2006). Meanwhile, mangrove forest area of 146 ha in
coastal area of Gending subdistrict, Probolinggo provide
benefit value to the fisheries production amounting Rp
3,478,802,500,-/year (Harahab et al. 2009). Restoration
of mangrove forests by local communities in Tongke-
Tongke, South Sulawesi since 1986 showed an increase
in the potential of the fishery; they prevent coastal
erosion and flooding as well as found 27 species of fish,
4 species of shrimps, at least 8 species of gastropods
and 8 species of bivalves (Gunarto 2004).

CONCLUSIONS

Mangrove forests are a productive ecosystem and
they have complex functions, such as physical
functions, biological functions and socio-economic
functions. Fishery resources of mangrove forests are
very productive because the mangrove forests act as the
natural habitat for various species of fish, shrimps and
crabs. Local communities who use mangrove forests
and their resources may have considerable botanical and
ecological knowledge about their forests. Silvofishery

techniques in aquaculture are very suitable for
community-based mangrove forests conservation
efforts. Silvofishery is an integrated model that

considers both economically benefit and conservation; it
is a model of sustainable fisheries.
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